ARTICLE

JNCIJ Natl Cancer Inst (2020) 112(2): djz077

doi: 10.1093/jnci/djz077
First published online May 11, 2019
Article

A Prospective Study of Serum Vitamin E and 28-Year Risk of

Lung Cancer

Jiaqi Huang, Stephanie J. Weinstein, Kai Yu, Satu Mannisto, Demetrius Albanes

See the Notes section for the full list of authors’ affiliations.

Correspondence to: Jiagi Huang, PhD, National Cancer Institute, Division of Cancer Epidemiology and Genetics, 9609 Medical Center Dr, Rm 6E316, Bethesda, MD 20892

(e-mail: jiagi.huang@nih.gov).

Abstract

Background: Epidemiologic data are inconsistent regarding the vitamin E-lung cancer association, and no study to our
knowledge has examined serologic changes in vitamin E status in relation to subsequent risk.

Methods: In a cohort of 22781 male smokers in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, we ascer-
tained 3184 lung cancer cases during up to 28 years of observation. Cox proportional hazards models examined whether
higher serum alpha-tocopherol concentrations at baseline, 3 years, or the interval change were associated with lower lung

cancer risk. All statistical tests were two-sided.

Results: After adjustment for age, body mass index, smoking intensity and duration, serum total cholesterol, and trial
intervention group, we found lower lung cancer risk in men with high baseline alpha-tocopherol (fifth quintile [Q5] vs Q1,
hazard ratio [HR] = 0.76, 95% confidence interval [CI] = 0.66 t0 0.87, Pyena < .001). A similar reduction in risk was seen for se-
rum alpha-tocopherol at 3 years (Q5 vs Q1, HR=0.78, 95% CI = 0.67 to 0.91, Pyeng = .004). The inverse risk association appeared
stronger for younger men and those who had smoked fewer years but was similar across trial intervention groups. We also
found reduced risk among men not supplemented with vitamin E who had a lower serum alpha-tocopherol at baseline and
greater increases in concentrations at 3 years (third tertile vs first tertile of serum alpha-tocopherol change, HR =0.74, 95%

CI=0.59 to 0.91, P=.005).

Conclusions: Higher vitamin E status, as measured by serum alpha-tocopherol concentration, as well as repletion of a low vi-
tamin E state, was related to decreased lung cancer risk during a 28-year period. Our findings provide evidence supporting the
importance of adequate physiological vitamin E status for lung cancer risk reduction.

Lung cancer is the leading malignancy worldwide in terms of
both incidence and mortality, accounting for 11.6% of all cancer
diagnoses and 18.4% of cancer-related deaths globally (1).
Tobacco smoking is the primary modifiable risk factor for the
disease, with other factors including genetic susceptibility,
diet, vitamin supplements, physical activity, and occupa-
tional and environmental exposures also contributing to its
development (2).

The role of vitamin E in lung carcinogenesis remains
unclear, however. Vitamin E is a hydrophobic fat-soluble micro-
nutrient encompassing tocopherol and tocotrienol compounds
(3). Alpha-tocopherol is considered the most biologically active
form in humans, and it exhibits several biological properties
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that inhibit the development or progression of cancer, including
its antioxidant function (4-7). Experimental data along with
some observational studies led to controlled trials that tested
the cancer-preventive effects of alpha-tocopherol supplementa-
tion with inconsistent results, including for lung cancer (8-10).
Altogether, epidemiologic evidence regarding the association
between serum vitamin E (ie, alpha-tocopherol) status and lung
cancer risk is inconsistent, with most studies having limited
sample sizes and lacking data for histological subtypes. For ex-
ample, several case-control and cohort studies (but not all [11])
suggest a weak inverse association between circulating alpha-
tocopherol and lung cancer risk (12-16) overall or restricted to
specific subgroups (17).
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Our previous prospective analysis of this hypothesis in-
cluded 1144 cases of lung cancer with 10years of follow-up in
the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC)
Study cohort and provided evidence to support a role for higher
prediagnostic serum alpha-tocopherol being related to reduced
lung cancer risk in male smokers (12), with the association
appearing stronger among younger men and lighter smokers.
The present investigation extended that analysis and included
28years of lung cancer incidence (n=3184 cases) following
measurement of serum alpha-tocopherol both at baseline and
3years.

Methods

Study Population

The study population included 29133 Finnish male smokers
ages 50-69years who were enrolled in the ATBC Study
(ClinicalTrials.gov Identifier: NCT00342992) that was conducted
in southwestern Finland between 1985 and 1988. Using a 2 x 2
factorial, randomized, double-blinded, placebo-controlled pre-
vention trial design, participating men were assigned to one of
four trial intervention groups: alpha-tocopherol (dl-alpha-toco-
pheryl-acetate, 50 mg/d), beta-carotene (20mg/d), both supple-
ments, or placebo for 5-8years (median: 6.1years). At baseline
(presupplementation) and at 3years, overnight fasting blood
samples were collected and protected from light, processed to
serum, aliquoted, and stored at —70°C until analysis. At enroll-
ment, height and weight were measured, and questionnaires
were used to collect behavioral and lifestyle information, in-
cluding smoking, alcohol consumption, medical history, diet,
and supplement use. All participants provided written informed
consent at enrollment. The ATBC Study has been approved by
institutional review boards at the US National Cancer Institute
and the Finnish National Institute for Health and Welfare.

Serum alpha-tocopherol, beta-carotene, and retinol were
assayed using high-performance liquid chromatography in one
laboratory (18). Total and high-density lipoprotein cholesterol
concentrations were measured using an enzymatic assay (19).
For serum alpha-tocopherol, the interbatch coefficients of varia-
tion were 2.2%. Participants with missing serum alpha-
tocopherol at baseline or 3years were excluded from the pre-
sent analysis. In addition, to minimize the potential influence
of selection bias, the first 3 years (1096 days) of follow-up for all
the participants were excluded. This resulted in a final cohort
size of 22781 participants, with the rates of missing baseline
and 3-year serum alpha-tocopherol measurements being, re-
spectively, 0.1% (only 31 of 29133 participants) and 21.5% (6278
of 29133 participants). Men included in the final analysis were
followed from 1096 days (3 years) until the date of primary lung
cancer diagnosis, death, or the end of follow-up (December 31,
2015), whichever occurred first.

Identification of Primary Lung Cancer Case Patients

Primary cancer of the lung or bronchus (International
Classification of Disease-9=162), as the main outcome
(n=3184), was ascertained through the Finnish Cancer Registry,
which represents approximately 100% case coverage nation-
wide (20). Medical records of all cancer cases diagnosed before
April 1994 were collected from hospital and pathology laborato-
ries and reviewed for cancer confirmation by one or two pathol-
ogists and/or pulmonary cytologists. After April 1994, medical

records of 25% of the lung cancer cases were obtained and
reviewed by one study physician. Therefore, the histologic sub-
type information for the lung cancer cases was either based on
central review of histopathologic and cytologic specimens or
obtained solely from the Finnish Cancer Registry. In the present
study, 30.0% of the lung cancers were squamous cell carcinoma,
14.7% were small cell carcinoma, and 13.4% were adenocarci-
noma, with the remaining cases being of less common histolog-
ical types (eg, large cell or neuroendocrine tumors) or unknown
histology.

Statistical Analysis

Multivariable-adjusted Cox proportional hazards regression,
with attained follow-up time as the time metric, was used to ex-
amine hazard ratios (HRs) and confidence intervals (CIs) for
associations between serum alpha-tocopherol (quintiles) and
lung cancer risk. We selected potential confounders, a priori, as
previous studies suggested (12,21), for adjustment in multivari-
able regressions including age at baseline (continuous), body
mass index (BMI, continuous), years of cigarette smoking (con-
tinuous), number of cigarettes smoked daily (continuous), se-
rum total cholesterol concentration (continuous), and trial
intervention group (four supplement categories). BMI status and
serum total cholesterol measures were missing for less than
0.1% of the participants in this analysis at baseline. We further
adjusted for family history of lung cancer and education status.
Tests for linear trend across quintiles of serum alpha-
tocopherol were conducted by assigning cohort members the
median value of serum alpha-tocopherol for each quintile and
entering this new variable into the above-mentioned Cox
proportional hazards regression model. Kaplan-Meier plots and
log-rank tests compared differences in cumulative lung cancer
incidence according to baseline serum alpha-tocopherol quin-
tiles. To account for a possible nonlinear association between
baseline serum alpha-tocopherol and lung cancer risk, we used
cubic restricted splines with 4-knots and treated serum alpha-
tocopherol as a continuous variable. Knots were selected at
fifth, 25th, 75th, and 95th percentiles of serum alpha-tocopherol
concentrations.

Stratified analyses were conducted based on age at baseline
(<55, 55-59, or >60years), years of cigarette smoking (<32, 32—
40, or >40years), number of cigarettes smoked daily (<20 or
>20), BMI (<24.5, 24.5-27.6, or >27.6kg/m?), trial intervention
group assignment, and years of follow-up (<10 or >10years;
given that we had excluded the first 3 years of follow-up [ie,
1096 days], the cohort observation period for men with
>10years of follow-up started 13years [3 + 10years] after origi-
nal study enrollment). We also performed stratified analyses by
trial alpha-tocopherol supplementation intervention arm (yes
or no) according to age at baseline (<60 or >60years), years of
cigarette smoking (<40 or >40years), and BMI (<27.6 or
>27.6years). P values for interaction were assessed through
likelihood ratio tests by comparing regression models with and
without the cross-product terms for each assessed factor
(categorized into two or three levels) and baseline serum alpha-
tocopherol concentration (quintiles). The serum alpha-
tocopherol-lung cancer association was also examined within
each of the three major histological subtypes (ie, squamous cell
carcinoma, small cell carcinoma, and adenocarcinoma).

Using a similar Cox regression approach, we performed anal-
yses to examine changes in serum alpha-tocopherol from base-
line to the 3-year follow-up (as tertiles) in relation to lung



cancer risk according to alpha-tocopherol supplementation in-
tervention arm (yes or no). Sensitivity analyses were also
performed to test whether the associations between serum
alpha-tocopherol change and lung cancer risk were modified by
baseline serum alpha-tocopherol concentration (low: <10.5;
high: >10.5 mg/L).

Using a likelihood ratio test, the proportional hazard as-
sumption was tested for the Cox proportional hazards regres-
sion models by assigning the cross-product term of follow-up
time and the exposures of interest, and no evidence of violation
was observed. All the analyses were conducted using SAS soft-
ware version 9.4 (SAS Institute, Cary, NC). All reported P values
were two-sided. A P value of less than .05 was considered statis-
tically significant.

Results

Among the 22781 men in this analytical cohort, we identified
3184 lung cancer cases during up to 28years of follow-up
(median =16.2years). The median and mean baseline serum
alpha-tocopherol concentrations in the cohort were 15.9mg/L
and 17.0mg/L, respectively, and the median concentration in
the fifth quintile was nearly 2 times higher than that in the first
quintile (Table 1). Compared with participants in the lowest
quintile, men with higher serum alpha-tocopherol smoked less
and had higher BMI. Alpha-tocopherol concentrations were pos-
itively associated with serum retinol, beta-carotene, and total
cholesterol; fruit, vegetable, red meat, and coffee consumption;
and the dietary antioxidants vitamins A, C, and E (Table 1).
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After multivariable adjustment, higher serum alpha-
tocopherol concentrations by quintiles at baseline and 3years,
as well as average and maximum concentrations of two meas-
urements, were statistically significantly associated with 21%-—
24% lower lung cancer risk compared with those in the lowest
quintiles, with clear dose-response trends (Pyeng < -001, Pirena =
.004, Pireng < .001, and Pyeng = 008, respectively; Table 2). Further
adjustment for family history of lung cancer and education did
not materially alter the associations (Supplementary Table 1,
available online). The Kaplan-Meier plot demonstrated that men
in the lowest quintile of serum alpha-tocopherol had statistically
significantly increased cumulative lung cancer incidence com-
pared with those in the higher quintiles (log-rank test P <.001;
Figure 1). To examine the baseline serum alpha-tocopherol-lung
cancer risk dose-response association, the restricted 4-knot cu-
bic spline regression showed a statistically significant inverse
linear dose-response association between alpha-tocopherol and
lung cancer relative risk, with higher risk below the reference
value of 9.5mg/L (corresponding to the first quintile cutoff value)
and progressively lower risk for men with higher serum alpha-
tocopherol concentrations (Psor tinearity < -001; Pfor nonlinearity = -30;
Figure 2).

We assessed effect modification of the serum alpha-
tocopherol-lung cancer association by age, years of smoking,
smoking intensity, BMI, and trial intervention assignment. The
inverse risk association appeared stronger for younger men and
those having smoked fewer years (the latter Pipteraction = -04).
Although the interaction with follow-up time was formally sta-
tistically significant, the risk estimates for the 0-10 and 10or
more year periods were nearly identical (quintile 5 [Q5 vs Q1],
HR=0.77, 95% CI = 0.63 to 0.95 and 0.76, 95% CI = 0.63 to 0.91,

Table 1. Baseline characteristics of Finnish male smokers by quintile of baseline serum alpha-tocopherol concentration in the ATBC Study

Baseline serum alpha-tocopherol quintile

Q1 Q2 Q3 Q4 Q5
Characteristics (n=4623) (n=4571) (n=4413) (n=4590) (n=4584) P
Age at blood collection, y 57 (53-62) 56 (53-61) 56 (53-60) 56 (53-60) 56 (53-60) <.001t
BMI, kg/m2 25 3 (22.8-28.0) 25 7 (23.5-28.2) 25 9(23.7-28.3) 26 1(24.0-28.5) 26 8(24.7-29.2)  <.001t
Cigarettes per day 20 (15-25) 20 (15-25) 20 (15-25) 20 (15-25) 20 (15-25) <.001t
Years of cigarette smoking 37 (32-42) 36 (31-42) 35 (30-40) 36 (30-40) 36 (30-40) <.001t
History of diabetes, % 4.0 3.4 3.0 3.5 6.3 <.001%
Serum nutrients at baseline
Serum alpha-tocopherol, mg/L 4(7.6-9.0) 10.3 (9.9-10.6) 11.6 (11.3-11.9)  13.1(12.7-13.6)  15.9(14.9-17.7)  <.001t
Serum retinol, pg/L 545 (470-626) 563 (492-643) 578 (506-657) 591 (518-672) 621 (544-709) <.001t
Serum beta-carotene, pg/L 134 (85-201) 168 (113-250) 188 (127-280) 203 (134-299) 202 (131-315) <.001t
Serum total cholesterol, mmol/L 3(4.7-5.8) 5.8 (5.3-6.3) .2 (5.7-6.8) 6.6 (6.0-7.3) .2 (6.5-7.9) <.001t
Dietary intake per day
Total energy, kcal 2626 (2174-3165) 2652 (2199-3150) 2640 (2199-3135) 2588 (2151-3101) 2549 (2127-3060)  <.001t
Fruit, g 97 (49-161) 104 (56-167) 115 (61-178) 117 (66-186) 120 (67-191) <.001t
Vegetables, g 86 (54-132) 95 (61-143) 103 (67-152) 107 (69-159) 115 (77-167) <.001F
Red meat, g 64 (47-86) 66 (49-88) 66 (50-88) 66 (49-88) 65 (49-87) .02t
Coffee intake, g 550 (330-770) 600 (440-770) 600 (440-770) 600 (440-770) 550 (420-770) 003t
Alcohol or ethanol, g 12.0 (2.6-27.4) 10.7 (2.3-25.2) 10.6 (2.5-24.2) 10.0 (2.4-23.7) 10.7 (2.7-24.3) <.001t
Total vitamin A, pg 1579 (1094-2272) 1656 (1145-2405) 1649 (1145-2411) 1667 (1127-2421) 1646 (1109-2382)  <.001t
Vitamin C, mg 87 (62-117) 91 (67-121) 95 (71-126) 97 (72-130) 99 (74-132) <.001t
Total vitamin E, mg 4 (7.3-12.1) 10 4(8.0-13.5) 10 9(8.4-14.3) 11.4 (8.7-15.6) 12.4 (9.3-17.1) <.001%
Alpha-tocopherol, mg 1(6.3-10.3) 8(6.9-11.6) 4 (7.3-12.2) 8(7.4-13.4) 10 7 (8.0-14.8) <.001t
Gamma-tocopherol, mg .0(2.2-7.2) .1(2.8-9.4) .0 (3.3-10.7) .8(3.6-12.8) 4 (4.4-14.9) <.001t

*Median (interquartile range) unless otherwise indicated. ANOVA = analysis of variance; ATBC = Alpha-Tocopherol, Beta-Carotene Cancer Prevention; BMI = body

mass index; Q = quintile.
1P value based on ANOVA test (continuous variable).
1P value based on ;? test (categorical variable).
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Table 2. Multivariable-adjusted hazard ratios and 95% confidence
intervals of lung cancer by quintile of serum alpha-tocopherol con-
centration at baseline and at 3 years among Finnish male smokers in
the ATBC Study*

Lung
Event/total cancer
person-years of incidence

Serum measure follow-up ratet HR (95% CI)

Baseline alpha-tocopherol, range, mg/L
Q1:<9.5 695/66 962 10.38 1.00 (Ref)
Q2: >9.5to <10.9 681/72593 9.38 0.92 (0.82 to 1.02)
Q3: >10.9to <12.3 629/71879 8.75 0.87 (0.78 to 0.98)
Q4: >12.3to <14.2 613/75329 8.14 0.80 (0.71 to 0.90)
Q5:>14.2 566/73821 7.67 0.76 (0.66 to 0.87)
Ptrend¢ <.001

3-Year alpha-tocopherol, range, mg/L
Ql: <114 698/67 294 10.37 1.00 (Ref)
Q2: >11.4to <13.6 646/74157 8.71 0.85 (0.76 to 0.95)
Q3:>13.6 to <15.9 632/72951 8.66 0.82 (0.73 to 0.93)
Q4:>15.9to0 <19.0 609/74 088 8.22 0.77 (0.67 to 0.88)
Q5:>19.0 599/72 095 8.31 0.78 (0.67 to 0.91)
Ptrend¢ .004

Mean alpha-tocopherol at baseline and 3 y, range, mg/L
Q1: <10.8 701/67 336 10.41 1.00 (Ref)
Q2: >10.8 to <12.5 663/73594 9.01 0.86 (0.77 to 0.96)
Q3:>12.5to0 <14.1 630/72 655 8.67 0.83 (0.74 to 0.94)
Q4:>14.1to <16.3 608/74 059 8.21 0.79 (0.70 to 0.90)
Q5:>16.3 582/72941 7.98 0.76 (0.66 to 0.87)
Ptrend¢ <.001

Maximum alpha-tocopherol at baseline or 3 y, range, mg/L
Ql: <117 708/67 948 10.42 1.00 (Ref)
Q2: >11.7 to <13.9 635/73 945 8.59 0.84 (0.75 to 0.94)
Q3:>139to <16.1 626/72576 8.63 0.82 (0.73 to 0.93)
Q4: >16.1to <19.2 622/75028 8.29 0.79 (0.69 to 0.90)
Q5:>19.2 593/71086 8.34 0.79 (0.68 to 0.92)
Ptrend¢ .008

*Cox proportional hazards regression using follow-up time as the time metric to
calculate hazard ratios (HRs) and 95% confidence intervals (CIs) of associations
between measures of serum alpha-tocopherol (quintiles) and incidence of lung
cancer, and adjusted for age at baseline, body mass index, years of cigarette
smoking, number of cigarettes smoked daily, serum total cholesterol concentra-
tion, and trial intervention group. ATBC = Alpha-Tocopherol, Beta-Carotene
Cancer Prevention; Q = quintile; Ref = referent.

tCrude lung cancer incidence rate per 1000 person-years.

$Two-sided Pyeng is based on the statistical significance of the coefficient of the
quintile variable (median value within each quintile).

Pirena = .006 and .002, respectively) (Table 3). Men in the lower
tertile of BMI also appeared to have experienced a stronger in-
verse alpha-tocopherol-lung cancer association (first and sec-
ond tertile of BMI, Q5 vs Q1: HR=0.78, 95% CI = 0.61 to 0.99; and
HR = 0.60, 95% CI = 0.47 to 0.75, Pyena = .02 and <.001, respec-
tively), whereas the estimated associations differed little across
the trial supplementation groups (Table 3). The trial alpha-
tocopherol supplement did not modify the serum-risk interac-
tions with age, years of smoking, or BMI (Supplementary Table 2,
available online).

The association between serum alpha-tocopherol and
lung cancer appeared to be somewhat stronger for squamous
cell carcinoma (Pirena = .03) than for small cell carcinoma and
adenocarcinoma (Table 4). We observed substantially re-
duced risk among men with fewer years of smoking for all
three histologic types, however (Q5 vs Q1, HR=0.60, 95% CI =
0.42 to 0.85; HR=0.51, 95% CI = 0.31 to 0.85; and HR=0.67,

95% CI = 0.40 to 1.13; Pirena = -002, .02, and .09, respectively;
Table 4).

The median difference in serum alpha-tocopherol from
baseline to 3years for men who did or did not receive the trial
alpha-tocopherol supplement, respectively, was 5.7 mg/L (inter-
quartile range = 3.7 to 7.9mg/L) and 0.79mg/L (interquartile
range = —0.34 to 1.93mg/L). Overall, the difference in serum
alpha-tocopherol from baseline to 3years was not associated
with lung cancer risk, with the exception of lower risk among
men below the median of baseline serum alpha-tocopherol
(<10.5mg/L) who did not receive the trial alpha-tocopherol sup-
plement but who had greater increases in serum alpha-
tocopherol (tertiles 1-3 of change of serum alpha-tocopherol
had HR = 1.00 (referent), 0.86, 95% CI = 0.69 to 1.06; and HR =
0.74, 95% CI = 0.59 to 0.91, Pyreng = .004) (Table 5).

Discussion

In this large trial-based cohort study of male smokers, we ob-
served a dose-dependent inverse association between pro-
spectively measured serum alpha-tocopherol concentrations
and lung cancer risk based on nearly 3200 cases, two separate
serum measurements, and adjustment for several potential
confounding factors. Men in the highest serum quintile had
24% reduced risk of lung cancer compared with men in the
lowest quintile. There were stronger inverse associations
among men younger than 60 years, men with BMI of less than
27.6kg/m? and men with fewer than 40years of smoking.
Interestingly, the association was not modified by the trial vi-
tamin E supplementation, and it persisted during the entire
28-year observation period. Of note, we found statistically sig-
nificantly lower lung cancer risk among men who had lower
serum vitamin E concentrations at baseline that increased by
the third year through nonsupplementation means (ie, likely
through diet).

Alpha-tocopherol is considered the dominant form of vita-
min E for humans and is preferentially maintained in blood and
tissues. Because the hepatic alpha-tocopherol transfer protein
preferentially binds alpha-tocopherol, this protein can prevent
its degradation (22). It has been widely accepted that alpha-
tocopherol and other vitamin E compounds can act as efficient
antioxidants in vivo, protecting against cellular oxidative dam-
age by scavenging free radicals and inhibiting lipid peroxidation
(7). In addition, alpha-tocopherol has other cancer preventive
properties, including inhibiting endogenous nitrosamine or
nitrosoamide formation, suppressing cell proliferation, inhibit-
ing tumor angiogenesis, inducing apoptosis, and enhancing
immunity (5,6,23).

Several epidemiologic studies have reported that vitamin E
status (blood levels or intake) is inversely associated with spe-
cific cancers, including oropharynx and larynx, esophagus and
stomach, lung, pancreas, and bladder (12,24-28). The present
study of lung cancer shows a stronger inverse association pri-
marily in younger men and those with fewer cumulative years
of smoking, possibly representing the need for higher vitamin E
exposure earlier in the carcinogenic process; that is, any poten-
tial protective association of alpha-tocopherol may be
overshadowed by longer exposure to, and accumulation of,
tobacco-induced carcinogens. The stronger inverse association
in younger men could also result from the age-related decline in
lipoprotein lipase activity, which could reduce alpha-tocopherol
release from the chylomicrons and alter alpha-tocopherol
transport and metabolism (29-31). A nested case-control study
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Figure 1. Kaplan-Meier plot comparing cumulative incidence of lung cancer according to baseline serum alpha-tocopherol concentration quintile in the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study. The two-sided log-rank test was used to test the differences across serum alpha-tocopherol strata.

Alpha-tocopherol cannot be synthesized physiologically in

Lung Cancer humans, and the dominant dietary sources are vegetable oils,

1.6 whole grains, nuts (eg, almonds), seeds (eg, sunflower), and
15 P for nonlinearity = .30 some vegetables and fruit (32,33). There are other bioactive

P for linearity < .001 . L . . . .
or fineartty = nutrients in vitamin E-rich foods, including fiber, polyphenols,

-8 14 ! phytosterols, additional tocopherols, minerals (such as iron, 'E:j

&“ 1.3 magnesium, and zinc), other vitamins (such as B vitamins and E

- 1.2 A folacins), and other antioxidants (such as alpha- and beta- <
@ 11 carotene) (34-36). These bioactive nutrients have multiple
% biological functions such as reducing oxidative stress and in-
T 10 flammation (37-39), and they coexist with alpha-tocopherol in
8 0.9 vitamin E-rich foods so we cannot preclude the possibility that
o 08 N they contribute to some of the observed lung cancer association
_g 0.7 with serum alpha-tocopherol. Adjusting for vitamin E-rich
n - foods (including vegetable oils, fish, rye, wheat, and eggs) in the
w o6 main analytical models did not, however, statistically signifi-
0.5 cantly alter the inverse serum alpha-tocopherol association
0.4 (baseline Q5 vs Q1, HR=0.80, 95% CI = 0.70 to 0.92, Pyena =
4 8 12 16 20 24 .0008). This supports a role for higher serum alpha-tocopherol

that is not accounted for by the other bioactive constituents in
vitamin E-rich foods.

Serum alpha-tocopherol concentrations are at least partially
determined by the above-mentioned dietary factors and can be

Baseline Serum Alpha-Tocopherol (mg/L)

Figure 2. Cubic restricted spline regression for estimated relative risk of lung
cancer according to baseline serum alpha-tocopherol concentration in the

Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study. The reference value increased through vitamin E supplementation. In the unsupple-
(9.5 mg/L; relative risk = 1.00) corresponds to the cutoff value of the first quintile mented group, we showed that men with relatively low baseline
of serum alpha-tocopherol concentration. The two-sided P values were derived concentrations that increased within 3 years experienced a one-

from the likelihood ratio tests for nonlinearity and the linear relation. fourth reduction in lung cancer risk. This is consistent with a

beneficial role for dietary modification in raising vitamin E sta-
of tin miners in China also showed an inverse serum tus. By contrast, the trial alpha-tocopherol supplementation-
alpha-tocopherol-lung cancer association in men younger than related increase in serum concentrations was not associated
60years (17). with risk, findings substantiated by previously reported trial
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Table 4. Multivariable-adjusted hazard ratios and 95% confidence intervals for associations between quintile of baseline serum alpha-tocoph-

erol concentration and lung cancer according to tumor histology and smoking years in the ATBC Study*
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Quintiles of baseline serum alpha-tocopherol, range

Q1 Q2 Q3 Q4 Q5
<9.5 mg/L 9.5-10.9 mg/L 10.9-12.3 mg/L 12.3-14.2 mg/L >14.2 mg/L

Histological type HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) Prenat

Squamous cell carcinoma (n = 959) 1.00 (Ref) 0.92(0.76t01.12)  0.82(0.67 to 1.02)  0.70(0.56 t0 0.87)  0.80 (0.63 to 1.02) .03
<40y of smoking 1.00 (Ref) 0.76 (0.57 t0 1.01)  0.79 (0.60to 1.06) ~ 0.51 (0.37 t0 0.71)  0.60 (0.42 to 0.85) .002
>40y of smoking 1.00 (Ref) 1.08 (0.83t0o 1.41) 0.82(0.60to1.11)  0.91(0.67 to 1.24)  1.03 (0.73 to 1.43) 91

Small cell carcinoma (n = 469) 1.00 (Refy  1.09 (0.82t01.45) 0.92(0.68t01.26) 0.85(0.62t01.18) 0.83(0.58t0 1.18) .14
<40y of smoking 1.00 (Ref) 0.74(0.50t0 1.12)  0.66 (0.43t01.01)  0.63(0.40t00.97)  0.51(0.31 to 0.85) .02
>40y of smoking 1.00 (Ref)  1.58(1.05t02.39) 1.30(0.83t02.05) 1.15(0.71t01.85) 1.30(0.78t02.17) .76

Adenocarcinoma (n = 427) 1.00 (Refy  1.08(0.80t01.45) 0.83(0.59t01.15)  1.04(0.75t01.45) 0.81(0.55t01.19) .27
<40y of smoking 1.00 (Ref)  1.10(0.73t01.66) 0.72(0.46t01.13) 0.91(0.58t01.43) 0.7 (0.40to1.13) .09
>40y of smoking 1.00 (Ref)  1.06(0.68t01.64) 1.00(0.61t01.62) 1.25(0.77t02.03) 1.03(0.59t01.80) .77

*Cox proportional hazard regression using follow-up time as the time metric to calculate hazard ratios (HRs) and 95% confidence intervals (Cls) of associations between
baseline serum alpha-tocopherol (quintiles) and incidence of lung cancer by tumor histology and years of smoking and adjusted for age at baseline, body mass index
(BMI), years of cigarette smoking, number of cigarettes smoked daily, serum total cholesterol concentration, and trial intervention group. ATBC = Alpha-Tocopherol,
Beta-Carotene Cancer Prevention; Q = quintile; Ref = referent.

tTwo-sided Pyenq is based on the statistical significance of the coefficient of the quintile variable (median value within each quintile).

Table 5. Multivariable-adjusted hazard ratios and 95% confidence intervals for associations between changes in serum alpha-tocopherol con-
centration from baseline to 3years and lung cancer by trial alpha-tocopherol supplementation and baseline serum alpha-tocopherol concen-
tration in the ATBC Study”

No alpha-tocopherol supplementation  Alpha-tocopherol supplementation

Baseline and change in serum alpha-tocopherol No. of events HR (95% CI) No. of events HR (95% CI)
Lower and higher baseline serum alpha-tocopherol combinedt
Lowest tertile of change (> -56.3 to <0.09 mg/L) 506 1.00 (Referent) 536 1.00 (Referent)
2nd tertile of change (>0.09 to <1.51 mg/L) 564 1.03(0.91t0 1.17) 540 0.98 (0.86 to 1.10)
3rd tertile of change (>1.51 mg/L) 524 0.97 (0.86 to 1.10) 514 0.96 (0.85 to 1.09)
Pirenat 0.60 0.53
Lower baseline serum alpha-tocopherol (<10.5 mg/L)
Lowest tertile of change (> -6.7 to <0.09 mg/L) 136 1.00 (Referent) 162 1.00 (Referent)
2nd tertile of change (>0.09 to <1.51 mg/L) 235 0.86 (0.69 to 1.06) 220 1.08 (0.88 to 1.32)
3rd tertile of change (>1.51 mg/L) 211 0.74 (0.59 to 0.91) 189 0.99 (0.80 to 1.23)
Higher baseline serum alpha-tocopherol (>10.5 mg/L)
Lowest tertile of change (> -56.3 to <0.09 mg/L) 370 0.74 (0.56 to 0.99) 374 0.99 (0.75 to 1.31)
2nd tertile of change (>0.09 to <1.51 mg/L) 329 0.82 (0.62 to 1.08) 320 0.91 (0.69 to 1.20)
3rd tertile of change (>1.51 mg/L) 313 0.82 (0.62 to 1.09) 325 0.94 (0.71 to 1.24)

*Cox proportional hazards regression examined hazard ratios (HRs) and 95% confidence intervals (CIs) of associations between serum alpha-tocopherol changes from
baseline to 3-year follow-up (tertiles) and lung cancer risk by trial alpha-tocopherol supplementation status, and adjusted for age at baseline, body mass index, years
of cigarette smoking, number of cigarettes smoked daily, serum total cholesterol concentration, and trial intervention group. “Change of alpha-tocopherol levels” = “3-
year alpha-tocopherol levels minus alpha-tocopherol concentration at baseline.” A change in alpha-tocopherol that is greater than zero indicates that concentrations
increased compared with baseline, and changes less than zero indicate lower levels at 3 years. ATBC = Alpha-Tocopherol, Beta-Carotene Cancer Prevention.
tMultivariable-adjusted Cox models further adjusted for baseline serum alpha-tocopherol (quintiles).

$Two-sided Pyenq is based on the statistical significance of the coefficient of the tertile variable (median value within each quintile).

results from the ATBC Study and the Selenium and Vitamin E
Cancer Prevention Trial, with both studies having shown no
overall alpha-tocopherol supplementation effects on lung can-
cer risk, either during the intervention [ATBC relative risk =0.99;
Selenium and Vitamin E Cancer Prevention Trial HR =1.00) (8,9),
or post-trial (ATBC relative risk=1.01) (10). In addition, findings
from the Shanghai Women’s Health Study of Chinese female
nonsmokers showed source-specific vitamin E-lung cancer
associations, with total dietary tocopherol intake being in-
versely associated with risk vs greater lung cancer risk for vita-
min E supplement use (40). Taken together, these findings
argue against a beneficial role for vitamin E supplementation in

lung cancer prevention, whereas improved vitamin E status
through dietary means, particularly among those with low se-
rum concentrations, may be beneficial.

To the best of our knowledge, this is the largest prospective
investigation of vitamin E status and lung cancer to date. The
primary strengths of the study include validity of the exposure
assessment (high-performance liquid chromatography platform
assays) and outcome ascertainment from the population-based
registers. The serum alpha-tocopherol measurements provide
integrated assessments of exogenous and endogenous expo-
sures and metabolism, and therefore represent more accurate
assessments of vitamin E biological status than estimates from
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dietary questionnaires. Compared with the vast majority of
studies that included a single blood sample measurement, we
measured alpha-tocopherol concentrations both at baseline
and 3years, which improved classification of exposure status
and yielded consistent findings.

Study limitations include the possibility that unmeasured
confounders affected the observed association even though we
adjusted for a large number of relevant covariates available.
Collinearity of higher serum alpha-tocopherol status with other
beneficial dietary or lifestyle factors, or specific genotypes, is
also possible. The ATBC Study itself constitutes a relatively ho-
mogeneous population of Finnish male smokers, which may
limit generalizability of our findings to other populations, in-
cluding former smokers, nonsmokers, women, and other races
and ethnicities. Further studies are warranted to investigate
such associations in broader, more diverse populations.

In summary, we found higher vitamin E status, as measured
by serum alpha-tocopherol concentrations from two blood col-
lections taken 3 years apart, were related in a dose-dependent
manner to decreased lung cancer incidence during a 28-year pe-
riod. The inverse association was observed primarily among
younger men and those with fewer cumulative years of ciga-
rette smoking. Our findings provide evidence supporting the
importance of adequate physiological vitamin E status for re-
duction in risk of lung cancer.
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