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ABSTRACT We determined whether serum carotenoid or
retinol concentrations were altered by §-carotene <uppiementa-
tion in the Alpha-Tocopherol. Beta-Carotene Cancer Prevention
Study and whether such effects were modified by alcohol
consumption or cigarette use. Participants in this substudy were
191 randemly selected men aged 38-76 v from the metropolitan
Helsinki study center {237 receiving supplemental B-carotene
120 mg/dy and 233 not recaiving such supplementation]. Dietary
carotenoids. retinol. und aleohol. and <erum S-carotene. a-to-
copherol. retinol. und cholesterol were assessed at baseline.
After an average of 6.7 ¥ of supplementation. serum was
collected and carctenoid. retinel. and a-tocophera! concentra-
tions were determined by HPLC. Serum caroteneid fractions
were highly correlated with each other 17 = 0.00¢1 . Compared
with the unsupplemented group. the B-carotene 2roup had sig-
nificantly higher serum concentrations of B-carotene + [1483% ).
w-carotene {143%). and B-cryptoxanthin (67%, . 7 = (.0001).
Retinol concentrations were 67 higher 2 = 1.3 und lutein
was 11% lower 1P = (0.02y1in the supplemented zroup. Serum
Ivcopene. zeaxanthin. and a-tocopherol did not difzer according
to B-carotene—supplementation status. Although these B-caro-
tene—group differences were not significantly alterad by amount

of alcohet consumption. higher consumption (> 129 g/d. me-
diani was relatzd to lower (10-38% concentrations ot carote-
noids. particularly  -carotene. a-carotene. and 3-cryptoxan-
thin. in both the supplemented and unsupplemented greups.
Smoking statgs Jdid not significanty influence the supplemen-
tation-related ditfferences in serum carotenoid and retinol values
but concentrauons of carotenoids were generalls highest in
participants who quit smeking while in the study and lowest in
current smokers of = 20 aigarettes,d. This steas showed that
serum concentraions of non-B-carotene carotenonds are alered
by long-term fS-carotene supplementation and confirms the
adverse etfects of alcohol and cigarette smoking on serum
carotenoids. Am J Clin Nurr 1997:66:366-"1.
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"INTRODUCTION

In two large randomized placebo-controlled cancer-preven-
tion trials. the Alpha-Tocopherol, Bera-Carotene Cancer Pre-
venuon (ATBC) Swdy (1. 2) and the Bet-Carotene and Ret-
ino) Efticacy Trial tCARET?Y (3). an increased incidence of
lune cancer and total mortality was observed in cigarette smok-
er who received B-carotene supplementation. The ATBC
Swdy. which involved placebo-controlled supplementation
with 20 mg B-caratene/d (with or without 30 mg a-tocopherol)
for 3-8 vy (average: 6.1 v) in older middle-aged cigarette
smokers. was recently corroborated by CARET. CARET tested
B-carotene in combination with retinyl palmitate for an average
of 3.7 v in smokers and people who had been exposed to
asbestos and found somewhat grearer relative increases in the
occurrence of lung cancer and total mortality.

One pussible mechanism that has besn proposed o explain
these tindings is alteration of carotenond metabolism by high-
dose B-carotene supplementation, le. interference with absorp-
tivn. distribution. metabolism. or atilization of ene or more ol
the other (non-B-carotene) carotenoids sufficient to perturb
their bivlogical functions. Previous studies have found various
changes in blood carctenoid concentralions in response (o
primarily short-term supplementation with B-carotene (-9},
lutzin (6). and canthaxanthin (7). 1t 15 not knewn whether
similar alterations occurred in the ATBC Studv. The suggested
alcohol-related augmentation ol the B-curotene-related etfect
on tung cancer in the ATBC Study and CARET trials 110, 11
and the fact that these trials had similar results in popuianons
of smokers (1. 3r are addiuonal considerations of possible
refevance to the main findings and warrant turther study.

We investigated whether serum carotenoid or retinol con-
centrations were alterad by supplementaton with S-carotene in
the ATBC Study. whether any such etfects were moditied by
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amount of alcohol consumption or cigarette use. and whether
exposure o alcohol and cigarette smoking atfected serum
concentrations of curotenods or retinol.

SUBJECTS AND METHODS

Subjects

This studs was conducted within the ATBC Swudy, a large
randomized double-blhind placebo-controlled prevention trial
evaluating the etfects of daily oral supplementation with B-car-
otene or a-tocopherol on the incidence of lung and other
cancers in male cigarette smokers. Study design. characteristics
of participants. and trial results were described elsewhere (1. 2.
12). Participants in the current substudy (# = 491) were sub-
jects in the ATBC Study selected randomly from the metro-
politan Helsinki study area during an 8-wk pertod in early
1993, At entrv into the ATBC Study between 1983 and 1988,
these men were aged 3)-69 y. smoked = 3 cigarettes/d. and
were not taking daily supplements of vitamin E (> 20 mg).
vitamin A > 20 000 U, or B-carctens (> 6 mg}.

The subjects were randomly assigned 1o four study groups on
the basis of a 2 X 2 factorial design: parficipants received
zither B-carotene alone (20 mg all-trans-B-carotene/d in 10%
water-soluble beadlets; n = 110}, vitamin E alone (50 mg
di-a-tocopheryl acetatesd as a 50% powder: n = 128). both
agents (7 = 127}, or placebo (n = 126). Thus. 237 men were
given B-curotene and 234 men were not given [B-carotene.
Capsules were provided by Hoffmann-La Roche Lid. Basel.
Switzerland. At the time of the follow-up bloed collection in
1993, participants were aged 58-76 v (median: 66 v} and had
been in the study and taking capsules for an average of 6.7 y.

Baseline data

As part of the ATBC Study protocol for basehine data col-
lection. tobacco use and other factors were recorded. height and
wetght were measured. and a serum sample was obiained (12).
Serum concentrations of B-carotene, a-tocopherel. and retinol
were determined by HPLC 113; and serum total and high-
density-lipoprotein cholesterol were analyzed enzymatically
{121, Serum concentrations of carotenoids other than B-caro-
tene were not determined at baseline. Tobacco use was re-
corded throughout the ATBC Study and | [3 participants in this
substudy (237 reported having quit smoking cigareties by the
ume of the tollow-up serum collection carly in 1993

Dietary data were obtained for 367 subjects from a detailed
food-use questionnaire that included a color picture booklet
and guestions on the usual frequency of consumption and
portion sizes of 276 common toods. mixed dishes. and bever-
ages tincluding alcoholr vver the preceding 12 mo (14). Intake
of carotenoids was baxed on Finnish tood-cormnposition data
(153~18). By design of the parent study. dietary and alcohel data
were collected during tollow-up in a random sample (115%) of
participants.  Therefore. these data were not used in the
analysis.

Serum carotenoids during supplementation

For this study. | mL serum was obtained from each partic-
ipant during his final ATBC Study follow-up sisit to the study
center i earls 1993 and stored at =20 C for an average of 14
mo. The assavs for retinol. curotenoids. and a-tocopherol were

performed in the analytic {aboratories of the Vitamin Research
Department of Hotfmann-La Roche Ltd (19, 203, Detection
limits were as follows: lvcopene. 0.009 umol/L: B-cryptoxan-
thin. 0.018 wmol/L: B-carotene and a-carotene, 0.019 pmol/L:
tutein and zeaxanthin. 0.035 pmol/L: retinol, 0.07 pmol/L: and
a-tecopherot. 0.12 umol/L. CVs tor multiple determinanons in
the same serum sample on the same day or ditferent dayvs were
2-10%.

All laboratory assays were conducted by persons who were
blinded to intervention assignmenti and questionnaire data ex-
cept during a later recheck of selected samples o exclude
analytic artifact as the reason for the apparently increased
a-carotene vajues in the [-carotene group. This analysis
showed a high selectivity and specificity for both a-carotene
and B-carotene values.

- Statistical analysis

Means * SDs were calculated for participant characteristics
at baseline in the B-carotere and no-B3-carctene groups and ¢
tests were performed. For on-study serum carotenods, retinol,
and a-tocopherol values (some of which were skewed). medi-
ans and interquartile ranges were calculated for the B-carotene
and no-B-carctensg groups overall and within subgroups created
on the basis of daily baseline alcehol consumption (low or high
compared with the median value; and number of cigarettes
smoked daily at the time of the follow-up serum collection
[none (ie, participant quit smoking during the study). 3-19. or
= 2}.

Wilcoxon rank-sum tests were used to assess differences
between groups and Spearman rank correlation coefficients
between the carotenoids were calculated. General linear-
regression models using both untramsformed and Jog-trans-
formed serum carotenoid values were used 10 adjust serum
carotenoid concentrations simultanecusly for several associ-
ated factors, including a-tocopherol intervention group. dietary
carctenoids and fat. serum cholesterol. body mass index 1BMI.
number of cigarettes, and alecohel consumption (21). The
interaction between B-carotene-supplementation group and
alcohol or smoking categories (as scored varables) was tested
by adding a cross-product variable ( 3-carotene group * alco-
hol or B-carotene group X smoking category) in the regression
models for each serum traction. Analvses were done with SAS
statistical software (SAS Institute Inc. Cary NC).

RESULTS

The no-B-carctene and B-carotens intervention groups were
similar with respect to all baseline characteristics studied. in-
cluding carotenoid intake (Table 1. These and other baseline
characteristics were comparable with these in the overall
ATBC Study population (12}, There were no intervention-
group differences in some of the same factors during supple-
mentation (ie. number of cigarettes. serum cholesterel concen-
tration, and BMD) or in compliance with taking capsules
imedian: 98.0% in both groups:. At the time of serum collec-
tion for this study the men were aged 38-76 v (median: 66 v,
A similar propertion of men n the B-carotene and the no-$3-
carotene groups were assigned to the a-tecopherol arm of the
ATBC Study 134% and 30%. respectivelys
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TABLE 1
Characteristics of participanzs at study entry’

No-fB-carotene group  B-Carotene group

(n = 2534 tn =237
Age vy 39.0 = 43 304 =42
Cigaretres/d 213 =940 21.0 = 10.0
Time smoking ty) 380 =30 373-990
Body weight ikg) WO =12 780 = 130
BMI kg/m?) 260 =40 260 =40
Serum cholesterol {mmol/L) 63> 1.1 63-1.2
Serum retinol { wmol/L) 201 £ 041 204 - 0.
Paily nutrient intake
Energy tMI 10,77 = 278 11.02 = 2.36
Fat (g) 1122 23350 1152 =32
Cholesterol 1mg) 3184 2 2030 53343 2030
Alcohol (g) WO =20 181 =194
Carotenoids + g}
Total 4580 = 2682 4514 = 2372
B-Carotene 2137 = 1692 2135 = 15362
Lutein/zeaxanthin 1378 = 320 1403 = 470
Lycopene 960 = 904 875 = 788
a-Carotene 101 = 107 103 = 100
Canthaxanthin 38 =52 39 =38
B-Crypioxanthin 3I—-d 3=3
Rerinol {ug) 1734 = 1288 1915 = 1367
Vitarmin E img) 120 260 130 =60
Selenium (pg) 804 = 240 840 = 230
Vitamin C img} 1041 = 320 1031 =390
Folate {ug) 309.0 = 102.0 R200=910

& = SD. There were no significant differences between groups.

During supplementation the 3-carotene group had substan-
tially higher serum concentratiens of not only B-carctene but
also of w-carotene and B-cryptoxanthin compared with the
no-B-carotene group (Table 2). Retinol concentrations were
also slightly but significantly elevated. In contrast, the S-car-
otene group had lower serum lutein concentrations. There was
no significant difference between the two groups in either
serum a-tocopherol or a-tocopherol adjusted for cholesterol.

In the no-S-carotene group. individual serum carctenoid
fractions were significantly correlated with each other: corre-
lanon coefficients {r) ranged from 0.20 for zeaxanthin and
B-carotene (or lutein) (7 = 0.002) to 0.73 for B-carotene and

TABLE 2
Serum carotenoids. reunel. and a-tocophercl dunng the study

a-carotene (P = 0.0001; Serum concentrations of specific
carotencids were also associated with intake of the respective
carotengids in the no-B-carotene group (r. = 0.37. 0.29. 0.21.
and 0.18. respectively. for a-carotene. lycopene. B-cryptoxan-
thin. lutein. and zeaxanthin, # < 0.0001). B-Carotene was an
exception tr, = .03). Serum S-carotene concentration was
positively correlated with total fat intake in the B-carotene
group (r. = (.31, P = 0.0001) but not m the no-B-carotene
group ir, = (LO7. P = 0.30) and most serum carotenoids were
associated with serum chelesterol in both groups.

Serum carotenoid and retinol concentrations during interven-
tion. according to baseline consumption of alcohol and B-car-
otene-supplementation group. are shown in Table 3. There
was a similar pattern of serum carotenoid and retinol ditfer-
ences 1n response o supplementation in the low- and high-
alcohol-consumptien  categories. with  significantly higher
serum concentrations of B-carotene. q-carotene. and fB-crvp-

" toxanthin in the B-carotene group for each caregory of aicohal

consumption. The interaction between B-carotene supplemen-
tation and alcohol in linear-regression models was not signif-
icant for serum carotenoids and retinol ‘both untransformed
and log-transformed serum values), with the exception of a
marginally significant {P = 0.08) interacticn for log-trans-
formed serum $-carotene.

Higher alcohel consumption was generally associated with
fower serum carotenoid concentrations and higher retinol con-
centrations in both the no-B-carotene and B-carotene groups.
These relations were significant by Wilcoxon rank-sum tests
for B-carotene (P =< 0.0001 and P = 0.02. respectivelv. in the
no-B-varotene and B-carotene groups). a-carotene (£ = 0.002
and P = 0.009). and SB-cnvptoxanthin (P = 0.03 and P =
0.009.. Simultaneous adjustment for a-tocopherol—supplemen-
tation group. dietary carotencid or retinei intake. dietary fat,
serum cholesterol, number of cigarettes, and BMI by means of
multivariate linear-regression modeling ot untransformed or
log-transformed values for serum carotenoids did not alter
these differences. Use of the overall ATBC Study median for
alcohol consumption (11 g ethanol/d) to define low- and high-
consumpuion subgroups produced similar results.

Serumn carotenoid and retinol concentrations according 1o
smoking status at the time of follow-up blood sampling and
B-carotene supplementation group are shown in Table 4.

No-f-carotene roup
tn =234

B-Carotene zroup

(=22 Difterence’

0.37(021-0.38r
0.12¢0.06-025
011 ¢0.04027
006003011
O17(0.12-02
< 0.035 (< Q03530140
194 (1.69-2.3
3723008

B-Carotene (umol/L)
3-Cryptexanthin : umol/Ls
Lycopene (umol/L)
r-Carotene (pmol/Ly
Lutein tumol/L)
Zeaxanthin (umol/Ly*
Retinol tpmolil,
u-Tocopherol tumol/L)

o
I3

381 (3.63-%.32) 14337
02010110333, 67"
0.11 ¢0.06-3. 20 0
01340100200 1437
0.13 (0124520 -1t
< 0.035 (= 0.03340.030) ]
20811 T304 8"
36,0129 522 %, -2

Based on values betore truncation.
- Median: 23-75 percentiie in parentheses.

" Significant difference between groups by Wilcoxon rank-sum test: 7 P = 0001 P = 002 7 P = iz
" Zeaxanthin concentrations below detectabie limits are represented by <0 (1035 pmet L.
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TABLE 3

Serum carotenoids and retinod during the ~wudy. according to baseline alcohol consumption and supplementation group

Low alvohol consumption (= 12.9 g/d)

High alcohol consumption (> 2.9 gid)

No-S-caretene group 3-Carotene group

No-B-carotene group S3-Carotene group

o= 117 =16 Dirference’ =125 (= 109) Ditterence
% %
3-Curotene «gmolfL) 0.4610.29-0.64 5.5414.39-9.53) 12214 (0.2910.16-0.49) AT1312-79 1890
G-Crvptoxanthin i wmol/L; (1.1310.070.3% 0.23 (0.14-0.40) n G1110.06-0.21 (L18 (0.10-0.28) 69%
Lycopene (pmoifL) 0.1200.04-0.24) 0.12(0.07-0.21) 2 G.1010.03-0.18) 11 (0.06-0.18) 4
a-Carotene i wmol/L) 0.0810.040.15) 0.16(0.11-0.21) 1 0.0310.02-0.10) (.14 10.09-0.18) 1734
Lutein { pmoi/L) 0.18¢0.130.23) 0.1610:12-0.21) —13 0.1710.12-0.21) 0.140.12-0.19 - 14
Zzaxanthin ( gmol/L)® < 0.035 1< 0.035-0.039) < 0.033 (< 0.035-0.042) 0 < 0.035 (<< 0.035-0.037) < 0.035 (<< 0.035-0.039 0
Retinol (umel/L) 1.8911.68-2.22) 2.03(1.69-2.38; 7 .99 ¢1.73-2.38) 214 (1.85-2.50) )

" Based on values before truncation.
- Median: 23-75 percentile in parenheses.

7 Significant difference between supplementation groups by Wilcoxon rank-sum test: 7 £ = 0.0001. 2 = 0.002. * P = 0.0004.
* Zeaxanthin concentrations below detectable limits are represented by < 0.025 umol/L.

Smoking status did not materially influence the observed dif-
ferences in serum carotenoid and retinol related to B-carotene
supplementation and all tests of this interaction vielded non-
significant results. Furthermore. with a few exceptions (eg,
B-carotene). values for carotenoids were highest in participants
who quit smoking during the study and lowest in current
smokers of = 20 cigareties/d. Neither multivariate modeling to
adjust for a-tocopherol supplementation. dietary caretenoid or
retnol iatake. dietary fat. number of cigarettes smoked at
baseline, and BML nor use of baseline (instead of follow-up)
smoking data. altered these findings,

DISCUSSION

We observed higher serum concentrations of S-carotene,
a-carotene, B-cryvptoxanthin. and retinol and lower concentra-
uons of lutein in participants who received B-carotene supple-
mentation for nearly 7 y. Previous studies showed an expected
although quarntitatively variable rise in serum B-carotene re-
sulting trom B-carotene supplementation and fairly consis-
tently found higher concentrations of a-carotene i4. 3. 9 and
lower concentrations of lutein/zeaxanthin (4. 6. 8. 9). One
study also showed increased S-crvptoxanthin in both men and
women, lower lutein/zeaxanthin concentrations in men. and
higher lutein/zeaxanthin concentrations in wemen (3), Three
studies reported increased lycopene concentrations (3. 8. 9) and
one study showed lewer lvcopene concentrations. probably as
a result of the controfled diet used 14). Another study found
diminished canthaxanthin congentratiens from single-dose sup-
plementatiocn with a combination of S-carotene and can-
thaxanthin (6). The magnitude of the carotenoid changes was
comparable if the dosages of B-carotene are taken into account.
The data presented here provide clear evidence that long-term
supplementation with S3-carotene affected serum concentra-
tons of other carotenoids and possibly retinod in participants in
the ATBC Study.

How serum concentrations of other carotenoids are altered
by B-carotene suppiementation is unclear. Possible analvtic
artifacts from HPLC and contamination of the supplement with
other carotenoids have been mentioned in some previous re-
ports (4. 6) but were ruled out in this studv. Supplemental
B-carotene could influence nun-B-carotene fractions through

modification of their absorption. distribution. storage. uriliza-
tien. or clearance. For example. absorption of the other frac-
tions might be enhanced during S-carotene supplementation.
Metabolic substitution by B-carotene for biolegical ({including
antioxidant) functions of other carotenoids. such as greater
conversion of the abundant B-carotene to vitamin A. with
diminished conversion of either a-carotene or B-cryptoxantfin,
is another hypothetical mechanism that might account for the
serum or plasma changes. Alternativelv. B-carotene might in-
duce release of other carotenoids from specific tissues into
serum. Because of the similar molecular structure of B-caro-
tene. a-carotene. and B-cryptoxanthin. metabolic coenversion of
B-carotene to w-caroteng or B-crvptoxanthin could also thee-
retically occur. However. only limited data exist to support
such in vive biocoaversion of lutein. zeaxanthin, and metabo-
iites. which involves migraticn of one double bond (22).
Clearly. our knowledge about carotenoid metabolism is less
than complete although continually expanding and further
study of the observed carotenoid changes is needed.

Although early studies suggested that serum «-tocopherol
was attenuated by S-carotene supplementation (23, 241, our
data are in accord with the preponderance of findings from
several large studies that showed no such atteruation (9. 25—
29;.

Our findings also raise the possibility. albeit remote. that one
or more of the other serum components {(or their altered dis-
tributiony was responsible for the untoward effects in the
ATBC Study by means of either a direct harmful effect of a
moiety that was increased (eg. a-cuarotene. B-cryptoxanthin, or
retinol} or a decrease in a fraction teg. lutein) that may be
protective, We are not aware of any data from studies in
humans that suggest the existence of harmful effects from other
carctenoids aside from reports of reversible retinal crvstalliza-
tion resulting from canthaxanthin supplementazion (30). In
comparison. retinol (or related compounds) has been postulated
to promote carcinogenesis and alcohol is thought to potentiate
such an effect in certain organs (31,

Although the biochemical basis for metabotic conversion of
B-carotene to retinol and its congeners is well established (32)
and it is believed that under normal conditions, mechanisms
that affect S-carotene absorption and metabolism can maintain
homeostatic controf of retinol concentrations in blood and other
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TABLE 4

Serum carotenoids and reunoi during the study. according 10 smoking status during study and supplementation group

No-fB-curotene group

3-Curotene group Difference’

Quit smoking in = 34 no-f-curotene. n = 39 B-carowene:
B-Carotene 1 umol/L: N4310.23-0.63r
B-Cryptoxanthin ( umol/L 017 (008034
Lvcopene i wmol/L) 014 (0.06-0.25)

a-Carotene ( umol/L) 0.6710.30-1.32)
Lutein { umol/L) 0.18(0.140.23)
Zeaxanthin {pmol/Ly < 0.035

(< 0.035-0.03%

Retinol (umol/L) 1.95(1.73-2.2
Smoking < 20 cigareties/d in = 95 no-B-carotene. 86 B-carotene)

B-Carotene {umol/L) 0.3910.21-0.61)

B-Cryptoxanthin t moi/Ly 0.13{0.07-0.29)

Lycopene (pmoi/L) 0.1210.04-0.22)
a-Caratene { umol/L) 0.7510.35-1.43)
Lutein (wmob/L) 0.1810.13-0.23)
Zeaxanthin (gmol/Ly < 0.035

1< 0.035-0.042)
Retinol { umol/L) 1.4 (1.66-2.24)

Smoking = 20 cigarettes/d <n = 103 no-B-carotene. n = 92 B-carotene)
B-Carotene i umol/L) 0.32(0.17-0.52
B-Cryptoxanthin ( umol/L) 0.10¢0.06-0.19)
Lvcopene {umel/L) 010 (0.04-0.186)
a-Carotene (umol/L) 0.3210.28-0.80y

Lutein (umol/L) 0.13(0.11-0.21)
Zeaxanthin (umol/L < 0.035

(<2 0.035-0.035)
Retinol { wmol/L 194 (1.71-2.35)

3740446790
026 (0.19-0.41)
013 10.07-0.24)

1.66 (1.29-2.12)
0.07(0.13-0.22) -3
< (.035 0"
1< 0.035-0.046)
218 (1.82-2.46) 12
6.61 (4.07-9.32) 16037
0.20(0.1{-031) 507
0.12(0.06-0.20 -3
1,40 (1.04-1.96} g7
0.15(0.12-0.19 16~
< (.035 0
< 0.035-0.040)
2.0001.69-2.42) 3
311(3.34-8.10y 13007
.15 (0.08-0.27) 11
011 (0.06-0.1%) 7
14D (D.BY—] 901 t69-
D14 (0.1 1-0.20) -6
<< (.0035 i)
< (1033-0.037)
2020171230 1

" Based on values before truncation.
* Median: 25-75 percentile in parentheses.

Lk

~ Significant difference between supplementation groups by Wilcoxon rank-sum test: * 2 = 00001, P = 0002, * P = 004, P = 114

“ Zeaxanthin concentrations below detectable limits are represented by << (.033 pmol/L.

tissues, it is less clear whether long-term supplementation with
B-carotene can measurably atfect retinol concentrations in hu-
mans. Most S-carotene—supplementation studies did not mea-
sure or report data for retinol (4. 3-7. 9). Of the few that did,
most found no changes in plasma or serum retinol in response
te pharmacologic doses of B-carotene 19, 27. 28. 33. 34). It is
of interest. however. that somewhat higher adipose tissue con-
centrations of retinoic acid were abserved in subjects given a
large single oral dose of S-carotene in one investigation (34)
and that accumulation of vitarnin A in the livers of preruminant
calves fed higher dosages of j-carctene has been reported
receatly (35

The alteration of serum carotenoids and retinol by S-caro-
lene supplementation was not related to amount of alcohol
consumption. This finding is evidence against the relevance of
serum carotenoids and retinol o the reported interaction be-
rween B-carotene and alcohol in the incidence of lung cancer in
the ATBC Swtudy and CARET 10, 111 Our observation of
lower serum carotenoid concentrations ik men consuming more
alcohol. a finding that was not accounted for by dietary caro-
tenotd values. is consistent with mest previcus research. in-
cluding cross-sectional (36—41) and SB-carotene—supplementa-
rion studies (28, 33, 401, In contrast. one study found higher
serum B-carolene in drinkers than in nondrinkers (42) and
another found that plasma B-carotene and a-carotene increased
and B-cryproxanthin and lutein/zeaxanthin decreased during

the alcohol-intake phase of a controlled dietary study (435,
Given that several studies. including the present investigation,
eliminated dietary differences as the reason for alcohol-reluted
alterations in plasma or serum caroteneids (28, 33. 37, 311
more direct effects of alcohol on B-carotene and carotenoid
abscrption, metabolism. or utilization should be considered.
Such effects are greater oxidative stress from alcohol leading to
greater B-carotene (and other antioxidant) use by alcohol-
related radicats (39, 42) and increased carotenoid comversion to
reunol (41). In the current study, serum retinol concentrations
were somewhart elevated in men with higher alcohol intake.
regardless of S-carotene supplementation.

Our data also highlight the important intercorrelations
among the various serum carotenoids and are consistent with
the possibility that elevated serum B-carotene in previous ob-
servauonal studies may have served as an indirect marker of
other carotenoids. Seme recent observational data support a
role for other specific carotenoids in hurman cancer t43. 43),

The strengths of this investigation include its large sumple
size. its randomized double-blind design. and the high-guality
prospective dietary and alcohol data available for study. The
supplementation period was 3-8 y {average: 7 vi. which af-
torded more than adequate time for stabilization of absorption.
metabolism. and clearance mechanisms relevant 1o carotenoids.
Compliance in taking capsules was high. Serum sampies were
stored for an average of only 14 mo at =20 °C before analvsis.
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However. by design of the parent ATBC Study, only serum
B-carotene was derermined at study entry: thus, data on pre-
supplementation and postsupplementation changes in the other
serum fractions were not available, Also. because all subjects
were cigaretle smokers at study entry. lifelong nensmokers
were not studied.

In summary. B-carotene supplementation {20 mg/d) led o
higher serum concentrations of 3-carotene. c-carotene. 3-cryp-
toxanthin, and retinol and modestly decreased lutein concen-
trations. Thus. our study did not support the notion that sup-
plemental 3-carotene suppresseés carotenoid fractions other
than lutein. Independent of dietary carotenoid intake, greater
alcohol consumption and. to a lesser degree, current heavier
cigarette smoking were related to lower serum carotenoid con-
centrations; however, the response of serum carotenoids to
B-carotene supplementation was not telated o the level of

aleohol consumption or cigarette smoking. Studies aimed at

determining how these etfects occur and their relevance 10
trial-based cancer findings would be useful. ]

We thank Wolfgang Schalch and Vishwa N Singh for their important
contributions to this study and Michael J Barrett for computer analytic
assistance.
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