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Abstract

Numerous dietary studies have found that vegetables and
fruits protect against upper aerodigestive tract cancer. To
evaluate the role of B-carotene and other specific
carotenoids, a nested case-control study using
prediagnostic serum was conducted among 6832
American men of Japanese ancestry examined from 1971
to 1975. During a surveillance period of 20 years, the
study identified 28 esophageal, 23 laryngeal, and 16 oral-
pharyngeal cancer cases in this cohort. The 69 cases were
matched to 138 controls. A liquid chromatography
technique, designed to optimize recovery and separation
of the individual carotenoids, was used to measure serum
levels of lutein, zeaxanthin, B-cryptoxanthin, lycopene,
a-carotene, f-carotene, retinol, retinyl palmitate, and a-,
8-, and y-tocopherol.

With adjustment for cigarette smoking and alcohol
intake, we found that a-carotene, B-carotene, -
cryptoxanthin, total carotenoids and y-tocopherol levels
were significantly lower in the 69 upper aerodigestive
tract cancer patients than in their controls. Trends in
risk by tertile of serum level were significant for these
five micronutrients. These significant trends persisted in
cases diagnosed 10 or more years after phlebotomy for
the three individual carotenoids and total carotenoid
measurements. The odds ratios for the highest tertile
were 0.19 (95% confidence interval, 0.05-(0.75) for -
carotene, 0,10 (0.02-0.46) for B-carotene, 0.25 (0.06-1.04)
for B-cryptoxanthin, and 0.22 (0.05-0.88) for total
carotenoids. When the cases were separated into
esophageal, laryngeal, and oral-pharyngeal cancer, both
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a-carotene and B-carotene were consistently and strongly
associated with reduced risk at each site. The findings
suggest that a-carotene and other carotenoids, as well as
B-carotene, may be involved in the ctiology of upper
acrodigestive tract cancer.

Introduction

A substantial number of dietary studies have found that the
frequent intake of vegetables and fruits, especially those con-
taining B-carotene and other carotenoids, has a protective effect
against upper aerodigestive tract cancer involving the oral-
pharyngeal, esophageal, and laryngeal sites (1-15). A few stud-
ies, however, have not reported a similar dietary effect (16, 17).
Carotenoids are red and yellow compounds found in vegetables
and fruits and are postulated to inhibit carcinogenesis by func-
tioning in humans as they function in plants, as singlet oxygen
quenchers and antioxidants (18). Vitamin E, an intracellular
antioxidant, has also been reported to have an inverse associ-
ation with upper aerodigestive tract cancer (3, 4). It protects
polyunsaturated fats and other lipids from oxidation (19), which
may promote tumor development (20),

In contrast to dietary studies, there have been very few
serum studies of upper aerodigestive tract cancer (21, 22). This
is partly due to the difficulty of obtaining prediagnostic samples
and to the relative infrequency of this cancer. One study in-
volved 40 cases of upper aerodigestive tract cancer (21),
whereas the other included just 28 oral/pharyngeal cancer cases
(22).

We conducted a prospective study in which serum samples
were obtained on a large cohort of men who were then followed
for 20 years to identify 69 incident cases of upper aerodigestive
tract cancer (18 oral-pharyngeal, 28 esophageal, and 23 laryn-
geal). We investigated the relationships of serum levels of
individual and total carotenoids, retinol and total retinoids, and
individual and total tocopherols to subsequent development of
this cancer. To measure these micronutrients simultaneously,
we used a HPLC? method that was developed recently at the
National Institute of Standards and Technology to optimize the
separation and recovery of the individual carotenoids (23, 24).

Materials and Methods

The study population consisted of Japanese American men born
from 1900 to 1919 who were identified by the Honolulu Heart
Program in 1965 with use of the comprehensive 1942 Selective
Service registration files (25). Of 11,148 eligible men on the
Hawaiian island of Qahu, 8,006 (72%) were interviewed and
examined from 1965 to 1968, 180 (2%) died before they could
be examined, and 2,962 (26%) did not participate in the pro-
gram,

Approximately 6 years later, from 1971 to 1975, 6860
(85.7%) of the 8006 examined men returned for another round

* The abbreviation used is: HPLC, high performance liquid chromatography.
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of examinations. At that time, a nonfasting venous blood sam-
ple was obtained from 6832 (99.6%) of the men and centri-
fuged; then the separated serum was stored at —75°C, There
were 10 prevalent cases of upper aerodigestive tract cancer;
therefore, there were excluded from this analysis. The subse-
quent diagnosis of upper aerodigestive tract cancer among the
remaining men was recorded by continuous surveillance of all
general hospitals on Oahu. To reduce the possibility of missing
diagnosed cases, a computer linkage file was established with
the Hawaii Tumor Registry, a member of the Surveillance,
Epidemiology and End Results Program of the National Cancer
Institute. The identification of incident cases should be nearly
complete. because only 1.3% of the men could not be located
on Oahu during a mail survey conducted 15 years later.

There were 69 cases of upper aerodigestive cancer initially
diagnosed from 1971 to 1991 and confirmed by examination of
tissue obtained surgically or by biopsy. Two other cases were
excluded because they had not been confirmed histologically.
All of the histologically confirmed cases had squamous cell
cancer. The distribution of the newly diagnosed cases of cancer
was as follows: 28 esophageal, 23 laryngeal, and 18 oral-
pharyngeal.

Each of the 69 cases was matched with two control sub-
Jects from the study cohort with the same age at examination
(except for 6 controls with a median difference of 1.2 years) and
with the same month and year of examination (except for 31
controls with a median difference of 2 months). If a potential
control had been diagnosed with any cancer (except nonmela-
noma skin cancer), he was excluded from the analysis. Each
control subject was alive at the time the corresponding case
patient was diagnosed with upper aerodigestive tract cancer.
Because an earlier study of this cohort had shown strong
associations of cigarette smoking and alcohol intake with these
cancers (26), the controls were also matched to cases according
to cigarette smoking history (nonsmoker, past smoker, current
smoker) and alcohol intake history (nondrinker, drank less than
20 ounces per month, drank 20 or more ounces per month) at
time of examination from 1971-1975.

Individual carotenoids, retinoids, and tocopherols were
measured in the stored sera from the cases and controls using
the extraction and HPLC procedures described by Epler et al.
(23). After thawing, 200-ul aliquots were deproteinated by
vortexing with an equal volume of ethanol containing B-apo-
10’-carotenal oxime and tocol as internal standards and buty-
lated hydroxytoluene as an antioxidant. The samples were then
extracted twice with 1 ml of hexane; the combined supernatant
was evaporated and redissolved in 50/50 (v/v) ethanol/ethyl
acetate containing butylated hydroxytoluene.

The HPLC system consisted of a refrigerated autosampler
at 15°C, a Bakerbond C,; column maintained at 20°C, an
UV/visible detector to measure the carotenoids and retinoids, a
fluorescence detector to measure the tocopherols, and a com-
puter data system. The programmed mobile phase was based on
three solvents, acetonitrile, methanol with 0.05 M ammonium
acetate, and ethyl acetate, each containing 0.05% triethylamine.
Calibration solutions at three concentrations, which spanned
physiological levels of the micronutrients in serum, were pre-
pared for lutein, zeaxanthin, B-cryptoxanthin, a-carotenc,
B-carotene, lycopene, retinol, retinyl palmitate, and a-, 8-, and
y-tocopherol. Internal standards were added to the calibration
solutions at the same concentrations as used for the samples.
The analyte area:internal standard area ratio was plotted against
the analyte concentration:internal standard concentration ratio
to generate linear calibration curves.

At the beginning and end of each day, National Institute of

Table 1 Percentage of distribution of cases and controls according to
matching and nonmatching factors

Cases Controls
Factor (n = 69) (n = 138)
Matching factors
Age at exam (yr)
<55 10.1 10.1
55-59 42.0 42.0
60-64 21.8 22.5
=65 26.1 254
Cigarette smoking status
Never smoked 14.5 145
Past smoker 29.0 29.0
Current smoker 56.5 56.5
<20 cigareties/day 13.0 15.2
=20 cigarettes/day 435 41.3
Alcohol consumption (0z“/mo)
Nonc 7.2 7.2
<20 29.0 200
=20 63.8 63.8
20-39 16.0 29.0
=40 47.8 34.8
Nonmatching factors
Education
Grades 0-6 44.1 50.8
Grades 7-12 39.7 41.6
Beyond high school 16.2 7.6
Religion
Buddhist/Shintoist 78.1 81.3
All others 219 18.7
Marital status
Never married 4.4 1.5
Married once 86.8 89.4
Married more than once 8.8 9.1

“ 0z, ounces.

Standards and Technology quality control sera were analyzed to
ensure that the HPLC method was in control. In addition,
quality control samples preparcd at low and typical concentra-
tions by the National Cancer Institute were interspersed with
the prediagnostic sera prior to shipment to the laboratory. The
relative SD for these blinded samples were 3-5% for all mi-
cronutrients, except y-tocopherol.

Lycopene, a-carotene, and B-carotene include both the
trans and cis stereoisomers. Total carotenoids combine lutein,
zeaxanthin, B-cryptoxanthin, lycopene, a-carotene, B-carotene,
and unidentified carotenoids. Total retinoids includes retinol
and retinyl palmitate. Total tocopherols combine a-, 8-, and
y-tocopherol.

Because of the skewed frequency distributions of several
micronutrients, Spearman’s correlation coefficients were used
to examine the interrelationship between serum micronutrient
levels. One-way unbalanced analysis of covariance (27) was
used to calculate the age-, smoking-, and alcohol-adjusted arith-
metic mean serum micronutrient levels (Ps based on log, trans-
formation) in upper aerodigestive tract cancer cases and con-
trols. Conditional logistic regression analysis (28) for a
matched case-control study design was used to obtain estimates
of covariate-adjusted odds ratios and corresponding 95% con-
fidence intervals for upper aerodigestive tract cancer by tertile
of serum micronutrient levels and time interval from phlebot-
omy to diagnosis. In addition, the dose-response trend in risk
for cancer with increasing levels for specific serum micronu-
trients was evaluated by a method of the likelihood ratio test
(P = 0.05 was considered as statistically significant). This
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Table 2 Spearman’s correlation coefficients of scrum micronutrients among controls

&

<>

&>

. R - a- Total . Total a- 8- Total
Lutein Zeaxanthin Cryp((ﬁanthin Lycopene Carotene Carﬁenc carotenoids Retinol retinoids Tocopherol Tocopherol Toco;‘}mml tocopherols

Lutein 1.00 0.72 0.21 0.23 0.40 036 0.63 -0.16 -0.09 0.27 0.09 0.07 0.29
Zeaxanthin 1.00 0.38 0.27 0.32 0.40 0.67 =009 —-0.02 0.26 0.14 0.15 0.28
B-Cryptoxanthin 1.00 0.00 037 0.56 0.68 -0.02 0.00 0.13 =0.09 -0.05 0.10
Lycopene 1.00 0.26 0.28 0.40 0.16 0.19 0.29 0.16 027 0.32
a-Carotenc 1.00 0.68 0.67 -0.02 0.02 0.1 0.03 -0.03 0.10
B-Carotenc 1.00 0.82 -0.05 0.02 0.14 0.07 0.00 0.12
Total carotenoids 1.00 ~-0.06 0.02 023 0.06 0.04 0.23
Retinol 1.00 0.95 0.40 0.30 0.16 038
Total retinoids 1.00 048 0.32 0.16 0.46
a-Tocopherol 1.00 0.40 0.26 0.98
8-Tocopherol 1.00 0.67 049
y-Tocopherol 1.00 041
Total tocopherols 1.00

conditional logistic regression modeling approach was also
used to assess the combined effects of specific micronutrients
on the risk for cancer of the upper aerodigestive tract.

Results

The 69 cases and 138 controls were matched on age at cxam-
ination, date of examination, cigaretie smoking history, and
alcohol intake history. The distribution according to these fac-
tors was thus similar, as shown in Table 1. However, there were
some differences between cases and controls in the number of
cigarettes smoked per day among current smokers (P = 0.24,
based on x? test) and amount of alcohol consumed for those
who drank 20 or more ounces per month (P = 0.04, based on
X" test). For this reason, statistical adjustment for detailed
smoking and drinking history was carried out in the subsequent
analyses.

Table 1 also presents the distribution of cases and control
subjects according to other factors not matched in the study
design, including education, religion, and marital status. No
statistically significant differences were found.

Spearman’s correlation coefficients for the 13 micronutri-
ent measurements among controls are shown in Table 2. Total
carotenoids, which includes lutein, zeaxanthin, B-cryptoxan-
thin, lycopene, a-carotene and a-carotene, were moderately
correlated (r = 0.6~0.8) with all of the individual carotenoids
except lycopene (r = 0.4). Intercorrelation was moderate (r =
0.7) between a-carotenc and B-carotene and between lutein and
zeaxanthin. Intercorrelation betwcen total retinoids and retinol
and between total tocopherols and a-tocopherol was close to
1.0, whereas 8-tocopherol and y-tocopherol were moderately
correlated (r = 0.7).

Table 3 compares the adjusted mean levels of serum
micronutrients between the 69 upper aerodigestive tract cancer
cases and their 138 matched controls. Statistically significant
differences were found for total carotenoids, B-cryptoxanthin,
a-carotene, B-carotene, and y-tocopherol with the cases having
lower levels than controls for each of these micronutrients.

The cases also had a lower mean serum cholesterol level
compared with controls (200.3 mg/dl versus 215.7 mg/dl; P =
0.005). Further adjustment by analysis of covariance for serum
cholesterol levels did not substantially change the results in
Table 3, except the difference in total carotenoids was reduced
(84.4 ug/dl for cases and 95.2 pg/dl for controls, P = 0.053).

The odds ratios by tertile (based on the distribution of
controls) were computed for the five serum micronutrients that
were significantly different between cases and controls. The

Table 3 Adjusted® mean serum micronutrient levels in upper aerodigestive
tract canccer cascs and controls

Cases Controls
Micronutricnts (mean = SE}  (mean * SE) P

n =69 n =138
Total carotenoids (pug/dl) 82953 967 £38 0.004
Lutein 154+ 09 16.1 £ 0.6 0.327
Zeaxanthin 30+02 33*01 0.069
B-Cryptoxanthin 11319 142+13 0.021
Lycopene 1901214 200 %10 0.266
a-Carotene 3.5=04 49+03 <0.001
B-Carotene 125 =16 166 1.2 <0.001
Total Retinoids (p.g/dl) 745 £ 34 68.0+24 0.421
Retinol (ug/dl) 66.4 2.1 62315 0.497
Total tocopherols (pg/ml) 1375 = L18 14.26 * 0.80 0.811
a-Tocopherol (pg/ml) 1246 *+ 1.08 12.78 = 0.77 0.981
8-Tocopherol (pg/ml) 0.11 +0.01 0.11 =0.01 0.632
y-Tocopherol (pg/ml) 114 £ 0.10 1.33 £ 0.07 0.001

“ Adjusted for age, smoking status, number of cigarettes/day for pust smokers,
years smoked for past smokers, age started smoking for current smokers, number
of cigarettes/day for current smokers, drinking status (yes/no), and number of
ounces/month for drinkers.

# Ps are based on log, transformation of serum micronutrient values.

trend was statistically significant for each of the micronutrients
(Table 4; time interval of 020 years).

The importance of the time interval from phlebotomy to
diagnosis was also evaluated for these five micronutrients.
Because the subclinical presence of cancer may affect serum
values, cases diagnosed within 5 years of phlebotomy were
cxcluded from the analysis. Of the remaining cases, 17 were
diagnosed from 5 to 10 years after examination, whereas 33
were diagnosed more than 10 years after examination. As
shown in Table 4, inverse associations persisted for cases
diagnosed more than 10 years after examination for a-carotene,
B-carotene. B-cryptoxanthin, and total carotenoids but were
weakened in the same cases for y-tocopherol.

The cases were then evaluated by specific subsite of can-
cer in Table 5, which shows the relative case-control difference
[100 X (mean of cases — mean of controls/mean of controls)}
for each micronutrient. Oral-pharyngeal cancer showed a sig-
nificant inverse association with a-carotene and y-tocopherol;
csophageal cancer with total carotenoids, B-cryptoxanthin,
a-carotene, and B-carotene; and laryngeal cancer with a-caro-
tene, B-carotene, and y-tocopherol. Thus, a-carotene was sig-
nificantly associated with all three cancer sites, and B-carotene
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Table 4  Adjusted” odds ratios and 95% confidence intervals for upper
aerodigestive tract cancer by tertile of serum micronutrient levels and time
interval from phlcbolomy to diagnosis

Micronutrients and _Tfnikf_o_f, 5 i“i‘_'c.‘ie',,__ . _. Pfor
time interval (yr) 1 2 3 trend
a-Carotene
0-20 1.00 0.27 0.20 <0.01
0.12-0.61)* (0.08-0.50)
5-10 1.00 0.03 0.02 0.02
(0.00-1.02) (0.00-1.32)
11-20 1.00 0.33 0.19 <001
(0.10-1.09) (0.05-0.75)
B-Carotene
0-20 1.00 0.22 0.11 <0.01
(0.09-0.55) (0.04-0.31)
5-10 1.00 0.09 0.03 <0.01
0.01-1.40) (0.00-0.87)
11-20 1.00 0.37 0.10 <0.01
(0.12-1.22) (0.02-0.46)
B-Cryptoxanthin
0-20 1.00 0.52 0.37 .01
(0.26-1.05) (0.16-0.86)
5-10 1.00 1.63 2.18 046
(0.30-8.78) (0.20-23.36)
11-20 1.00 0.38 0.25 0.02
(0.13.-1.10) (0.06-1.04)
Total carotenoids
0-20 1.00 0.26 0.36 <0.01
(0.11-0.59) (0.16-0.85)
5-10 1.00 031 0.22 0.13
(0.04-2.66) 0.02-2.37)
1120 1.00 0.53 0.22 0.01
(0.16-1.83) (0.05-0.88)
y-Tocopherol
0-20 1.00 0.32 0.39 <0.01
(0.15-0.71) (0.19-0.80)
5-10 1.00 0.72 0.04 0.03
(0.10-5.40) (0.00-0.96)
11-20 1.00 0.26 0.69 0.27
(0.07-1.02) (0.26-1.87)

2 Adjusted for age, smoking status. number of cigarettes/day for past smokers,
years smoked for past smokers, age started smoking for current smokers. number
of cigarettes/day for current smokers, drinking status (ycs/no), and number of
ounces/month for drinkers.

» 95% confidence interval is in parentheses.

was significantly associated with two and almost (P = 0.07 for
oral cancer) three sites. Further adjustment for serum choles-
terol reduced the association of esophageal cancer with total
carotenoids (P = 0.17) and B-cryptoxanthin (P = 0.07).

The interrelationship between a- and S-carotene was then
explored, as shown in Table 6. The cutpoints for the analysis
were medians, based on the distribution of controls. Subjects
with high serum levels for both carotenes had an odds ratio of
0.17 (95% confidence interval, 0.06-0.45) for upper aerodi-
gestive tract cancer compared with subjects who had low levels
for both micronutrients. Similarly, persons with high levels for
a-carotene and SB-cryptoxanthin had an odds ratio of 0.14 (95%
confidence interval, 0.05-0.39) compared with those who had
low levels for both micronutrients (data not shown). For sub-
jects with high levels of B-carotene and B-cryptoxanthin, the
odds ratio was 0.16 (95% confidence interval, (0.06~0.45).

Discussion

This investigation used a nested case-control study design to
analyze prospective data on the risk of upper aerodigestive tract

cancer in a cohort of Japanese-American men in Hawaii. After
a follow-up period of twenty years, 69 study participants were
diagnosed with histologically confirmed (squamous cell) can-
cer arising from this site. We found serum levels of total
carotenoids, w-carotene, -carotene. 3-cryptoxanthin and +y-to-
copherol were significantly reduced in men who developed this
cancer. Except for y-tocopherol, the association persisted even
in cases diagnosed more than 10 years after their serum samples
were obtained. As a result, it seems unlikely that the cancers
themselves or preclinical conditions affected the serum micro-
nutrient levels.

«-Carotene, B-carotene, and B-cryptoxanthin, the carote-
noids that were significantly low in cascs, can be cleaved to
form retinal, which is reduced to retinol or oxidized to retinoic
acid. Retinoic acid, which activates gene expression by binding
to nuclear receptors, is critical in the development and main-
tenance of many tissues (18). Thus, it is conceivable that these
three carotenoids could generate retinoids that inhibit carcino-
genesis. Lutein, lycopene, and zeaxanthin were also lower in
cases than controls, but the differences were not remarkable.
These carotenoids cannot be converted to retinol or retinoic
acid.

To lessen the potential confounding effects of established
risk factors, the controls were matched to cases based on
alcohol intake and smoking history. These exposures were
strongly associated with the nisk of cancers of the upper aero-
digestive tract in an earlier study of this cohort (26). Statistical
adjustment by levels of alcohol and cigarette use was made in
the analysis to reduce further their confounding effects.

In a previous study, we found that serum cholesterol levels
were inversely associated with risk of cancer of the oropharynx
and esophagus (29). Statistical adjustment for serum cholesterol
levels had only marginal cffects on our results.

When the cancers were separated into oral-pharyngeal,
esophageal. and laryngeal cancer, inverse associations were
seen for a~carotene and B-carotene for each site. However, such
consistency was not observed for total carotenoids, B-cryptox-
anthin and ‘y-tocopherol. The limited numbers of cases for each
cancer site may have contributed to this instability in the serum
results.

Only two earlier studies have cxamined the association of
prediagnostic serum micronutrient levels with oral-pharyngeal
cancer (21, 22). The Finland study included 20 patients and
found no significant association, although serum levels of
B-carotene and retinol were lower and a-tocophero} was higher
in cases than in controls (21). This study did not test for other
carotenoids or tocopherols. The Maryland study reported that
28 orai-pharyngeal cancer patients had lower levels of all
carotenoid compounds compared with controls, especially
B-carotene, a-carotene, and -cryptoxanthin (22). a-tocopherol
levels were lower and y-tocopherol levels were higher in cases
than controls, but there were no differences in serum retinol
levels. We observed an inverse association for individual caro-
tenoids, which included a-carotene, B-carotene, and B-cryptox-
anthin. We found an inverse association for y-tocopherol, but
no significant association was present for total tocopherol levels
in the serum. Except for total tocopherols (vitamin E), our
results are consistent with the findings from dietary case-con-
trol studies that recruited substantiaily larger numbers of cases
than serum studies. They have reported that provitamin A
carotenoids (1, 4) and fruits and vegetables (2, 4, 5) are con-
sumed less often by oral-pharyngeal cancer cases compared
with controls. Two dietary studies also had an inverse associ-
ation with vitamin E intake (3, 4).

Esophageal cancer was also inversely associated with
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Table 5 Differences in adjusted® mean serum micronutrient Jevels between oral-pharyngeal, esophageal, and laryngeal cancer cases and their respective controls
& Oral-pharyngeal cancer (18 cases) Esophagcal cancer (28 cases) Laryngeal cancer (23 cases)
' Micronutrients Mean Relative P Mean Relative P Mean Relative P
of cases difference® of cases difference of cascs difference

Total carotenoids (ug/dl) 88.9 -34 0.20 79.5 —-233 0.05 81.6 -115 0.07
Lutein 16.8 -12 0.76 Is.1 -6.2 0.74 139 —12.0 0.12
Zeaxanthin 3.6 59 0.72 2.7 -20.6 0.13 2.9 —12.1 0.12
B-Cryptoxanthin 103 =237 0.06 11.1 ~355 0.03 12.3 11.8 0.94
Lycopene 20.2 3.6 0.88 19.7 -6.6 0.95 184 —-164 0.08
a-Carotcne 37 -159 0.02 31 ~41.5 0.01 3.7 —-229 0.02
s B-Carotene 14.8 -45 0.07 10.7 —44.2 <0.01 124 -15.1 0.03
o . Total retinoids (ug/dt) 64.9 -~3.1 0.37 80.7 15.9 .13 76.7 169 0.17
' Retinol 62.2 ~-2.5 042 725 15.1 0.12 64.7 9.5 0.08
o Total tocopherols (pg/ml) 1427 10.9 0.84 13.52 0.2 0.86 13.42 -20.7 0.52
o a-Tocopherol 12.70 113 0.81 11.86 -1.0 0.92 12,93 =129 0.97
' &-Tocopherol 0.12 33 023 0.10 —6.3 085 0.11 0.9 0.65
¥Tocopherol 1.20 -16.7 0.03 1.21 ~0.8 0.58 0.99 —29.8 <0.01

“ Adjusted for age, smoking status, number of cigarettes/day for past smokers, years smoked for past smokers, age started smoking for current smokers, number of
cigarettes/day for currcnt smokers, drinking status (yes/no), and number of ounces/month for drinkers.

® [(mean of cases — mean of controls)/mean of controls] expressed as a percentage.

¢ Ps are based on log, transformation of serum micronutrient values,
®
Table 6 Adjusted” odds ratios and number of upper aerodigestive tract cancer low serum levels for one or both carotenes. The correlation
cases and controls by serum a-carotene and B-carotene levels coefficient of a- and B-carotene in the serum was 0.68, which
® reflects the fact that certain foods are high in both compounds,
Serum B-carotene Serum a-carotene (ug/dl) such as carrots and pumpkin (30), and that people who eat more
a (ng/dl) =42 =42 vegetables and fruits tend to eat a variety of vegetables and
12.9 1.00 0.37 (0.13-1.07) fruits. Other foods are rich in B-carotene but not a-carotene,
46/51¢ 5/18 such as broccoli, Chinese cabbage, romaine lettuce, spinach,
® >12.9 0.31(0.10-0.97) 0.17 (0.06-0.45) and sweet potato. Persons with high levels of B-cryptoxanthin
618 12/50 and B-carotene or of B-cryptoxanthin and a-carotene also had
S “ Adjusted for age, smoking status, number of cigarettes/day for past smokers, a low risk for upper aerodigestive tract cancer. Papaya and
years smoked for past smokers, age started smaking for current smokers, number peach contain more B-cryptoxanthin than S-carotene, but they
of cigarcttes/day for. current smokers, drinking status (yes/no), and number of are low in a-carotene. Taken together, our findings suggest that
> f;:?;i‘:ﬁ;i:‘:: ‘l’:m":‘:;l‘ in addition to B-carotene, other carotenoids, such as a-carotene
¢ Cases/controls, ' and B-cryptoxanthin, may inhibit the development of upper
® aerodigestive tract cancer, and that the risk of these tumors may
be lowered with a diet rich in a variety of fruits and vegetables.
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