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Abstract Food and nutrition play an important role in
head and neck cancer (HNC) etiology; however, the role of
carotenoids remains largely undefined. We explored the
relation of HNC risk with the intake of carotenoids within
the International Head and Neck Cancer Epidemiology
Consortium. We pooled individual-level data from 10
case—control studies conducted in Europe, North America,
and Japan. The analysis included 18,207 subjects (4414
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with oral and pharyngeal cancer, 1545 with laryngeal
cancer, and 12,248 controls), categorized by quintiles of
carotenoid intake from natural sources. Comparing the
highest with the lowest quintile, the risk reduction associ-
ated with total carotenoid intake was 39 % (95 % CI
2947 %) for oral/pharyngeal cancer and 39 % (95 % CI
24-50 %) for laryngeal cancer. Intakes of B-carotene
equivalents, B-cryptoxanthin, lycopene, and lutein plus
zeaxanthin were associated with at least 18 % reduction in
the rate of oral and pharyngeal cancer (95 % CI 6-29 %)
and 17 % reduction in the rate of laryngeal cancer (95 %
CI 0-32 %). The overall protective effect of carotenoids on
HNC was stronger for subjects reporting greater alcohol
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consumption (p < 0.05). The odds ratio for the combined
effect of low carotenoid intake and high alcohol or tobacco
consumption versus high carotenoid intake and low alcohol
or tobacco consumption ranged from 7 (95 % CI 5-9) to 33
(95 % CI 23-49). A diet rich in carotenoids may protect
against HNC. Persons with both low carotenoid intake and
high tobacco or alcohol are at substantially higher risk of
HNC.

Keywords Carotenoids - Head and neck cancer -
Nutrients - Diet

Background

Head and neck cancer (HNC) includes cancers of the oral
cavity, pharynx and larynx, and it is one of the most
common cancers worldwide [1]. Tobacco and alcohol are
the main risk factors of HNCs, with human papillomavirus
type 16 (HPV-16) being a well-established risk factor for
oropharyngeal cancer [2].

Furthermore, food and nutrition play an important role
in HNC etiology [3]. Several studies showed a favorable
effect of fruit and vegetables in HNC risk [4-8]. In 2007,
the World Cancer Research Fund and the American Insti-
tute for Cancer Research concluded that intakes of non-
starchy vegetables and fruit probably protect against cancer
of the mouth, pharynx, and larynx [3].

Carotenoids from fruit and vegetables may be responsible
for some of these favorable effects, as they are well-known
antioxidants with anti-mutagenic and immune-regulatory
actions [9]. To date, more than 700 carotenoids have been
identified [10]; of these, around 50 are present in a typical
human diet [11]. According to their chemical composition,
carotenoids can be classified into oxygenated carotenoids
(e.g. B-cryptoxanthin, lutein, zeaxanthin), known as xan-
thophylls, and hydrocarbon carotenoids (e.g. alpha-carotene,
B-carotene and lycopene), known as carotenes [12].

The role of carotenoids as important food components in
the risk of cancers of the oral cavity, pharynx and larynx,
however, remains largely undefined. Evidence from obser-
vational epidemiological studies tends to support an inverse
association of HNC risk with carotenoid intake [13-22].
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Furthermore, there is substantial interest in the potential
role of specific carotenoids in HNC prevention. However,
few case—control studies reported associations between the
intake of specific carotenoids and HNC [18, 23-31].

In addition, little is known about the potential for an
effect modification by smoking and drinking on the relation
between carotenoids and HNC. Given the potential an-
tioxidant effects of carotenoids, subjects who smoke or
consume alcohol may gain more benefit from a higher
carotenoid intake.

Within the International Head and Neck Cancer Epi-
demiology (INHANCE) Consortium [32], we aimed to
explore the relationships between HNC risk and the intake
of selected carotenoids (B-cryptoxanthin, lycopene, and
lutein plus zeaxanthin), as well as combined carotenoids
(B-carotene equivalents and total carotenoids). Given the
large sample size, we planned a priori to stratify the results
by cancer subtypes, and other covariates of interest, in-
cluding smoking status and alcohol consumption.

Materials and methods
Studies and selection of subjects

This is a pooled analysis of case—control studies par-
ticipating in the INHANCE Consortium [32]—an investi-
gation established in 2004 based on the collaboration of
research groups leading large, molecular epidemiology
studies of HNC—which included populations from Europe,
North America and Japan in which information on car-
otenoid intake was available from study-specific food fre-
quency questionnaires (FFQs).

The present analysis included 10 case—control studies for
which information about carotenoid intake and a number of
potential confounding variables previously related to HNC
risk [5, 33-35], was obtained. These studies were conducted
in the United States [Boston, Buffalo, Los Angeles, Me-
morial Sloan Kettering Cancer Center (MSKCC) from New
York City, North Carolina (2002-2006), US Multicenter],
Europe [Italy Multicenter, Milan (2006-2009), and
Switzerland], and Asia [Japan (2001-2005)].

Subjects were included if their tumor had been classified
as an invasive cancer of oral cavity, oropharynx, hy-
popharynx, oral cavity or pharynx not otherwise specified,
larynx, or HNC unspecified. Subjects with cancers of the
salivary glands or of the nasal cavity/ear/paranasal sinuses
were excluded. The International Classification of Diseases
coding used for the classification into subsites was speci-
fied in detail previously [33].

Cases with missing information on the site of origin of their
cancer were removed. Subjects with missing information on
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carotenoid intake were removed from the original data. Sub-
jects with an implausible (<500 or >5500 kcal) non-alcohol
energy intake or those having missing values on non-alcohol
energy intake were excluded from the analysis.

The present dataset includes 18,207 subjects: 4414 with
oral and pharyngeal cancer, 1545 with laryngeal cancer,
and 12,248 controls. All data were cleaned and checked for
internal consistency and clarifications were requested from
the original investigators when needed. All studies in-
cluded in this pooled analysis had approval from local
ethics committees, and written informed consent was ob-
tained from all study participants. Study characteristics of
the 10 studies are reported in the appendix (Table 1).

Definition of the exposure

For each subject, consumption of several food items in a
reference period was assessed using study-specific FFQs.
Study-specific food composition databases were then used
to derive from the food items estimates of intakes of total
energy and several macro- and micro-nutrients, including
some carotenoids [36].

Information was available from the individual studies on
the intakes of the following individual carotenoids: f-
cryptoxanthin, lycopene, lutein plus zeaxanthin. Combined
information on more than one carotenoid was provided in
some original studies in the form of B-carotene equivalents,
calculated as:

ug B — carotene equivalents
= ug ff — carotene + 1/2 (ug o — carotene
+ ug B — cryptoxanthin).

We also defined total carotenoid intake as the un-
weighted sum of o-carotene, B-carotene, B-cryptoxanthin,
lycopene, and lutein plus zeaxanthin.

We carried out preliminary checks on carotenoid
definitions, reference periods of intake and measurement
units across studies. We extracted information on car-
otenoid intake from natural sources, and we consistently
expressed these intakes on a daily base (pg/day).

To assess the comparability of daily intakes across
studies, we inspected the kernel density estimation plot
representing the study-specific empirical distributions of
carotenoid intake [37]. We also compared study-specific
summary statistics across studies. As preliminary checks
revealed appreciable differences in carotenoid intake
across studies, we computed non-alcohol energy-adjusted
carotenoid intake within each study [38].

Statistical analysis

Participants were grouped into five categories according to
quintiles of ‘non-alcohol energy-adjusted’ intakes calcu-
lated on the overall sample of cases and controls. We es-
timated the odds ratios (OR) and the corresponding 95 %
confidence intervals (CI) of oral and pharyngeal cancer
(including oral, oropharynx, hypopharynx, unspecified
oral/pharynx cancer), and laryngeal cancer, separately, for
each quintile category (compared with the lowest quintile,
the reference group) using unconditional multiple logistic
regression models [39].

The following variables were included in the regression
equations: age (in 5 year categories), gender, education
(junior high school or less, some high school, high school

Table 1 Descriptive statistics of carotenoid intake (micrograms/day) across studies and in all the 10 INHANCE studies combined

Study name B-Carotene B-Cryptoxanthin ~ Lycopene Lutein plus Total carotenoids
equivalents zeaxanthin
Median Median Median Median Median
(20-80 %) (20-80 %) (20-80 %) (20-80 %) (20-80 %)
Boston NA 113 (36-222) 5171 (3174-10,148) 1830 (980-3344) 11,430 (7118-18,545)
Buffalo NA 58 (10-253) 4761 (2244-8911) 4283 (2232-7732) 15,940 (8838-25,943)

Italy multicenter 3673 (2502-5238) 270 (74-522)

7116 (4540-10,152) 276 (185-389) 17,350 (12,592-22,855)

Japan (2001-2005)

2636 (1915-3842)

NA

Los Angeles NA 57 (21-143)
Milan (2006-2009) 3373 (2206-4837) 279 (69-533)
MSKCC NA 97 (44-160)
North Carolina (2002-2006) 2249 (1344-3628) 35 (21-55)
Switzerland 3021 (2037-4047) 202 (51-525)
US multicenter NA 80 (39-165)
All studies combined 2950 (1941-4443) 93 (31-291)

NA

1711 (858-2929)
6087 (3960-9059)
1369 (606-3246)
2729 (1606-4306)
2920 (1467-5074)
158 (76-333)
3609 (846-7579)

NA
1431 (626-3108)
281 (190-396)
3106 (1172-4765)
1984 (1132-3780)
116 (71-176)

359 (176-651)
465 (201-2470)

NA
6183 (3791-10,663)

15,290 (10,531-20,474)

8938 (5444-14,700)
8404 (5442-12,937)
11,520 (8222-15,873)
2215 (1316-3584)
11,280 (4618-18,912)

International Head and Neck Cancer Epidemiology (INHANCE) Consortium

NA not available, MSKCC Memorial Sloan Kettering Cancer Center
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graduate, technical school/some college, college graduate),
ethnicity (black, white/with hispanic, others), study center,
cigarette smoking status (never, former, current), cigarette
smoking intensity (<10, 11-20, >20 cigarettes/day), ci-
garette smoking duration (<20, >20 years), cigar smoking
status (never cigar user, ever smoked >100 cigars in a
lifetime), pipe smoking status (never pipe user, ever smoked
>100 pipes in a lifetime), alcohol drinking intensity (<1,
1-2, 34, >5 drinks/day) and an interaction term between
cigarette smoking intensity and alcohol drinking intensity.

When the p value for heterogeneity between studies was
<0.1, we fitted the corresponding random intercept-random
slope generalized linear mixed models. Separate analyses
were carried out by anatomical subsite of oral and pharyn-
geal cancer. For both cancers, stratum-specific effect esti-
mates were calculated by age, gender, education, geographic
region, body mass index at time of interview, tobacco con-
sumption, and alcohol consumption. The effect of the in-
teraction between alcohol or tobacco consumption and total
carotenoid intake was also assessed via likelihood ratio tests
of significance comparing models including versus exclud-
ing a combined variable representing available combinations
of alcohol (or tobacco) and intakes of total carotenoids below
or above the median intake on the overall sample.

For total carotenoids, we carried out a sensitivity ana-
lysis to investigate the effect of the adjustment for four a
priori selected nutrients, including vitamin C, vitamin E,
monounsaturated fatty acids, and polyunsaturated fatty
acids. In addition, we evaluated the potential interaction
effect of those dietary factors with total carotenoids.

All p values were based on two-sided tests. Statistical
analyses were performed separately for oral and pharyn-
geal cancer and laryngeal cancer and by anatomical subsite
of oral and pharyngeal cancer and were done with Stata
software (StataCorp. 2013. Stata Statistical Software: Re-
lease 13. College Station, TX: StataCorp LP) and the open-
source statistical computing environment R [40].

Results

The study-specific median and inter-quintile range of unadjusted
values of B-carotene equivalents, B-cryptoxanthin, lycopene,
lutein plus zeaxanthin and total carotenoids, are presented in
Table 1. The median values were higher in the Italian studies.

Table 2 shows the distribution of 5959 HNC cases and
12,248 controls according to age, gender and other selected
characteristics, separately for oral and pharyngeal
(n = 4414), and for laryngeal cancer cases (n = 1545).
Overall, cases and controls had similar distributions by age
and gender whereas controls had a higher education level
than cases. Moreover, cases were more likely than controls
to be cigarette smokers and alcohol drinkers.

@ Springer

Comparing the highest with the lowest quintile, the risk
reduction associated with total carotenoid intake was 39 %
(95 % CI 29-47 %) for oral/pharyngeal cancer and 39 %
(95 % CI 24-50 %) for laryngeal cancer. Intakes of P-
carotene equivalents, B-cryptoxanthin, lycopene, and lutein
plus zeaxanthin were associated with at least 18 % reduc-
tion in the rate of oral/pharyngeal cancer (95 % CI
6-29 %) and 17 % reduction in the rate of laryngeal cancer
(95 % CI 0-32 %) (Table 3). When oral and pharyngeal
cancers were evaluated separately, the inverse association
of carotenoids persisted (data not shown).

Table 4 reports the ORs of oral and pharyngeal cancer for
the highest versus the lowest quintile of carotenoid intake by
category of selected covariates. There was no evidence of
effect modification by age, gender, BMI and tobacco con-
sumption, whereas appreciable heterogeneity of effect esti-
mates was found across strata of education and geographic
region for B-carotene equivalents and lutein plus zeaxanthin,
as the observed protective effect was stronger in the Euro-
pean studies and among those with low educational level
Appreciable heterogeneity was also detected across strata of
alcohol consumption for total carotenoids (p < 0.01), with a
stronger inverse association for heavy drinkers. The ORs for
the fifth quintile compared to the first one were 0.79 (95 % CI
0.64-0.97) for never or light drinkers, 0.54 (95 % CI
0.42-0.70) for moderate drinkers, and 0.40 (95 % CI
0.29-0.56) for heavy drinkers. Heterogeneity was also de-
tected across combined strata of alcohol drinking and ci-
garette smoking for total carotenoids.

Table 5 shows the ORs of laryngeal cancer for carotenoid
intake in strata of selected variables. Similarly to oral and
pharyngeal cancer, appreciable heterogeneity was observed
across strata of geographic region for every nutrient except
lycopene, across strata of age for lutein plus zeaxanthin, across
strata of education for B-carotene equivalents and across strata
of alcohol consumption for total carotenoids. When the effect
of the combined exposure to cigarette smoking and alcohol
drinking was investigated, heterogeneity across different
strata was found for B-cryptoxanthin.

Figure 1 shows the combined estimated effects of alcohol
or tobacco consumption and total carotenoid intake on each
type of cancer. For oral and pharyngeal cancer, compared to
never and light drinkers (<1 drink/day) in the high category
of total carotenoid intake (above the median), moderate (>1
to <5 drinks/day) and heavy drinkers (=5 drinks/day) in
either the low (equal to or below the median) or the high
total carotenoid intake category had higher ORs, with values
ranging approximately from 2.1 to 10.3, for drinkers of 5 or
more drinks per day in the low intake category (p for in-
teraction <0.01). Compared to never smokers in the high
total carotenoid intake category, former and current smokers
in either the low or the high total carotenoid intake category
had higher ORs, with values ranging approximately from 1.4
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Table 2 Distribution of cases of oral and pharyngeal, and laryngeal cancers and controls according to selected variables in 10 INHANCE studies

combined

Oral and pharyngeal cases Laryngeal cases Controls

n (%) n (%) n (%)
Age (years)
<40 208 4.7 26 1.7 681 5.6
40-44 194 4.4 45 29 563 4.6
45-49 446 10.1 123 8.0 949 7.7
50-54 645 14.6 188 12.2 1731 14.1
55-59 816 18.5 271 17.5 2079 17.0
60-64 713 16.2 290 18.8 2029 16.6
65-69 658 14.9 279 18.1 1931 15.8
70-74 474 10.7 227 14.7 1540 12.6
>75 260 59 96 6.2 743 6.1
Missing values 0 0.0 0 0.0 2 0.0
Gender
Female 1187 26.9 244 15.8 3541 28.9
Male 3223 73.0 1300 84.1 8702 71.0
Missing values 4 0.1 1 0.1 5 0.0
Ethnicity
Black 387 8.8 116 7.5 535 4.4
Others (with Asian) 463 10.5 101 6.5 3089 252
White (with hispanic) 3555 80.5 1324 85.7 8596 70.2
Missing values 9 0.2 4 0.3 28 0.2
Study name
Boston 313 7.1 71 4.6 611 5.0
Buffalo 396 9.0 168 10.9 1190 9.7
Italy multicenter
Milan 169 3.8 24 1.6 621 5.1
Pordenone 471 10.7 409 26.5 1528 12.5
Latina 95 2.2 0 0.0 425 35
Japan (2001-2005) 407 9.2 86 5.6 3002 24.5
Los Angeles 246 5.6 60 3.9 828 6.8
Milan (2006-2009) 131 3.0 200 12.9 691 5.6
MSKCC 74 1.7 32 2.1 123 1.0
North Carolina (2002-2006) 687 15.6 374 24.2 1120 9.1
Switzerland 367 8.3 121 7.8 877 7.2
US multicenter
Atlanta 129 2.9 0 0.0 134 1.1
New Jersey 467 10.6 0 0.0 459 3.7
Los Angeles 398 9.0 0 0.0 501 4.1
San Francisco 64 1.4 0 0.0 138 1.1
Education
<Junior high school 863 19.6 603 39.0 2723 222
Some high school 885 20.0 258 16.7 1240 10.1
High school graduate 588 133 237 153 1267 10.3
Technical school, some college 1174 26.6 214 139 2305 18.8
>College graduate 491 11.1 145 9.4 1703 13.9
Missing values 413 9.4 88 5.7 3010 24.6
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Table 2 continued

Oral and pharyngeal cases Laryngeal cases Controls

n (%) n (%) n (%)
Cigarette smoking status
Never 806 18.3 90 5.8 4868 39.7
Former 1387 314 707 45.8 4330 354
Current 2210 50.1 735 47.6 2986 244
Missing values 11 0.2 13 0.8 64 0.5
Cigarette smoking intensity (cigarettes/day)
Never smoker 806 18.3 91 59 4868 39.7
0-10 471 10.7 149 9.6 1949 15.9
11-20 1466 332 628 40.6 3169 25.9
>20 1633 37.0 661 42.8 2137 17.4
Missing values 38 0.9 16 1.0 125 1.0
Duration of cigarette smoking (years)
Never smoker 806 18.3 91 59 4868 39.7
0-20 443 10.0 102 6.6 2166 17.7
>20 3132 71.0 1343 86.9 5123 41.8
Missing values 33 0.7 9 0.6 91 0.7
Cigar smoking status
Never cigar user 3583 81.2 1323 85.6 8545 69.8
Ever smoked >100 cigars in a lifetime 394 8.9 118 7.6 636 5.2
Missing values 437 9.9 104 6.7 3067 25.0
Pipe smoking status
Never pipe user 3579 81.1 1325 85.8 8327 68.0
Ever smoked >100 pipes in a lifetime 399 9.0 115 7.4 864 7.1
Missing values 436 9.9 105 6.8 3057 25.0
Alcohol drinking intensity (drinks/day)
Never drinker 548 124 187 12.1 3156 25.8
<1 1030 233 250 16.2 4022 32.8
1-2 973 22.0 344 22.3 2934 24.0
34 647 14.7 250 16.2 1215 9.9
>5 1216 27.5 514 333 921 7.5

International Head and Neck Cancer Epidemiology (INHANCE) Consortium

MSKCC Memorial Sloan Kettering Cancer Center

to 7.2, for current smokers of more than 20 cigarettes per
day in the low intake category (p for interaction <0.001).
Similarly, for laryngeal cancer, moderate and heavy drinkers
or former and current smokers in either category of total
carotenoid intake had a increased OR, with values of 6.7 and
33.5 in the category with the highest exposure to smoking or
alcohol and the low exposure to total carotenoids (alcohol,
p for interaction <0.001; tobacco, p for interaction <0.001).

The sensitivity analyses revealed no consistent interaction
effect between the intake of each of the a priori selected
putative confounding nutrients and total carotenoids, except
for the case of monounsaturated fatty acids and oral and
pharyngeal cancer (p for interaction 0.038). Even when the
adjustment for the extra nutrient was significant, the point
estimates of total carotenoid intake on oral and pharyngeal

@ Springer

cancer and laryngeal cancer were not altered by the inclusion
of the extra dietary adjustment variable (data not shown).

Supplementary Table 2 shows the Pearson correlation
coefficients between the putative confounding nutrients
and the individual and combined carotenoids. Correlation
coefficients were modest, with most absolute values rang-
ing between 0 and 0.40.

Discussion

In this pooled analysis of 10 case—control studies within the
INHANCE Consortium on 5959 cases and 12,248 controls,
we found inverse associations between selected and total
carotenoid intakes and oral/pharyngeal and laryngeal
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Table 3 Odds ratios (OR)" for oral and pharyngeal, and laryngeal cancers, and corresponding 95 % confidence intervals (CI), on carotenoid
intake quintiles from 10 INHANCE studies combined

Controls  Oral and OR (95 % CD® D jor heterogenci> ~ Laryngeal — OR (95 % CD° D for hererogencity”

pharyngeal cases

cases
p-Carotene equivalents 5171 1880 1109
I Quintile 860 464 14 <0.001 282 14 0.466
1T Quintile 932 399 0.82 (0.67-1.00) 232 0.87 (0.69-1.11)
I Quintile 1093 379 0.73 (0.60-0.88) 240 0.73 (0.57-0.92)
IV Quintile 1193 353 0.61 (0.46-0.80) 185 0.54 (0.42-0.70)
V Quintile 1093 285 0.52 (0.40-0.67) 170 0.55 (0.43-0.71)
Pfor trend” <0.001 <0.001
p-Cryptoxanthin 8996 3894 1402
I Quintile 1527 939 14 <0.001 398 14 0.769
II Quintile 1660 898 1.02 (0.89-1.17) 261 0.86 (0.70-1.05)
IIT Quintile 1883 725 0.77 (0.67-0.88) 259 0.80 (0.65-0.99)
IV Quintile 1942 701 0.75 (0.63-0.89) 241 0.76 (0.61-0.93)
V Quintile 1984 631 0.62 (0.52-0.74) 243 0.73 (0.59-0.89)
Plor trend” <0.001 <0.001
Lycopene 8996 3894 1402
I Quintile 1734 801 14 0.214 318 14 0917
II Quintile 1856 782 0.80 (0.70-0.92) 222 0.74 (0.59-0.92)
I Quintile 1825 778 0.83 (0.72-0.95) 256 0.91 (0.73-1.12)
IV Quintile 1814 767 0.86 (0.75-0.99) 291 0.84 (0.68-1.04)
V Quintile 1767 766 0.82 (0.71-0.94) 315 0.83 (0.68-1.02)
Dlor rend” 0.043 0.250
Lutein plus zeaxanthin 8996 3894 1402
I Quintile 1601 920 14 <0.001 353 14 0.330
II Quintile 1738 837 0.87 (0.75-1.02) 262 0.79 (0.64-0.97)
I Quintile 1810 759 0.79 (0.69-0.90) 285 0.84 (0.68-1.03)
IV Quintile 1881 732 0.79 (0.67-0.93) 250 0.73 (0.59-0.90)
V Quintile 1966 646 0.66 (0.54-0.80) 252 0.68 (0.55-0.84)
Dlor trend” <0.001 <0.001
Total carotenoids 8996 3894 1402
I Quintile 1568 946 14 <0.001 340 14 0.953
II Quintile 1758 814 0.79 (0.69-0.90) 289 0.88 (0.72-1.08)
III Quintile 1858 764 0.76 (0.65-0.88) 241 0.66 (0.54-0.82)
IV Quintile 1862 716 0.75 (0.64-0.89) 280 0.77 (0.63-0.95)
V Quintile 1950 654 0.61 (0.53-0.71) 252 0.61 (0.50-0.76)
Dlor rend” <0.001 <0.001

International Head and Neck Cancer Epidemiology (INHANCE) Consortium

? Estimated from multiple logistic regression models adjusted for age, gender, education, ethnicity, study center, cigarette smoking status,
cigarette smoking intensity, cigarette smoking duration, cigar smoking status, pipe smoking status, alcohol drinking intensity and an interaction
term between cigarette intensity and alcohol drinking

® When heterogeneity between studies was detected (p < 0.1), we reported the mixed-effects estimates derived from the corresponding gen-
eralized linear mixed model

¢ P for heterogeneity between studies

4 Reference category
¢ P for linear trend
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Fig. 1 Odds ratios and 95 % confidence intervals for combinations of total carotenoids intake with tobacco smoking and alcohol drinking among
18,207 subjects: 4414 with oral and pharyngeal cancer, 1545 with laryngeal cancer, and 12,248 controls

cancer. The risk reduction associated with total carotenoid
intake was about 40 % for both cancers sites, with B-car-
otene equivalents showing the strongest effect (around
45 % of risk reduction) and lycopene the weakest (17 % of
risk reduction).

To our knowledge, at least one cohort study [41] and 23
case—control studies [13-31, 42-45] investigated the as-
sociation between the intake of carotenoids from dietary
sources and HNC risk. A few papers based on case—control
studies reported associations between the intake of specific
carotenoids and HNC risk [18, 23-31]. In most [23-27,
29], but not all [18, 28, 30, 31], of these studies, inverse
associations were reported for at least one carotenoid.
Specifically, an inverse association was reported for o-
carotene [24, 26], B-carotene [24, 26, 29], B-cryptoxanthin
[24-27], lycopene [23, 24, 26], and lutein plus zeaxanthin
[24, 26]. Few of these studies assessed the associations
among never-smokers, a group in which confounding by
smoking, the predominant risk factor for HNC, is avoided
[13, 26, 43, 44]. Several of these case—control studies were
also included in the INHANCE Consortium [13, 18-21, 24,
26, 27, 30].

Only one cohort study of US postmenopausal women
examined dietary intakes of carotene in relation to oral,
pharyngeal and esophageal cancer [41]. That study found
no consistent inverse associations for dietary intakes of
carotene. However, interpretation of that study includes the
possibility of a lack of statistical power to detect small but
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potentially important inverse associations because of the
relatively small sample size.

Thus, the findings of these studies provide evidence for
inverse associations between carotenoid intake and HNC
risk. Several plausible mechanisms have been reported for
such a favourable effect of carotenoids [46, 47]. Some of the
carotenoids can function as a provitamin A, which would
have an effect on cellular differentiation and proliferation
[48, 49]. Moreover, carotenoids may act as antioxidants,
quenching free radicals, reducing damage from reactive
oxidant species, and inhibiting lipid peroxidation [46].

The average intake of individual carotenoids, in par-
ticular that of lycopene, differs substantially across studies.
Given the different dietary traditions of the various
populations, variation in the assessment of the exposure,
and the capacity of FFQs in ranking subjects’ intakes only,
a degree of heterogeneity across studies was expected.
However, when we restricted our analysis to studies that
reported similar levels of intake of the individual car-
otenoids, the inverse association effect persisted.

In the present analysis, the association between intake of
carotenoids and HNC risk differed by geographic region,
with an apparently stronger inverse association in Europe.
The reason for the heterogeneity between geographic re-
gions is not clear; however, a similar pattern of risk was
reported in a previous study on vitamin C within the
INHANCE Consortium [50]. This can be partially ex-
plained by the structural differences of the individual
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questionnaires that may affect the calculation of carotenoid
intake: number and adequacy of food items with respect to
the nutrient of interest, frequency type and serving size [51].

Further, we assessed the association between carotenoid
intake and HNC, specifically comparing results obtained in
non-smokers and smokers, as well as in non-drinkers and
drinkers [52]. The combination of low carotenoid intake
and a high exposure to tobacco or alcohol led to 7- to over
30-fold excess risks of oral and pharyngeal, and laryngeal
cancer. The substantially higher risks observed in this study
in heavy alcohol and tobacco consumers reporting low
carotenoid intake may be due, at least in part, to the role of
carotenoids against oxidative stress [46]. Cigarette smok-
ing and alcohol drinking, indeed cause oxidant stress,
which increases DNA damage and, consequently, the ma-
lignant transformation of normal cells [13].

The inverse association between carotenoids from food
sources and HNC risk may not be attributable to carotenoid
intake per se, but rather may reflect other dietary patterns
associated with better health or with other unmeasured
confounders. For example, the consumption of a diet rich
in carotenoids may simply reflect a diet characterized by a
high consumption of fruit and vegetables, which are also
abundant in other components, such as fibers and other
antioxidants. Dietary carotenoids may be also acting as a
marker for other correlated intakes that may, per se, be
protective [53]. In the INHANCE dataset, we conducted
separate studies on specific nutrients (e.g. vitamin C and,
folates) [36, 50], food groups and dietary behaviors [35,
54] as they relate to the risk of these malignancies. Find-
ings from these studies suggest that higher intakes of folate
and vitamin C from foods, may protect against cancers of
the oral cavity and pharynx, and larynx, after controlling
for potential confounding factors.

Several factors influence carotenoids bioavailability,
absorption, breakdown, transport and storage [47, 55, 56].
Further, the interactions between different types of car-
otenoids and other food components may play a role [47].
For example, vitamins C and E and carotenoids can act
synergistically on the risk of certain cancers [57].

However, the interactions between total carotenoids and
the putatively related nutrients were not significant in
general for either cancer site, with the exception of mo-
nounsaturated fatty acids and oral and pharyngeal cancer.

Our analysis had several strengths. The large sample
size in our study allowed us to examine associations within
subgroups of the study population with adequate statistical
power. In most studies the response rate was high, for both
cases and controls. We were able to adequately control for
the potential confounding by tobacco smoking and alcohol
drinking, having detailed information on smoking and al-
cohol duration and intensity [58]. We also applied uniform
criteria to define our exposure of interest. Moreover,

analyses by cancer site were consistent, which suggests that
the action of carotenoids represents a general mechanism
rather than a site-specific one.

In interpreting our results we acknowledge a few
limitations. First, the results may be biased by a non dif-
ferential misclassification of individual intakes of various
nutrients due to measurement error, and differential mis-
classification due to recall bias [51]. Additionally, residual
confounding by under adjustment for alcohol and tobacco
intake might have caused a biased estimation of the effect
of carotenoids of HNC [59, 60]. However, the inverse as-
sociations were consistent across strata of alcohol and to-
bacco and, if anything, stronger in heavy drinkers.
Consequently, it is unlikely that residual confounding by
tobacco and alcohol explain our findings.

Secondly, the absence of appreciable confounding by
other putatively related nutrients is reflected in their gen-
erally moderate correlations with carotenoids. Thirdly,
although we adjusted our estimates for major recognized
risk factors for HNC, residual confounding from other di-
etary and non dietary factors (e.g. HPV, physical activity)
cannot be excluded. Lastly, we did not consider the intakes
from multivitamins and beta-carotene supplements; how-
ever, the bioavailability and absorption of synthetic form of
carotenoids are different in comparison with to carotenoids
from natural sources [61].

In summary, a diet rich in carotenoids may protect
against HNC. This is also in line with information from a
few large studies that analyzed the overall impact of car-
otenoids in relation to HNC. Subjects with both low car-
otenoid intake and high tobacco or alcohol use appear to be
at much higher risk of these cancers.
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