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Although the protective role of dietary fiber on cancer risk has been reported in
several epidemiological studies, the possible association of fiber intake on head and
neck cancer (HNC) risk remains unclear. In this large scale prospective cohort study,
we found a protective role of fiber intake on HNC risk after allowance for major
potential confounders, including smoking and drinking. These findings support

evidence of a protective role of dietary fiber on HNC risk.
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Abstract

Although the protective role of dietary fiber on cancer risk has been reported in
several epidemiological studies, the association of fiber intake on head and neck
cancer (HNC) risk is still unclear. We investigated the association between fiber intake
and the risk of HNC using data from the Prostate, Lung, Colorectal, and Ovarian
(PLCO) cancer screening trial. Among 101,700 participants with complete dietary
information, 186 participants developed HNC during follow-up (January 1998 to May
2011). Dietary data were collected using a self-administered food-frequency
guestionnaire (1998-2005). We estimated hazard ratios (HRs) and the corresponding
95% confidence intervals (CI), using the Cox proportional hazards model. Higher
intake of total fiber, insoluble fiber and soluble fiber was associated with decreased
HNC risks, with a significant trend. The HRs of highest versus the lowest tertile of

intake were 0.43 (95%CI: 0.25-0.76) for total fiber, 0.38 (95%CI:. 0.22-0.65) for
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insoluble fiber, and 0.44 (95%CI: 0.25-0.79) for soluble fiber. These inverse
association were consistent in oral cavity and pharyngeal cases, but the impact of
fiber intake was weaker in laryngeal cases. We did not observe any significant
interaction of potential confounders, including smoking and drinking, with total fiber
intake on HNC risk. These findings support evidence of a protective role of dietary

fiber on HNC risk.

Introduction
More than 500,000 incident head and neck cancer (HNC) cases are diagnosed
annually, and this is the 6th most common cancer worldwide'. Anatomical sites of
HNC include oral cavity, oropharynx, hypopharynx and larynx. Tobacco smoking and
alcohol drinking are the predominant and established risk factors®. The association
between human papilloma virus (HPV) infection and oropharyngeal cancer is also
established °. However, the role of other environmental factors, including dietary
factors, is less clear *.

Intake of non-starchy vegetables and fruit has been thought to decrease HNC

risk *. Fruits and vegetables are rich in vitamins, minerals, fiber and antioxidants >*.
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Among them, an inverse dose-risk association between fiber intake and HNC risk has
been suggested in a few studies **°. Thus, dietary fiber could decrease the risk of
HNC. However, most investigations which evaluated this association were
case-control in study design, with the inherent issues of recall and selection bias ***
'8 Only two prospective cohort studies investigated this association, showing inverse
associations *” *°. Therefore, the World Cancer Research Fund report concluded that
the evidence linking dietary fiber with head and neck cancers was too limited to form a
reliable conclusion *. We therefore investigated the association between fiber intake
and the risk of HNC using data from the Prostate, Lung, Colorectal, and Ovarian

(PLCO) cancer screening trial.

Materials and Methods

Study design

The PLCO cancer screening trial is a large-scale clinical trial designed to determine
whether selected screening tests reduce deaths from prostate, lung, colorectal, and
ovarian cancer %°. Briefly, the trial started in 1992 and ended enrollment in 2001.
Approximately 155,000 men and women between the ages of 55 and 74 were
enrolled at 10 centers across the United States (Alabama, Michigan, Colorado, Hawaii,
Wisconsin, Minnesota, Pennsylvania, Utah, Missouri, and Washington DC). At entry,
participants were randomized to one of two study groups. The control group received
routine health care from their health providers. The intervention group received a

series of screening tests for prostate, lung, colorectal, and ovarian cancers, which
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included chest X-ray, flexible sigmoidoscopy, prostate-specific antigen screening,
digital rectal examination, cancer antigen 125 screening, and transvaginal ultrasound.
Screening of participants ended in late 2006. The data used for this study include the
follow-up information up to May 2011. Written informed consent was obtained from all
study participants. Ethical approval for human subject’'s research was obtained at

each of the centers.

Data collection

Subjects randomized to either study arm (control or intervention) were eligible if they
had completed the baseline questionnaire and the diet history questionnaire, which
was administered to participants in both groups starting in 1998. Before that time, diet
history questionnaires were administered to only those in the intervention arm. A study
update was mailed annually to the study participants to ascertain cancer diagnoses.
Participants were asked if they were diagnosed with cancer, the type of cancer, date
of diagnosis, hospital or clinic of diagnosis, and physician contact information. For
every cancer reported, medical record abstraction included the cancer diagnosis date
and International Classification of Disease for Oncology, second edition (ICD-O-2)
code. Vital status was obtained by the administration of the Annual Study Update
questionnaire, reports from relatives, friends, or physicians, and National Death Index
searches. Study centers attempted to obtain a death certificate for each death. If the
study participants were diagnosed with cancer after study entry, which ranged from

1992 to 2001, and before completion of the dietary questionnaire, they were not
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eligible.

Only malignant primary HNC cases were considered. Tumors were assigned
to 1 of the 5 categories as follows: (1) oral cavity: ICD-O-2 codes C00.3 to C00.9,
C02.0 to C02.3, C03.0, C03.1, C03.9, C04.0, C04.1, C04.8, C04.9, C05.0, C06.0 to
C06.2, C06.8, and C06.9; (2) oropharynx: ICD-O-2 codes C01.9, C02.4, C05.1, C05.2,
C09.0, C09.1, C09.8, C09.9, C10.0, C10.2-C10.4, C10.8, and C10.9; (3)
hypopharynx: ICD-O-2 codes C12.9, C13.0to C13.2, C13.8, and C13.9; (4) oral cavity
or pharynx not otherwise specified (NOS): ICD-O-2 codes C02.8, C02.9, C05.8,
C05.9, C14.0, C14.2, and C14.8; and (5) larynx: ICD-O-2codes C10.1, C32.0 to
C32.3 and C32.8 to C32.9. Of the 154,897 participants recruited into the PLCO study,
111,511 participants completed both the baseline questionnaire and the diet history
questionnaire. Of the 111,511 participants with valid questionnaires, participants were
excluded because: (1) they had cancer before entry into the PLCO study (n= 9697);
(2) they did not have follow-up time (n= 91); (3) they had the incidence of salivary
gland cancer after baseline (n= 23). Thus, this study included 101,700 participants,
and 186 cases with confirmed incident HNC. The number of HNC cases was equal
between groups with 93 HNC cases in each group.

The baseline questionnaire included self-reported information on age, sex,
race, education, tobacco smoking, alcohol drinking, family history of cancer, medical
history, height, weight and other selected life style factors. Dietary data were collected
using a self-administered food-frequency questionnaire, the Diet History

Questionnaire, version 1.0 (National Cancer Institute, 2007). The diet history
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questionnaire included portion size and frequency of consumption of 124 food items
and supplement use during the past year 2%,

The Nutrition Data System for Research (NDS-R) was used to estimate the
amount of dietary fiber. The NDS-R combines nutrition information from the US
Department of Agriculture Nutrient Database for Standard Reference, food
manufacturers, scientific literature, and other published food tables ?°. Specific fiber
groups were created based on the pyramid food groups by calculating the fiber
content of each food item belonging to the group and multiplying it by the reported
amount consumed 22, Main sources of dietary fiber were cereal/grain, vegetables,

fruit, and legumes .

Statistical analysis

We estimated hazard ratios (HRs), and the corresponding 95% confidence intervals
(Cls), using the Cox proportional hazards model. Follow-up time was calculated from
the date of entry until the occurrence of one of the following events: diagnosis of HNC,
death, or the end of follow-up. Models included adjustment for age (categorical), sex
(male vs female), race (White, Non-Hispanic vs Other), body mass index (BMI) at the
time of enrollment (£24.9 kg/m? vs 225 kg/m?), education (<high school vs =some
college), pipe and cigar smoking (never vs former vs current), cigarette smoking
status (never vs former vs current), pack-year cigarette smoking (never vs <20 vs
220), alcohol drinking status (never vs former vs current), alcohol drinking intensity

[alcohol (g/day):never vs <5 vs 25 and <10 vs 210 and <20 vs 220 and <30 vs =30],
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non-alcohol total energy (continuous), total vegetable and fruit intake (continuous),
and marital status (married or living as married vs widowed vs divorced vs separated
vs never married). Missing values for covariates were treated as dummy variables in
the models. Tests for linear trend were computed scoring the tertiles from 1 to 3. To
test interactions, we performed likelihood-ratio tests, which compared models with
and without the interaction term.

All statistical analyses were performed using the software STATA version 13

(Stata Corp, College Station, TX, USA). All tests were two-sided.

Results

The median follow-up was 12.5 years. Table 1 shows the characteristics of the PLCO
cohort and the HNC cases. Higher proportions of male, smokers, and drinkers were
observed in HNC cases. Other characteristics showed no remarkable differences
between the overall cohort and HNC cases. HNC cases included 81 cases for oral
cavity, 18 for oropharynx, 10 for hypopharynx, 1 for NOS, and 76 for larynx.

Higher intake of total fiber, insoluble fiber and soluble fiber were associated
with decreased HNC risks, with significant trends (Table 2). The multivariate HRs,
adjusted by age, sex, BMI, education, race, pipe and cigar smoking, cigarette
smoking status, pack-year cigarette smoking, alcohol drinking status, alcohol drinking
intensity, non-alcohol total energy, total vegetable and fruit intake and marital status,
of highest tertiles versus the lowest ones of intake were 0.43 (95%CI: 0.25-0.76) for

total fiber, 0.38 (95%CI: 0.22-0.65) for insoluble fiber, and 0.44 (95%CI: 0.25-0.79) for
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soluble fiber. Although these trends were consistent across oral cavity and pharyngeal
cases, the impact of fiber intake was weaker in laryngeal cases, especially for soluble
fiber.

We also evaluated interactions of cigarette smoking and alcohol drinking with
total fiber intake on HNC risk (Figure 1A and 1B). We did not observe any significant
interaction of smoking and drinking with total fiber intake on HNC risk (Pstrata fOr
smoking= 0.151; psirata fOr drinking= 0.451). Thus, under a multivariate model, the HR
of high alcohol/low fiber intake versus low alcohol/high fiber intake was 2.77, and that
for high tobacco/low fiber intake versus no tobacco/high fiber intake was 13.23.
Increased HNC risks were observed for the lowest tertile of fiber intake among both
never drinkers and never tobacco smokers.

Additionally, we performed stratified analyses to evaluate the impact of total
fiber intake on HNC risk across selected covariates (Figure 2). There was no
interaction between total fiber intake and HNC risk when stratified by age, sex, BMI

and education.

Discussion

In this prospective cohort study, we observed a protective role of fiber intake on HNC
risk after adjustment for potential confounders. In this study, we were able to adjust for
the intake of total fruits and vegetables, as well as socio-economic indicators. This
association was consistent across subsites of HNC. The favorable role of fiber intake

suggested a multiplicative interaction with smoking and drinking although the p-value
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was not statistically significant, and was not heterogeneous across strata of
recognized confounders. The combination of high tobacco and low fibers led to an
over 10-fold excess risk.

Several mechanisms have been proposed for the mechanism of fiber intake
on HNC risk. Dietary fiber may bind carcinogens and thereby limit their contact with

epithelia of the oral cavity, pharynx and larynx 2> %

. Dietary fiber may reduce
glycaemic load #’, and improve insulin sensitivity, favourably influencing insulin-like
growth factor |, which may promote carcinogenesis %. In addition, fiber-rich foods tend
to have a high content of antioxidants?®. However, a high fiber intake may simply be
an indicator of a diet rich in fruit, vegetables, whole grains, and a better general

lifestyle pattern #. In this study, however, we were able to adjust for the intake of total

fruits and vegetables, as well as for socio-economic indicators.

17, 19 9-16, 18

To date, two prospective cohorts and nine case-control studies
have considered the association between fiber intake and the risk of HNC or its
subsites. The National Institutes of Health (NIH)-AARP Diet and Health Study, was the
largest prospective cohort study, including 1,867 HNC cases during a 12-year
follow-up, and reported on an inverse association of total fiber intake with HNC risk
among women with a significant trend, and a weaker impact of total fiber intake
among men (HR1og/day= 0.77, 95%CI: 0.64-0.93 for women; 0.93, 95%CI: 0.86-1.00 for
men, p-interactions<0.001) *°. In our study, we did not observe any meaningful

differences by sex for total fiber intake and HNC risk, but this may be due to small

sample sizes in the stratified analysis. The other prospective cohort study, the lowa
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Women'’s Health Study (IWHS), included 53 oral cavity and pharyngeal cancer cases
and 21 laryngeal cancer cases from a cohort of 34,651 postmenopausal women with
a 14-year follow-up *’. The IWHS found a significant inverse association of total fiber
intake with the risk of oral cavity and pharyngeal cancer (HR for highest vs lowest=
0.49), but no association with the risk of laryngeal cancer (HR for highest vs lowest=
1.82). We also observed that the impact of total fiber intake was weaker among
laryngeal cancer cases, possible due to the fact that only the upper part of the larynx
is in direct contact with foods.

Regarding case-control studies, a study in China reported on a significant
inverse association of fiber from fruits and vegetables with the risk of oral cavity
cancer, but not with fiber from other sources **. These favorable associations with fruit
and vegetable fiber were also reported in Italian studies which also distinguished
soluble and insoluble fibers ** ', No association between fiber intake and the risk of
HNC was observed in a case-control study conducted in Uruguay; however that study
included only 33 oral cavity and pharyngeal cancer cases and 34 laryngeal cancer
cases ™.

Our study has several strengths. First, with its prospective study design, the
guestionnaire data were collected before cancer diagnosis. Thus, we can exclude a
relevant role of recall bias. Second, we carefully adjusted for known confounders
associated with fiber intake and HNC risk, including sex, BMI, education, tobacco
smoking, alcohol drinking, the intake of total fruit and vegetable, and energy intake.

Regarding residual confounding from cigarette smoking status, alcohol drinking status
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and marital status, the protective role of dietary fiber was consistent after adjustment
for these factors. In addition, we did not have information on hypertension,
hyperlipidemia, cirrhosis, type 2 diabetes mellitus, proton pump inhibitors, statins and
metformin. Some of these factors (i.e., diabetes) have been moderately associated to
the risk of HNC®, but are unlikely to have a material confounding effect on the
association between fiber intake and HNC.

Statistical power was limited for subsite analysis. However, our cohort size is
the second largest prospective cohort study. We did not have information about HPV
infection. Since we would not expect HPV infection to be associated specifically with
fiber intake, HPV infection status seems unlikely to meet the properties of a
confounder. Furthermore, we divided HNC cases into two group of subsites, i.e. oral
cavity and pharyngeal cases, and laryngeal cases. Although we considered the
impact of fiber intake on oropharyngeal cases all (N=18) only, we found a similar
decreased trend on oropharyngeal cases.

In summary, our findings support evidence of the protective role of dietary
fiber on HNC risk. Future studies that elucidate which foods are the main source of

dietary fiber which decrease the risk of HNC are warranted.
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Table 1. Characteristics of the PLCO cohort abd the head and neck cancer cases

Cohort Cases
Characteristics No. of participants % No. of cases %
Total 101,700 186
Age
<59 years 34,950 35 63 34
60-64 years 31,742 31 60 32
65-69 years 22,526 22 44 24
270 years 12,482 12 19 10
Sex
Male 49,460 49 150 81
Female 52,240 51 36 19
BMI
<24.9 kg/m? 33,737 33 63 34
>25.0 kg/m? 66,630 66 119 64
Missing 1,333 1 4 2
Education
<High school 42,916 42 81 44
>Some college 58,587 58 105 56
Missing 197 0 0 0
Race
White, Non-Hispanic 92,483 91 168 90
Other 9,217 9 18 10
Cigarette smoking status
Never 48,544 48 36 20
Former 43,749 43 88 47
Current 9,394 9 62 33
Missing 13 0 0 0
Pack-year cigarette smoking
Never 48,544 48 36 19
<20 19,239 19 25 13
220 32,761 32 124 67
Missing 1,156 1 1 1
Alcohol drinking status
Never 10,112 10 5 3
Former 14,752 14 32 17
Current 73,956 73 143 77
Missing 2,880 3 6 3
Alcohol drinking intensity (g/day)
Never 27,744 27 43 23
<5 39,748 39 47 25
25 and <10 9,912 10 11 6
210 and <20 9,713 10 23 13
220 and <30 7,464 7 13 7
230 7,119 7 49 26
Pipe smoking
Never 86,543 85 146 78
Former 13,336 13 35 19
Current 937 1 5 3
Missing 884 1 0 0
Cigar smoking
Never 88,217 87 147 79
Former 10,820 10 31 17
Current 1,678 2 7 4
Missing 985 1 1 0
Non-alcohol total energy (kcal/day)
Mean + SD 1670.91 + 698.09 1767.20 £ 734.39
Total vegetable intake (g/day)
Mean + SD 284.03 + 186.37 263.72 + 162.46
Total fruit intake (g/day)
Mean + SD 273.91+217.84 212.31 +281.97
Marital status
Married or living as married 79,596 78 140 75
Widowed 8,201 8 13 7
Divorced 9,718 10 25 14
Separated 782 1 2 1
Never married 3,217 3 6 3
Missing 186 0 0 0
Primary site
Oral cavity 81 44
Oropharynx 18 10
Hypopharynx 10 5
NOS 1 0
Larynx 76 41

#Abbreviation: BMI, body mass index; SD, standard deviation; NOS, oral cavity or pharynx not otherwise specified.
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Table 2. Fiber intake and the risk of head and neck cancer in the PLCO cohort.

Head and Neck Cancer Oral cavity and Pharynx Larynx
Nutrients Cohort Cases HR* 95% Cl p-value Cases HR* 95% Cl p-value Cases HR* 95% Cl p-value
Total fiber (g/day)
Q1 (<13.56) 33,874 78 1.00 - - 42  1.00 - - 35 1.00 - -
Q2 (213.56 to <20.00) 33901 62 0.73 0.50-1.06 0.094 41 0.80 0.49-1.28 0.349 21 066 0.36-1.23 0.191
Q3 (=20.00) 33,925 46 043 0.25-0.76 0.003 26 0.34 0.16-0.71 0.004 20 0.67 0.28-159 0.361
P trend 0.004 0.007 0.294
Insoluble fiber (g/day)
Q1 (<8.85) 33,853 86 1.00 - - 48 1.00 - - 37 1.00 - -
Q2 (28.851t0 <13.18) 33,929 54 057 0.39-0.83 0.003 34 057 0.36-0.93 0.023 20 059 0.32-1.08 0.089
Q3(213.18) 33,918 46 0.38 0.22-0.65 <0.001 27 0.31 0.15-0.62 0.001 19 057 0.24-1.32 0.189
P trend <0.001 0.001 0.138
Soluble fiber (g/day)
Q1 (<4.53) 33,785 75 1.00 - - 42  1.00 - - 32 100 - -
Q2 (24.53 t0 <6.67) 33,996 63 0.75 0.51-1.09 0.132 41 0.75 0.47-1.22 0.247 22 0.78 0.42-146 0.443
Q3 (26.67) 33,919 48 0.44 0.25-0.79 0.006 26 0.29 0.14-0.62 0.001 22 087 0.36-2.13 0.761
P trend 0.007 0.003 0.686

#Abbreviations: HR, hazard ratio; Cl, confidence interval.

*Adjusted by age, sex, body mass index, education, race/ethnicity, pipe smoking status, cigar smoking status, cigarette smoking status, pack-year cigarette
smoking, alcohol drinking status, alcohol drinking intensity, marital status, non-alcohol total energy, and total vegetable and fruit intake.

This article is protected by copyright. All rights reserved.



Legends for figures

Figure 1. Hazard ratios (HRs) of head and neck cancer, and corresponding
confidence intervals (95% CIs), according to pack year cigarette smoking (PY) (Figure
1A) or alcohol drinking intensity (g/day) (Figure 1B) and total fiber intake (g/day). The
HRs were derived from Cox proportional hazard models adjusted for age, sex, body
mass index, education, race/ethnicity, pipe smoking status, cigar smoking status,
cigarette smoking status, pack-year cigarette smoking, alcohol drinking status, alcohol
drinking intensity, non-alcohol total energy, total vegetable and fruit intake, and marital
status. The number of cases and controls within each category was indicated below
the corresponding HR as: “number of cases : number of controls.” We found no

significant interaction of smoking and drinking with total fiber intake on HNC risk.

Figure 2: Impact of higher tertiles of total fiber intake (Q2, 213.56 to <20.00 g/day; Q3,
220.00 g/day) on head and neck cancer risk compaired with the lowest tertile of total
fiber intake (Q1, <13.56 g/day) according to selected covariates. The hazard ratios
(HRs) were derived from Cox proportional hazard models adjusted for age, sex, body
mass index, education, race/ethnicity, pipe smoking status, cigar smoking status,
cigarette smoking status, pack-year cigarette smoking, alcohol drinking status, alcohol
drinking intensity, non-alcohol total energy, total vegetable and fruit intake, and marital
status. We found no significant interaction of selected covariates with total fiber intake

on HNC risk.
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Figure 2

Selected variables

Age<B5

Agez65

Male

Female

P || <25 kg/m?

ol 225 kg/m?

Education =High school

Education 25ome college

Q2
Q3
Q2
Q3

17 strata

Q2
Q3
Q2
Q3

17 strata

Q2
Q3
Q2
Q3

12 strata

Q2
Q3
Q2
Q3

12 strata

HR (95% CI)

0.66(0.41-1.04
0.43({0.22-0.85
0.90(0.47-1.71
0.48(0.18-1.29
0.892
0.77{0.51-1.16
0.43({0.23-0.80
0.67(0.27-1.65
0.60(0.14-2.48
0.624
0.46 (0.23-0.94
0.66 (0.28-1.58
0.89(0.56-1.40
0.31({0.15-0.66
0.582
0.61({0.34-1.09
0.49(0.22-1.11
0.85(0.51-1.40
0.42{0.19-0.93
0.774

)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)

This article is protected by copyright. All rights reserved.

z5





