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Short title: Dietary fiber and head and neck cancer. 

 

Keywords: dietary fiber intake; INHANCE; head and neck cancer; laryngeal cancer; oral 

cavity and pharyngeal cancer. 

 

Abbreviations: BMI: Body Mass Index; CI: Confidence Interval; DMV: Department of 

Motor Vehicles; FFQ: Food-Frequency Questionnaire; HNC: head and neck cancer; 

INHANCE: International Head and Neck Cancer Epidemiology consortium; L: large; M: 

medium; MSKCC: Memorial Sloan Kettering Cancer Center; NCI: National Cancer 

Institute; NA: not available; NE: Not estimable; NIH: National Institutes of Health; OR: 

Odds Ratio; S: small. 

 

Novelty and Impact: We investigated the association between dietary fiber intake and 

cancers of the oral cavity/pharynx and larynx, using individual-level pooled data from the 

INHANCE consortium. Significant inverse associations were observed overall, across 

subsites, and strata, although in the presence of heterogeneity among studies. These 

conclusions were derived from a re-analysis of studies, which used standardized 

definitions of outcomes, exposure and confounders, a standardized statistical approach, 

and had enough power to inspect disease-exposure associations within strata. 
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Abstract 

 

The possible role of dietary fiber in the etiology of head and neck cancers (HNCs) is 

unclear. We used individual-level pooled data from 10 case-control studies (5959 cases 

and 12,248 controls) participating in the International Head and Neck Cancer 

Epidemiology (INHANCE) consortium, to examine the association between fiber intake 

and cancer of the oral cavity/pharynx and larynx. Odds Ratios (ORs) and their 95% 

Confidence Intervals (CIs) were estimated using unconditional multiple logistic regression 

applied to quintile categories of non-alcohol energy-adjusted fiber intake and adjusted for 

tobacco and alcohol use and other known or putative confounders. 

Fiber intake was inversely associated with oral and pharyngeal cancer combined (OR for 

5th vs. 1st quintile category = 0.49, 95% CI: 0.40-0.59; p for trend <0.001) and with 

laryngeal cancer (OR = 0.66, 95% CI: 0.54-0.82, p for trend <0.001). There was, however, 

appreciable heterogeneity of the estimated effect across studies for oral and pharyngeal 

cancer combined. Nonetheless, inverse associations were consistently observed for the 

subsites of oral and pharyngeal cancers and within most strata of the considered 

covariates, for both cancer sites. 

Our findings from a multicenter large-scale pooled analysis suggest that, although in the 

presence of between-study heterogeneity, a greater intake of fiber may lower HNC risk. 
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Introduction 

There are more than 500,000 new cases of head and neck cancers (HNCs) diagnosed 

worldwide every year 1. Approximately 60% of patients are diagnosed with advanced 

disease, for which prognosis is poor even with a multimodal treatment approach 2, 3. This 

situation emphasizes the importance of primary prevention of HNCs. 

Although the combination of tobacco smoking and alcohol drinking accounts for 

approximately 80% of HNC risk 4, 5, a role of dietary factors in HNCs has been reported 6-8. 

Higher intakes of non-starchy vegetables, foods containing carotenoids, and fruit in 

general are thought to probably protect against HNC 8. 

Fruit and vegetables are rich sources of compounds that have anti-carcinogenic 

properties, including vitamins, minerals, fiber, and phytochemicals 9-12. Among them, 

dietary fiber could protect against cancer 13-17. However, the association of dietary fiber 

with HNC has been sparingly assessed and, to date, the evidence is still limited 18-28, 

although most 18-23, 25-28, but not all studies 24 indicated an inverse association with HNC 

risk. 

The International Head and Neck Cancer Epidemiology (INHANCE) consortium was 

established in 2004 to elucidate the aetiology of HNCs through pooled analyses of 

individual-level data on HNCs on a large scale 29, 30. To date, it includes 35 case-control 

studies, for a total of 25,478 cases and 37,111 controls 31. Selected aspects of diet have 

been investigated within the consortium. Among relevant foods and food groups, an 

inverse association with HNC risk was found for higher intakes of fruit and vegetables, 

while no association was observed for some cereal and grain products 32. In addition, 

higher intakes of selected micronutrients and food components from natural sources, like 

vitamin E, vitamin C, folate and carotenoids, have been previously found to reduce HNCs 

risk 33-36. 

The main objective of the current paper is to assess the association between fiber intake 

and the risk of 2 HNC outcomes - oral and pharyngeal cancer combined and laryngeal 
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cancer – adjusting for several confounders, including tobacco and alcohol use. Moreover, 

we evaluate whether the effect estimates differ by tumor subsite or in strata of selected 

factors, and explore the potential interaction of fiber intake with smoking and alcohol on 

the 2 HNC outcomes of interest. 

 

Materials and methods 

Design and subjects 

Within version 1.5 of the INHANCE consortium pooled data set, 10 case-control studies 

collected information on total dietary fiber at the individual level 6, 37-46. Details on the 

individual studies, harmonization of data and data pooling methods have been previously 

described for the consortium 30 and are summarized in Supplemental Table 1 (Online 

Resource). Informed consent was obtained from study subjects. The investigations were 

approved by the relevant institutional review boards, according to the rules adopted in 

each country at the time of data collection. 

 

Selection of subjects 

Cases were included if their cancer had been originally classified as an invasive cancer of 

oral cavity, oropharynx, hypopharynx, oral cavity or pharynx not otherwise specified, 

larynx, or HNC unspecified. Cases 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 previously specified 29. 

We removed from our analysis: 1. cases with missing information on the site of origin of 

their cancer; 2. subjects with missing information on dietary fiber intake; and 3. subjects 

with implausible (<500 or >5500 kcal) or missing values on daily non-alcohol energy 

intake. Thus, the present analysis was based on a total of 18,207 subjects, with 5959 

HNC cases and 12,248 controls. There was a total of 1385 oral cavity cancer cases, 1653 

oropharyngeal and 571 hypopharyngeal cancer cases (2224 pharyngeal cancer cases), 
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805 unspecified oral cavity/pharynx cases (giving a total of 4414 oral and pharyngeal 

cancer cases combined), and 1545 laryngeal cancer cases.  

 

Definition of the exposure variable 

Intakes of total energy, several nutrients and food components, including fiber, were 

derived by combining information from study-specific food-frequency questionnaires 

(FFQs) - assessing subject’s usual diet during a reference period preceding cancer 

diagnosis for cases or interview for controls – with that from country-specific food 

composition databases 47-50. In detail, the current analysis considered total dietary fiber, 

which is fiber from foods only, and expressed its intake in grams/day. Comparability of 

total dietary fiber intakes was also improved by selecting intakes of fiber obtained with the 

enzymatic gravimetric methods [AOAC (Association of Official Analytical Chemist) 1980 

or equivalents), rather than with the Englyst or Southgate ones 51, when more estimates 

of total fiber intakes were simultaneously available in the single studies. 

Finally, to adjust for the (study-specific) effect of daily energy intake excluding alcohol, we 

computed ’non-alcohol energy-adjusted’ fiber intake within each study, on both cases and 

controls, based on the residual method 52. 

 

Statistical analysis 

We estimated the odds ratios (ORs) and the corresponding 95% confidence intervals 

(CIs) of oral and pharyngeal cancer combined (including oral cavity, oropharyngeal, 

hypopharyngeal, unspecified oral cavity/pharyngeal cancer) and laryngeal cancer for 

quintile categories of ‘non-alcohol energy-adjusted’ fiber intake (calculated on both cases 

and controls from all studies combined) using unconditional multiple logistic regression 

models 53. Models included adjustment for age, sex, race, study center, education, 

cigarette smoking status, cigarette smoking intensity (number of cigarettes per day), 

cigarette smoking duration, cigar smoking status, pipe smoking status, alcohol drinking 
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intensity (number of drinks per day), and the product (interaction) term for cigarette 

intensity and alcohol drinking (see Table 1 for a complete list of the covariate categories 

used). Tests for linear trend were computed referring to the median values of ‘non-alcohol 

energy-adjusted’ fiber intake within the selected quintile categories. 

For oral and pharyngeal cancer combined, separate analyses were conducted by 

anatomical subsite (oral cavity, oro-/hypo-pharynx, and oral cavity or pharynx not 

otherwise specified). For both cancer sites, we carried out stratified analyses by age, sex, 

education, geographic region, body mass index (BMI), tobacco (cigarettes, cigars, pipes, 

snuff or chewing products) smoking status, alcohol consumption (see Tables 3 and 4 for 

categories used), and heterogeneity between/among strata (possible effect modification) 

was tested using likelihood ratio tests 53. 

In addition, we investigated potential confounding by other dietary factors, including some 

nutrients [total carotenoids, vitamin C, vitamin E, and iron (for the last nutrient, information 

was not available in the Buffalo study)], total fruits, and total vegetables. 

We also carried out a sensitivity analysis, excluding each study one at a time to ensure 

that the magnitude of the overall estimates were not dependent on any specific study 54. 

In all the analyses described, when the p-value for heterogeneity between studies was 

less than 0.1, we estimated the corresponding ORs and CIs specifying a random 

intercept-random slope generalized linear mixed model with a logit link function and 

binomial family 55. We also adopted a complete-case approach to the analysis, where 

subjects with no missing information on the final database (including information on 

cancer sites, exposure and confounding variables) were considered for the analysis. 

However, as the Japan study did not provide information on education (3495 subjects), 

we defined an extra category of education with all missing values, to avoid the exclusion 

of the study from the analysis. 

All statistical tests were two-sided. Calculations were carried out using the open-source 

statistical computing environment R 56, with its libraries ”lme4” 57 and ”nnet” 58. 
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Results 

Table 1 shows selected characteristics of HNC cases (separately for oral and pharyngeal 

cancer combined and for laryngeal cancer) and controls under investigation. Over 70% of 

the included subjects were white. The US Multicenter study provided cases of oral and 

pharyngeal cancer only. Cases were less educated, more often smokers and alcohol 

drinkers than controls. 

Supplemental Table 2 describes the distribution of raw values of fiber intake across 

studies and in all the studies combined. Study-specific distributions were skewed to the 

right. The reported summary statistics showed different values across studies, with the 

Buffalo, Italy Multicenter, and Milan studies showing the highest values and the Los 

Angeles study the lowest values of fiber intake. 

Table 2 provides the ORs, and the corresponding 95% CIs, for oral and pharyngeal 

cancer combined and for laryngeal cancer by quintile categories of fiber intake. For oral 

and pharyngeal cancer combined, we reported mixed-effects estimates with appreciable 

heterogeneity of the effect estimates across studies (p-value for heterogeneity <0.001); 

for laryngeal cancer, however, there was less heterogeneity across studies (p-value = 

0.633), so fixed effects are reported. Fiber intake was inversely associated with oral and 

pharyngeal cancer risk: the OR for the highest quintile category of fiber intake compared 

to the lowest one was 0.49 (95% CI: 0.40-0.59) (p-value for linear trend <0.001). For 

laryngeal cancer, the OR for the highest vs lowest quintile category was 0.66 (95% CI: 

0.54-0.82; p-value for linear trend <0.001). In the influence analyses, the point estimates 

of the ORs of oral and pharyngeal cancer combined did not materially change after the 

exclusion of any study; the detected heterogeneity between studies was similar to that of 

the main analysis when excluding any study at a time from the analysis. However, after 

excluding the Italy Multicenter study from the main analysis, the OR of laryngeal cancer 

was closer to unity (OR=0.96, 95% CI: 0.74–1.24 for the last quintile category) and the 
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corresponding heterogeneity between studies was reduced. 

Decreasing ORs with higher fiber intakes were also observed across oral cavity and 

pharyngeal cancer subsites: the OR for the highest vs lowest quintile category was 0.39 

(95% CI: 0.29-0.52) for oral cavity, 0.54 (95% CI: 0.45-0.64) for oropharynx and 

hypopharynx combined, and 0.46 (95% CI: 0.33-0.65) for oral cavity or pharynx not 

otherwise specified (Supplemental Table 3 – Online Resource). In addition, the ORs for 

the oropharynx were similar to those of the hypopharynx site (e.g. for the highest vs 

lowest quintile category, OR=0.58, 95% CI: 0.48-0.70 and OR=0.55, 95% CI: 0.41-0.74, 

respectively) (data not shown) but, given the limited number of hypopharyngeal cancer 

cases, we combined the results of these subsites. 

Tables 3 and 4 show the ORs of oral and pharyngeal cancer combined and laryngeal 

cancer by strata of selected variables. An inverse association between fiber intake and 

risk of either cancer site was present in most of the strata, in accordance with the main 

findings from Table 2. However, there was appreciable heterogeneity in risk for laryngeal 

cancer across strata of geographic region, with only the 3 European studies showing a 

moderate inverse association (OR for the 5th vs. 1st quintile category = 0.45; 95% CI: 

0.34-0.60; p for heterogeneity = 0.015). An appreciable heterogeneity between studies 

was present for several strata in Table 3, but not for most strata in Table 4. 

Figure 1 shows the combined effect of fiber intake and alcohol or tobacco consumption on 

oral and pharyngeal cancer combined and laryngeal cancer. No deviation from 

multiplicative interaction was found for either cancer site (p-value for interaction - Panel A: 

0.123; Panel B: 0.084; Panel C: 0.612; Panel D: 0.430). In addition, when comparing 

never/light drinkers with a higher than median consumption of fiber, the ORs for subjects 

with a lower than median consumption and ≥5 drinks/day of alcohol were 11.45 (95% CI 

9.61-13.65) for oral and pharyngeal cancer combined (Panel A), and 5.36 (95% CI 

3.30-8.71) for laryngeal cancer (Panel B). Compared to never smokers with a higher than 

median consumption of fiber, the ORs for subjects consuming a lower than median 
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amount of fiber and being smokers of >20 cigarettes/day were 6.33 (95% CI 5.30-7.55) 

for oral and pharyngeal cancer combined (Panel C), and 26.34 (95% CI 18.28-37.95) for 

laryngeal cancer (Panel D). 

In the sensitivity analyses considering additional adjustment for one extra nutrient at a 

time, the point estimates for quintiles of fiber intake were generally in line with the ones 

from the main analysis, although the ORs were higher for both cancer sites. The only 

exception was the adjustment by iron intake, which modified the OR of laryngeal cancer 

for the highest quintile category of fiber intake to 0.52 (95% CI: 0.44-0.62). With the 

additional adjustment by total fruit or total vegetable intake, the inverse association 

between dietary fiber intake and either tumor site was consistent, although the 

associations were less strong than in the main analysis for oral cavity and pharyngeal 

cancer combined. 

 

Discussion 

In this pooled analysis of 10 case–control studies providing information on dietary fiber 

within the INHANCE consortium – the largest dataset to date on the issue - we found 

inverse associations between dietary fiber intake and the risk of oral and pharyngeal 

cancer, as well as of laryngeal cancer. Similar results were observed across oral and 

pharyngeal cancer subsites and in most of the strata considered. 

Several plausible mechanisms have been reported for such a favorable effect of dietary 

fiber 13-16. First, dietary fiber may reduce glycaemic load 59 and improve insulin sensitivity, 

favourably influencing insulin-like growth factor I (IGF-1), which is a promoter of the 

process of carcinogenesis at various sites 60. Second, dietary fiber appears to have an 

anti-inflammatory role, via the production of short-chain fatty acids by gut bacteria with 

anti-proliferative and pro-apoptosis properties 14, 16. Third, dietary fiber may also bind 

carcinogens and thereby limit their contact with upper digestive tract epithelia 14, 17. Finally, 

fiber-rich foods generally tend to have a higher content of antioxidants 17. However, a 
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higher fiber intake may simply be an indicator of a diet rich in fruit, vegetables and pulses, 

and whole gains, and, on this way, poorer in refined cereals, meat and animal fats, which 

have been positively associated with a higher HNC risk 11, 61, 62. Still, adjustment by fruit 

and vegetables, as well as selected micronutrients, only marginally affected the main 

results on fiber intake. Similarly, dietary fiber may simply be an indicator of a better 

general life-style pattern. 

Some of the studies contributing data to our pooled analysis have already published 

separate reports on dietary fiber and HNC cancer risk 18, 19, 25, 27. Besides them, at least 2 

other cohorts 26, 28 and 5 case-control studies 20-24, most of which conducted before the 

2000s, provided results on the issue. Among the most recent and largest studies, the 

National Institutes of Health (NIH)-AARP Diet and Health Study, a US cohort of ~500,000 

elderly participants including 1867 HNC cases developed during ~11 years of follow-up, 

found an inverse association with fiber intake among women (OR 0.61, 95% CI: 0.42-0.89 

for the upper quintile), consistent across subsites, and a weaker one among men (OR 

0.88, 95% CI: 0.73-1.05) 28. Similarly, in a cohort of over 34,000 postmenopausal women 

and 169 incident cases from the Iowa Women’s Health Study, an inverse association for 

fiber intake was observed for cancers of the upper aerodigestive tract combined (OR 0.57, 

95% CI: 0.36-0.92 for the upper tertile). In detail, a higher fiber intake decreased oral and 

pharyngeal cancer (53 cases, OR 0.49), but not laryngeal cancer risk (21 cases, OR 1.82) 

26. Among the earlier investigations, a Chinese case-control study including 404 matched 

cases of oral cancer showed a strong inverse association for total dietary fiber (OR 0.38, 

95% CI: 0.19-0.74 for the upper quartile), and for dietary fiber from vegetables and fruits, 

but no relation with fiber from other sources 23. Reduced risks of oral and pharyngeal 

cancer for higher intakes of fibers were also observed in an Australian case-control study 

on 41 male cases (OR 0.14, 95% CI: 0.1-0.4 for the upper tertile) 22, and in a US 

case-control study on 290 matched cases (OR 0.6, 95% CI: 0.4-0.9 for 1-standard 

deviation increase in intake) 21. In addition, an inverse association with laryngeal cancer 
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was found for energy-adjusted fiber intake in a US case-control study including 250 male 

cases 20. The only study reporting little or no association with fiber intake was conducted 

in Uruguay, had a case-control design and included 133 cases of cancer of the upper 

aerodigestive tract, among which 33 were oral/pharyngeal cancers and 34 were laryngeal 

cancers 24. 

In interpreting our findings, there were some limitations. Concerning fiber intake, we were 

unable to assess the separate effect of different subtypes of fiber on HNC risk. Indeed, 

separate information on dietary fiber from vegetables, fruits or cereal grains was available 

in 4 studies and that on total soluble and insoluble fiber in 5 studies only. In addition, 

pooling dietary data is challenging 34 and the various populations included in the analysis 

differ in many respects, including exposure to alcohol and tobacco. For these and other 

reasons, some heterogeneity among studies is to be expected. In our analysis, we 

identified heterogeneity among studies for oral and pharyngeal cancer combined and in 

several strata of interest, including subsites of oral and pharyngeal cancer. Our inspection 

of study-specific distributions, stratified and influence analyses showed also 

heterogeneity between European and American studies in the case of laryngeal cancer. 

However, it is difficult to isolate the effect of control sources (hospital- versus 

population-based) from that of geographic region (the 3 studies from Europe were all 

hospital-based and 4/6 American studies were population-based). The identified 

heterogeneity cannot, therefore, be attributed to selection bias and to different types of 

controls. In addition, our results may be biased by a non-differential misclassification of 

individual intakes (i.e. due to measurement error), and by differential misclassification 

derived from recall bias. 

Our analysis also had several strengths. The large sample size provides the opportunity 

to consider cancer subsites and subgroups of interest with adequate statistical power. We 

could control for the potential confounding effect of tobacco smoking, alcohol drinking and 

their interaction, using information on status, duration and intensity for smoking and 
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intensity for alcohol. Moreover, the inverse association with fiber intake was consistent 

across strata of tobacco smoking and alcohol drinking. We also assessed the presence of 

a potential bias related to the assumption of a single unknown education level in the 

Japan study, by comparing fiber effect estimates in the non-Japanese study population, 

adjusting versus not adjusting for education (but adjusting for other covariates). This 

sensitivity analysis provided reassuring results, with very similar ORs for both cancer 

sites (e.g. for the last quintile category, OR of oral cavity and pharyngeal cancer 

combined = 0.49, 95% CI: 0.40-0.59 and 0.49, 95% CI: 0.40-0.59, with and without the 

adjustment for education level, respectively; OR of laryngeal cancer = 0.57, 95% CI: 

0.48-0.68 and 0.57, 95% CI: 0.48-0.69, with and without the adjustment for education 

level, respectively). In addition, we applied uniform criteria to define our exposure of 

interest. Finally, we found that effect estimates were similar in the different tumor subsites, 

suggesting that the action of dietary fiber represents a general mechanism, rather than a 

site-specific one. 

 

In conclusion, findings from this large-scale pooled analysis indicated that a relatively 

high intake of fiber may play a protective role against HNC. Future studies that examine 

country-specific sources of dietary fiber - including fruits, vegetables, beans, nuts, brown 

rice, whole-grain breads, biscuits, and pasta - are warranted to further elucidate which 

foods are the main determinants of the inverse association observed between fiber intake 

and the incidence of HNCs.  
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Figure Legend 

 

Fig 1 - Odds ratios (ORs) of oral and pharyngeal, and laryngeal cancer, and 

corresponding 95% confidence intervals (CIs), according to alcohol or tobacco 

consumption and “non-alcohol energy-adjusted” fiber intake. International Head and Neck 

Cancer Epidemiology (INHANCE) consortium. 

(a) The odds ratios were derived from mixed-effects logistic regression models adjusted 

for age, sex, education, race/ethnicity, study center, combined smoking habits of 

cigarettes, cigars and pipes, and alcohol drinking, when appropriate.  

(b) The number of cases and controls within each category was indicated below the 

corresponding OR as: “number of cases : number of controls.” 
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Table 1 - Distribution of cases of oral and pharyngeal cancer combined, laryngeal 
cancer and controls according to selected variables. International Head and Neck 
Cancer Epidemiology (INHANCE) consortium. 

 Oral  
and 

pharynge
al cases 

(%) 
Laryngeal 

cases 
(%) Controls (%) 

Age (years)       
<40 208  4.7  26  1.7  681  5.6 
>=40to<=44 194  4.4  45  2.9  563  4.6 
>=45to<=49 446 10.1 123  8.0  949  7.7 
>=50to<=54 645 14.6 188 12.2 1731 14.1 
>=55to<=59 816 18.5 271 17.5 2079 17.0 
>=60to<=64 713 16.2 290 18.8 2029 16.6 
>=65to<=69 658 14.9 279 18.1 1931 15.8 
>=70to<=74 474 10.7 227 14.7 1540 12.6 
>=75 260  5.9  96  6.2  743  6.1 
Missing   0  0.0   0  0.0    2  0.0 
       

Sex       
Female 1187 26.9 244 15.8 3541 28.9 
Male 3223 73.0 1300 84.1 8702 71.0 
Missing    4 0.1 1 0.1 5 0.0 
       

Race       
Black 387 8.8 116 7.5 535 4.4 
Others (with Asians) 463 10.5 101 6.5 3089 25.2 
White (with Hispanics) 3555 80.5 1324 85.7 8596 70.2 
Missing 9 0.2 4 0.3 28 0.2 
       

Study center       
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 3.5 
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       

Page 27 of 33

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 2

<= Junior  
high school 863 19.6 603 39.0 2723 22.2 
Some high school 885 20.0 258 16.7 1240 10.1 
High school graduate 588 13.3 237 15.3 1267 10.3 
Technical school, some 
college 1174 26.6 214 13.9 2305 18.8 
>= college graduate 491 11.1 145 9.4 1703 13.9 
Missing 413 9.4 88 5.7 3010 24.6 
       

Cigarette smoking status       
Never 806 18.3 91 5.8 4868 39.7 
Former 1387 31.4 707 45.8 4330 35.4 
Current 2210 50.1 735 47.6 2986 24.4 
Missing 11 0.2 12 0.8 64 0.5 

       
Cigarette smoking 
intensity (number of 
cigarettes/day)       

Never smoker 806 18.3 91 5.9 4868 39.7 
>0to<=10 471 10.7 149 9.6 1949 15.9 
>10to<=20 1466 33.2 628 40.6 3169 25.9 
>20 1633 37.0 661 42.8 2137 17.4 
Missing 38 0.9 16 1.0 125 1.0 
       

Cigarette smoking 
duration (years)       

Never smoker 806 18.3 91 5.9 4868 39.7 
>0to<=20 443 10.0 102 6.6 2166 17.7 
>20 3132 71.0 1343 86.9 5123 41.8 
Missing 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   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  436  9.9  105  6.8 3057 25.0 
       

Alcohol drinking intensity 
(number of drinks/day) 

      

Never drinker 548 12.4 187 12.1 3156 25.8 
<1 1030 23.3 250 16.2 4022 32.8 
>=1to3 973 22.0 344 22.3 2934 24.0 
>=3to5 647 14.7 250 16.2 1215 9.9 
>=5 1216 27.5 514 33.3 921 7.5 

ABBREVIATIONS: MSKCC: Memorial Sloan Kettering Cancer Center. 
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Table 2 – Odds ratios (ORs)a of oral and pharyngeal cancer combined, and laryngeal cancer and corresponding 95% 
confidence intervals (CIs) on fiber intake quintile categories. International Head and Neck Cancer Epidemiology (INHANCE) 
consortium. 

 Oral and 
pharyngeal 

cases  
Controls OR (95% CI)c pstudies

d 
Laryngeal 

cases 
Controls OR (95% CI)c pstudies

d 

I Quintileb 1062 1430 1 (reference) 

<0.001 

373 1430 1 (reference) 

0.633      
II Quintileb 793 1751 0.71 (0.61-0.82) 262 1751 0.74 (0.60-0.90) 
III Quintileb 721 1889 0.65 (0.57-0.75) 252 1889 0.72 (0.58-0.88) 
IV Quintileb 677 1986 0.55 (0.46-0.66) 251 1986 0.71 (0.57-0.87) 
V Quintileb 641 1940 0.49 (0.40-0.59) 265 1940 0.66 (0.54-0.82) 
pfor linear trend   <0.001    <0.001  

aEstimated from multiple logistic regression models adjusted for age, sex, race, study center, education, cigarette smoking status, 
cigarette smoking intensity (number of cigarettes per day), cigarette smoking duration, cigar smoking status, pipe smoking status, 
alcohol drinking intensity (number of drinks per day), and the product (interaction) term for cigarette intensity and alcohol 
drinking.  bThe cut-offs for the quintile categories of fiber intake were: -0.786, -0.322, 0.129, and 0.729, respectively. cFor the oral and 
pharyngeal cancer, heterogeneity between studies was appreciable and we reported the mixed-effects estimates derived from the 
corresponding generalized linear mixed model; for laryngeal cancer, there was less heterogeneity between studies and we reported 
the fixed-effects estimates. dP for heterogeneity between studies. 
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Table 3 - Odds ratios (ORs)a,b of oral and pharyngeal cancer combined and 
corresponding 95% confidence intervals (CIs) on fiber intake quintile categories, in 
strata of selected covariates. International Head and Neck Cancer Epidemiology 
(INHANCE) consortium. 

 OR (95% CI)  

 II Quintile III Quintile IV Quintile V Quintile pstudies
c 

Age (years)      

<55 0.66 (0.50-0.87) 0.57 (0.45-0.72) 0.57 (0.44-0.76) 0.60 (0.48-0.77) <0.001 

≥ 55 0.72 (0.61-0.85) 0.70 (0.59-0.82) 0.54 (0.45-0.66) 0.46 (0.35-0.59) 0.007 

pstrata
d 

0.073  

Sex      

Female 0.88 (0.68-1.14) 0.80 (0.60-1.06) 0.67 (0.52-0.87) 0.57 (0.43-0.75) 0.617 

Male 0.67 (0.56-0.80) 0.63 (0.54-0.73) 0.53 (0.43-0.66) 0.48 (0.39-0.59) <0.001 

pstrata
d 0.635  

Education      

≤high  

school graduate 
0.64 (0.54-0.76) 0.66 (0.54-0.79) 0.55 (0.45-0.68) 0.49 (0.39-0.61) 

0.009 

≥some  

college 
0.80 (0.65-0.97) 0.66 (0.54-0.81) 0.59 (0.47-0.73) 0.54 (0.43-0.69) 

0.174 

pstrata
d 0.640  

Geographic regione     

Europe 0.56 (0.44-0.71) 0.59 (0.47-0.74) 0.48 (0.38-0.61) 0.45 (0.34-0.61) 0.017 

America 0.79 (0.67-0.93) 0.69 (0.57-0.83) 0.60 (0.47-0.77) 0.50 (0.39-0.66) <0.001 

Asia 0.94 (0.69-1.27) 0.62 (0.44-0.86) 0.42 (0.29-0.61) 0.38 (0.26-0.56) NE 

pstrata
d 0.178  

Body mass index      

<25 kg/m2 0.75 (0.62-0.92) 0.63 (0.52-0.76) 0.55 (0.45-0.67) 0.45 (0.35-0.57) 0.264 

≥25 kg/m2 0.69 (0.54-0.88) 0.69 (0.57-0.83) 0.58 (0.46-0.73) 0.58 (0.46-0.71) <0.001 

pstrata
d 0.117  

Tobacco smoking status     

Never user 0.75 (0.55-1.03) 0.87 (0.65-1.16) 0.67 (0.48-0.93) 0.63 (0.44-0.89) 0.095 

Former user 0.90 (0.69-1.17) 0.65 (0.48-0.88) 0.69 (0.49-0.98) 0.65 (0.49-0.86) 0.012 

Current user 0.66 (0.54-0.82) 0.57 (0.46-0.70) 0.53 (0.42-0.65) 0.51 (0.40-0.66) 0.169 

pstrata
d 0.188  

Alcohol drinking intensityf    

Never/light  

drinker 
0.86 (0.71-1.05) 0.83 (0.68-1.01) 0.71 (0.56-0.88) 0.59 (0.44-0.78) 

0.003 

Moderate 

drinker 
0.67 (0.52-0.87) 0.56 (0.44-0.72) 0.49 (0.39-0.62) 0.42 (0.34-0.54) 

0.007 

Heavy drinker 0.49 (0.33-0.72) 0.46 (0.33-0.66) 0.45 (0.32-0.63) 0.43 (0.31-0.60) 0.009 

pstrata
d 0.085  

ABBREVIATIONS: NE: Not estimable. 
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aEstimated from multiple logistic regression models adjusted for age, sex, race, study 

center, education, cigarette smoking status, cigarette smoking intensity (number of 

cigarettes per day), cigarette smoking duration, cigar smoking status, pipe smoking status, 

alcohol drinking intensity (number of drinks per day), and the product (interaction) term for 

cigarette intensity and alcohol drinking, when appropriate. bThe I Quintile category was 

considered as the reference one. cP for heterogeneity between studies. When the p-value 

was less than 0.1 within strata, we reported mixed-effects estimates derived from the 

corresponding generalized linear mixed model. dP for heterogeneity across strata. When 

fixed- and mixed-effects models were estimated for different categories of the same 

stratification variable, likelihood ratio tests for heterogeneity across strata had to be based 

on comparable mixed-effects models and therefore we re-fitted one or more mixed-effects 

models to replace the original fixed-effects ones. We consistently reported the 

corresponding stratum-specific mixed-effects models instead of the fixed-effects ones. 
eEurope included Italy Multicenter, Switzerland and Milan (2006-2009) studies. North 

America included Boston, Buffalo, Los Angeles, Memorial Sloan Kettering Cancer Center, 

North Carolina (2002-2006), and US Multicenter studies. Asia included Japan study only. 

As Asia included Japan study only, there was no possibility to assess heterogeneity 

between studies in the Asia stratum. fThe never/light drinker category included never 

drinkers and subjects who drink less than 1 drink per day; the moderate drinker category 

included subjects drinking between 1 (included) and 5 drinks per day; the heavy drinker 

category included subjects drinking 5 drinks per day or more. 

 

Page 31 of 33

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
 

 6

Table 4 - Odds ratios (ORs)a,b of laryngeal cancer and corresponding 95% 

confidence intervals (CIs) on fiber intake quintile categories, in strata of selected 

covariates. International Head and Neck Cancer Epidemiology (INHANCE) 

consortium. 

 OR (95% CI)  

 II Quintile III Quintile IV Quintile V Quintile pstudies
c 

Age (years)      

<55 0.98 (0.64-1.50) 0.76 (0.46-1.23) 0.65 (0.40-1.04) 0.66 (0.44-1.01) 0.131 

≥ 55 0.70 (0.52-0.93) 0.67 (0.53-0.86) 0.69 (0.50-0.93) 0.60 (0.48-0.76) 0.075 

pstrata
d 

0.534  

Sex      

Female 0.79 (0.46-1.33) 0.81 (0.50-1.31) 0.63 (0.38-1.04) 0.68 (0.41-1.13) 0.243 

Male 0.81 (0.59-1.11) 0.66 (0.51-0.87) 0.68 (0.48-0.96) 0.64 (0.48-0.86) 0.002 

pstrata
d 0.721  

Education      

≤high  

school graduate 
0.63 (0.48-0.82) 0.67 (0.53-0.85) 0.61 (0.45-0.85) 0.65 (0.48-0.88) 

0.050 

≥some  

college 
1.18 (0.79-1.77) 0.58 (0.32-1.04) 0.90 (0.60-1.34) 0.59 (0.39-0.89) 

0.056 

pstrata
d 0.050  

Geographic regione     

Europe  0.55 (0.41-0.74) 0.54 (0.39-0.73) 0.52 (0.33-0.80) 0.45 (0.34-0.60) 0.002 

America 1.19 (0.76-1.87) 0.92 (0.63-1.36) 1.08 (0.80-1.48) 1.00 (0.74-1.37) 0.238 

Asia 1.33 (0.68-2.61) 1.50 (0.78-2.91) 0.33 (0.12-0.85) 0.85 (0.40-1.83) NE 

pstrata
d 0.015  

Body mass index      

<25 kg/m2 0.81 (0.59-1.12) 0.61 (0.44-0.84) 0.70 (0.45-1.07) 0.56 (0.37-0.85) 0.335 

≥25 kg/m2 0.78 (0.52-1.17) 0.70 (0.49-1.00) 0.67 (0.47-0.96) 0.66 (0.50-0.86) 0.004 

pstrata
d 0.560  

Tobacco smoking status    

Never user 0.57 (0.24-1.38) 0.65 (0.27-1.56) 0.73 (0.33-1.63) 0.87 (0.39-1.94) 0.399 

Former user 0.83 (0.58-1.19) 0.73 (0.51-1.05) 0.64 (0.40-1.03) 0.81 (0.58-1.14) 0.375 

Current user 0.81 (0.54-1.20) 0.68 (0.47-0.99) 0.57 (0.41-0.78) 0.60 (0.42-0.85) <0.001 

pstrata
d 0.669  

Alcohol drinking intensityf    

Never/light  

 

drinker 

0.99 (0.64-1.53) 0.69 (0.39-1.23) 0.99 (0.70-1.40) 0.87 (0.60-1.25) 

0.030 

Moderate drin 0.73 (0.53-1.00) 0.74 (0.54-1.02) 0.66 (0.43-1.01) 0.53 (0.38-0.74) 0.130 

Heavy drinker 0.73 (0.37-1.41) 0.53 (0.35-0.81) 0.43 (0.28-0.66) 0.49 (0.33-0.73) 0.236 

pstrata
d 0.383  
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ABBREVIATIONS: NE: Not estimable. 

 
aEstimated from multiple logistic regression models adjusted for age, sex, race, study 

center, education, cigarette smoking status, cigarette smoking intensity (number of 

cigarettes per day), cigarette smoking duration, cigar smoking status, pipe smoking status, 

alcohol drinking intensity (number of drinks per day), and the product (interaction) term for 

cigarette intensity and alcohol drinking, when appropriate. bThe I Quintile category was 

considered as the reference one. cP for heterogeneity between studies. When the p-value 

was less than 0.1 within strata, we reported mixed-effects estimates derived from the 

corresponding generalized linear mixed model. dP for heterogeneity across strata. When 

fixed- and mixed-effects models were estimated for different categories of the same 

stratification variable, likelihood ratio tests for heterogeneity across strata had to be based 

on comparable mixed-effects models and therefore we re-fitted one or more mixed-effects 

models to replace the original fixed-effects ones. We consistently reported the 

corresponding stratum-specific mixed-effects models instead of the fixed-effects ones. 
eEurope included Italy Multicenter, Switzerland and Milan (2006-2009) studies. North 

America included Boston, Buffalo, Los Angeles, Memorial Sloan Kettering Cancer Center, 

North Carolina (2002-2006), and US Multicenter studies. Asia included Japan study only. 

As Asia included Japan study only, there was no possibility to assess heterogeneity 

between studies in the Asia stratum. fThe never/light drinker category included never 

drinkers and subjects who drink less than 1 drink per day; the moderate drinker category 

included subjects drinking between 1 (included) and 5 drinks per day; the heavy drinker 

category included subjects drinking 5 drinks per day or more. 
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Fig 1 - Odds ratios (ORs) of oral and pharyngeal, and laryngeal cancer, and corresponding 95% confidence 
intervals (CIs), according to alcohol or tobacco consumption and “non-alcohol energy-adjusted” fiber intake. 

International Head and Neck Cancer Epidemiology (INHANCE) consortium.  
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