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Estimating and explaining the effect of education and income on 
head and neck cancer risk: INHANCE consortium pooled 
analysis of 31 case-control studies from 27 countries

A full list of authors and affiliations appears at the end of the article.

Abstract

Low socioeconomic status has been reported to be associated with head and neck cancer risk. 

However, previous studies have been too small to examine the associations by cancer subsite, age, 

sex, global region and calendar time and to explain the association in terms of behavioral risk 

factors. Individual participant data of 23,964 cases with head and neck cancer and 31,954 controls 

from 31 studies in 27 countries pooled with random effects models. Overall, low education was 

associated with an increased risk of head and neck cancer (OR = 2.50; 95% CI = 2.02 – 3.09). 

Overall one-third of the increased risk was not explained by differences in the distribution of 

cigarette smoking and alcohol behaviors; and it remained elevated among never users of tobacco 

and nondrinkers (OR = 1.61; 95% CI = 1.13 – 2.31). More of the estimated education effect was 

not explained by cigarette smoking and alcohol behaviors: in women than in men, in older than 

younger groups, in the oropharynx than in other sites, in South/Central America than in Europe/

North America and was strongest in countries with greater income inequality. Similar findings 

were observed for the estimated effect of low versus high household income. The lowest levels of 

income and educational attainment were associated with more than 2-fold increased risk of head 

and neck cancer, which is not entirely explained by differences in the distributions of behavioral 

risk factors for these cancers and which varies across cancer sites, sexes, countries and country 

income inequality levels.
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One hundred years ago, Charles Singer (1911), a London clinician, in a series of over 500 

oral and pharyngeal cancer cases identified a preponderance of the disease among men and 

among low socioeconomic groups; in addition he hypothesized an association with alcohol 

and an infection (syphilis).1

Today, head and neck cancer—comprising tumors of the mucosal lining of the oral cavity, 

pharynx and larynx—is amongst the most common in the world, with an estimated annual 

burden of over 550,000 new cases and 300,000 deaths,2 and with wide variations in trends 
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reported across the world by sex, age and subsite.3 Increasing incidence of oral and/or 

oropharyngeal subsites has been observed in Denmark,3 Netherlands,4 Sweden,5 the UK,6–8 

USA,9 parts of South/Central America3 and Japan3–these increases being mainly among 

men3 and sometimes among lower socioeconomic groups.3,8 Moreover, head and neck 

cancer has generally poor survival and impacts heavily on quality of life such as: eating, 

speech and physical appearance.10

While smoking and alcohol behaviors have long been recognized as the major risk factors 

for head and neck cancer,11 and more recently the role of genetic variants12 and human 

papillomavirus (HPV) infection13 have been identified, the burden and aetiology of head 

and neck cancer associated with socioeconomic factors are yet to be fully understood. Head 

and neck cancer risk has been strongly associated with lower socioeconomic status (SES) 

especially among men.14 The relative contributions of alcohol and tobacco consumption to 

the association of SES and head and neck cancer has varied considerably, with estimates of 

the unexplained or “direct” effect of low SES ranging from 10 to 50%.15–17 These estimates 

have been from studies combining all head and neck sites, usually limited to men and with 

small sample sizes leading to imprecise estimates of the true burden of exposure unable to 

explain the association in terms of behavioral risk factors. In addition, while country income 

inequality has consistently been associated with numerous negative health outcomes18 to our 

knowledge no one has tested the hypothesis that the greater the country's income inequality 

the greater the head and neck cancer risks associated with low relative educational 

attainment.

We aim to assess the risk for head and neck cancer associated with low educational 

attainment and household income by age, sex, head and neck cancer subsite and geographic 

location and to stratify the geographical location by the macroeconomic measure of income 

inequality.

Material and Methods

The International Head and Neck Cancer (INHANCE) consortium is a global data pooling 

initiative for epidemiology studies of head and neck cancer. Study inclusion and 

methodological details including individual study design, control sources, participation 

proportions and case definition have been previously described19,20 (Supporting Information 

Table S1). All studies frequency matched controls to cases minimally on age and sex and 

additional factors in some studies (Table 1).

At the time of this investigation, 35 studies (25,910 cases and 37,111 controls) were in the 

INHANCE pooled database (version 1.5). Data from 31 studies were included in the 

analysis because the France (1987–1992), Rome, Japan (1988–2000) and Japan (2001–

2005) studies did not collect SES data. Case subjects had histologically confirmed diagnoses 

of cancers of the oral cavity, oropharynx, hypopharynx, oral cavity, oropharynx not 

otherwise specified and larynx (ICD codes–see Supporting Information Methods). We 

excluded lymphomas, sarcomas and cancers of the nasopharynx and salivary glands.
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Education data were standardized using the International Standard Classification of 

Education (ISCED 97)21; and grouped into three strata: (i) low education level, which 

included no education, or completed the first stage of basic education, or at most primary 

education (ISCED 0–1); (ii) intermediate education level, which included lower secondary 

or second stage of basic education or completed upper secondary education (ISCED 2–4); 

and (iii) high education level, which comprised further education including vocational 

education and higher education including university degree (ISCED 5–6). Household 

income data were standardized as far as possible (given the original study questionnaire 

categorization) by grouping comparable levels based on the strata used in the original study 

questionnaires (Supporting Information Table S2), with category 1 being the lowest and 

category 5 the highest income levels.

We estimated study-specific odds ratios (OR) and 95% confidence intervals (CI) for the 

association of education and income for head and neck cancer, using unconditional logistic 

regression. For details on covariate inclusion and modeling strategy see Supporting 

Information Methods. We then estimated the summary effect estimates using a meta-

analysis approach: by pooling study-specific risk estimates with random effects models.22 

For additional details on meta-analytic approaches and evaluation of heterogeneity see 

Supporting Information Methods. We conducted a detailed series of subgroup analyses by 

smoking status; drinking status; cancer subsite; geographic region, age-group, country 

income inequality, control type and year of study conduct (Supporting Information 

Methods). We also conducted a sensitivity analysis using a complete observation only 

dataset where no missing data existed across any variable in all studies to determine the 

potential biased effects of sample size reduction resulting from including additional 

covariates.

We estimated the proportion of the socioeconomic effect, which remained after adjustment 

for behavioral risk factors by calculating the percentage change in OR as (OR1 – OR2)/

(OR1 – 1), where OR1 is the minimally adjusted model and OR2 is the model adjusted for 

behavioral risk factors referred to as attributable fraction for covariates.23 We then 

calculated the attributable fraction remaining/not explained by covariates by subtracting this 

from 100%. Statistical analyses were conducted using SAS v 9.2 and STATA v 10.

Results

The characteristics of included studies are presented in Table 1. There were 31 individual 

case-control studies that included 23,964 head and neck cancer subjects and 31,954 control 

subjects. The characteristics of the study subjects are detailed in Tables (2 and 3). The 

distribution of selected behavioral factors by educational attainment in study subjects 

generally shows that smoking, alcohol consumption and diets low in fruit and vegetables are 

greater in those with lower education (Supporting Information Table S3).

Low relative to high educational attainment was associated with an increased risk of head 

and neck cancer (OR = 2.50; 95% CI = 2.02–3.09), with those in the intermediate level of 

educational attainment having an intermediate increased risk (OR = 1.80; 95% CI = 1.57–

2.07; Table 4). These associations were increasingly attenuated when models sequentially 
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adjusted for lifestyle behaviors (Table 4); such that the proportion of the increased risk 

estimate associated with low educational attainment not explained by smoking alone was 

58%; by smoking and alcohol combined was 31%; by smoking, alcohol and diet was 29% 

and by smoking, alcohol, diet and other tobacco use was 23% (% computed from Table 4). 

The model adjusting for smoking and alcohol (Table 4 model 3) was adjusted further by 

including the cross-product terms involving alcohol and smoking to account for interaction 

on a multiplicative scale, however no further attenuation was observed (data not shown). 

Among those who never smoked, never used other tobacco and never drank alcohol lower 

educational attainment remained associated with >50% increased risk (OR = 1.61; 95% CI = 

1.13–2.31). Low relative to high household income was associated with a similar increased 

risk of head and neck cancer (OR = 2.44; 95% CI = 1.62–3.67) and 39% of this risk was not 

explained when adjusting for smoking and alcohol (Table 4).

Using our complete observation only dataset analysis, we observed very similar effects 

where low relative to high educational attainment was associated with an increased risk of 

head and neck cancer (OR = 2.12; 95% CI = 1.59–2.84), with those in the intermediate level 

of educational attainment conferring an intermediate increased risk (OR = 1.69; 95% CI = 

1.35–2.11; Supporting Information Table S4).

Figure 1 shows a forest plot of the study-specific risk estimates for low relative to high 

educational attainment (OR = 1.86; 95% CI = 1.54–2.25) and low relative to high household 

income (OR = 1.82; 95% CI = 1.57–2.11) in the models adjusting for age, sex, centre, 

smoking and alcohol behaviors. These results vary slightly from Table 4 due to using the 

data from the lowest and highest strata available (rather than limited to the absolute low and 

high categories used throughout). Studies that contributed to the heterogeneity of the overall 

pooled estimates were investigated using Galbraith radial plots (Supporting Information 

Figs. S1 and S2). Studies were removed in an iterative process until no further significant 

heterogeneity was observed. The examination of heterogeneity observed in the overall 

analysis of both education and income investigated no single factor was identified as the 

main cause of heterogeneity (results not shown).

After adjustment for smoking and alcohol behaviors the risk associated with low education 

was greatest among those from higher income inequality countries OR = 1·65 (95% CI = 

1.27–2.15), although there was not a clear pattern across the other levels of country income 

inequality (Table 5). There was a tendency for more of the effect associated with low 

education to be left unexplained by smoking and alcohol in middle- and higher-income 

inequality countries.

Significant variation was observed in the risks associated with low relative to high education 

for the head and neck cancer subsites (p < 0.05). The association was stronger for 

hypopharyngeal and laryngeal cancers than for oral cavity and oropharyngeal cancer. After 

adjustment for smoking and alcohol behaviors there were no significant differences; 

however, there was a tendency for more (around two thirds) of the risk associated with low 

education to remain unexplained by smoking and alcohol for oropharyngeal cancer 

compared to (around one-third for) all other head and neck cancer sites (Table 5).
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The risk of head and neck cancer tended to be more strongly associated with lower 

educational attainment in North American studies and South/Central American studies than 

with European studies. There was full attenuation of this risk association by adjustment for 

smoking and alcohol behaviors in European studies. By contrast, in the North American and 

South/Central American studies adjustment for smoking and alcohol left substantial 

socioeconomic risk unexplained by smoking and alcohol (Table 5).

The risk associated with low relative to high educational attainment was lower for oral 

cavity in studies from Europe compared with those in North America and South/Central 

America, but stronger for larynx cancer in North America compared with other regions 

(Supporting Information Table S5). The proportion of the risk left unexplained by smoking 

and alcohol behaviors by subsite and region was highly variable.

The risk associated with lower educational attainment varied across global regions by sex 

and age subgroups (Supporting Information Table S6). We observed that it was only in the 

European studies where the elevated risk associated with lower educational attainment was 

found only among men and not in women. However, after adjustment for smoking and 

alcohol behaviors these differences do not remain significant as the elevated risk 

associations among women in both North and South/Central America were attenuated.

Discussion

Our results from this large pooled analysis indicate that low SES is a strong risk factor for 

head and neck cancer. We found that variation in the influence of SES on the risk of head 

and neck cancer exists across the world and that there is increased risk associated with both 

lower income levels and lower educational attainment with the strongest effect remaining 

among those from higher income inequality countries. We also showed that these findings 

are not confined to men, nor to older people and they are not entirely explained by the 

traditional recognized lifestyle behavioral risk factors of smoking and alcohol, nor by diet or 

other tobacco use, although residual confounding could not be ruled out.

The lowest levels of income and educational attainment are associated with a more than 2-

fold increased risk of head and neck cancer, which remain elevated, although strongly 

attenuated after adjusting for smoking, other tobacco, alcohol and diet risk factors. 

Adjustment for these behaviors reduced the increased risk associated with low educational 

attainment by around two-thirds, leaving a potentially unexplained risk, suggesting that low 

SES confers risk that operates through pathways other than through these risk behaviors. 

This finding was further supported by the strong association with low educational attainment 

remaining in the analysis restricted to those who were never smokers, never tobacco users 

and never drank alcohol and by no studies showing the converse significant association of 

increased risk associated with higher educational attainment.

Differences in the smoking epidemic by region, sex and SES may help explain the global 

differences we observed. North24 and South25 American smoking prevalence declined in the 

late 20th Century, but those with lower educational attainment, regardless of gender or 

ethnicity, had a higher prevalence of smoking over time and smoked longer.26,27 Prevalence 
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among men remains greater than among women, but there has also been a more rapid and 

greater decline in smoking prevalence for men than women irrespective of educational 

attainment.24,28 Our findings of a sustained effect associated with low education after 

adjusting for smoking and alcohol in North and South/Central America compared with 

Europe is consistent with earlier INHANCE analyses, which found the risk of head and neck 

cancer associated with smoking and alcohol was lower in North America.19,29 These 

differences were considered to be potentially due to variation in the tobacco carcinogen 

content of cigarettes (which have also changed over time)30 or could be due to other aspects 

of smoking behavior such as the depth of inhalation or interaction with alcohol. Alcohol 

consumption on its own has been shown to exert a weak risk association for head and neck 

cancer, however, in combination with smoking the risk is synergistically elevated29,31, 

although we did not observe magnified attenuation when we included adjustment for the 

interaction between cigarette smoking and alcohol. Hashibe et al (2009) reported a 

significant lower population attributable risk associated with tobacco and alcohol in North 

America relative to Europe or South/Central America, which was perhaps due to the lower 

proportion of cases who both smoked and drank alcohol in North America.29 These 

geographical differences suggest that other risk factors varying across populations may be 

more important in relation to explaining the socioeconomic associations with head and neck 

cancer risk. The role of sexual history and HPV are beginning to emerge as a potentially 

more important risk factor in North America13 compared with Europe32–34 or South 

America33 – particularly for oropharyngeal cancer. However, this is unlikely to explain 

these differences as sexual history and HPV do not seem be associated with low educational 

attainment.13

Our findings that the risk associated with lower educational attainment was stronger for 

hypopharyngeal and laryngeal cancers than for oral cavity and oropharyngeal cancers and 

that adjustment by smoking and alcohol attenuated substantially less for oropharyngeal 

cancer is consistent with the evidence related to the risk associated with smoking which 

shows a similar pattern.35 Here, oropharyngeal cancer is the site least associated with 

socioeconomic differences and the site for which socioeconomic differences are least 

explained by smoking and alcohol behaviors, which is also consistent with earlier findings 

that oropharyngeal cancer is strongly associated with HPV and risk factors for HPV-positive 

oropharyngeal cancers seem to differ from those of other head and neck cancers.13

The causal mechanisms between low educational attainment or income and disease are via 

behavioral lifestyle factors36 and/or through psychosocial, material and life-course 

pathways.37 We have observed both an attenuation of the risk associated with low education 

in relation to head and neck cancer by behavioral factors and also an as yet unexplained 

“direct” risk. Causal inference of low educational attainment is considered problematic on 

two counts—first, by the potential for reverse causation (i.e., low educational attainment 

itself is caused by underlying childhood health that could also be involved in the aetiology 

of the disease—although in terms of head and neck cancer this seem unlikely) and secondly 

by unobserved third variables such as IQ or time preference (whether one places emphasis 

on their present or future wellbeing), rather than educational attainment per se.38
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Our findings should be interpreted in light of several limitations inherent in pooled 

individual participant data analyses. Our first major concern was the heterogeneity across 

studies especially given the high number of studies from across the world. Much work has 

been done by INHANCE to ensure standardization of case-definition and smoking and 

alcohol variables within the dataset. Here we endeavored to standardize education levels 

using the UNESCO ISCED, which is a recognized instrument for cross-country education 

analysis39,40; and to standardize household income categories into US dollars in absolute 

terms as reported. Changes in the education systems (albeit unlikely in the relatively short 

time-frame covered by included studies) and in the absolute value of income over time are 

nevertheless potential limitations of the data. Heterogeneity was detected in the vast 

majority of associations and was mitigated as far as possible with random-effects logistic 

regression models. There were also limitations in the interpretation of our mediation 

analyses; we assumed no interaction between SES and behavioral factors in the risk of 

developing head and neck cancer and we assumed there were no unmeasured confounders of 

the association between behaviors and cancer risk. Therefore, we computed the proportion 

of the SES effect not attributable to behavioral factors.

Our approach, adjusting for several metrics of smoking, tobacco and alcohol behavior 

variables and also including analysis in never smokers, other tobacco users or alcohol 

drinkers, attempted to limit the effects of potential residual confounding associated with 

these behaviors. However, we have to acknowledge the risk of residual confounding 

remains. Inconsistent results have been reported in the literature with regard to the 

relationship of between SES and reported smoking behaviors, with higher rates of under-

reporting of smoking among men and women with lower education attainment in the United 

States,41 but no such differences reported in European studies.42 This could explain some of 

the differences in attenuation of the head and neck risk associated with education by 

behaviors we observed between regions. Furthermore, we were also unable to adjust for 

other potential risk factors, which could explain the association with low educational 

attainment such as HPV infection or working conditions and/or occupational exposures, the 

latter previously identified as a potential explanatory factor for socioeconomic inequalities 

in head and neck17 and for lung cancer.43

We did not identify any substantial differences in results between sources of control 

subjects, which reassures against the risk of selection bias, particularly associated with 

hospital source controls. Moreover, there was some variability in control matching factors 

across studies (Table 1). A number of studies matched on neighborhood, residence and 

ethnicity, all which could potentially overmatch on socioeconomic factors and could have 

led to an underestimate of the SES effect observed. A final limitation of our study was the 

lack of data from Asia, particularly South East Asia where incidence of head and neck 

cancer is high.2 Moreover, we investigated potential publication bias via visual examination 

of a Funnel plot, which indicated no significant publication bias (Supporting Information 

Fig. S3).

In conclusion, we found that a third of the risk for head and neck cancer associated with low 

education was not explained by the major behavioral risk factors, which chimes with 

previous estimates that 70% of head and neck cancers are “avoidable” by lifestyle changes
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—particularly smoking and alcohol behaviors.29,31 Therefore, lifestyle factors need to be 

considered in their socioeconomic context—both with regard to understanding the disease 

aetiology, but also in relation to prevention.

The consistent risk associated with low education for head and neck cancer is a cause for 

concern. The differences in head and neck cancer subsite, age, sex and region, provide some 

potential direction for future aetiological research to better understand the causes of this 

disease. The association of low education with head and neck cancer risk even after 

thorough adjustment for known behavioral risk factors indicates the potential role of yet 

unidentified risk factors and pathways that are associated with SES.

This knowledge could also begin to more explicitly underpin the development of more 

tailored preventive approaches for head and neck cancer, including risk profiling with SES 

as developed for other conditions such as cardiovascular disease,44 but thus far largely 

ignored in relation to head and neck cancer.45
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(InVS); Fondation de France; Ministry of Health; International Multicenter Study Grant sponsor: Fondo de 
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01/5013, and International Union Against Cancer (UICC) and Yamagiwa-Yoshida Memorial International Cancer 
Study Grant; Boston Study Grant sponsor: NIH US; Grant numbers: R01CA078609 and R01CA100679; Baltimore 
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What's new?

Head and neck cancer is among the most common and increasing cancers in the world. 

Besides smoking, alcohol drinking, and human papilloma virus infections, low 

socioeconomic status has been implicated as one of the most important risk factors for 

this cancer type. This large multinational study authoritatively confirmed that lower 

education status and lower income are associated with increased risk for head and neck 

cancer development. Smoking and alcohol consumption could not entirely explain the 

risk associated with low socioeconomic factors, and therefore, as the authors argue, need 

to be more explicitly recognized in the etiology associated with head and neck cancer.
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Figure 1. 
The risk of head and neck cancer associated with low relative to high education and low 

income relative to high income adjusted for smoking and alcohol behaviors, by study and 

pooled. OR: odds ratios; 95%CI: 95% confidence intervals *USA Multicenter, Baltimore 

HOTSPOT, China (Beijing) no lowest group, second group (1v2 or 2v5). Squares: study 

specific OR; Size of the squares: determined by the inverse of the variance of the log OR. 

Horizontal lines: study specific 95% CI; Diamond: summary estimate combining the study 

specific estimates with random-effects models adjusted for age, sex, center, smoking 

[smoking status, smoking pack years (continuous), cigarettes per day] and alcohol (alcohol 

drinking status and alcohol frequency); Width of diamond: summary estimate 95% CI Solid 

vertical line-OR of 1; Dashed vertical line-summary OR, “X studies removed refers to when 

studies leading to heterogeneity were removed.
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