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Abstract

Background: Oral cancer is a malignant disease contributing to one third of the total cancer
burden in India. There is a worldwide social disparity in oral cancer incidence and survival.
Life course epidemiology has shown that early-life socioeconomic conditions (SEC) could
influence adult health through various pathways. Thus, the socioeconomic disparities in the
occurrence of oral cancer underscore the importance of understanding the ‘life course
processes’ operating between SEC at different stages in life and oral cancer. In addition to
understanding socioeconomic disparities, practical solutions are required to reduce the burden
of the disease. Early diagnosis and prompt treatment could reduce morbidity and mortality.
Though visual screening helps in early diagnosis, it requires training and calibration of the
screeners. Developing a simple screening model that can be utilized by untrained health care

workers will be helpful in triaging asymptomatic adults with oral cancer.

Therefore a study was designed with the following hypotheses.
Research hypotheses

1. Accumulation of socioeconomic disadvantage over the life course is associated with
oral cancer in the Indian population.

2. Early-life socioeconomic disadvantage has a lasting effect on the oral cancer outcome
in adulthood in the Indian population.

3. An oral cancer screening model developed for the Indian population, to screen high-

risk people from rural/remote areas, has good predictive ability.

Methods: A multicentre hospital based case-control study was conducted between July 2011
and August 2012 in Karnataka, India. Cases were newly diagnosed oral and oropharyngeal
cancer patients and controls were patient-visitors or patients seeking care for other reasons.
Data were collected through direct interviews, oral examination and record abstraction. Cases
were ascertained from hospital records. A semi-structured questionnaire was designed to
collect life course information on SEC, family structure, housing conditions, parental habits
of tobacco, quid and alcohol use, parental education, family history of malignancy,
participants’ own diet, tobacco, quid, alcohol use and oral hygiene behaviour. A life-grid was
used to improve recall accuracy. All consenting participants underwent an oral examination
following an interview by a trained examiner. Oral soft and hard tissues were examined for

the presence of any oral mucosal lesions, teeth present and oral hygiene status.

xii



Data were analysed using SAS v 9.2. Conventional logistic regression models were used to
determine the associations between life course SEC and oral cancer. Marginal structural
model (MSM) was built to estimate the controlled direct effect of childhood SEC on oral
cancer in adulthood. The validity of effect measures was checked with sensitivity analysis. A
multivariable logistic regression model was used to develop a screening model for identifying
individuals at high-risk for developing oral cancer. The development of the model involved
deriving risk scores for the predictors of oral cancer. The predictive ability of the screening

model was examined with c statistics, sensitivity, specificity and predictive values.

Results: A total of 180 incident cases and 272 controls participated in the study. Of them, 163
cases and 264 controls had complete information on SEC at all three stages. Nearly two-thirds
(65%) of participants were stable in low SEC across all stages. Low SEC at all the three
stages (childhood, early adulthood and later adulthood) was associated with oral cancer after
adjusting for age and sex. The association was strongest for those who remained in the low
SEC at all the three stages. Odds ratios (OR) for oral cancer in socially mobile groups were
intermediate to that of the stable groups. The largest differences in OR for oral cancer were
observed between the stable groups.

The total effect model showed that the risk was 63% [Risk ratio (RR) =1.63 (95% CI = 1.38—
1.92)] higher for those who lived in low SEC in childhood than for those in high SEC. From
the MSM, the estimated risk for developing oral cancer for those in low SEC during early-life
was 48% [RR = 1.48 (95% CI = 1.43-1.53)], 24% [RR = 1.24 (95% CI = 0.88-1.74)] and
94% [RR = 1.94 (95% CI = 1.66-2.27)] greater than those in the high SEC after controlling
for smoking, chewing and alcohol respectively. However, the adjusted effect of low SEC on

oral cancer was null when analysed using conventional regression.

A screening model was developed using statistical methods that involved smoking, chewing
quid and/or tobacco, alcohol, family history of upper aero-digestive tract (UADT) cancer, diet
and oral hygiene behaviour as predictors. Total risk score that was derived from odds ratio
ranged from 0 to 28. Area under the curve of the Receiver Operating Characteristic (ROC)
curve for risk scores was 0.866. The sensitivity (0.928) and negative predictive value (0.927)
were higher while specificity (0.603) and positive predictive value (0.607) were lower for risk

scores cut-off of 6.

Conclusions: Low SEC in childhood and early adulthood are important in determining oral

cancer in later adulthood. Early-life socioeconomic disadvantage increases the risk for oral
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cancer that is not mediated by later life risk factors when MSM was used. The developed
screening model using risk scores had satisfactory predictive ability in the study population.
However, validation of the model in other settings is necessary before it can be recommended

to identify subgroups of the people to be referred for further clinical evaluation.
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Chapter 1: Introduction

1 Introduction

‘No man, even under torture can say what a tumour is’

-Rudolf Virchow

Oral cancer is a disease of antiquity. Sushruta Samhita, a Sanskrit treatise of surgery, written
in the Indian context gives a description of oral cancer. Its aggressiveness to spread locally
involving surrounding structures causes disfigurement, affects function, and leads to physical

and psychological discomfort ultimately affecting quality of life.

This chronic disease is a public health problem both in developing as well as developed
countries. Around the world about 274,300 new cases of oral cancer occur each year, of
which almost two-thirds are from developing countries (Petersen, 2005). Oral cancer is one
among the four most common cancers in India (Ferlay et al., 2010b). It contributes to one-
third of the total cancer burden in India, and continues to increase in epidemic proportions

(Parkin et al., 2005; Johnson et al., 2011b; Gupta et al., 2012).

In India, where approximately two thirds of the population live in rural areas where lower
educational attainment co-exists with a higher prevalence of tobacco and alcohol, a lack of
knowledge about the potential harmful effects of tobacco, quid, and alcohol — all of which
complicate the scenario. Oral cancer is mainly related to tobacco and alcohol use, and largely
preventable. Since the introduction of pan masala and gutkha (blends of tobacco, areca nut,
lime and catechu) in the 1970s in India, the epidemic of oral cancer has increased (Nair et al.,
2004; Gupta et al., 2012). Furthermore, it is of note that socio-demographic correlates exist
for oral cancer and its risk factors. Globally, socioeconomic inequalities in the incidence and

mortality from oral cancer exist (Johnson et al., 2011b), and this is no exception in India



(Rajamanickam et al., 2007; Madani et al., 2010a). People at a higher risk of developing oral
cancer are those living in low socioeconomic conditions (SEC) (Conway et al., 2008). Health
behaviour is socially patterned (Kuh and Ben-Shlomo, 2004). Oral cancer and its main risk
factors, such as tobacco and alcohol use, have social determinants (Neufeld et al., 2005;
Rooban et al., 2010; Palipudi et al., 2012). People living in low SEC are more likely to

develop behavioural risk factors for chronic diseases at an early age (Lynch et al., 1997).

Research on the socioeconomic inequalities in the occurrence of oral cancer has focused on
the SEC in adulthood. Although this approach helps in assessing the association between SEC
and oral cancer, it does not take into account the temporality of the relationship. The
prolonged empirical induction period (Rothman, 1981) for oral cancer (i.e. the duration
between exposure to causative factors and diagnosis of disease) signifies that the exposure to
risk factors could have occurred earlier in life. Thus, it is imperative to consider the timing,
duration, and later modification of exposure to risk factors. There is no empirical evidence to
demonstrate whether SEC during early or later years of life determine the development of oral
cancer in adulthood. Recent developments in life course epidemiology have shown that early-
life SEC are determinants of health in adulthood (Power et al., 2005). Early-life SEC could
influence adult health through various pathways. Thus, the socioeconomic disparities in the
occurrence of oral cancer underscore the importance of understanding the ‘life course

processes’ operating between SEC at different stages in life and oral cancer.

Despite the technological advances in diagnostic techniques and treatment, the survival rate in
India is around 50% (Warnakulasuriya, 2009a). The disease is also still a cause of high
morbidity and mortality in other countries. In a country like India, many of the cases reported
are from rural areas where access to health care is less than in urban areas. Lack of knowledge
about oral cancer in rural people, and financial difficulty in affording for health care services

in urban areas may lead to further delay in the presentation of cases. As a result of the delay,



the disease would have progressed to advanced stages that would then have a poor prognosis.
Screening programs to find oral cancer cases in the early stages could reduce morbidity and
mortality. Identifying high-risk individuals could help in controlling oral cancer by creating
awareness of oral cancer and its risk factors. A simple screening model would be helpful in

screening high-risk individuals.

1.1 Rationale

India is a developing country. It is the second most populous country in the world, with the
majority of people living in rural areas. Vast changes have been witnessed in the social
structure of India since independence in 1947 (Mishra and Nayak, 2006). India, which was
and is still largely a rural and agrarian country, has undergone industrialisation and
globalisation post-independence (Jodhka). Associated with the changes in the socioeconomic
structure has been growth in the urban population with migration of people from the rural
areas in search of better opportunities for education and employment (Jodhka; Mishra and
Nayak, 2006). Consequential to the socioeconomic development has been an improvement in
health and educational facilities (Mishra and Nayak, 2006; Tharakan, 2008). However, there
is a wide disparity in health and access to health care services in India. While well-equipped
hospitals are present in urban areas, the health care services in rural areas are accessed
through primary health centres (Amrith, 2009). Many national health programmes have been
introduced to tackle both infectious and non-infectious diseases. The National Cancer Control

Programme is one among them, and it depends heavily on primary health care workers (GOI).

India is experiencing an increasing burden of oral cancer because of the growing incidence of
the disease (ICMR, 2010). It is well known that detrimental health behaviours such as the use
of tobacco, quid and alcohol are risk factors for oral cancer. However, there are still the

socioeconomic determinants, the ‘causes of causes’ (Marmot, 2005), which need to be



investigated. The increasing incidence and moreover, frequent occurrence of oral cancer
among the disadvantaged population demands investigation to discover whether the

socioeconomic disadvantage has a causal implication in the development of oral cancer.

The mortality from oral cancer is higher in India than many developed countries and is caused
by various factors such as poor nutritional status, advanced stages when diagnosed,
inadequate access to health care and lack of timely treatment. The paradox is that the mouth is
the most accessible area for visual examination, but oral cancer is still being diagnosed in its
later stages. Researchers have conducted a randomised controlled trial (RCT) to examine the
reduction in mortality due to the diagnosis occurring at early stages of oral cancer through
visual screening by primary health care workers (Sankaranarayanan et al., 2013). However,
employing visual screening requires training and periodic assessment of the screeners, and
this questions whether the program is sustainable. Moreover, when primary health care
workers are also involved in other national health programmes, their rigorous training and
periodic assessment may limit their use in visual screening programmes. In such a situation,
untrained personnel could be employed to triage asymptomatic individuals at high-risk for
oral cancer when no screening programs exist in settings with restricted resources. Thus, there
is need for a simple and easy screening model that could be used by untrained personnel to

identify high-risk individuals in rural and remote areas.

Therefore, it will be very timely, and appropriate, to examine the association of SEC at
different stages over the life-course with the development of oral cancer in adulthood, and to
develop a screening model to identify high-risk individuals. A study was designed with the

following research hypotheses, aims and conceptual framework:



1.2 Research hypotheses

1. Accumulation of socioeconomic disadvantage over the life-course is associated with
oral cancer in the Indian population.

2. Early-life socioeconomic disadvantage has a lasting effect on the oral cancer outcome
in adulthood in the Indian population.

3. An oral cancer screening model developed for the Indian population, to screen high-

risk people from rural/remote areas, has good predictive ability.

1.3 Aims

1. To explore the critical period, social mobility, and accumulation models operating
between socioeconomic conditions at different stages in life with oral cancer, in the
Indian population.

2. To estimate the controlled direct effect of childhood socioeconomic conditions on oral
cancer in adulthood, in the Indian population.

3. To develop and validate a screening model for oral cancer using risk scores in the

Indian population.

1.4 Conceptual frameworks

Conceptual frameworks were developed to address specific aims.

1. Aiml: The first aim was to explore socioeconomic disparities in oral cancer using the
three life-course models (critical, accumulation, and social mobility). The exploratory
model was used to examine how SEC in childhood (6-10 years), early adulthood (20-
25 years), and later adulthood (at the time of interview) is associated with the oral
cancer. The critical period model gives information on the irreversibility of the effect,

while the accumulation and social mobility models give an indication of accumulation



of the effect over the life-course and modification by later-life exposure, respectively.
The framework included confounders of exposure-outcome relation to obtaining
unconfounded estimates, but it did not include the mediators (behavioural risk
factors), in order to avoid collider bias.

Aim 2: The second aim was to examine the causal association between the child SEC
and oral cancer in adulthood. For the causal approach, a conceptual framework was
developed employing a directed acyclic graph (DAG). The exposure, intermediates,
and covariates were considered in the temporal sequence following the order of
occurrence of each factor in the life-course of individuals. A DAG helps in visualising
the direction of relations between the variables and in identifying mediators and
confounders. The direct and indirect pathways through the mediators, from the
exposure to the outcome, were identified with the DAG. Marginal structural model
(MSM) was employed to infer causal association between childhood socioeconomic
disadvantage and oral cancer.

Aim 3: For the third aim, various factors (such as paternal and maternal education,
childhood SEC, tobacco, quid, alcohol, diet, body mass index (BMI), family history of
upper aerodigestive tract (UADT) cancer, and oral hygiene practices) were examined
for their association with oral cancer. A prediction model for oral cancer was
developed with strongly associated predictors. The developed model was validated for

its prediction accuracy on a bootstrap sample.

1.5 Thesis structure

This thesis has been structured in publication format. Papers published/submitted for

publication have been included in different chapters. One paper is a narrative review and three

others are original research articles. However, additional chapters such as introduction, review

of the literature, methods and discussion are presented to provide a clear description of the
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research work. The three original research articles utilise exploratory, causal and prediction
models that are commonly used in epidemiology to address the aims. An overview of thesis

structure is as follows.

Chapter 1 sets the background for the life-course research on oral cancer.

Chapter 2 focuses on a review of the literature on oral cancer related to descriptive
epidemiology, diagnosis, screening, risk factors, socioeconomic correlates of the disease and
its risk factors, life-course models and life-grid in interviewing. The narrative review

published in the Asian Pacific Journal of Cancer Prevention is a part of this chapter.

Chapter 3 describes the methods adopted in data collection for the life-course study in detail.

Chapter 4 explores different life-course models determining an association of SEC at different
stages with oral cancer. This chapter is prepared in publication format and submitted for

publication in the journal Advances in Life Course Research.

Chapter 5 examines the effect of early-life SEC on oral cancer adopting causal modelling
approach. This chapter is prepared in publication format and submitted for publication in

Epidemiology.

Chapter 6 reports on using life-course risk predictors to develop a screening model for oral
cancer. This chapter gives a detailed description of developing a model with a Prediction
Modelling approach. It also reports on the internal validation and predictive ability of the
model in the study population. This chapter is prepared in publication format and submitted

for publication in the journal Community Dentistry and Oral Epidemiology.

Chapter 7 presents a discussion of the research findings, strengths, limitations, implications

and conclusions of the research.



Chapter 2: Review of the Literature

2 Review of the literature
This chapter presents a detailed literature review of descriptive epidemiology, models in life-

course epidemiology, SEC and risk factors in the context of oral cancer.

2.1 Cancer of the oral cavity and oropharynx

Cancer is a malignant neoplastic disease where unlimited and uncoordinated growth of a
population of cells occurs within a tissue and invades the surrounding tissues, causing
destruction, and has the potential to spread to other parts of the body. Malignant neoplasms of
the oral cavity or oropharynx predominately originate from epithelial tissue, although
mesenchymal neoplasms can occur from, for example, bone, fibrous tissue and endothelial
cells. Epithelial-derived neoplasms are classified as carcinomas and can arise from the
epithelium of the oral cavity, oropharynx and salivary glands, as well as, less commonly,
residual odontogenic epithelium within the jaw. Among them, squamous cell carcinoma

(SCC) is the most common type.

By definition, SCC is ‘an invasive epithelial neoplasm with varying degrees of squamous
differentiation and a propensity to early and extensive lymph node metastases occurring
predominantly in alcohol- and tobacco-using adults in the fifth and sixth decades of life’

(Steinherz et al., 1986).

2.2 Clinical aspects

In this thesis, ‘Oral cancer’ is used as a collective term for oral cavity and oropharyngeal
cancers. Clinical examination is the first step in the diagnosis of oral cancer. The oral cavity is

easily accessible for inspection and palpation; these are conventional and basic methods in



oral cancer screening. Further details about the cancerous lesions/conditions are obtained with
advanced diagnostic procedures that include histopathological examination and various

imaging techniques.

2.2.1 Clinical features

Oral cancer is a silent disease in the initial stages, when the symptoms are either absent or
very vague, and very minimal clinical findings are obvious from physical examination. Oral
cancer may sometimes develop subsequent to other conditions in the mouth, referred to as
oral potentially malignant disorders (OPMD). In many cases, the oral cancer lesion would be
in advanced stages at the time of presentation to health care professionals. The signs and
symptoms include a rapidly growing tumour mass with or without ulceration, a chronic non-
healing ulcer, difficulty in speaking, trismus, dysphagia, bad breath and mobile teeth (Johnson
et al., 2005). There may be pain when the lesion is infected or when there is secondary

involvement of nerves, and occasionally spontaneous bleeding (Johnson et al., 2005).

2.2.2 Diagnosis

Advanced diagnostic tools used for diagnosis of oral cancer are magnetic resonance imaging,
computed tomography, in and intra-oral radiographs and orthopantomographs. The gold
standard test for diagnostic confirmation is histopathology. In some cases, when the
presentation is only a neck swelling, fine needle aspiration cytology is performed (Johnson et

al., 2005).

2.2.3 Histopathological types
Considering cancers of epithelial origin in the oral cavity and oropharynx, SCC is the most
common type, comprising nearly 90% of diagnosis (Mashberg, 2000; Johnson, 2001;

Sargeran et al., 2008). Other types, such as verrucous carcinoma, adenosquamous carcinoma,



mucoepidermoid cancer, adenoid squamous cell carcinoma cuniculatum and others, comprise

the rest (Johnson et al., 2005).

2.2.4 Staging and prognosis

Staging of oral cancer is essential for treatment planning and also to estimate the prognosis
(Baker, 1983). Staging is done mainly pre-operatively, but the stage may change due to
additional findings intra-operatively (Asthana et al., 2003). Imaging techniques are employed
to describe the morphology of the tumour, based on which Tumour Nodal Metastasis (TNM)
staging (AJCC, 2012) is performed. The stage advances as the tumour grows in size and
invades surrounding structures like cortical bone, muscles of the tongue, floor of the mouth,
sinuses and facial skin and with regional metastasis to lymph nodes. There could be distant
metastasis but this is rare. As the stage advances, the prognosis worsens, resulting in poor
survival rates following cancer therapy. In addition to the cancer itself, other factors (such as
the presence of co-morbidity, poor nutritional status, age, tobacco and alcohol use) affect the

rate of survival (Ebrahimi et al., Online first Aprill, 2014).

2.3 Screening for oral cancer

Oral cancer is a disease that is suitable for screening because it satisfies some of the criteria of
conditions for which screening can be implemented (Wilson and Jungner, 1968). Diagnosis
differs from screening, depending on whom the tests are performed. Diagnostic tests are
performed when a person presents with signs and symptoms, whereas screening is done for a
person with no such signs and symptoms of the disease (Weiss, 2011). Screening can be
employed to triage asymptomatic people with oral cancer for referral to further undergo

diagnosis and treatment after diagnostic confirmation.
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Screening is defined by the United States (US) multi-sponsored Commission on Chronic
Ilness (CCI) as ‘the presumptive identification of unrecognised disease or defect by the
application of tests, examinations or other procedures that can be applied rapidly. Screening
tests sort out apparently well persons who probably have a disease from those who probably
do not. A screening test is not intended to be diagnostic. Persons with positive screening

result must be referred to their physicians for diagnosis and necessary treatment’ (CCI, 1957).

The above definition clearly distinguishes diagnosis and screening. In community settings,
mass screening is performed when the whole population is targeted. An example of this is a
RCT of a visual screening program for oral cancer detection conducted in Kerala, India
(Sankaranarayanan et al., 2013). The trial was carried out over a period of 13 years in which,
on average, 22,205 people were screened four times at 3-year intervals. However, selective
screening could be done for high-risk patients to reduce the number of negative persons
identified for referral (Wilson and Jungner, 1968). Nevertheless, dental visits provide

occasions for opportunistic screening by dentists (Lim et al., 2003).

2.3.1 Principles of screening
Wilson and Jungner (1968) have discussed 10 general principles of screening for early
detection of diseases. In this section, the principles of screening have been reviewed with

regard to oral cancer in India.

1. The condition sought should be an important public health problem
Oral cancer is a public health problem in India with high incidence and mortality rates.
The consequences are serious being physically, psychologically and financially

demanding for oral cancer patients if not treated in its early stages.

2. There should be accepted treatment for patients with recognised disease

11



Accepted treatment modalities such as surgery, chemotherapy or radiotherapy are
provided in various cancer hospitals in India for early stages of oral cancer or OPMD.
As the TNM stage at diagnosis advances, the five-year survival reduces (Garzino-
Demo et al., 2006). Early detection and prompt treatment improves survival and
reduces the negative impact on quality of life of the affected patients.

Facilities for diagnosis and treatment should be available

Following screening, those with positive result should be provided with facilities to
undergo confirmatory diagnosis and treatment if the diagnosis is confirmed. There are
government cancer hospitals and registries in different regions of India. In addition,
there are private hospitals, mostly located in urban areas that provide diagnostic and
therapeutic services to cancer patients.

There should be a recognisable latent or early symptomatic stage

Oral cancer is a chronic disease with a long latent period. In its pre-cancer/early
stages, oral cancer remains asymptomatic but could be identified using visual
screening.

There should be a suitable test or examination

Oral visual examination is usually performed to detect oral cancer. However,
screeners require intensive training to perform visual screening to increase the
sensitivity and specificity of detection. New approaches may be devised, so that less
trained personnel may be used for mass screening programs.

The test should be acceptable to the population

Techniques such as mouth self-examination (Elango et al., 2011), oral visual
examination (Kumar et al., 2011) and toluidine blue application (Feaver et al., 1999)
have been found to be highly acceptable methods used to screen for oral cancer

(Paudyal et al., 2014).
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The other principles which follow have yet to be researched with regard to oral cancer
and include:

7. The natural history of the condition, including development from latent to declared
disease should be adequately understood.

8. There should be an agreed policy on whom to treat as patients

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed)
should be economically balanced in relation to the possible expenditure on medical
care as whole

10. Case-finding should be a continuing process and not a “once and for all” project

2.3.2 Screening techniques and their predictive ability

Easy access to physically examine the oral cavity makes visual examination a useful
technique to screen for cancer of the oral cavity. The primary/standard screening test for oral
cancer has been systematic visual examination. The World Health Organization (WHO)
provides a detailed guide to performing examination of the oral mucosa (Kramer et al., 1980).
Additional diagnostic aids include oral cytology, toluidine blue use to stain the malignant
lesions, and advanced light-based tests (Lingen et al., 2008). One of the requisites for
implementing a screening test is to identify the disease at the latent stage or while it is yet
symptom-free or early in the symptomatic stage (Wilson and Jungner, 1968). Therefore, a
screening test should be able to identify OPMD cases that have the potential to undergo

malignant transformation.

A systematic review of 36 reports published between 1966 and 2002 found insufficient
evidence to support the effectiveness of community-based visual screening to enhance early
detection of oral cancer (Patton, 2003). It suggested screening of high-risk individuals to

augment the effectiveness of such programs. Recently, in 2014, the United States Preventive
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Services Task Force (USPSTF) reviewed seven studies, many of which were conducted in
countries such as India and Taiwan that have a high incidence rate for oral cancer. It
estimated the predictive ability of visual screening for oral cancer and OPMD, as shown in
Table 2.1. The sensitivity and positive predictive value varied widely. The specificity ranged
between 54% and 99.9%. The negative predictive value of the visual screening was high

(73.3-99.3%).

Table 2.1 Predictive ability of visual screening as reported in 36 studies

Parameters Range (%)
Sensitivity 18.0-94.3
Specificity 54.0-99.9
Positive predictive value 17.0-86.6

Negative predictive value 73.0-99.3

Adapted from USPSTF (Moyer and Force, 2014)

According to the USPSTF review, the evidence was inadequate to support either the benefits
or harm of identifying oral cancer with visual screening. It also concluded that screening for
oral cancer and treatment of such screened oral cancer cases could improve five-year survival,
but the data were from only one RCT on visual screening (Sankaranarayanan et al., 2013).
However, these recommendations were directed towards primary health care workers as

screeners, and not specialists such as dentists or physicians (Moyer and Force, 2014).

Nevertheless, the randomised controlled oral cancer screening trial conducted in India was
able to show that screening improved the early detection of oral cancer cases in the
intervention group relative to the control group (Ramadas et al., 2003; Sankaranarayanan et

al., 2013). Thus, the mortality rate was lower because of screening. It could be more cost
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effective if the program was directed towards high-risk populations (Subramanian et al.,
2009). In addition, there were some drawbacks with the screening program such as problems
with logistics and non-compliance of those people identified as requiring further diagnosis

and treatment.

Many target groups have been utilised in the past as screeners. They can be broadly grouped
into specialists (trained dentists, physicians, otolaryngologists, surgeons, physicians) and
trained health care workers (primary health care workers and college graduate students)
(Patton, 2003). Systematic review and meta-analysis of seven studies demonstrated that the
discriminatory ability of primary health care workers and trained dentists was not different
(Moles et al., 2002; Downer et al., 2004). However, the primary health care workers had

received substantial training to perform the screening.

The advantages of screening include early diagnosis and reduction in morbidity and mortality.
The reduction in morbidity can further have an impact on the quality of life of the cases
screened and diagnosed with oral cancer. There are potential drawbacks of false-positives
from screening such as cost of confirmatory tests, travel costs, and also the anxiety created
among those identified for follow-up. The over-treatment of the precursor lesions (OPMD in
the form of surgery) that would have regressed adds to the cost (Moyer and Force, 2014).
Another drawback is the sustainability problem related to logistics and difficulty in training

the personnel in primary health care.

2.3.3 What more could be done?

In countries with a low incidence of oral cancer, opportunistic screening is better suited for
screening as it would be cost-effective (Warnakulasuriya and Cain, 2011). However, in
countries with high incidence, selective screening could be more cost-effective. For example,

there are untrained primary health care personnel who could be utilised to screen high-risk
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individuals in India. If a simple algorithm is developed using common risk factors of the
target population, it could be used by the untrained personnel to identify high-risk individuals,

it would be one step further towards controlling oral cancer and its adverse consequences.

2.4 Global epidemiology of oral cancer

2.4.1 Incidence

Oral cancer is a problem in many parts of the world. Oral cavity cancer along with
oropharyngeal cancer stands sixth in the position of the commonest cancers. In the European
Union, it is the eighth most common malignancy (Ferlay et al., 2010a). The incidence varies
widely across countries. South and Southeast Asian countries, France, Hungary, Brazil and
Papua New Guinea (PNG) are some of the countries with high incidence rates
(Warnakulasuriya, 2009a; Ferlay et al., 2013). The estimated age-standardised incidence rate
(ASIR) for the world is four per 100,000, including both men and women. The incidence in
men (ASIR = 5.5 per 100,000) is greater than in women (ASIR = 2.5 per 100,000). This
gender difference in the incidence is observed in both more developed and less developed
countries. The lowest incidence rates (ASIR = < 1.0 per 100,000) are seen in females in some
parts of Africa, Eastern Asia and some Pacific islands, while the highest incidence rate (ASIR

= 34.8 per 100,000) is observed in men from Melanesia (Ferlay et al., 2013).

Table 2.2 Countries with highest and lowest age-standardised incidence rates of oral
cancer in both sexes according to GLOBOCAN 2012 (Ferlay et al., 2013)

Continent Country with highest ASIR Country with lowest ASIR (Per
incidence (Per 100,000) incidence 100,000)

Africa France, La Reunion 12.0 Cape Verde 0.3

America France, Guadeloupe 10.4 Nicaragua 1.2

Asia Bangladesh 18.3 Kuwait 1.5

Europe Hungary 16.7 Cyprus 1.9

Oceania PNG 27.2 Samoa 1.2
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2.4.2 Trend

Globally, there has been a slight decline in the incidence rates of oral cavity and other
pharyngeal cancers among men and women over the past decade (2002-2012) (Ferlay et al.,
2010b; Ferlay et al., 2013). The incidence among men reduced from 6.3 to 5.5 for oral cavity
and 3.8 to 3.2 for other pharyngeal sites per 100,000 men. For women, the estimates declined
from 3.2 to 2.5 for oral sites and 0.8 to 0.7 per 100,000 for other pharyngeal sites. In the past,
the incidence increased in France until 1980 and declined between 1980 and 2000. In the
USA, incidence increased from 1995 to 2004 and has fallen since then (Warnakulasuriya,
2009a). The incidence rate of oral cancer in Australia is similar to other western countries
below the global rate, and showed a decreasing trend from 1982-2008 (Ariyawardana and
Johnson, 2013). In New Zealand, incidence rates for oral cavity cancers increased for both
men and women during 1957-1991 (Cox et al., 1995). Later studies showed that oral cavity
cancer incidence rate remained stable for both men and women in New Zealand between 2001
and 2010 (Elwood et al., 2014). Overall, there seems to be a fall in the incidence of oral

cancer.

2.4.3 Prevalence

The prevalence of oral cancer cases following diagnosis is low because of high mortality rates
except for lip cancer, for which the five-year survival rate since diagnosis is more than 90%.
The prevalence is lower with a greater number of years since diagnosis. The prevalence is
high in South Asian countries (India, Bangladesh, Sri Lanka, and Pakistan), some countries of

West Asia (Yemen), and Melanesia (PNG) (Bray et al., 2013).

The prevalence to incidence ratio (P:I) is 3.0 for oral sites and 2.8 for other pharyngeal sites
that includes the oropharynx for both men and women. The P:1 is similar for men and women

(Bray et al., 2013).
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2.4.4 Mortality and survival

The mortality rates are estimated for people diagnosed with oral cancer. According to
GLOBOCAN 2012 (Ferlay et al., 2013), mortality for both sexes was 3.6 per 100,000 due to
oral cancer. The age-standardised mortality was greater for men (4.9/100,000) than women
(2.6/100,000). In European countries, mortality specific to oral cancer increased between
1950 and 1980 (La Vecchia et al., 2004) and declined thereafter. The five-year survival rates
observed from Surveillance, Epidemiology, and End Results (SEER) Program data showed
that the survival rate increased from 53.3% in 1970-77 to 62.7% during 1999-2006 in the U.S.
(Altekruse et al., 2010). Age-standardised mortality in women has increased in some
European countries such as Hungary, Belgium, Denmark and Slovakia (Johnson et al.,
2011a). In Brazil, the mortality from oral cancer has remained stable for both genders

between 1979 and 2002 (Boing et al., 2006).

2.4.5 Socioeconomic inequalities in oral cancer

A social gradient exists for health. Social inequalities in various health outcomes have been
observed in both developed and developing countries. There are differences in the incidence,
mortality and survival specific to oral cancer (Johnson et al., 2011b). People of low SEC have
higher mortality and lower five-year survival post-therapy than their counterparts (Merletti et
al., 2011). This difference could be related to a delay in presentation, an individual’s
characteristics (such as nutrition, diet, awareness about the disease), as well as the uptake of
screening programs that have a socioeconomic component (Kumar et al., 2001; Ramadas et
al., 2008). Oral cancer is more frequently seen among those from the low socioeconomic
strata and those living in deprived areas. Low income, low levels of education and occupation
(Greenberg et al., 1991; Madani et al., 2010a; Boing et al., 2011) are linked to oral cancer in

developing and developed countries. It has also been found that regular tobacco and alcohol
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consumption have social determinants — where the regular use of tobacco and alcohol is
higher in the low SEC group (Neufeld et al., 2005; Rooban et al., 2010; Noonan and Dufty,
2014). It is believed that the social inequality in oral cancer may be explained by the risk
factors. Still, there is some extent of risk among people of low SEC that is not explained by
their behaviour (Greenberg et al., 1991; Boing et al., 2011). A recent report states that SEC
are risk factors for oral cancer independent of health behaviours (Conway et al., 2008). Some
studies done to understand the relationship between SEC and oral cancer have been reviewed

below.

2.4.5.1 Studies conducted using individual-based measures

Elwood et al (1984) found from a Canadian case-control study that unskilled workers had a
higher adjusted odds ratio (OR = 1.6, 95% CI = 1.0-2.5) than skilled workers/professionals

for developing cancers of oral cavity, pharynx and larynx.

A hospital-based case-control study conducted in Italy showed that oral cavity cancers were
more common among farmers and manual labourers than clerical/professional workers

(Franceschi et al., 1990).

Ferraroni et al (1989) observed a strong inverse association of social class and education with

mouth and pharyngeal cancer in Italy.

Greenberg et al. (1991) in their U.S. study, investigated relation between individual
socioeconomic measures and oropharyngeal cancer among male cases and controls.
Education and occupational status were not associated with oropharyngeal cancer. However,
marker of social insecurity, low (<82.6) and medium (82.6-92.6) percentage of years worked

were independently positively associated with oropharyngeal cancer.
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Choti and colleagues (1991) in 1986-89, studied the distribution of oral, pharyngeal and
laryngeal cancer cases, and controls by education and occupation in Korea. Cases were found
to be more commonly less educated (no schooling/primary school) and agricultural workers

or unemployed than controls.

A population-based case-control study (Dikshit and Kanhere, 2000) conducted in India
between 1986 and 1992 showed that no education (never versus ever) was associated with
oral cavity (OR =2.4, 95% CI = 1.5-3.7) and oropharyngeal (OR = 1.7, 95% CI 1.2-2.4)
cancers, when adjusted for age. The association disappeared when adjusted for age, smoking

and quid chewing.

A multi-centre case-control study in Turkey showed that low education was associated with
oral cancer (Guneri et al., 2005). Cases were more commonly less educated and farmers than

controls. There was no relation between income and oral cancer.

In Brazil, a case-control study was conducted to examine the relation between occupational
status and oral/oro-pharyngeal cancer in males. The authors found that those who worked in
vehicle maintenance shops had higher odds (OR = 2.45, 95% CI = 1.14-5.27) for
oral/oropharyngeal cancer than other occupational groups after adjusting for age, alcohol and

smoking (Andreotti et al., 2006).

2.4.5.2 Studies conducted using area-based measures

The association between 2 year overall survival of oral cancer patients with neighbourhood
socioeconomic measures was studied in Taiwan (Lee et al., 2012). There was no difference in
survival by neighbourhood socioeconomic condition measured by neighbourhood income.

However, patients with low individual SEC living in disadvantaged neighbourhood had
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higher hazard ratio (1.46-1.64) than oral cancer patients with high individual SEC living in

advantaged neighbourhood.

Sharpe et al (2012) investigated socioeconomic inequalities in UADT cancers using area-
based deprivation measure - the Carstairs Index in Scotland. People living in most deprived
areas (Carstairs index 10) had higher relative risk than those living in least deprived areas

(Carstairs index 1).

2.4.6 Global epidemiology of risk factors for oral cancer

2.4.6.1 Tobacco and alcohol

Tobacco and alcohol use are the most preventable causes of oral cancer. About 75% of all
oral cancers can be attributed to tobacco in either smoking or smokeless forms (Radoi et al.,
2013a; Kamangar et al., 2009). Smokeless tobacco (SLT) use is reported by both men and
women, in developed and developing countries. Furthermore, SLTs are also used more
commonly by children and young adults (Pednekar et al., 2009; Edvardsson et al., 2012;
Agaku et al., 2013). It is available as finely chopped tobacco leaves, powder, and also
commercially packed flavoured tobacco in Southeast Asian countries; however, in developed
nations like the United States of America, Sweden and the United Kingdom, SLT is available
as dry and moist snuff (soluble or insoluble). The health implications of SLT in the American
and European populations may be far more extensive than previously believed. Although
some of the meta-analytical studies have concluded that the risk of oral cancer from SLT is
minor or moderate in European and American populations (Rodu and Jansson, 2004;
Weitkunat et al., 2007), its effect may have been masked by smoking (Conway, 2008).
Nevertheless, SLT has been established as a carcinogen (IARC, 2007). Moreover, the SLT in
America and Europe may be different from that of Asian countries. Asians and some of the

Asian migrants in America and Europe use SLT along with areca nut, lime and betel leaves
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that are more carcinogenic (Guha et al., Online first May 14, 2014). The tobacco-specific
nitrosamines content of Asian SLT products is greater than that of the American and

European products (Stepanov et al., 2005).

Tobacco smoking in various forms, such as cigars, cigarettes, bidis and pipes, is prevalent
across the world. There is considerable evidence that smoking plays an aetiological role in
oral cancer. Smoking has an independent effect (Talamini et al., 1990) and interacts with SLT
and alcohol (Ferreira Antunes et al., 2013; Petti et al., 2013b) to exert a joint effect which
increases the risk for oral cancer. Differences in the prevalence of smoking and alcohol habits

in men and women explain the gender differences in risk for oral cancer (Muscat et al., 1996).

There is evidence that alcohol is independently associated with oral cancer (Talamini et al.,
1998) contributing to 7-30% of the oral cancer (Boffetta et al., 2006; Radoi et al., 2013a).
Alcohol’s independent effect is less (Petti et al., 2013a; Radoi et al., 2013a) but it has a
synergistic effect on the carcinogenic potential of tobacco (Rajamanickam et al., 2007; Yen et

al., 2008b).

2.4.6.2 Diet

Diet has been investigated for risk enhancement and risk reduction for oral cancer. Dietary
intake of animal protein and fat is independently associated with oral cancer (Bravi et al.,
2013). Consumption of processed meat increases the risk of oral cancer more than the total
intake of red/white meat (Xu et al., 2014). Processed meat is frequently contaminated with
nitroso compounds, which are known carcinogens (Tricker and Preussmann, 1991). In
contrast, regular consumption of fish and dairy products reduces the risk (Levi et al., 1998).
Dietary consumption of legumes, vegetables and fruits is found to be protective against oral
cancer (Levi et al., 1998; De Stefani et al., 1999). In Brazil, reduced intake of fruits and

vegetables increased the risk for oral cancer, whereas rice and beans conferred protection
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against oral cancer (Marchioni et al., 2007). In some research, the protective effect of garlic
and onion intake against oral cancer has been studied. Among the Southern European
population, such ‘allium’ vegetables were associated with lower risk (Galeone et al., 2006).
Curcumin, a chief polyphenol compound present in turmeric, has been proposed to be anti-
carcinogenic, with support for the anti-cancer property of curcumin mostly from laboratory
studies (Sharma et al., 2006). However, the debate regarding the anti-carcinogenic property of

dietary items is still unresolved.

2.4.6.3 Poor oral health/hygiene

Poor oral hygiene has been associated with cancer, and increased mortality from cancer, as a
result of oral infection (Soder et al., 2012). Tooth loss and poor oral hygiene reflecting poor
oral health have been examined for an association with oral cancer (Talamini et al., 2000;
Balaram et al., 2002). An Italian study showed that oral hygiene and general oral condition
were marginally worse among cases than controls (Talamini et al., 2000). Zheng et al (1990)
found that people with missing teeth and those reporting not brushing their teeth higher odds
for oral cancer. The suggested pathways linking poor oral health and oral cancer are through
human papillomavirus (HPV) infection promoted by the presence of inflammatory sites in the
mouth (Tezal et al., 2012; Bui et al., 2013; Virtanen et al., 2013). The association is stronger
for sites in the oropharynx than the oral cavity (Tezal et al., 2012). Besides HPV infection,
other hypothesized explanation could be that oral cancer diagnosis is associated with irregular
dental visits (Langevin et al., 2012), which is also associated with missing teeth (Renvert et
al., 2011). The genetic studies support an interaction between alcohol and poor oral hygiene.
Among those with slow alcohol-metabolising genotype (ADH1B), salivary ethanol
concentration remains higher and for a longer duration which could be metabolised by

enormous micro-organisms in those with poor oral hygiene, thus increasing the risk of oral
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cancer (Tsai et al., 2014). Further evidence is required to understand the link between poor

oral health and oral cancer.

2.4.6.4 Body mass index

Body mass index has been linked to oral and pharyngeal cancers. Lean body mass has been
shown to enhance the smoking- and drinking-related odds ratio (OR) for oral/pharyngeal
cancer (Lubin et al., 2010), but no association was observed with oral/pharyngeal cancer
among never drinkers and never smokers (Nieto et al., 2003). On the contrary, overweight and
obesity was associated with a lower risk for oral cancer (Radoi et al., 2013b). The relation
between body mass and oral cancer is further supported by the data from a study in France
showing lower risk with a gain in body mass between the age of 30 years and two years
before the interview (Radoi et al., 2013b). There could be a potential bias from residual

confounding or reverse causation. However, the underlying mechanism is yet unclear.

2.4.6.5 Human Papillomavirus

Recently, in many countries, it has been noted that the incidence of cancers in sites such as
base of the tongue, tonsils and oropharynx (that are related to HPV infection) is increasing
(Nédsman et al., 2009; Auluck et al., 2010; Ariyawardana and Johnson, 2013), but not in other
oral cavity sites. HPV infection of the oral cavity has gained importance as an emerging risk
factor for oral cancer, being associated with a 3-5 fold higher risk. HPV subtypes 16 and 18
are found in 22% and 14% of oropharyngeal tumours respectively (Miller and White, 1996;
Sugerman and Shillitoe, 1997; Gillison and Shah, 2001; Lindel et al., 2001; Mork et al.,
2001). HPV infection is associated with poor oral health, sexual history, and improvement in
disease-free survival following the treatment of oral cancer (Furniss et al., 2007; Tezal et al.,

2012). However, the improved overall survival and disease-free survival for HPV-positive
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oral cancer patients was confined to oropharyngeal sites and not the sites in the oral cavity

(Ragin and Taioli, 2007).
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2.5 Epidemiology of oral cancer in Asia
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2.6 Conclusion

This part of the review has drawn data from published articles that differ in study design, to
narrate the scenario of epidemiology of oral cancer in Asian countries between 2000 and
2012. Comparison of estimates of oral cancer outcomes is limited because of the varying data
collection methods used in the studies. The surveillance methods differ from country to
country. While high quality data are available for incidence rates from cancer registries in
India, the incidence rates are estimated from regional data or frequency data in countries such
as Pakistan, Sri Lanka and Bangladesh. There are dissimilarities in the incidence rates of oral
cancer across different countries in Asia. While there are some common factors like the use of
tobacco, alcohol and quid chewing, there are some differences in the prevalence of habits, in
addition to some still unknown or unexplained factors, other than social and economic factors
in these Asian countries. High incidence is particularly observed in Asian countries with a
cultural practice of chewing quid. Recently available quid sachets like gutkha and pan masala
are used by children, men and women alike, and may increase oral cancer incidence. Tobacco
chewing along with smoking and alcohol are the main reasons for the increasing incidence of
oral cancer. Low SEC and diet low in nutritional value, i.e. lacking vegetables and fruits,
contributes towards the risk. In addition, viral infections, such as HPV and oral hygiene, are

other important risk factors.

(N.B. The paper on epidemiology of oral cancer in India concludes here)
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2.7 Causality in cancer epidemiology

2.7.1 Causality, causal inference and cancer

In cancer research, carcinogenicity of exogenous environmental factors is usually established
by the International Agency for Research on Cancer (IARC) and published in Monographs on
various toxins, chemicals, occupational and environmental factors. The evidence comes from
animal experiments, epidemiological studies and mechanistic considerations (Lagiou et al.,
2005). Many epidemiological studies have examined the association between the exposures
of interest and the disease/health outcomes. Exposure may be behaviour, a characteristic, or
an intervention. In cancer epidemiology causality, of an exposure is based on findings from
many observational studies that show an association between the exposure and outcome.
“Association” signifies a statistical dependence, which may be causal or non-causal.
Causation is different from association. Association can be in either direction while causation
is directed (Glymour and Greenland, 2011). Association between two variables in a sample
population is based on the relationship with the observed outcomes. Interpretation of an
association as causal or non-causal has been generally based upon Hill’s criteria, which
include strength, consistency, specificity, temporality, biological gradient, plausibility,
coherence, experimental evidence and analogy (Hill, 1965). Of the nine Hill criteria
temporality is of high importance in inferring causality. Nevertheless, the other eight criteria
are not considered as evidence for causality and may even hamper causal inference (Lanes

and Poole, 1984; Rothman and Greenland, 2005).

Causal inference is the central idea of epidemiology. Causation is thought of in counterfactual
terms — ‘what if not...” (i.e., counterfactual of the exposed is the unexposed and vice versa).
Therefore, an effect measure of an exposure on the outcome is defined counterfactually

(Rothman et al., 2011b). The judgement of causality is inductive (Rothman et al., 2011b). The
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counterfactual outcome is not observed, and is hence theoretical. Therefore, the individual
causal effect cannot be estimated because of missing data, whereas a population causal effect

can be sometimes estimated consistently, although indirectly (Hernan, 2004).

A cause is an exposure that increases the probability of occurrence of an outcome when all
other conditions are fixed (Kundi, 2006). There is a temporal relation between exposure and
outcome for causality. It is difficult to define a cause because most diseases are multifactorial.
Therefore, causal inference is a carefully drawn judgement based on the pre-condition that
confounding, potential biases and population equivalence have been thoroughly examined

(Kundi, 2006).

2.7.2 Study designs for causal inference

When the goal is causal inference, the estimates of the effect of exposure on the outcome
must be unconditionally unbiased or marginally unbiased (Rothman et al., 2011b).
Randomised controlled trials have been considered as the gold standard for inferring
causality. There is exchangeability and identifiability because all of the confounders are
considered to be randomly distributed (Greenland and Robins, 1986). The exchangeability
refers to comparability of the effect of treatment as causal because the study and control
groups are similar in all aspects except for the treatment. The identifiability refers to the
outcome that is only due to treatment. The changes in the outcome are observed following
intervention. However, it is not always possible or ethical to conduct RCTs to establish
causality (West et al., 2008). Therefore, it is essential to draw causal inference from
observational studies. For an exposure to be causative, ‘temporality’ is the main criterion, in
accordance with the natural history of the disease (Kundi, 2006). Data obtained from

observational studies employing cohort and case-control designs are compatible with the
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requirements of temporality. Nevertheless, appropriate causal analysis depends on an

understanding of the data collected and the design of the study (Robins, 2001).

2.7.3 Conceptual model for causal analysis

To tackle the problems of multifactorial causation, confounding, direct and indirect effects, a
conceptual model needs to be considered (Rothman et al., 2011b). In recent years, causal
diagrams or causal graphs have been developed to model causal pathways in epidemiology
(Greenland et al., 1999). These are called ‘Directed Acyclic Graphs’ (DAG). These graphical
methods help epidemiologists to intuitively understand confounding, selection bias, direct and

indirect effects when the aim is causal analysis (Rothman et al., 2011Db).

2.8 The life course approach for oral cancer

2.8.1 Relevance of the life course approach

Life-course epidemiology, since 1990s, has gained popularity in chronic disease research
because of its approach to identify biological, behavioural and psychosocial processes that
operate across the life span of an individual or a population (Blane et al., 2007). Life-course
epidemiology is defined as ‘the study of long-term effects on chronic disease risk of physical
and social exposures during gestation, childhood, adolescence, young adulthood and later
adult life’ (Kuh and Ben-Shlomo, 2004). The motive is to understand how the risks for a

disease develop with the time and timing of exposures (Kuh and Ben-Shlomo, 2004).

Oral cancer (like other chronic diseases) has a long latent period and induction time. The time
between the exposure and disease initiation, and its detection, is long. The prolonged

empirical induction period (Rothman, 1981) indicates that exposure could have occurred early
in life. There could be emergence of later risks (mediators) as a result of exposure to prior risk

factors (distal) with the progression of time. Further, the duration and timing of exposure to
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risk factors are also vital in determining their effects (Kuh and Ben-Shlomo, 2004). Life-
course studies are appropriate to investigate chronic disease when there is a need for addition
of a developmental dimension, to know whether there is a chain of risk that accumulates or
modifies earlier exposure (Pickles et al., 2007). Life course epidemiology places an emphasis
on temporality of an individual/population’s experience of social and environmental factors
within, as well as across, generations. Oral cancer is multifactorial; socioeconomic,
behavioural (tobacco, quid and alcohol) and biological (genetic) factors are involved.
Understanding the causal links among the socioeconomic, behavioural and biological factors

can be assisted by adopting a life-course approach.

2.8.2 Life course models
There are mainly two basic models in life-course epidemiology: the critical period and
accumulation models (Lynch and Smith, 2005). The pathway model can be considered as a

variant of the accumulation model (Blane et al., 2007). Each of these is described below.

2.8.2.1 The critical period model

This model is based on the latency concept. Exposure(s) during specific window periods,
which are sensitive/critical periods of development, have independent and long-term effects
on health. This may or may not be modified by later life risk/protective factors (Kuh et al.,

2003; Lynch and Smith, 2005).

2.8.2.2 The accumulation model

Risk from exposure at different critical periods or even in the absence of a critical period, risk
over the life-course may accumulate to influence health outcomes (Lynch and Smith, 2005).

The accumulation model is widely argued to be a social process and is supported by general
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health and oral health studies (Thomson et al., 2004; Blane et al., 2007; Peres et al., 2011a).
Accumulation of risk can be a co-occurrence of multiple exposures; for example, children
from poor SEC may have a poor diet, and health risk behaviours (Lynch et al., 1997). This
model focuses on the duration and the order in which exposure occurs. Accumulation may be
due to the cumulative effects of independent and uncorrelated exposures or correlated

exposure as in a chain of risk (Lynch and Smith, 2005).

2.8.2.3 The pathway model

The pathway model is based on the concept of a chain of risk factors, where one exposure
leads to another exposure. The pathway model is considered as an alternative version of the
accumulation model. For example, socioeconomic circumstances may influence oral hygiene,

or health behaviour may affect oral/general health (Kuh and Ben-Shlomo, 2004).

2.9 Social epidemiology of oral cancer

A question arises: ‘what is the need for social epidemiology in oral cancer research?’

Graham and Schneiderman in 1972 highlighted that cancer prevention should be directed
towards addressing sociological factors (Graham and Schneiderman, 1972). They stated that
social epidemiology helps in understanding ‘how the behaviour might lead to disease and how
modifying behaviour might prevent it” (Graham and Schneiderman, 1972). This is true as far
as the risk factors/health behaviours are concerned. Going beyond health behaviour, the aim
of social epidemiology is to address social factors that determine behaviour as well as the
disease. A disease of interest that has occurred in adulthood has been found to be consistently
associated with poor SEC in childhood (Kuh and Ben-Shlomo, 2004). Those living in poor
SEC in childhood attained lower levels of education and occupation subsequently in their life-

course. Low SEC in early life may influence negative behaviour that later leads to disease
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(Lynch et al., 1997). Considering inequality in oral cancer outcomes, as explained in previous
sections (2.4.5 and 2.5.10), there is a need to investigate how the SEC at different stages in
the life-course of an individual is associated with oral cancer. That means identifying the
stage in life at which SEC is more crucial in determining oral cancer and the causal effect of

early-life SEC on oral cancer that is not explained by the later-life risk factors.

Such an understanding is essential before undertaking any work to achieve a reduction in the

socioeconomic inequalities of oral cancer.

2.10 Socioeconomic measures in life course research

A requisite for quantification of social inequalities in health is to have a comprehensive
measure of socioeconomic status. The terms socioeconomic status and socioeconomic
position (SEP), have been explained by various researchers based on the interpretation of
terms. Socioeconomic status classification is based on the positions individuals occupy in the
society and the prestige associated with it. Socioeconomic position is ‘an aggregate concept
that includes both resource-based and prestige-based measures as linked to both childhood
and adult social class position’ (Krieger et al., 1997). It includes occupational prestige, wealth
and educational level. SEP may be measured at individual, household or neighbourhood
levels (Krieger et al., 1997). The level at which SEP is measured represents access to
resources. Social class can be at different levels over the life-course from infancy to
adulthood or current position (Shavers, 2007). Two main approaches have been proposed by
Kaplan (1999) for life-course measurement of SEP from infancy to adulthood or current
position in health research. They are compositional (refers to individual characteristics) and

contextual (refers to environmental characteristics of an individual) methods.
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2.10.1 Individual-level measures
Three main measures, such as occupation, education and income, are used at an individual or

household level.

2.10.1.1 Occupation

Occupation provides the linkage between education and income. It connotes access to
resources, social standing, social networks, working conditions and behavioural risk (smoking
and alcohol) (Galobardes et al., 2006a; Shavers, 2007). It may also relate to occupational
exposures to stress, and physical and environmental hazards (Galobardes et al., 2006a).
Furthermore, employment status and health may be related to each other in either direction.
According to social causation theory, employment status determines health outcomes, and,
according to the health selection theory, healthy people get work and remain employed for a
longer time (Ross and Mirowsky, 1995). This dilemma may be sorted out to some extent by
measuring SEP at different stages in life and by including details of the occupational role

(Krieger et al., 1997).

One of the limitations of basing SEP on occupation is the difficulty in SEP assignment for
dependants including children, spouses, unemployed, retirees, students, and those working in
unpaid or informal jobs (Shavers, 2007). However, for the currently retired or unemployed, a
previous occupation may be assigned (Grundy and Holt, 2001). For dependants, the head of
household may be used. The advantages are that it can capture change from parental to one’s

own SEP. It can also be collected with less recall bias.

In India, where joint family structure exists with many dependants, women are frequently

engaged in household roles (Bollen et al., 2001) and there are a large number of people
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working in informal/unorganised jobs, due consideration has to be given to the use of

occupation in measuring SEP.

2.10.1.2 Education

Education is a more commonly used socioeconomic indicator in epidemiological studies. It
influences both occupation and income (Shavers, 2007). It generally reflects the intellect of a
person. The better the education, the better are the job opportunities and the resources for
adopting health promoting behaviour (Shavers, 2007). Since education is usually completed
by early adulthood and is mostly stable thereafter, it limits the measurement of SEP thereafter.
Education is measured as the number of years of education completed, or as the highest level
of education attained. However, it can be used to measure changes from parental SEP to one’s
own SEP. It may be easier to measure, has a high response rate, and may be appropriate for
people of wide age ranges and of different occupations (Krieger et al., 1997; Galobardes et

al., 2006a). However it can differ in its relevance from cohort to cohort.

In the Indian context, to measure changes in SEP depending on education, many factors need
to be considered. With globalisation and revolutionary changes in the educational system
post-independence, there have been improvements in educational opportunities, including

those for women.

2.10.1.3 Income

Income is a direct measure of materialistic status and can change within a short period. Thus,
the dynamic aspect of income has to be taken into account in epidemiological studies (Krieger
et al., 1997). Family or household income does not consider the number of dependants, but
may be useful when measuring the income of non-earning members of the household.

Equivalised income considers the number of people in the family and associated costs
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(Galobardes et al., 2006a). It denotes the affordability to health care, nutrition, housing and
schooling (Adler and Newman, 2002). The response rate to questions about income is often

low, and recall bias is high.

In India, the difficulty in collecting information on income over the life-course can be more
biased for childhood and for women. Some of the occupations are unpaid, seasonal and may
be paid in material goods. For example, agricultural labourers may receive a part of the yield

from the fields as payment for their labour.

In the measurement of life-course SEP, careful consideration has to be given to the population
being studied, time, geographical location and dynamic changes with time. Each indicator of
SEP has a different meaning (Kaplan, 1999) and may explain different pathways to health

(Chittleborough et al., 2006).

2.10.2 Area-level measures

Area-level measures are contextual factors. At area-level SEP measures are used to examine
the influence of neighbourhood socioeconomic circumstances on health. The area-level SEP
may also be used as a proxy when individual-level SEP measures are not available
(Galobardes et al., 2006b). Measures are aggregated from units of small areas demarcated by

census tract or Zip codes, in which population is relatively homogenous.

Different area-based measures are used in different countries. Some of census-based SEP
measures used in the U.S. include proportion of working class, proportion of employed
persons in working-class occupation, proportion of people below poverty line, proportion of
households owning home, proportions of persons living in households with >1 person/room

and persons/square mile (Krieger et al., 1997).
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In UK census-based indices have been used to measure deprivation. Some of the indices
include Townsend index (Townsend et al., 1988), Breadline index (Gordon, 1995), Carstairs
deprivation index (Carstairs and Morris, 1989), and Jarman or underprivileged area score

(Jarman, 1983).

In a developing country such as India, it is difficult to collect life course data on
socioeconomic circumstances at an area-level. Therefore, individual-level socioeconomic

measures were used in this study.

Notes: In this thesis, education and occupation have been used as socioeconomic measures
depending on the conceptual framework used to address each aim. The term ‘Socioeconomic

condition’ has been used throughout the thesis.

2.11 Conclusion

From the literature review, it can be understood that social, diet, behavioural and biological
factors accrue throughout life resulting in different health outcomes in terms of oral cancer.
This could be further investigated by adopting a dynamic, life-course framework which
enables the determination of the temporality of exposure (risk factors) and outcome (oral

cancer) to some extent.
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Chapter 3: Methodology

This chapter describes in detail the methodology followed to collect data for a larger study
titled “Oral cancer- A life-course approach”. However, the data collection methods are
explained briefly in the papers submitted for publication, which are retained in the respective
Chapters (4, 5 and 6). In addition, each chapter describes the methods employed for data

management and statistical analyses performed to address particular aims of each paper.

3 Methodology
3.1 Study design

A multicentre hospital-based case-control design was followed. Oral cancer is a relatively
uncommon chronic disease with long induction and latency periods. Although a cohort design
is more appropriate for life-course epidemiology of chronic diseases, a case-control approach
is a more practical, inexpensive and efficient design for a rare disease such as oral cancer

(Nicolau et al., 2007; Rothman et al., 2011b).

3.2 Study setting

The study was conducted in Karnataka state, India, between July 2011 and August 2012. The
location, description and source populations of the selected cancer hospitals have been

described below.

3.2.1 Cancer hospitals selected for the study

For data collection, six cancer hospitals in Karnataka state were approached. These hospitals
provided treatment exclusively for cancer patients. Five were in Bangalore and one was in
Manipal. Of the six hospitals approached, four major cancer centres granted permission to

collect data. They were:
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1. Shri Shirdi Sai Baba Cancer Hospital (SSSBCH)
2. Kidwai Memorial Institute of Oncology (KMIO)
3. HealthCare Global Speciality Centre (HCGSC)'

4. HealthCare Global-Bangalore Institute of Oncology (HCG-BIO)'

3.2.1.1 Location of the cancer hospitals

The cancer hospital (SSSBCH) at Manipal is situated in the coastal district of the Karnataka
state. KMIO, HCGSC and HCG-BIO are situated in Bangalore, the capital city of Karnataka.
The distance between Bangalore and Manipal is around 450 kilometers. The Figure below

shows where the hospitals are situated in India.

Figure 3.1 Places where the selected cancer hospitals are located in India
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3.2.1.2 Description of the cancer hospitals
1. SSSBCH is a constituent hospital of Kasturba Medical College, Manipal University.
Comprehensive cancer care is provided at this hospital.

2. KMIO is a public hospital that provides tertiary care for cancer patients.

' Constituent hospitals of HCG group
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3. HCGSC is a tertiary care hospital providing services to cancer patients using advanced
cutting-edge technology.
4. HCG-BIO is a constituent hospital of the HCG group providing tertiary care to cancer

patients.

3.2.1.3 Source population for the cancer hospitals

The source population for the selected cancer hospitals is mainly the people of Karnataka
state, although people from neighbouring states (e.g., Goa, Kerala, Tamil Nadu, Andhra
Pradesh), and from the rest of country visit these hospitals for treatment. People from coastal
areas, some of the inner districts and adjacent states seek care at SSSBCH. People from inner

districts of Karnataka and other states of India seek care at KMIO, HCGSC and HCG-BIO.
3.3 Selection criteria

3.3.1 Selection criteria for cases

3.3.1.1 Case definition

A case was a person diagnosed with oral cancer, both clinically and histopathologically, who
attended the selected cancer hospitals in Karnataka during the study period (July 2011-

August 2012). The anatomical sites for oral cancer included C00-C10 according to the

International Classification of Diseases, Oncology, 3"edition, which correspond to:

62



Table 3.1 ICD-10 codes and corresponding oral and oropharyngeal sites

ICD 10 codes Sites of malignant neoplasm
Co00 Lip
Co1 Base of tongue
C02 Other and unspecified parts of tongue
Co03 Gum
Co04 Floor of mouth
Co05 Palate
Coo6 Other and unspecified parts of mouth
Cco7 Parotid gland
Co8 Other and unspecified major salivary glands
Co9 Tonsil
C10 Oropharynx

Oral cancer patients® satisfying the criteria defined below were invited to participate in the

study. The criteria employed for selection of cases were as follows:

3.3.1.2 Inclusion criteria

1. Patients newly diagnosed with oral cancer attending selected cancer hospitals during the
period- July 2011 to August 2012.

2. Males or females aged 18 years or more.

3. Patients providing consent to participate.

4. Patients with no cognitive problems.

3.3.1.3 Exclusion criteria

1. Patients with benign tumours.
2. Patients diagnosed with only premalignant disorder(s) and not malignancy.

3. Patients not providing consent.

* Both prevalent and incident cases were included. In this study, only incident cases were included for analysis to
avoid prevalence-incidence bias.
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4. Patients with secondaries, sarcomas and skin cancers of lips (because of pre-existing

comorbidity and different etiopathology).

3.3.2 Selection criteria for controls

3.3.2.1 Principles of control selection

The control selection was mainly based on two basic principles:

1. The first principle was that the cases and controls should come from the same base
population (Wacholder et al., 1992a). If the selected controls were to be affected by oral
cancer, they would be diagnosed and treated at the same cancer hospital. In such settings,
the controls could be selected from the patient group or patient visitors/caregivers to have
the same secondary base population (secondary to case selection) (Armenian et al., 1988;
Wacholder et al., 1992a). It is more appropriate if the control series is also from the same
hospitals/referral centres (Wacholder et al., 1992a; Wacholder et al., 1992b; Rothman et

al., 2011a).

2. The second principle was that the controls should be selected independent of their
exposure to the risk factors that were being investigated (Wacholder et al., 1992a). The
controls should be comparable to the cases in respect of the potential exposure to the risk
factors but be free of the disease being studied. In hospital-based control series selection,
those individuals seeking care for health problems that would be positively or negatively
associated with exposure should be excluded (Rothman et al., 2011a). To minimise bias
due to over-representation of any one diagnostic group, controls should be selected from
different diagnostic groups coming from the same base population.

Hence, control series were chosen from different sources:

1. Relatives or friends or neighbours who visited or were carers of cancer patients attending

selected cancer hospitals.
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2. Relatives or friends or neighbours accompanying people seeking health care from health

or referral centres associated with the cancer hospital.
3. People seeking health care from health or referral centres associated with the cancer
hospital.

Another aspect considered was to avoid over-matching, i.e., by matching on a factor

associated with exposure that could reduce the statistical efficiency (Rothman et al., 2011b).

Considering the above principles, the following criteria were proposed for control selection:

3.3.2.2 Inclusion criteria

1. Males or females aged 18 years or more.

2. Relatives, friends or neighbours who visited or were carers of cancer patients or hospital
patients with medical conditions not related to tobacco or alcohol use.

3. Individuals providing consent.

4. No cognitive problems.

5. A control, if found to have an OPMD on examination, should still be included as a control.

The controls if confirmed with OPMD were still included as controls because the OPMD are

causal intermediates between exposure to risk factors and oral cancer that have still not
undergone malignant transformation and, by definition, ‘the outcome’ was ‘the malignant
lesion’. The controls with OPMD represent the ‘at risk’ individuals in the population, and
excluding them could introduce bias in the control selection (Poole, 1999). However, if

diagnosed with oral cancer, they would be included as both cases and controls.

3.3.2.3 Exclusion criteria

1. Those diagnosed with malignant disease.
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2. Relatives or friends or neighbours who visited or were carers of cancer patients suffering
from UADT, lung and liver cancers, to avoid overmatching on socioeconomic factors,
tobacco and alcohol.

3. Those not providing consent.

3.4 Sampling

3.4.1 Cases

Oral cancer cases were selected consecutively until the maximum time allocated for data
collection or the estimated sample size was reached, whichever was earlier. The stipulated
concluding date for data collection was August 2012, at which time case recruitment was
stopped. Incident cases included patients diagnosed with oral cancer between July 2011 and
August 2012. Cases were selected after they were diagnosed with oral cancer. However, some
patients who had visited the hospital for diagnosis but who did not return to the same hospital

for further consultation or treatment could not be included.

3.4.2 Controls

Controls were selected from the main cancer hospitals and health/referral centres, which were
constituent centres of the main hospital. The referral centres provided care to the same
population as the main cancer hospital. Controls were selected and recruited simultaneously
with case recruitment (density method) (Rothman et al., 2011a). Controls were selected

throughout the same period as cases.

They were not age- or sex-matched to cases because both of these parameters were
measurable and could be controlled during data analysis. Furthermore, selecting matched
controls based on confounders would result in increased study duration and reduced sample

size by having to lose some cases if appropriate controls were not found.

66



3.5 Estimated sample size

The sample size calculation was based on the main objective of the study focusing on life-

course SEC in relation to oral cancer.

A total of 126 incident cases and 251 controls were required to attain power of 0.80,
considering the estimated OR of association between childhood SEC and oral cancer to be
2.0, proportion of controls with exposure to low SEC to be 60% and a case-control ratio of

1:2.

Of the life-course SEC, social mobility required a greater sample because the mobile groups
would be small. The required sample size was estimated on the basis of an OR of 0.6 for oral
cancer related to upward social mobility (considering many aspects related to SEC rather than
social prestige that is used in a study on social mobility and UADT cancers (Schmeisser et al.,
2010), because upwardly mobile group was anticipated to be the smallest group with a lower
OR requiring a larger sample size. The power was set to 0.8 and assuming the proportion of
exposure in controls to be 20%, a sample size of 364 cases and 727 controls was estimated

considering a case:control ratio of 1:2.

The calculations were rounded up to the closest integer. The sample size was calculated using
the Fleiss method with continuity correction factor — [statistical methods for rates and

proportions formulae 3.18 and 3.19] with OpenEpi (Dean et al., 2011).
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3.6 Study participant recruitment

3.6.1 Identification of oral cancer cases and controls
Patients with oral cancer were identified and enumerated from various registers maintained at
the in-patient units, outpatient departments/clinics, registration counter, treatment planning,

and surgery.

Potential controls were identified at the same places, from among visitors or carers of cancer
patients, and at health/referral centres from among people seeking care or people who were

patient companions.

3.6.2 Contacting participants and obtaining informed consent

The identified cases and controls were initially contacted by nurses and medical social
workers (MSW), to determine whether they were eligible, and to ascertain whether they
wished to participate in the study. Controls at health/referral centres were contacted by MSWs
or other hospital staff and sometimes by the researcher, to ascertain their willingness to
participate in the study. Each potential study participant was provided with an information
sheet and a consent form. The researcher explained the purpose of the study, procedures, the
risks and benefits of participating in the study, confidentiality, information about withdrawing
from the study at any time, and the time taken to complete the interview and oral examination
for each potential participant in the local language (Please see Appendix no. 2 for information
sheet and consent form). The researcher discussed and clarified participants’ questions/doubts
regarding the research. If the potential participants agreed to participate in the study, informed
consent was sought. A majority of them provided written informed consent. However, some
of them gave only verbal informed consent (possibly because of limited literacy), but they

were willing to participate, so they were still included in the study. Following consent, time
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was scheduled for an interview and oral examination according to the participant’s

convenience.

3.7 Data collection

3.7.1 Data collection instruments and methods
Standard epidemiological methods were followed for data collection. Data for this life-course
project were collected by interviewing, conducting oral examination, and abstracting details

from medical records.

3.7.2 Preparing and pilot testing the questionnaire

A semi-structured questionnaire was designed to collect life-course information on SEC,
family structure, housing conditions, parental education, parental and participants’ own habits
of tobacco, quid and alcohol use, family history of malignancy, dietary habits and oral
hygiene behaviour. A life-grid was used to assist in improving recall. External events, for
example, year of Indian independence, famine in Karnataka, and participant’s own life events

could help in recalling other experiences by relating to such events.

The questionnaire was first prepared in English at the Australian Research Centre for
Population Oral Health (ARCPOH). Expert researchers at ARCPOH reviewed the initial draft
of the questionnaire. Some minor changes were made for easy understanding by the
participants, and for consideration of the researchers’ comments. The questionnaire was
translated to Kannada and then translated back to English to verify if the meaning remained
the same. Translation was carried out by two translators who were proficient in both
languages. The questionnaire was later tested, as a pilot run, by administering it to the first

fifteen cases and controls in India. It was decided that only the questions requiring change
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would be excluded from the analysis. However, there were no changes required, and hence all

variables could be considered for analysis. (Please see Appendix no. 3 for questionnaire)

3.7.3 Conducting direct interviews

Direct interviews were conducted by the researcher (PhD Candidate), who is a community
dentist, with previous experience in conducting interviews in epidemiological studies.
Information was collected retrospectively on the various risk factors such as tobacco, quid and
alcohol use, living conditions, SEC, parental history, area of residence, family structure, diet,
oral hygiene practices throughout the life-course. All participants were interviewed in the
hospitals or referral centres to reduce differential recall. The interviews took place within one
week of recruitment, in the regional language (Kannada) or English (when participants could
speak English) and were completed in about an hour. Some assistance was sought from
siblings/spouse/children/parents to complete a questionnaire for those respondents who had
difficulty in speaking because of the cancer. The patient carers provided assistance by
explaining when the speech was not clear, or elaborating on events the patient wanted to
describe. The patient-companion provided information in the presence of the patient so that
any confusion regarding the details of information could be clarified by the patient. Accuracy
of information collected from cases and controls should be comparable. Therefore,
information collected on risk factors was restricted to before the development of signs and
symptoms or diagnosis of oral cancer for cases (to avoid accruing of exposure after disease

development) and at the time of selection for controls (Wacholder et al., 1992a).

3.7.4 Use of the life grid
The life grid method was developed by Blane (1996) and validated by Berney and Blane
(1997). The life grid is very useful in collecting life-course data by cross-referencing recalled

information with personal life events or historical events. Such events act as triggers in
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temporal referencing and assist in improving the accuracy of recall. In the present study, there
were 12 columns in the life grid chart, arranged from left to right in order: year, external
events, age, life events, area of residence, occupation, income, diet, smoking, SLT, quid and
alcohol use. Cross-referencing each of the aspects along the columns with the participant’s
own life events (marriage, birth of a child, death of a family member) and major external
events during their lifetime (for example political events, a natural disaster) was used as
triggers to improve the accuracy in recall (Blane, 1996; Berney and Blane, 2003). Initially,
changes in residential areas, occupational, dietary and behavioural histories were recorded
with a life-grid that was later utilised as a guide throughout the structured part of the interview

to keep a track of the timeline (Please see the questionnaire, Appendix no. 3 for life grid).

3.7.5 Training the examiner

The examiner in this present project (PhD Candidate) is a dentist who has previous experience
in diagnosing oral mucosal lesions. The gold standard examiner (Professor KRT) trained the
examiner at ARCPOH before the commencement of data collection. Since it was difficult to
gather a range of oral mucosal lesions, the examiner was trained with clinical photographs as
suggested by WHO (Kramer et al., 1980). Pictures of a variety of oral mucosal lesions
provided by the US National Institute of Dental Research (NIDR), now the National Institute
of Dental and Craniofacial Research (NIDCR), were used for training. When there were
doubts, the trainer and the trainee discussed the clinical features until a consensus was

reached.

3.7.6 Oral examination
The consenting participants underwent an oral examination, following the interview, by a

trained examiner (PhD Candidate). Oral soft and hard tissues were examined for the presence
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of any abnormal oral mucosal lesions, dentition and oral hygiene status. The clinical oral

findings were recorded on an oral examination form (Please see Appendix no. 4).

3.7.6.1 Infection control protocol

Sterile equipment was used. After the examination instruments were cleaned and sterilised
before the next use. The infection control protocol conformed to that specified by the
hospitals as well as the ‘Infection control guidelines for the prevention of transmission of
infectious diseases in the health care setting” amended 19 September 2002 (accessible at

http://www.health.gov.au/pubhlth/strateg/communic/review/icg_pdf/icg_guide.pdf). Standard

precautions (such as the use of gloves and a mouth mask, skin disinfectants, and hand-

washing before and after contact with patients) were followed.

3.7.6.2 Oral examination equipment
Oral examination instruments included a mouth mirror, a PCP2 probe (HuFriedy, USA) to

record OHI-S, tweezers and gauze.

3.7.6.3 Oral examination procedure

Oral examinations were performed in the hospital and took about 15 minutes for each
participant. The participants were examined while seated on a chair with their back supported

and under artificial illumination by a powerful headlamp.

3.7.6.3.1 Oral mucosal lesions/conditions
Examination for oral mucosal diseases and conditions was done as per the criteria put forth by

the WHO (Kramer et al., 1980). The guidelines for oral epidemiological examination protocol
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were similar to the Australian National Survey on Adult Oral Health (NSAOH) (2004-06) and
Papua New Guinea National Oral Health survey (2007), with some modifications.

The oral examination began with the soft tissues, checking for the presence of oral mucosal
lesions such as oral cancer, leukoplakia, erythroplakia, lichen planus, submucous fibrosis,
candidiasis, oral hairy leukoplakia, necrotising gingivitis, necrotising periodontitis, ulcers
(herpetic/aphthous/traumatic), cancrum oris, viral warts or any other lesions. Any lesion
present was recorded along with the site of occurrence. For oral cancer lesions, details such as
the site, size and morphological features (ulcerative/proliferative/ulcero-proliferative) were

also recorded.

3.7.6.3.2 Dentition status
Teeth present during the examination were also recorded. Tooth/teeth were considered
missing if they had been extracted due to caries/periodontitis or for cancer therapy. No

radiographs were taken.

3.7.6.3.3 Edentulism
Edentulism was marked for upper and lower arches separately if the participant had no natural

teeth or if they were all indicated for extraction.

3.7.6.3.4 Dentures
Denture wearing on the upper and lower arches was noted if the participant wore

fixed/partial/complete dentures on a daily basis.

3.7.6.3.5 Oral hygiene status
Oral Hygiene Index-Simplified (OHI-S) (Greene and Vermillion, 1964) was recorded to

measure oral hygiene status. The OHI-S is a simple and non-time consuming method to
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objectively measure the oral hygiene status of a person. The index is calculated by summing
up the Debris Index — Simplified (DI-S) and Calculus Index — Simplified (CI-S). DI-S and CI-
S are recorded for the index tooth or its replacement tooth (16/17, 11, 26/27, 36/37, 31, 46/47)
in each sextant. If both the index and replacement teeth are missing then that sextant is
considered to be missing and is not given scores. The DI-S and CI-S range from zero to three
while OHI-S range between 0-6 for an individual.

Interpretation of OHI-S scores:

Table 3.2 Interpretation of OHI-S scores

Score Oral hygiene status
0 Excellent
0.1-1.2 Good
1.3-3.0 Fair
3.1-6.0 Poor

3.7.7 Record abstraction

The records of consenting patients diagnosed with oral cancer (cases) were accessed at the
hospital wards or from the medical records department, where the patient files were stored
and maintained. The medical records were scrutinised to record patients’ age, gender, address,
date of initial diagnosis, tumour grading, staging, presence of comorbidities, treatment
planned/received. A note was made if the patients had undergone oral prophylaxis before
conducting an oral exam as part of this study, and if so oral hygiene status (Good/Fair/Poor)
as recorded in the file was noted (Please see Appendix no.4 for the record abstraction form).
Some information such as presence of co-morbidities were not recorded for controls because,
the controls were selected from care-takers of patients many of whom did not have hospital

records.
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3.7.8 Referral

The oral findings requiring care were communicated to the participants and those requiring
urgent care were advised to seek care immediately. Control participants who were found with
any OPMD or suspicious oral cancer lesions were referred for further evaluation by

specialists.

3.7.9 Quality assurance of data collected

To ensure the data quality, a protocol was followed. The protocol was based on NSAOH
guidelines and the PNG survey (Please see Appendix no. 5 for Manual). Immediately after
completion of data collection from each participant, the questionnaire, oral examination forms
and data abstraction forms were checked for any missing information. The reasons for
missing data were recorded so that the missing data could be then be re-coded during data
entry, and therefore would be helpful during analysis. The researcher (PhD Candidate)
periodically appraised regarding the data collection procedures to her supervisors through
emails and during weekly Skype meetings. The principal supervisor (Professor KRT) visited

India to monitor the data collection process.

3.7.10 Confidentiality
The questionnaire, oral examination, and record abstraction forms carried unique ID numbers
which were used to link each to the other. Other documents with identification details were

stored separately to maintain confidentiality.

3.10 Data entry and cleaning

Data recorded on the paper forms were entered into a computer using MS Access 2007. The
database was set up in MS Access to minimise the errors during entry. Data were then

imported into SAS® software (SAS Institute Inc., Cary, NC, USA) version [9.2] to carry out
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cleaning and analysis. Data was cleaned by running frequency checks, missing values,

discrepancies and outliers, before performing the analysis.

Data management and analyses to address each aim have been described in the published

papers presented as chapters. Data that was sufficient to address the aims were analysed.

3.8 Ethics clearance

Ethics approval for the study was obtained from the Human Research Ethics Committee, the
University of Adelaide, in April 2011 (H-064-2011). Later, additional ethics approval was
obtained from the ethics committees of the hospitals where the project was carried out. They
were Institutional Ethics Committees of Kasturba Medical College, Manipal and Central
Ethics Committee, HealthCare Global, Bangalore (Please see Appendix no.1 for ethics

approval letters).

Although permission was initially granted to collect data from one of the cancer hospitals in
Karnataka, it was later withdrawn due to some administrative difficulties within the

institution.
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4.2 Abstract

Background: A life course approach is suitable in understanding the social and biological
processes of chronic diseases. The aim was to examine three life course models to determine

the association between SEC at three stages in life and oral cancer.

Methods: A hospital-based case-control study was conducted in India. This study formed part
of a larger life course study on oral cancer. Life course information on the occupation of the
head of household (HH) at different stages in life of the participants was recalled. SEC in
childhood, early adulthood and later adulthood were considered. SEC was dichotomized as
‘low’ and ‘high’ based on the regular occupation of the HH. Analyses included participants
for whom information on SEC was available for all three stages to assess for the critical
period, social mobility and accumulation models. The association between SEC and oral

cancer was assessed using unconditional logistic regression analysis.

Results: Of 180 incident cases and 272 controls, complete information on SEC at all three
stages was available for 163 cases and 264 controls. Nearly two-thirds (65%) of participants
were stable in low SEC across all stages. Low SEC at all the three stages was positively
associated with oral cancer after adjusting for age and sex. The association was strongest for
those who remained in low SEC at all three stages. A gradient was seen for intra-generational
High-high, High-low, Low-high and Low-low groups with increasing odds ratios of 1.00

(ref), 1.27 (0.81-1.97), 1.93 (1.59-2.36) and 2.78 (1.61-4.79) respectively.

Conclusion: Low SEC in childhood and early adulthood is important in determining oral

cancer in later adulthood.
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4.3 Introduction

Oral cancer is a frequently fatal disease that adversely affects the quality of life of survivors.
More than 273,000 people are affected by cancer of the oral cavity around the world every
year (Ferlay et al., 2004), of which nearly two thirds live in developing countries
(Warnakulasuriya, 2009a). In the Indian subcontinent, oral cancer is one of the six leading
cancers because of its high incidence rate (Ferlay et al., 2004). Oral cancer is a public health
problem contributing to one third of the total cancer burden in India (Parkin et al., 2005;

Petersen, 2005).

Worldwide, socioeconomic inequalities exist for oral cancer (Greenberg et al., 1991; Conway
et al., 2008; Johnson et al., 2011b). In the Indian population, oral cancer is more frequent
among people of low SEC (determined by occupations such as farming, industrial or manual
work) than among those of high SEC, such as those in white-collared/professionals jobs and
businesses (Dhar et al., 2000; Balaram et al., 2002; Muwonge et al., 2008). Evidence suggests
that general and oral health have social determinants (Thomson, 2012). Social and biological
processes are interrelated, which underscores the importance of undertaking a social approach
in cancer epidemiology (Graham and Schneiderman, 1972; Power and Hertzman, 1997;
Krieger, 2005). While the social gradient in health is well recognized, the social epidemiology

of cancer is still emerging (Kaufman, 1999).

For a chronic disease such as oral cancer, the exposure to risk factors occurs long before the
development of the disease. Therefore, a life course perspective would be appropriate in
understanding the social and biological processes. Moreover, the influence of SEC on health
could be mediated through lifestyle and psychological factors (Adler and Newman, 2002;

Harper et al., 2002; Matthews and Gallo, 2011).
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There are three generally considered models in life course epidemiology. These are the
critical period, social mobility and accumulation models (Kuh et al., 2003; Kuh and Ben-
Shlomo, 2004). The critical period model implies that the exposure during a sensitive period
in life has long-term effects. However, the risk may accumulate with multiple exposures
throughout life. Accumulation has been argued to be the most fundamental of the three
models (Power and Hertzman, 1997; Blane et al., 2007). Childhood SEC and accumulation of
socioeconomic disadvantage over the life course have been shown to be associated with
dental caries (Thomson et al., 2004; Peres et al., 2011a). Intra-generational and inter-
generational social mobility is another model linked to outcomes. A case-control study found
associations between intra-generational social mobility and UADT cancer (Schmeisser et al.,
2010). The three life course processes (critical/social mobility/accumulation) may act
individually or in combination. Empirically separating the inter-meshed life course processes
is difficult (Hallqvist et al., 2004). However, to our knowledge, there are no studies that have
investigated the association of life course SEC and oral cancer. This study was conducted
with the aim to examine the three life course models to determine the association between
SEC at three stages in life and oral cancer. In this paper, the authors seek to explore the
critical, social mobility and accumulation of socioeconomic disadvantage models in relation

to oral cancer.
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Figure 4.1 Conceptual model
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E- Exposure includes SEC at three stages in life or no. of occasions of low SEC or social mobility
depending on the life course model

M-Risk factors such as tobacco, quid, alcohol and diet

Y-Oral cancer

C-Confounders include age and gender

4.4 Methods

4.4.1 Study design

This study formed part of a larger life course study on oral cancer conducted in India between
July 2011 and August 2012, and employing a case-control design. The total study sample
consisted of 180 cases and 272 controls. The sample for the present analysis included
participants who were 25 years or older and for whom details on SEC were available at three

time points.

The participants gave direct interviews in the hospitals to complete a semi-structured
questionnaire followed by an oral examination and medical record abstraction. Potential
participants providing informed consent were included. The study protocol was approved (H-
064-2011) by the Human Research Ethics Committee, The University of Adelaide and the

selected cancer hospitals.
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4.4.2 Selection of cases and controls

Cases were recruited from four major cancer hospitals in Karnataka, India. During the study
period, patients who were 18 years or older attending the chosen cancer hospitals with newly
diagnosed oral and/or oropharyngeal cancer [International Classification of Diseases (ICD)-
10: C00—C10] with histopathological confirmation attending the chosen cancer hospitals were
selected and approached. Histopathological diagnosis of cases was obtained from the medical

records.

Controls came from the same cancer hospitals and their medical health/referral centres. The
health/referral centres catered to the same population as that of the main cancer hospitals to be
reflective of the source population in their exposure pattern (Wacholder et al., 1992a).
Controls were selected and recruited throughout the study period similar to that of cases. This
method of control selection is also known as density sampling (Rothman et al., 2011a). The
selection criteria for controls were >18 years, not diagnosed with cancer, carers/visitors of
cancer patients (not including UADT, lung and liver cancers to avoid overmatching on SEC)
or those seeking medical care for medical conditions not related to tobacco and/or alcohol and
not having cognitive problems. An oral examination was done to exclude the possibility of

undiagnosed oral cancer.

4.4.3 Data collection

Life course information on the occupation of the head of household (HH) at different life
stages of participants, parental and participants’ highest educational level were recalled. The
HH was usually the eldest male member of the family who financially controls and supports
the other members of household. In childhood (6-10 years), the head was usually the
participant’s father in nuclear family and sometimes uncle/grandfather in joint families.

Occupation in early adulthood (20-25 years) and later adulthood (at the time of interview)
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recorded were of the participants if male and of husband/father if female. A life grid assisted
in improving the recall by drawing references to personal life-events and external events

(Blane, 1996; Berney and Blane, 2003).

Oral examination was done to record hard and soft tissue lesions/conditions and thus rule out
oral cancer in controls. Oral cancer cases were confirmed with histopathological details from

patients’ records.

4.4.4 Measures

The dependent variable was a diagnosis of oral cancer according to the case definition
described above. Independent variables were age, sex and SEC at three stages in life. SEC
was dichotomized as ‘low’ and ‘high’ based on the regular occupation of the HH. The low
SEC group included the unemployed, petty traders, and agricultural, industrial and manual
workers. The high SEC group included those doing clerical jobs, teachers, professionals and
businessmen. The categorization according to occupation correlated with their education. In
India, completion of at least secondary school education is required to obtain jobs included
under high SEC (Karnataka, 2005). People of low SEC are more likely to have not completed
their schooling. Agricultural labourers/fishing people in rural/semi-urban areas with their
lower level of education may eventually move to urban areas and undertake manual
occupations such as labouring, construction work or start small petty (pan (betel quid) or tea

and coffee vending) shops (Jodhka; Uma et al., 2013).

4.4.5 Statistical analyses
Analyses included participants for whom the information on SEC was available for
childhood, early adulthood and later adulthood, to assess for the critical period, social

mobility and accumulation models. This led to the exclusion of seven cases and eight controls
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from analysis. Among the participants excluded from analysis, six controls were below the
age of 25 years. Since missing data was for about 3% of the sample, complete case analysis

was performed assuming that the data was missing at random.

SEC at three stages was considered individually as critical periods. Social mobility was
movement in SEC from childhood to early adulthood, childhood to later adulthood and early-
adulthood to later adulthood. The socially mobile groups were high-high (H-H), high-low (H-
L), low-high (L-H) and low-low (L-L). Accumulation was the total number of stages in life

that a participant was in a lower SEC. The score for each person could range from nil to three.

Association between SEC and oral cancer was assessed with crude and adjusted ORs with
95% confidence interval (CI) from unconditional logistic regression analysis. Including the
lifestyle and behavioural factors that are intermediate factors (mediators) will introduce
collider stratification bias (Robins and Greenland, 1992; Hernan et al., 2004). Therefore, ORs
were adjusted only for confounders. Based on the conceptual model, age and sex were
identified as the confounders of the SEC—oral cancer relation. ORs were considered to be
statistically significant if the 95% CI did not include unity. Clustering was accounted for by
averaging the ORs over clusters (cancer centres). The reference group was being in high SEC

for all the models. SAS 9.2 was used for the analysis.

4.5 Results

Of 180 incident cases and 272 controls, complete information on SEC at all three stages was
available for 173 cases and 264 controls. Median and maximum ages of participants included
in the analyses were 54 and 88 years respectively. Among the participants, 158 (36.2%) were

women. A sociodemographic description of cases and controls is presented in Table 4.1.
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Table 4.1 Distribution of cases and controls according to sociodemographic
characteristics

Cases Controls

n (%) n (%)
Age (years)
<55 90 (52.0) 149 (56.4)
>55 83 (48.0) 115 (43.6)
Sex
Male 136 (78.6) 143 (54.2)
Female 37 (21.4) 121 (45.8)
Critical period
Childhood SEC
Low 153 (88.4) 210 (79.6)
High 20 (11.6) 54 (20.4)
Early adulthood SEC
Low 146 (84.4) 185 (70.1)
High 27 (15.6) 79 (29.9)
Later adulthood SEC
Low 138 (79.8) 177 (67.1)
High 35(20.2) 87 (32.9)
Accumulation
No. of occasions in low SEC
0 12 (6.9) 36 (13.6)
1 12 (6.9) 39 (14.8)
2 22 (12.7) 34 (12.9)
3 127 (73.5) 155 (58.7)
Social mobility
Childhood to early adulthood
High-high 14 (8.1) 41 (15.5)
High-low 6 (3.5) 13 (4.9)
Low-high 13 (7.5) 38 (14.4)
Low-low 140 (80.9) 172 (65.2)
Childhood to later adulthood
High-high 12 (6.9) 39 (14.8)
High-low 8 (4.6) 15(5.7)
Low-high 23 (13.3) 48 (18.2)
Low-low 130 (75.2) 162 (61.3)
Early adulthood to later adulthood
High-high 22 (12.7) 67 (25.4)
High-low 5(2.9) 12 (4.5)
Low-high 13 (7.5) 20 (7.6)
Low-low 133 (76.9) 165 (62.5)
Total 173 (39.6) 264 (60.4)
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Table 4.2 presents the distribution of cases and controls according to eight possible
trajectories in three stages. The majority (65%) were stable in low SEC at all stages.
Socioeconomic mobility was observed in a quarter of the participants. Being upwardly mobile
from childhood to early adulthood or between childhood and later adulthood were the
common trajectories and downward mobility between early and later adulthood was

uncommeon.

Table 4.2 Distribution of socioeconomic trajectories among oral cancer cases and
controls

Trajectories Cases Controls Total
n (%) n (%) n (%)
H-H-H 12 (6.9) 36 (13.6) 48 (10.9)
H-L-H 0(0) 3(1.1) 3(0.7)
\/
H-H-L 2(1.2 519 7(1.6
— (1.2) (1.9) (1.6)
H-L-L 6(3.5 10 (3.8 16 (3.7
N (3.5) (3.8) (3.7)
L-L-H 13 (7.5) 17 (6.5) 30(6.9)
J
/— L-H-H 10 (5.8) 31 (11.7) 41 (9.4)
/\ L-H-L 3(1.7) 72.7) 10 (2.3)

--------- L-L-L 127 (73.4) 155 (58.7) 282 (64.5)
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Table 4.3 shows that low SEC at all the three stages was associated with oral cancer after
adjusting for age and sex. Early adulthood low SEC was more strongly associated with the

outcome when adjusted for SEC in the other two occasions.

Table 4.3 Unadjusted and adjusted odds ratio for socioeconomic conditions at various
critical periods

Periods Crude OR (95% CI) OR® (95% CI) OR" (95% CI)
Childhood Low 2.04 (1.20-3.46) 1.90 (1.10-3.28) 1.14 (0.52-2.51)
High 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Early Low 2.43 (1.73-3.42) 2.57(1.71-3.85) 1.93(1.48-2.52)
adulthood
High 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Later Low 2.06 (1.27-3.36) 2.17 (1.36-3.45) 1.37(0.83-2.26)
adulthood
High 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

*Adjusted for age and sex; ® Adjusted for age, sex and socioeconomic position at other periods

Living in low SEC in two or three stages in life was associated with oral cancer (Table 4.4).
The association was strongest for those who remained in the low SEC at all three stages.
Experiencing low SEC on one occasion had similar OR as that of stable at high SEC, whereas
experiencing low SEC on two occasions had intermediate odds for oral cancer compared to

high-high and low-low groups.

Table 4.4 Unadjusted and adjusted odds ratio of oral cancer for accumulation of
number of occasions being in the low socioeconomic condition

No. of occasions Crude OR (95% CI) OR?® (95% CI)

in low SEC
0 1.00 (Ref) 1.00 (Ref)
1 0.98 (0.40-2.39) 0.84 (0.34-2.09)
2 2.10 (1.35-3.27) 1.88 (1.16-3.06)
3 2.71 (1.47-5.03) 2.60 (1.35-5.03)

#Adjusted for age and sex
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Table 4.5 presents the results for the social mobility models. Downward mobility from
childhood to early adulthood showed higher odds for developing oral cancer. However, 95%
Cl included unity. Downwardly and upwardly mobile groups had similar OR for oral cancer.
While downward social mobility from child to later adult stage was associated with oral
cancer, the upward mobility was not associated. A gradient was seen for H-H, H-L, L-H and
L-L groups with increasing OR of 1.00, 1.27, 1.93 and 2.78 respectively when analysed for

social mobility from early adulthood to later adulthood. Being stable in low SEC across all

periods was strongly associated with oral cancer.

Table 4.5 Association of social mobility with oral cancer

Social mobility

Crude OR (95% CI) OR® (95% CI)

Childhood to early adulthood
High-high
High-low
Low-high
Low-low

Childhood to later adulthood
High-high
High-low
Low-high
Low-low

Early adulthood to later adulthood
High-high
High-low
Low-high
Low-low

1.00 (Ref)
1.46 (0.86-2.50)
1.04 (0.45-2.41)
2.56 (1.52-4.30)

1.00
1.95 (1.04-3.65)
1.65 (0.73-3.76)
2.89 (1.60-5.22)

1.00 (Ref)
1.38 (0.73-2.61)
2.03 (1.63-2.52)
2.64 (1.57-4.46)

1.00 (Ref)
1.47 (0.75-2.89)
0.86 (0.35-2.04)
2.45 (1.38-4.34)

1.00
2.00 (1.05-3.80)
1.42 (0.63-3.23)
2.76 (1.48-5.17)

1.00 (Ref)
1.27 (0.81-1.97)
1.93 (1.59-2.36)
2.78 (1.61-4.79)

*Adjusted for age and sex

4.6 Discussion

This paper aimed to analyse the three life course models associating SEC across three

different stages in life with oral cancer. This study examined SEC at three stages in life rather

than just considering SEC at two stages. Due to lack of power authors could not further

separate the trajectories.
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4.6.1 Critical period
Low SEC in childhood, early adulthood and later adulthood were associated with oral cancer.

Among three stages, the early adulthood was strongly associated with oral cancer.

4.6.2 Social mobility

Those moving away from the SEC between childhood and early adulthood had OR
intermediate to stable groups (H-H and L-L). While the OR for oral cancer was higher with
downward mobility (H-L) from childhood to current stage, there was no association with
upwardly mobile (L-H) group. The findings were contrary for social mobility from early
adulthood to current stage; the downwardly mobile (H-L) group showed no association and
the upwardly mobile group (L-H) was associated with the outcome. Though this seems to
support the idea that early adulthood is an important period, the effects of SEC at three stages
are still mixed, because many of them who were in low SEC at early adult stage were also in
low SEC at childhood. Thus there could be influence of childhood SEC, but is difficult tease

it out.

4.6.3 Accumulation

Those remaining in low SEC across all three stages had the highest odds for oral cancer in
later adulthood. There was a gradient in the increasing OR for oral cancer with wide disparity
between the stable at low and stable at high groups. These findings support the argument put
forth by other researchers that socioeconomic disadvantage accumulates over the life course

(Blane et al., 2007).

It has been demonstrated empirically by Hallqvist et al. (2004) that mutual confounding

between critical period, social mobility and accumulation mechanisms cannot be mitigated.
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All three models are inter-meshed and they complement each other in explaining the observed

socioeconomic difference in the occurrence of oral cancer.

Since this is the first study reporting on life course models for oral cancer, the ability for
comparison is limited. Other studies on mortality, cardiovascular diseases and oral diseases
have also found that accumulation is the most important of all the models (Thomson et al.,
2004; Turrell et al., 2007; Peres et al., 2011a; van Rein et al., 2014). Despite the challenges in
comparing the reports from developed and developing countries, the results have
demonstrated that the effects of SEC on oral health are similar in the broader context (Peres et

al., 2011b).

On one hand, to investigate chronic diseases with a long induction period, the life course
approach is most suitable. On the other hand, there are difficulties in statistical methodologies
for this approach (De Stavola et al., 2006). As the time interval between the exposure and the
outcome is prolonged, the emergence of many mediators makes the statistical analysis a
complex task. Conditioning on the mediators as in conventional regression procedures
introduces selection bias (Hernan et al., 2004). Therefore, the analysis was restricted to
assessing the association between SEC and oral cancer by adjusting for confounding by age
and sex. Further studies should be undertaken using appropriate statistical procedures to
understand the pathways linking life course SEC and oral cancer. There could be potential
bias because analysis included participants for whom the data on SEC was available for all

three stages. However, the proportion of missing data was very low.

Cohort designs are well-suited for life course studies. But for a rare disease (prevalence less
than 10%) it would take a very long time to recruit required number of cases and be also more
expensive. Hence the case-control design is a more feasible option for oral cancer, a relatively

rare disease (Nicolau et al., 2007). Furthermore, the case-control design has been considered

92



as an “efficient cohort” design when controls are selected appropriately (Rothman et al.,
2011a). A case-control design has been used previously to investigate early-life influences on
stomach cancer, stroke and myocardial infarction (Maheshwaran et al., 2002; Hallqvist et al.,
2004). There are a few limitations of the study. There is doubt regarding the validity of recall
of exposure over the life course. A life grid was used to improve recall accuracy (Blane, 1996;
Berney and Blane, 2003). Controls include more females than cases due to selection criteria.
However, sex was considered as confounder and adjusted in the analysis. Moreover, matching
on gender would reduce the study size. Some strengths of the study are- it was a multicentre
study conducted to address the study objective. SEC was considered at three stages to

examine the socioeconomic trajectories.

4.7 Conclusion

Low SEC in childhood, early adulthood and later adulthood are associated with oral cancer
occurring in later adulthood. SEC in early adulthood is more strongly associated with oral
cancer than SEC at other two stages. It is essential to improve the SEC of children from low
socioeconomic strata by providing them better education to reduce the disparities in oral
cancer occurrence. It is necessary to address socioeconomic disparities in addition to ongoing
engagement of various organizations towards preventing and controlling the alcohol, quid and

tobacco (known causes of oral cancer) use that are patterned by SEC.
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5.2 Abstract

Background: Early-life socioeconomic disadvantage could affect adult health directly or
indirectly. There are no studies on the direct effect of early-life socioeconomic conditions on

oral cancer occurrence in adult life.

Methods: A multicentre hospital-based case-control study was conducted in India. Life-course
data were collected on SEC, risk factors and parental behavior through interview employing a
life-grid. Oral cancer cases were ascertained from hospital records. Controls included hospital
visitors not diagnosed with any cancer from the same hospitals. The early-life SEC measure
was determined by occupation of the head of household (HH) in childhood (usually the
participant’s father). Adult socioeconomic measures included participant’s education and
current occupation of HH. A marginal structural model (MSM) with stabilized inverse
probability weights was used to estimate the direct effect of early-life SEC on oral cancer. In
this study, three mediators (smoking, chewing quid/tobacco and alcohol) were analyzed with

three separate models.

Results: The total effect model showed that those in the low SEC in the early years of
childhood had 63% [RR=1.63 (95% CI = 1.38-1.92)] greater risk of oral cancer. From the
MSMs, the estimated risk for developing oral cancer among those in low early-life SEC was
48% [RR =1.48 (95% CI = 1.43-1.53)], 24% [RR = 1.24 (95% CI = 0.88—1.74)] and 94%
[RR=1.94 (95% CI = 1.66-2.27)] greater than those in the high SEC after controlling for

smoking, chewing and alcohol respectively.

Conclusion: Early-life low SEC is shown to have a lasting effect on oral cancer not mediated

by later life risk factors when MSM was used.
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5.3 Introduction

A child grows up embodying surrounding physical and social circumstances (Krieger, 2005).
Development of health initiates in utero and continues throughout one’s life course
(Gluckman et al., 2005). In life course epidemiology, critical periods, pathways and
accumulation are the three models that operate exclusively or as a combination of two or
more models (Kuh and Ben-Shlomo, 2004). Research has shown that early-life SEC affect
adult health directly and indirectly (Kuh and Ben-Shlomo, 2004; Lynch and Smith, 2005;
Cohen et al., 2010). The direct effect of early-life SEC is long-lasting and independent of
adult SEC and risk factors of diseases, while the indirect effects are mediated through adult
SEC and risk factors that develop later in life (Kuh and Ben-Shlomo, 2004; Lynch and Smith,
2005; Cohen et al., 2010). Currently, evidence for direct and mediated influences of early-life
SEC on various health outcomes is available mainly from research conducted in high-income
countries (Blane et al., 2007). A recent study among US adults has demonstrated that
childhood socioeconomic disadvantage has direct effects on chronic health outcomes such as

heart disease, diabetes and stroke (Nandi et al., 2012).

Oral cancer 1s a chronic disease with a high mortality rate (Dikshit et al., 2012). High
incidence rates of oral cancer are observed in South and Southeast Asia (Warnakulasuriya,
2009a), and continue to rise in epidemic proportions, posing a public health problem in India
(Gupta et al., 2012). A higher proportion of oral cancer cases in India is seen among farmers,
fishermen and laborers, who are socioeconomically disadvantaged (Dhar et al., 2000;
Rajkumar et al., 2003; Rajamanickam et al., 2007). Cancers have a long empirical induction
period (Rothman, 1981). This long time gap between exposure to causative factors and
disease detection indicates the possibility of exposure being in early life. However, it is not
known whether early-life SEC has any influence on oral cancer. Causal roles of socially

patterned behaviors like tobacco, quid and alcohol in the development of oral cancer have
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been identified (Adler and Newman, 2002; Gilman, 2002; IARC, 2004b; IARC, 2004a;
IARC, 2007; IARC, 2010). Further, to understand social disparities in oral cancer, it is
essential to know whether the causal implication of the early-life SEC is critical or has a

pathway through more proximate risk factors such as tobacco, quid and alcohol.

A hypothesis was proposed (based on the critical period model) that childhood socioeconomic
disadvantage has a direct effect on oral cancer in adulthood. A conceptual framework was
developed using a directed acyclic graph (DAG), as seen in fig.1 to identify the direct and
indirect pathways for causal analysis. According to the DAG (fig 1), analyzing by
conventional regression methods that condition on mediators will create a collider bias
(Robins and Greenland, 1992). Additional bias could occur when endogenous confounders,
which are descendants of childhood SEC, exist (Robins and Greenland, 1992). Robins and
colleagues have shown that unbiased estimates can be obtained using a marginal structural
model (MSM) under a counterfactual framework for causal inference (Robins, 1999; Hernan
et al., 2000; Robins et al., 2000). A MSM allows accounting for time-dependent confounders
by including them as inverse probability weights (IPW) to estimate the direct effect (Robins et
al., 2000; Petersen et al., 2006). IPWs appropriately adjust for confounders thereby balancing
exposure groups, similar to randomization in observational studies (Hernan et al., 2000;
Robins et al., 2000). The aim of this study was to estimate the controlled direct effect (CDE)
of child SEC on oral cancer that was not mediated by individual risk factors occurring in later

life.
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Age and Sex

C

10

L > E : > ——— M ——Y

Paternal drinking child SEC Adult SEC Oral cancer

Smoking/Chewing/Alcohol

Figure 5.1 Conceptual framework

L- Confounder of E— E” and E'—M relation
E- Exposure of interest
E’- Endogenous confounder (M—Y relation)

M- Risk factors such as tobacco, quid, alcohol and diet
Y- Outcome
C- Confounders of E'—M and M—Y relation

5.4 Methods

A case-control study was conducted at four major cancer hospitals situated in Karnataka state
(India) between July 2011 and August 2012. Ethics approval was obtained from the ethics
committees of the University of Adelaide and the selected cancer hospitals. Informed consent

was obtained from all participants.

5.4.1 Participant recruitment

Cases: Incident cases, diagnosed histopathologically with oral and/or oropharyngeal cancer
[International Classification of Diseases (ICD) -10: C00—C10] during the study period,
attending the selected cancer hospitals and aged 18 years or more were identified, selected
consecutively and recruited. Sarcomas, secondary cancers and skin cancers of external lip

were excluded because of pre-existing comorbidity or different etiopathology.
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Controls: The controls selected were carers/visitors of cancer patients (excluding UADT, lung
and liver cancers to avoid overmatching on SEC, tobacco and alcohol) or those seeking
medical care for medical conditions not related to tobacco and/or alcohol, >18 years, not
diagnosed with cancer, and not having memory loss. Controls were selected from the same
cancer hospitals and their medical health/referral centers so that the exposure patterns
reflected the base population (Wacholder et al., 1992a). Recruitment was at a steady rate per
unit time during the same period as that of cases, also known as density method of sampling
(Rothman et al., 2011a). Oral examination was done to screen for possible presence of oral

cancer among controls.

5.4.2 Data collection

Life course data were collected through direct interviews. Hospital records were abstracted
for histopathological confirmation of cases. The interview took place in a regional Indian
language (Kannada) at the hospitals/medical health centers within one to seven days of
participant recruitment. Interviews were completed within an hour and with some assistance
(from siblings/spouse/children/parents) for respondents experiencing difficulty in speaking
due to cancer. A semi-structured questionnaire was used to collect data on paternal alcohol
habit, education, occupation, housing conditions, area of residence, diet, oral hygiene
practices, tobacco, alcohol and quid use throughout the life course. A life grid was used to
improve recall (Berney and Blane, 2003). Initially, the questionnaire was developed in
English and then translated to the local language. The questionnaire was pilot tested with the
first fifteen cases and controls. Because no changes were required, the pilot participants were

included in the analysis.
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5.4.3 Measures

5.4.3.1 Outcome

The outcome was oral cancer, according to the case definition explained above.

5.4.3.2 Exposure

Child SEC was determined from the longest-held occupation of the HH? at childhood (6-10
years of age). In childhood, HH was usually the participant’s father in nuclear families and
sometimes an uncle or grandfather in joint families. Occupation was recorded and later
dichotomized into ‘Low’ and ‘High’ SEC indicative of social standing. The low group
included the unemployed, farmers, fishermen, and manual laborers, considered to occupy the
lowest SEC in the Indian context (Karnataka, 2005; Bhattacharya, 2011; Muggur, 2013). The
high category involved tradesmen, craftsmen, industrial workers, white-collared workers,

professionals and owners of business/establishments.

5.4.3.3 Confounders and mediators

Adult socioeconomic measures included the current occupation of the HH at the time of initial
diagnosis and the participant’s highest educational attainment. The HH in adulthood was a
participant himself if male and others if female. Adult SEC was categorized in a similar way
to child SEC. Participants’ education was dichotomized as ‘Secondary school/less’ and ‘Post-
secondary school’. The paternal alcohol drinking habit was considered as a confounder of the
E — M path since parental drinking could influence offspring’s behaviour as well as family

circumstances (Ellis et al., 1997; Handley and Chassin, 2009; Kerr et al., 2012). Paternal

*HH was usually an elder male family member that financially supported and maintained the
household.
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drinking was either ‘Yes’/‘No’. Age was dichotomized into ‘<55 years’ and “>55 years’

across the median (54 yrs).

Mediators (smoking, chewing quid and/or tobacco and alcohol) were kept as binary— ‘Yes’/
‘No’. Participants who had regularly smoked at least 3—5 days per week for >1 year were
regarded as smokers and others rarely smoking or never as non-smokers. Those who had
regularly chewed quid/tobacco at least 3—5 days per week for >1 year were considered as
chewers and others rarely chewing or never as non-chewers. Participants who had regularly
consumed alcohol at least one day per week for >1 year were considered as drinkers and
others rarely drinking or never as non-drinkers. The exposure and mediators were kept at a
binary level for simplicity, so that there would be only two counterfactual scenarios for the

potential outcome framework. This also enables easier interpretation.

5.4.4 Statistical analyses

Missing data were less than 5% and were hence excluded from analysis. The aim was to
estimate the CDE of the child SEC (E’) on oral cancer (Y) given by path 1 (in fig. 1) not
mediated by behavioral risk factors (M), that is, smoking, chewing quid and/or tobacco and
alcohol given by paths 3&6 and 2&5&6. As hypothesized in the DAG (fig. 1), adult
socioeconomic measures(E") that were successors of child SEC (E), confounded the
mediator-outcome (M- Y) relation. The presence of a causal intermediate (E”) confounding
the mediator-outcome relation allows for estimation of the CDE of the exposure (E’) on the
outcome (Y) (VanderWeele, 2009). All analyses were done using SAS® software (SAS

Institute Inc., Cary, NC, USA) version [9.2].
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5.4.5 Outcome models

Risk ratio (RR) was used to estimate the effect. CDE of the child SEC from MSM were
compared with the adjusted effect from conventional regression. The data were cluster
correlated because of the multicentre design. Risk ratios estimated before and after accounting
for clustering were also compared. Accounting of cluster variance was done by averaging the

estimates over clusters.

log [P (Y = 1|E =e,L =D)] =y +BiE + ol (1)

Initially, a log-linear model was built by regressing the outcome (Y = 1) on child SEC and
the confounder (L) of the exposure—mediator (E—- M) relation, since there were no measured

confounders of the exposure-outcome (E-Y) relation according to the conceptual framework
(fig.1). From Model (1) the total effect of child SEC is given by [, assuming that the

measured confounder (L) is sufficient to control for confounding.

log[P(Y=1E=¢,E'=e M =m,L=1C = c)] (2)
= Po + P1E + B2E" + B3M + B4 L + fsC

The adjusted effect of the child SEC on oral cancer from conventional regression, given byf;
in Model (2), was estimated by adjusting for all mediators and confounders (Baron and

Kenny, 1986).
The CDE measured by RR using MSM for the counterfactual outcome y(e, m), is given as

_ Pylem) = 1)
PIy(er,m) = 1]

RR™ (e, e*) 3)

where E is set to e, E = e* for counterfactual and M is set to m.
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To estimate the CDE of child SEC not mediated by each of the risk factors, three separate
MSMs were used for smoking, chewing and alcohol despite the knowledge that there would
be possible combined effects. In addition, currently available methods also restrict their use
marginally (VanderWeele and Vansteelandt, 2012). Furthermore, for practical reasons
controlling one mediator at a time would be desirable; it would not be possible to fix all the
mediators to one level simultaneously as total abstinence from habits is not seen even in
people diagnosed with cancer (Simmons et al., 2013; Aalen et al., Online first on March 28,

2014).

log [P(Y =1|E =e,M =m)] = By + LLE + M 4)
The average CDE with MSM was calculated using stabilized inverse probability weight (SW)

in the log-linear regression in Model (4). Based on the assumption of no unmeasured

confounders of E-Y, E- M and M-Y relations, ; in Model (4) gives the CDE of child SEC
not mediated through M (paths 3&6 and 2&5&6) but could be mediated through E’ (path

2&4).

CDE may be equal to natural direct effect when there are no interactions between child SEC
and each of the risk factors (De Stavola and Daniel, 2012). Interactions between the exposure
and each of the mediators were examined on both additive and multiplicative scales (Robins
and Greenland, 1992; VanderWeele, 2009). The interaction on a multiplicative scale was
examined using a cross-product term and on an additive scale by estimating the relative
excess risk due to interaction (RERI) using RR, adopting a weighting approach for case-
control data similar to that described by VanderWeele and Vansteelandt (VanderWeele and
Vansteelandt, 2011). RERI between the exposure and each of the three mediators indicated no
departures from additivity (Table 5.5, 5.8 and 5.11). However, there was an interaction of
child SEC with alcohol on a multiplicative scale, but not with smoking and chewing (Tables

5.6, 5.9 and 5.12). Since the aim was to estimate CDE considering the counterfactual scenario
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that if drinkers were non-drinkers, we estimated only the independent effect without

considering the interaction term in Model (4).

5.4.6 Estimating stabilised weights

Inverse probability weights assist in handling the confounders in the MSM. SWs are more
efficient than IPW because SW avoid extreme differences in weights for the exposed and
unexposed while maintaining the original sample size in the weighted dataset and reducing
type I error (Xu et al., 2010). For the case-control data, SW were calculated for cases and
controls, while logistic regression was fitted only for controls (Newman, 2006; VanderWeele
and Vansteelandt, 2011). SWs were created using unconditional logistic regression for the
case where clustering was ignored and conditional logistic regression was used where

clustering was considered.

SW for each model is given by W = sw{ * sw/™ where Z is the clusters (hospitals)

P(E=e
swf = __PE=e) | (5)
P(E=e|L=0)
and
P(My=m, |E=e
oW = (M~ x| E=e) ®
P(My=my | E=e,E'=¢’,My=m,,M,=m,,L=1,C=c)

Models (5) and (6) describe the creation of weights for child SEC and each mediator
respectively. SW were calculated separately for smoking, chewing quid and/or tobacco and

alcohol(My, My, M,). For each mediator, the other two mediators were regarded as

confounders of the M-Y relation and were included in the weight calculation, in addition to a

vector of measured confounders denoted by L, C and E".
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5.4.7 Sensitivity analysis

Sensitivity analysis was performed to test the assumption of no unmeasured confounder (U).
The presence of U that is correlated with M and Y will violate the assumption of no
unmeasured confounder of the M — Y relation provided E is randomized and U is not
correlated with E. However, U could be correlated with E, M and Y, a likely situation in the
real world that would violate the assumption of no unmeasured confounding of the E — M,
M —Y and E — Y paths. Then, conditioning on the collider ‘M’ without accounting for U in
the weight estimation would result in ‘collider stratification’ inducing an association between
E and Y (Kim et al., 2004; Matthews and Gallo, 2011). An assumption of the sensitivity
analysis was “no RERI” between the effects of E and effects of U and that U was correlated
with E, M and Y. Sensitivity parameters of U such as y (conditional increase in risk for oral
cancer), P1 (prevalence in smokers/chewers/drinkers) and P2 (prevalence among non-
smokers/non-chewers/non-drinkers) were specified. The bias introduced by U that may
entirely invalidate the CDE was calculated using the Model (7) given by VanderWeele

(Vanderweele, 2010).

1 —1)(P1
Bias (CDE§§*|c(m)) 71 i 8: - 1§EP2; ;

5.5 Results

Of the total 452 participants, 180 were cases and 272 were controls. The participation rates

were 95.8% for cases and 81% for controls.

Table 5.1 presents descriptive data on the study variables among cases and controls. The

crude RR estimates indicate that paternal drinking, sex, child SEC, adult socioeconomic
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measures, and participants’ risk factors such as smoking, chewing quid and/or tobacco and

alcohol were associated with oral cancer.

Table 5.1 Distribution of life course socioeconomic measures, paternal and own habits
among cases and controls, and crude risk ratio estimates with 95% confidence intervals

Cases Controls Total Crude RR
(n=180) (n=272) (n=452) 95% CI)
n (%) n (%) n (%)
Paternal alcohol drinking
Yes 77 (44.3) 87 (33.2) 164 (37.6) 1.32 (1.05-1.65)
No 97 (55.7) 175 (66.8) 272 (62.4) 1.00
Age (years)
18-55 95 (52.8) 156 (57.4) 251 (55.5) 1.00
> 56 85 (47.2) 116 (42.6) 201 (44.5) 1.12 (0.89-1.40)
Sex
Males 143 (79.4) 149 (54.8) 292 (64.6) 2.12 (1.56-2.88)
Females 37 (20.6) 123 (45.2) 160 (35.4) 1.00
SEC in childhood
Low 140 (79.1) 170 (62.5) 310 (69.0) 1.70 (1.25-2.30)
High 37 (20.9) 102 (37.5) 139 (31.0) 1.00
SEC in adulthood
Low 105 (58.3) 119 (43.8) 224 (49.6) 1.43 (1.13-1.80)
High 75 (41.7) 153 (56.2) 228 (50.4) 1.00
Education
Secondary/less 149 (82.8) 194 (71.3) 343 (75.9) 1.53 (1.11-2.11)
Post-secondary 31(17.2) 78 (28.7) 109 (24.1) 1.00
Own habits:
Smoking
Yes 77 (42.8) 54 (19.8) 131 (29.0) 1.83 (1.48-2.27)
No 103 (57.2) 218 (80.2) 321 (71.0) 1.00
Chewing quid and/or tobacco
Yes 122 (67.8) 63 (23.2) 185 (40.9) 3.04 (2.36-3.90)
No 58 (32.2) 209 (76.8) 267 (59.1) 1.00
Alcohol drinking
Yes 96 (53.3) 57 (21.0) 153 (33.8) 2.23 (1.80-2.78)
No 84 (46.7) 215 (79.0) 299 (66.2) 1.00

The results obtained from conventional regression and MSM are presented in Table 5.2
According to the total effects Model (1), people from low SEC in childhood had 63%

(RR=1.63 [95% CI=1.38-1.92]) higher risk for oral cancer than those in the high SEC group.
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This association disappeared (RR=1.09 [95% CI= 0.94-1.26]) after adjusting for adult SEC,
education, risk factors and other confounders in the conventional regression. CDE of early-
life SEC estimated from MSMs showed that people with low child SEC had 48% (RR=1.48
[95% CI=1.43-1.53]), 24% (RR=1.24 [95% CI= 0.88—1.74]) and 94% (RR=1.94 [95%
CI=1.66-2.27]) higher risk for oral cancer that was not mediated by smoking, chewing quid
and/or tobacco and alcohol respectively, than those with high SEC in childhood. However, the
95% CI of CDE not mediated by quid chewing did include unity. Accounting for clustering

improved the precision of RR estimates.

Table 5.2 Total effect, adjusted effect from conventional regression, and controlled
direct effect from the marginal structural model for oral cancer

Without accounting Accounting for

for clustering clustering
RR (95% CI) RR (95% CI)
(Model 1) Total effect”
Child SEC Low 1.60 (1.17-2.17) 1.63 (1.38-1.92)
High 1.00 1.00
Conventional Adjusted effect”
regression Child SEC Low 1.08 (0.72-1.63) 1.09 (0.94-1.26)
(Model 2) )
High 1.00 1.00
MSM Direct effect controlled for smoking*
(Model 4) .
Child SEC Low 1.38 (1.02-1.86) 1.48 (1.43-1.53)
High 1.00 1.00

Direct effect controlled for chewing quid and/or tobacco®
Child SEC Low 1.21 (0.92-1.59) 1.24 (0.88-1.74)
High 1.00 1.00

Direct effect controlled for alcohol®

Child SEC Low 1.89 (1.30-2.75) 1.94 (1.66-2.27)
High 1.00 1.00

“adjusted for paternal alcohol;
Padjusted for paternal alcohol, adult SEC, smoking, chewing quid and/ or tobacco, alcohol, age and sex

¢ stabilized weight accounting for paternal alcohol, adult SEC, chewing quid and/or tobacco, alcohol, age and sex
4 stabilized weight accounting for paternal alcohol, adult SEC, smoking, alcohol, age and sex
¢ stabilized weight accounting for paternal alcohol, adult SEC, smoking and chewing quid and/or tobacco, age and sex
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The results of sensitivity analysis for unmeasured confounder ‘U’ are presented in Table 5.3.
In order to eliminate the CDE not mediated by smoking, the probability of U being present is
33% (53% Vs 20%) higher among smokers(P1;) than in non-smokers(P2;) across strata of
child SEC, i.e.,[P (U = 1|lmq,e) — P(U = 1|my, e) = 0.33] and the risk of oral cancer to
be increased by three times across all strata of child SEC and smoking. However, the presence
of U increasing the oral cancer risk by 3 fold is impossible; therefore, CDE cannot be
attributed to unmeasured confounders. Similarly, when considering the scenarios for alcohol,
U increasing the risk of oral cancer by 3 or 4 times is also implausible. Most of the sensitivity
parameters hypothesized in Table 5.3 to nullify the CDE of the child SEC on oral cancer are
not plausible and hence we could consider with some confidence that child SEC conditionally

affects oral cancer.
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Table 5.3 Sensitivity analysis for unmeasured confounding considering three estimates
of controlled direct effect of early-life socioeconomic conditions on oral cancer

Sensitivity analysis for Sensitivity analysis for Sensitivity analysis for
unmeasured confounder that unmeasured confounder unmeasured confounder
would invalidate CDE not that would invalidate CDE  that would invalidate CDE
mediated by smoking not mediated by chewing not mediated by drinking
Y. Pl P2, RR, Y. Pl P2, RR, ys Pl; P2; RR;
2 0.5 0.02 1.48 2 026 0.02 1.24 - - - -
2 051 0.025 148 2 027 0.025 1.24 - - - -
2 052 0.03 1.48 2 027 0.03 1.24 - - - -
2 053 0.04 1.48 2 028 0.04 1.24 - - - -
2 055 0.05 1.48 2 0.3  0.05 1.24 - - - -
2 0.62 0.1 1.48 2 036 0.1 1.24 - - - -
2 077 0.2 1.48 2 048 0.2 1.24 - - - -
2 0.9 0.29 1.48 2 0.61 0.3 1.24 - - - -
- - - - 2 0.6 0.3 1.24 - - - -
3 0.265 0.02 1.48 3 014 0.02 1.24 3 051 0023 1.9%4
3 028 0.028 1.48 3 015 0.025 1.24 3 052 0027 1.9%
3 028 0.03 1.48 3 0.16 0.035 1.24 3 053 0033 194
3 0.3 0.042 148 3 017 0.042 1.24 3 055 0043 1.94
3 031 0.05 1.48 3 018 0.05 1.24 3 057 0054 1.9
3 039 0.105 1.48 3 024 0.1 1.24 3 0.66 0.1 194
3 053 0.2 1.48 3 037 0.205 1.24 3 086 0204 194
3  0.68 0.3 1.48 3 049 0.3 1.24 - - - -
3 083 04 148 3 0.61 0.4 1.24 - - - -
- - - - 3 074 0.5 1.24 - - - -
- - - - 3 0.86 0.6 1.24 - - - -
4 0.19 0.022 148 4 011 0.025 1.24 4 035 002 1%
4 0.2 0.028 1.48 4 011 0.025 1.24 4 036 0025 1.9
4 021 0.035 148 4 0.12 0.035 1.24 4 037 003 1%
4 022 0.042 148 4 013 0.043 1.24 4 039 004 194
4 024 0.055 148 4 014 0.05 1.24 4 041 0.05 1.94
4 031 0.104 1.48 4 0.2 0.1 1.24 4 0.7 02 194
4 046 0.205 1.48 4 033 0.205 1.24 4 0.9 0305 1.9
4 0.6 0.3 1.48 4 045 0.3 1.24 - : : :
4 0.75 04 148 4 057 0.4 1.24 - - - -
4 0.9 0.5 1.48 4 0.7 0.5 1.24 - : : :
- - - - 4 082 0.6 1.24 - ) ) )

[
-3

Note: Bias formula for CDE given by VanderWeeleTJ” was used by specifying sensitivity parameters y, P1 and P2 to calculate RR;
Y1 = conditional increase in the risk for oral cancer when smoking is the mediator in model 4;

¥, = conditional increase in the risk for oral cancer when chewing is the mediator in model 4;

y5 = conditional increase in the risk for oral cancer when drinking is the mediator in model 4;

P1,= prevalence in smokers and P2;= prevalence in non-smokers;

P1,= prevalence in chewers and P2,= prevalence in non-chewers;

P1;= prevalence in drinkers and P23 = prevalence in non-drinkers;

RR; = direct effect of child SECcontrolled for smoking;

RR; = direct effect of child SEC controlled for chewing;

RR3 = direct effect of child SEC controlled for drinking;
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Table 5.4 Frequency distribution of cases and controls according to joint exposure to
childhood SEC (CHSEC) and smoking

Cases (n) Controls (n)

CHSEC, SMOKING; 64 39
CHSEC,;SMOKING, 76 131
CHSEC,SMOKING;, 11 15
CHSEC,SMOKING, 26 87

The frequency distribution of cases and controls by childhood SEC and smoking is presented

in Table 5.4. Smokers were more common among cases than controls that were in low SEC.

Table 5.5 shows that there is no additive interaction between childhood SEC and smoking on
the RR scale.

Table 5.5 RERI between childhood SEC and smoking on the risk ratio scale

Estimate SE 95% CI t Value Pr>|t|
Lower Upper
p
Intercept -1.01 0.21 -1.42 -0.59 -4.76 <0.001
Childhood SEC 0.46 0.26 -0.05 0.97 1.78 0.076
Smoking 0.84 0.56 -0.26 1.94 1.50 0.135
Childhood SEC*Smoking 0.30 0.64 -0.95 1.55 0.47 0.638
RR
RERI 0.32 0.56 -0.77 1.420 0.58 0.561

Table 5.6 shows that there is no multiplicative interaction of childhood SEC and smoking on
the RR scale.

Table 5.6 Multiplicative interaction between childhood SEC and smoking on risk ratio
scale

B SE 95% CI Z Pr> |Z|

estimate Lower Upper
Intercept -1.34 0.21 -1.74 -0.93 -6.40 <0.001
Child SEC 0.32 0.08 0.16 0.48 3.97 <0.001
Smoking 0.54 0.07 0.40 0.68 7.52 <0.001
Childhood SEC*Smoking 0.03 0.05 -0.07 0.14 0.60 0.548
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Table 5.7 Frequency distribution of cases and controls according to joint exposure to
childhood SEC and chewing quid/tobacco (CHEWING)

Cases (n) Controls (n)

CHSEC, CHEWING, 101 50
CHSEC, CHEWING, 39 120
CHSEC, CHEWING;, 20 13
CHSEC, CHEWING, 17 89

Table 5.7 shows that quid/tobacco chewers were more common among cases, who lived in

low SEC in their childhood when compared with controls of low child SEC.

As seen from Table 5.8 there is no interaction of childhood SEC and chewing on additive

scale considering RR.

Table 5.8 RERI between childhood SEC and chewing quid/tobacco on risk ratio scale

Parameter Estimate SE 95% CI t Value Pr>|t|
Lower Upper
p
Intercept -1.45 025 -1.94 -0.96 -5.82 <0.001
Childhood SEC 0.32 0.31  -0.29 0.93 1.02 0.307
Chewing 1.73 0.44  0.87 2.60 3.93 <0.001
Childhood SEC*chewing 0.10 0.51 -0.91 1.10 0.19 0.851
RR
RERI 0.23 0.56 -0.88 1.33 0.4 0.687
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Table 5.9 shows that multiplicative interaction between childhood SEC and chewing quid if

any is merely due to chance.

Table 5.9 Multiplicative interaction between childhood SEC and chewing on risk ratio
scale

B SE 95% CI Z Pr> |Z]

Estimate Lower  Upper
Intercept -1.68 0.47 -2.59 -0.77 -3.60 <0.001
Child SEC 0.29 0.33 -0.35 0.93 0.90 0.368
Chewing 1.13 0.70 -0.24 2.50 1.61 0.106
Child SEC*Chewing -0.15 0.60 -1.32 1.03 -0.24 0.810

Table 5.10 Frequency distribution of cases and controls according to joint exposure to
childhood SEC and alcohol

Cases (n) Controls (n)

CHSEC,ALCOHOL, 74 43
CHSEC,ALCOHOL, 66 127
CHSEC,ALCOHOL, 19 14
CHSEC,ALCOHOL, 18 88

Alcohol users were more common among cases than controls considering low child SEC

strata (Table 5.10).

Additive interaction of childhood SEC and alcohol on RR scale is not present in the study

population (Table 5.11).

Table 5.11 RERI between childhood SEC and alcohol on risk ratio scale

Estimate SE 95% CI t Value Pr>|t|
Lower Upper
p
Intercept -1.78 0.28 -2.34 -1.23 -6.32 <0.001
Childhood SEC 1.28 0.32 0.65 1.91 3.99 <0.001
Alcohol 2.01 0.55 0.94 3.08 3.68 <0.001
Childhood SEC*Alcohol -0.81 0.61 -2.00 0.39 -1.32 0.187
RR
RERI -0.84 1.01 -2.82 1.15 -0.83 0.668
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As observed from the Table 5.12, there is sub-multiplicative interaction of childhood SEC

and alcohol on t he risk ratio scale.

Table 5.12 Multiplicative interaction between childhood SEC and alcohol on risk ratio
scale

B estimate SE 95% CI V4 Pr>|Z|

Lower Upper
Intercept -1.94 0.35 -2.63 -1.25 -5.51 <0.001
Child SEC 0.97 0.18 0.63 1.31 5.54 <0.001
Alcohol 1.34 0.39 0.57 2.10 341 <0.001
Child SEC*Alcohol -0.77 0.27 -1.30 -0.25 -2.90 0.004

5.6 Discussion

The aim of the study was to estimate the CDE of child SEC on oral cancer. To the best of our
knowledge, this is the first study that makes use of MSM in oral cancer research. Although
cohort designs are suited for life course research, for a relatively infrequent chronic disease
like oral cancer, a case-control study is a feasible option (Maheshwaran et al., 2002; Lynch

and Smith, 2005; Nicolau et al., 2007).

The present study provides evidence to support the hypothesis that childhood socioeconomic
disadvantage has a long-term effect on oral cancer occurrence in adulthood independent of
individual risk factors. The findings are similar to those of other studies, which show that
childhood socioeconomic disadvantage adversely affects general health in the adult stage

(Nandi et al., 2012).

The conventional regression (Model (2)) indicated that childhood SEC was not independently
associated with oral cancer. Adjusting for all mediators and confounders in the model would
block the pathways through all three risk factors and adulthood SEC, thus showing a null

effect.
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This problem was overcome by fitting MSM that handles confounders with SW, while
controlling for a mediator in Model (4). The CDE highlights the lasting effect of childhood
socioeconomic disadvantage on development of oral cancer for those who lived in low SEC

when they were 610 years old, regardless of the development of risk factors in later life.

In this paper, the occupation of HH was used to measure SEC in childhood. The HH is
responsible for financially supporting and maintaining the family. Moreover, the occupation
of HH determines the income and living conditions that can influence a child’s health.
Socioeconomic disadvantage in childhood, a sensitive period of growth and development,
could permanently alter the physiological constitution that could subsequently affect health in

adulthood.

Estimates from the MSM are valid, provided the assumptions for model building are satisfied.

Firstly, there should be ‘no unmeasured confounders’ of the E-Y, E- M and M-Y paths. As
observed from the sensitivity analysis, the CDEs are less likely to be invalidated until a strong

confounder in the source population with specified parameters is discovered. With paternal

alcohol drinking being measured in this study, the potential confounding bias of the E- M
relation was lower. Moreover, to the best of our knowledge, there were no confounders of the
child SEC and oral cancer outcome relation identified from the literature review. Secondly,
assumptions such as positivity and correct model specification are required for weight
estimation, which may be violated if the means of SW are far from 1. Since the means of SWs
in this study varied between 0.91 and 1.00, the above mentioned assumptions can be
considered to be valid. Lastly, the assumption of ‘no interaction’ means that the effect
measure () is equal across all levels of a mediator. The measure of RERI signifies the
absence of public health interactions, meaning the benefits of intervention on the exposure

would be similar across all subgroups (VanderWeele and Vansteelandt, 2014). Interaction on
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a multiplicative scale between child SEC and alcohol shows that the CDE of child SEC
mediated through alcohol may not be equated to a natural direct effect. Future studies may
employ approaches unifying mediation and interaction or estimating natural direct effects
(VanderWeele, 2009; Xu et al., 2010). It is possible to demonstrate that child SEC is causally
associated with oral cancer from the evidence obtained with the above assumptions, along
with consistency and the logistic regression and marginal structural models being correctly

specified.

There are some limitations to this study. Early-life socioeconomic disadvantage in general
may include various aspects which may relate to oral cancer through various pathways
independent of risk factors, but we have considered only occupation. There could be
misclassification of early-life SEC due to error in recall. However, by using the life-grid
method, we assumed that the error in recall would be less. People of various age groups were
included in the study; there could be some cohort effect that was not considered.
Measurement error of risk factors would be lower because smoking, chewing quid/tobacco
and alcohol were based on exposure history over the entire life course. If two or more risk
factors are present in an individual simultaneously, they may interact with each other. Some

of the indirect effect may be mediated by HPV, which was not measured in this study.

5.7 Conclusion

In conclusion, early-life socioeconomic disadvantage has a lasting effect on oral cancer
outcome in adulthood when examined using marginal structural model. Further research
should focus on social mobility and accumulation of socioeconomic disadvantage, including

other mediators such as diet and HPV.
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6.2 Abstract

Objective: A study was conducted to develop and validate a screening model for oral cancer

using risk scores to identify high-risk individuals in an Indian population.

Methods: Life-course data collected from a multicentre case-control study in India were used.
Interviews were conducted to collect information on predictors limiting to the time before the
onset of symptoms of cancer/pre-cancer or cancer diagnosis. Predictors included statistically
significant risk factors in the multivariable model. A risk score for each predictor was derived
from respective OR. Discrimination of the final model, risk scores and various risk score cut-
offs were examined using the c statistic. The optimal cut-off was determined as the one with
good area under curve (AUC) and high sensitivity. The predictive ability of the regression
model and cut-off risk score were determined by calculating sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV). The models were validated from

a bootstrap sample.

Results: Smoking, chewing quid and/or tobacco, alcohol, family history of upper
aerodigestive tract cancer, diet and oral hygiene behaviour were significant predictors. Risk
scores ranged from 0 to 28. The AUC of the ROC curve for risk scores was good (0.866). The
sensitivity (0.928) and NPV (0.927) were higher while specificity (0.603) and PPV (0.607)

were lower for a risk score cut-off of 6.

Conclusions: A risk score model to screen for oral cancer with satisfactory predictive ability
was developed in the Indian population. Validation of the model in other populations is
necessary before it can be recommended to identify subgroups of the population to be directed

towards more extensive clinical evaluation.
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6.3 Introduction

Oral cancer is the sixth leading cancer in the world. Although a rare disease, oral cancer is the
fourth most frequent cancer in India, with the majority of cases being SCC (Bhurgri et al.,
2003; Bhurgri, 2005; Ferlay et al., 2010b). The stage at diagnosis has implications for
prognosis; if diagnosed at initial stages the mortality rate reduces (Sankaranarayanan et al.,
2000). Oral cancer can progress rapidly to advanced stages, with a delay in diagnosis ranging
from a few weeks to years (Llewellyn et al., 2004). Diagnostic delay is mainly due to delay in
presentation and sometimes because of failure to follow-up after initial examination by a
professional (Kantola et al., 2001; Kumar et al., 2001). The five year survival rate is lowered

when oral cancer is diagnosed at advanced stages (Yeole et al., 2000).

In countries where a high proportion of the population live in rural areas with poor access to
health care services and have a high prevalence of risk factors for oral cancer, that is, tobacco,
quid and alcohol use (Yen et al., 2008b; Petti, 2009), early detection and timely treatment
could improve the survival rate, reducing the psychological and economic burden on the
patient and his/her family as well as reducing physical disability. Community-based visual
screening for oral cancer using the existing workforce, such as community/primary health
care workers, is a feasible option (Warnakulasuriya et al., 1984; Sankaranarayanan et al.,
2000). Some visual screening programs have a high sensitivity rate and reduce the oral cancer
related death rate (Sankaranarayanan et al., 2000; Sankaranarayanan et al., 2013). However,
in rural/remote areas, community health workers trained to perform visual screening are
limited. Therefore, there is a need to develop a method that would be economical and easy to
adopt, that is, by asking simple questions that do not require intense, systematic training of the
personnel to perform visual oral screening. Such a method would help in utilising the existing

untrained personnel to identify target groups when resources are limited.
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Risk scores are model-based scores that predict the outcome and, therefore, assist in decision
making in diagnosis and prognosis (Steyerberg et al., 2010). Risk scores based on the history
of exposure to risk factors have been used to identify high-risk individuals for prostate and
colorectal cancer (Driver et al., 2007; Roudgari et al., 2012). The Harvard cancer risk index is
based on such a model (Colditz et al., 2000). A similar model was developed and validated in
Sri Lanka for detecting OPMD in a high-risk population (Amarasinghe et al., 2010). Though
OPMD can give rise to oral cancer, the rate of malignant transformation varies (Yen et al.,
2008a). Moreover, oral cancer can arise from normal appearing mucosa. To the best of our
knowledge, there are no models that use risk scores in screening for oral cancer. Therefore,
the aim was to develop and validate a screening model using risk scores that could be used to

identify adults at high-risk for developing oral cancer in the Indian population.

6.4 Methods

6.4.1 Study design

A multicentre hospital based unmatched case-control study was conducted between July 2011
and August 2012. Data was collected for a larger life-course study on oral cancer from four
major cancer hospitals located in Karnataka, India. These hospitals draw patients from both
rural and urban areas of India and majorly from South India. A risk score model was
developed using data collected for the life-course study. Ethics approval was obtained from
the ethics committees of the University of Adelaide and the selected cancer hospitals.
Informed consent was obtained from all the participants. Interviews were conducted after the
diagnosis of cancer, in hospitals for all participants to collect information on
sociodemographic details, exposure history for tobacco, quid, alcohol, diet and oral hygiene
practices over their life-course using a semi-structured questionnaire. A life-grid was used to

improve recall (Berney and Blane, 2003). Oral examination was done to record oral mucosal
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lesions for all participants. Medical records were abstracted for histopathological

confirmation of cases.

6.4.2 Participant selection and recruitment

6.4.2.1 Cases

‘Oral cancer’ included cancers of the oral cavity and oropharynx [International classification
of Diseases (ICD)- 10 codes: C00—C10]. Cases were identified from outpatient clinics,
hospital wards and treatment plan/surgery registers maintained in the hospitals. Incident cases
histopathologically diagnosed with oral cancer between July 2011and August 2012, visiting
selected cancer hospitals, and >18 years of age were included. Secondaries, sarcomas and skin
cancer of the lips were excluded because of co-morbidity or different etiopathology. The
eligible cases providing consent were recruited. Some cases receiving diagnostic work-up at
the participating hospitals could not be included in the study, if they did not return to the same

hospital for further consultation or treatment.

6.4.2.2 Controls

They were from the same cancer hospitals and their referral/health centres so that the
exposure patterns would reflect the source population that gave rise to cases (Rothman et al.,
2011a). People in waiting places, wards and out-patient clinics were selected and approached.
The eligible controls providing consent were recruited throughout the same period as cases
(density sampling) (Rothman et al., 2011a). The selection criteria for controls were: >18
years, not diagnosed with cancer, were carers/visitors of cancer patients (excluding UADT),
lung and liver cancers to avoid overmatching on exposure characteristics such as SEC,

tobacco, quid or alcohol use) or those seeking health care for medical conditions not related to
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tobacco and/or alcohol and those not suffering from memory loss. Controls were confirmed to

be negative of oral cancer by oral examination.

6.4.3 Potential predictors

The predictors were chosen based on a literature search for plausible risk factors for oral
cancer (Rao et al., 2013). Data collected on all the predictors through the interview were
restricted to the time point prior to the onset of symptoms of OPMD or cancer. Predictors
included sociodemographic factors, habits, diet, and oral hygiene behaviour. They were
dichotomised into broad categories so that questions are easily administered. Paternal and
maternal education was collected as the highest level of education attained by participants’
parents and dichotomised as ‘primary/less’ and ‘higher than primary’. Adult SEC was based
on the head of the household’s occupation, classified by authors into three groups (low,
middle and high) indicative of social standing. The ‘low’ level group included unemployed,
farmers, fishermen, and manual labourers. The ‘middle’ category involved small time
tradesmen, craftsmen and industrial workers. White collared workers, professionals and
business/establishment owners were categorised as ‘high’. The paternal alcohol drinking habit
was considered as ‘present’/‘absent’. The participants' own habits were dichotomised as
‘Yes’/*No’. Participants who regularly smoked at least 3-5 days per week for one year were
considered as smokers and others rarely smoking or never as non-smokers. Chewing included
three separate predictors such as chewing tobacco, chewing quid with tobacco and chewing
quid without tobacco. Participants who regularly chewed tobacco and/or quid at least 3-5 days
per week for one year were considered as ‘Yes’ and others rarely chewing or never as ‘No’
for their respective categories. For alcohol, participants who regularly consumed alcohol at
least one day per week for one year were considered as drinkers and others rarely drinking or
never as non-drinkers. BMI was derived from self-reported height and body weight five years

ago (weight loss may be related to long existing oral cancer/ OPMD) using the relationship -
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kg/m2 and categorised into underweight (< 18.4) and normal/above (>18.5). Spiciness of food
was self-rated on a schematic ladder of 1-10 scale. It was dichotomised into ‘Less spicy’ (1-5)
and ‘More spicy’ (>6). Frequency of fruit consumption was dichotomised into ‘at least once
weekly’ and ‘less than once a week’. Family history of UADT cancer in first or second degree
relatives, irrespective of age was included as “Yes’/‘No’. The practice of rinsing the mouth
with water after eating and/or chewing was collected as a general measure for oral hygiene

and was dichotomised into ‘Yes’/‘No’. Eating/chewing referred to either food or quid.

6.5 Statistical analyses

6.5.1 Model development

Statistical significance at p<0.05 was determined with the chi-square test for OR. Missing
data were excluded because it was less than 10%. Odds ratios were adjusted for clustering
using a generalised estimating equation. Statistically significant predictors at the bivariate
level were included in the multivariable logistic regression. Nevertheless, a predictor not
significant at the bivariate level, but which was a risk factor according to the literature review
was, still included in the multivariable model. The predictors to be included in the
multivariable prediction model were assessed for correlation using Spearman’s rho. Of the
predictors that were highly correlated (1>0.3), the one with a stronger association with oral
cancer was retained and others were dropped. Starting with a full model, statistically
insignificant predictors were removed backwards manually to obtain a final model. Only
significant variables remained in the final model. The fit of models was assessed with the
Hosmer-Lemeshow goodness of fit test. A risk score for each predictor was derived from the
predictors’ corresponding OR. Receiver Operating Characteristic (ROC) curves were plotted
to examine the discrimination of the final model, risk scores and various risk score cut-offs

(Pepe et al., 2006). Since the risk scores are continuous and range between a minimum and a
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maximum, a cut-off is required to make decisions for further referral. The optimal cut-off was

determined as the one with good specificity and a higher sensitivity.

6.5.2 Model validation

The final and the risk score models developed from the original data set were validated in 200
bootstrap samples drawn with replacement from the same data set by checking for the
reliability of the c statistics. The sensitivity, specificity, PPV and NPV calculated for the final
regression model and a range of cut-off risk scores in the original and bootstrap samples were

compared.

6.5.3 Analysis of prevalence

The prevalence of the disease affects predictive values and sensitivity (Brenner and Gefeller,
1997). Given the case-control design of this study, prevalence is unmeasurable. Therefore, it
was necessary to adjust the results for the sampling fraction of control and prevalence in
India (Ferlay et al., 2010b). Data were analysed using SAS® software (SAS Institute Inc.,

Cary, NC, USA) version [9.2].

6.6 Results

Of the eligible 188 incident cases and 336 controls approached, 180 (95.8%) cases and 272

(81.0%) controls consented and participated in the study.

Sex, paternal and maternal education, adult SEC, paternal drinking, own habits such as
smoking, chewing tobacco, quid with tobacco, alcohol, low frequency of fruit consumption,
spiciness of food, not rinsing the mouth with water after chewing/eating, and family history of
UADT cancer in first or second degree relatives were significant predictors at the bivariate

level (Table 6.1).
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Table 6.1 Characteristics of cases and controls and unadjusted odds ratios

Characteristics Cases Controls Unadjusted OR p value*
(n=180) (n=272) 95% CI)
n (%) n (%)
Age (years)
18-55 95 (52.8) 156 (57.4) Ref
>55 85 (47.2) 116 (43.6) 1.14 (0.73-1.79) 0.573
Sex
Males 143 (79.4) 149 (54.8) 3.23 (2.89-3.61) <0.001
Females 37 (20.6) 123 (45.2) Ref
Paternal education
Primary/less 139 (77.6) 171 (63.6) 2.07 (1.32-3.25) 0.002
Higher than primary 40 (22.4) 98 (36.4) Ref
Maternal education
Primary/less 159 (88.3)  210(78.1) 2.24 (1.34-3.75 0.002
Higher than primary 21 (11.7) 59 (21.9) Ref
Adult SEC
Low 105 (58.3) 119 (43.8) 2.17 (1.23-3.81) 0.007
Middle 47 (26.1) 89 (32.7) 1.29 (0.95-1.76) 0.099
High 28 (15.6) 64 (23.5) Ref
Paternal alcohol drinking
Yes 77 (44.3) 87 (33.2) 1.57 (1.24-2.00) 0.018
No 97 (55.7) 175 (66.8) Ref
Smoking
Yes 77 (42.8) 54 (19.8) 3.06 (2.78-3.37) <0.001
No 103 (57.2) 218(80.2) Ref
Chewing tobacco
Yes 57 (31.7) 23 (8.9) 4.96 (3.42-7.17) <0.001
No 123 (68.3) 249 (91.5) Ref
Chewing quid with tobacco
Yes 74 (41.1) 22 (8.1) 7.77 (7.03-8.61) <0.001
No 106 (58.9)  250(91.9) Ref
Chewing quid without tobacco
Yes 25(13.9) 26 (9.6) 1.58 (0.88-2.84) 0.125
No 155 (86.1) 246 (90.4) Ref
Alcohol
Yes 96 (53.3) 57 (21.0) 4.22 (3.08-5.79) <0.001
No 84 (46.7) 215 (79.0) Ref
BMI
Underweight 27(15.4) 35(13.5) 1.15 (0.94-1.41) 0.169
Normal and above 148 (84.6) 224 (86.5) Ref

Spiciness of food
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More spicy 111 (61.6) 110 (40.6)  2.32 (1.83-2.95) <0.001

Less spicy 69 (38.3) 161 (59.4) Ref

Fruit consumption

At least once weekly 42 (23.3) 140 (51.8) Ref <0.001
Less than once a week 138 (76.7) 130 (48.2) 3.76 (2.87-4.92)

Family history of UADT cancer

Yes 26 (14.7) 16 (6.1) 2.63 (2.07-3.32) <0.001
No 151 (85.3) 246 (93.9) Ref

Rinsing mouth with water after eating and/or chewing

Yes 24 (13.3) 103 (38.0) Ref

No 156 (86.7) 168 (62.0) 4.12 (3.02-5.60) <0.001

*from chi-square test

Table 6.2 presents all predictors included in the full model. Adult SEC, smoking, chewing
tobacco, quid with tobacco, quid without tobacco, spicy food, not rinsing mouth with water

and family history of UADT cancer were associated with oral cancer.
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Table 6.2 Multivariable logistic regression with all predictors of oral cancer included in

the full model
Predictors Categories Adjusted OR Chi-sq p
95% CI)
Paternal education Primary/less 1.22 (0.66-2.29) 0.40 0.529
Higher than primary Ref
Maternal education Primary/less 0.49 (0.22-1.09) 3.04 0.081
Higher than primary Ref
Adult SEC Low 2.27 (1.62-3.18) 22.66 <0.001
Middle 1.30 (0.68-2.46) 0.63 0.426
High Ref
Age (Years) >55 0.94 (0.35-2.50) 0.02 0.894
18-55 Ref
Smoking Yes 3.50 (2.71-4.52) 91.66 <0.001
No Ref
Chewing tobacco Yes 3.31 (2.26-4.86) 37.60 <0.001
No Ref
Chewing quid with tobacco Yes 10.13 (8.71-11.78) 898.69 <0.001
No Ref
Chewing quid without tobacco Yes 2.05(1.11-3.80) 5.23 0.022
No Ref
Alcohol Yes 2.20 (0.96-5.03) 3.45 0.063
No Ref
Spiciness of food More spicy 2.28 (1.88-2.75) 72.06 <0.001
Less spicy Ref
Fruit consumption Less than once/week 3.06 (2.04-4.61) 28.83 <0.001
At least once/week Ref
BMI Underweight 1.09 (0.80-1.47) 0.30 0.586
Normal and above Ref
Rinsing mouth with water No 4.19 (1.90-9.20) 12.70 <0.001
after eating/chewing Yes Ref
Family history of UADT Yes 2.05(1.82-2.31) 139.51 <0.001
cancer No Ref

132



Table 6.3 presents the multivariable model for the final set of predictors. Sex and paternal
alcohol drinking were not included in the model because they were highly correlated with
participant’s own habits. Based on the literature review, age and chewing quid without
tobacco (Warnakulasuriya et al., 2002; Lee et al., 2011) were risk factors and therefore
included in the multivariable model. In the final model, smoking, chewing tobacco, quid with
tobacco, quid without tobacco and alcohol were associated with oral cancer. Participants with
a family history of UADT cancer had a higher OR (2.45, 95% CI =2.01-2.97) for oral cancer
than those with no family history. Dietary factors such as eating more spicy food and not
eating fruits at least once a week were associated with oral cancer. Those not rinsing the
mouth with water after eating/chewing had an OR that was four times that of people who did
rinse their mouth. Chewing quid with tobacco was the strongest (OR = 8.25, 95% CI = 6.53-
10.43) of all the predictors. The Hosmer-Lemeshow test showed that the model fit the data
adequately (p = 0.390). The AUC for ROC curve for the final regression model was good
(0.870). Discrimination in a bootstrap sample with 200 repetitions showed a similar AUC
(0.869). The total individual risk score ranged from 0 to 28. The AUC of the ROC curve for

risk scores was good (0.866) and similar to that of the logistic model (See Figures 6.1 to 6.4).
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Table 6.3 Multivariable regression model for predictors of oral cancer and risk scores
for the predictors

Covariates Adjusted 95% CI for p valuet Risk
OR Adjusted OR score

Smoking

Yes 3.03 2.38-3.86 <0.001 3

No Ref

Chewing tobacco
Yes 3.12 1.92-5.07 <0.001 3
No Ref

Chewing quid with tobacco

Yes 8.25 6.53-10.43 <0.001 8
No Ref

Chewing quid without

tobacco

Yes 1.89 1.16-3.07 0.011 2
No Ref

Alcohol

Yes 2.22 1.30-3.76 0.003 2
No Ref

Spiciness of food

More spicy 2.15 1.91-2.42 <0.001 2
Less spicy Ref

Fruit consumption

At least once weekly Ref

Less than once a week 2.47 1.64-3.73 <0.001 2
Family history of UADT

cancer

Yes 2.45 2.01-2.97 <0.001 2
No Ref

Rinsing mouth with water
after eating/chewing

Yes Ref

No 3.63 2.23-5.89 <0.001 4

AUC 0.870 0.866
(0.869)* (0.865)*

Hosmer-Lemeshow Chi-sq= 8.46 0.390

Goodness of fit

* AUC for bootstrap sample; Tfrom Chi-sq
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Figure 6.1 ROC curve for the multivariable model
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Figure 6.2 ROC curve for the multivariable model using the bootstrap sample
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The plotted points on the ROC curves represent the predicted probabilities from the model for
each threshold.
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Figure 6.3 ROC curve for risk scores
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Figure 6.4 ROC curve for risk scores using the bootstrap sample

ROC Curve for Model
Area Underthe Curve = 0.B647

1.00

0.75
-
E
% 0504
=
sk}
W

0.25

0.00 H

T T T T T
0.00 0.25 0.50 078 1.00
1 - Specificity

The plotted points on the ROC curves represent the predicted probabilities from the model for
each threshold
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Comparison of sensitivity and specificity of risk score cut-offs at 5, 6 and 7 shows that the
cut-off score 5 has a higher sensitivity (0.967) and lower specificity (0.397) than the cut-off
scores of 6 and 7. The cut-off score 6 has a higher sensitivity but marginally lower specificity

than that of 7 (Table 6.4).

Table 6.4 Comparison of sensitivity and specificity of risk score cut-offs of 5, 6 and 7

Cut-off risk score 5 6 7

Sensitivity (95% CI) 0.967 (0.940-0.988) 0.928 (0.890-0.966) 0.894 (0.850-0.939)

Specificity (95% CI)  0.397 (0.339-0.455) 0.603 (0.545-0.661) 0.636 (0.579-0.693)

Table 6.5 shows the accuracy and predictive ability of the final regression model and the risk
score cut-off at 6. The sensitivity and NPV of risk score cut-off at 6 in the study population
showed good concordance with the bootstrap sample. Specificity and PPV were lower in the
validation sample than in the study population. However, the sensitivity, specificity, PPV and
NPV of the multivariable models were similar in the original and validation samples. The
sensitivity (0.928) and NPV (0.927) were higher while specificity (0.603) and PPV (0.607)
were lower when than in the logistic model (Table 6.6 below for frequency distribution by

risk score cut-off).

Table 6.5 Comparison of predictive ability of multivariable model and risk scores with
the cut-off as 6 in the study and bootstrap samples

Measures Final multivariable model Risk scores with cut-off at 6
(95% CI) 95% CI)
Study population Bootstrap sample* Study population Bootstrap sample*

Sensitivity  0.746 (0.682-0.810)  0.744 (0.740-0.750)  0.928 (0.890-0.966)  0.966 (0.964-0.968)
Specificity  0.846 (0.802-0.890)  0.851(0.848-0.854)  0.603 (0.545-0.661)  0.393 (0.388-0.397)
PPV 0.767 (0.704-0.831)  0.773 (0.768-0.777)  0.607 (0.550-0.665)  0.514 (0.510-0.517)

NPV 0.830 (0.785-0.875) 0.830 (0.827-0.833) 0.927 (0.888-0.965) 0.946 (0.943-0.949)

* Bootstrap sample of 200 iterations with replacement was drawn from original sample
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Table 6.6 presents the frequency distribution of cases and controls as classified by the cut-off

risk score. There were 13 false negative cases and 108 false positive controls.

Table 6.6 Frequency distribution of cases and controls by risk score cut-off at 6

Risk score Cases Controls Total
cut-off

<6 13 164 177
>6 167 108 275
Total 180 272 452

Variation in the predictive values according to the proportion of cases in the study population
and prevalence is presented in Table 6.7. The PPV was lower and NPV was higher for lower
prevalence of oral cancer at national level (6.3%) when compared to the proportion of cases

(35.9%) among the total number of eligible study participants approached.

Table 6.7 Expected PPV and NPV according to proportion of cases in the study
population and prevalence at national level

Proportion of oral PPV NPV
cancer cases
Study 35.9% 0.567 0.937
population
National level 6.3% 0.136 0.992
prevalence’

" GLOBOCAN 2008 database for India

6.7 Discussion

The aim was to develop and validate a screening model using risk scores to identify high-risk
individuals for oral cancer. Predictors strongly associated with oral cancer were selected to
derive the screening model. In this population, smoking, chewing tobacco/quid and alcohol
were strongly associated proximate factors. These findings are similar to previous studies on
risk factors of oral cancer (Ko et al., 1995). Higher OR for oral cancer was observed among

those reporting presence of UADT cancer in their family. An association of positive family
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history of cancer with OC has been seen in studies from other countries (Brown et al., 2001;
Garavello et al., 2008). People who rated the spiciness of their diet as being high had higher
odds (OR = 2.15) for developing oral cancer than those rating the spiciness as five or less.
This is a subjective measure, but it is an easier method to collect information on the spiciness
of food at a population level and in a hospital setting. In India and other South Asian
countries, red chilli powder or red/green chillies are added to increase the spiciness of food.
These findings support the results of other studies conducted in India that showed red chillies
in diet increases the risk by two-three times for UADT cancers including oral cancer (Notani
and Jayant, 1987). Similarly, a higher risk has been observed for gall bladder (Serra et al.,
2002), liver and gastric cancers (Lopez-Carnllo et al., 1994; Archer and Jones, 2002) in other
countries. Although the association of spicy food with oral cancer could be due to the
carcinogenicity of capsaicin found in chillies (Bode and Dong, 2011), it could be a marker for
some underlying dietary aspect in this population. Low frequency of fruit intake was
associated with higher OR. This is in agreement with recent studies showing the protective
effect of fruits (Bravi et al., 2013). BMI was not associated with oral cancer in our study
population which is contrary to other studies showing an association of oral cancer with
underweight (Radoi et al., 2013b). This could be due to recall bias because the recalled body
weight was 5 years previous to the time of interview. Rinsing the mouth with water after
eating is a common mouth-cleansing practice in India. Not rinsing the mouth with water after
chewing/eating was a strong predictor for oral cancer. We speculate that the practice of mouth
rinsing with water indicates the participants’ care for oral hygiene, and lack of the practice
could be related to poor oral hygiene and that has been shown to be associated with oral
cancer in other studies (Balaram et al., 2002; Rajamanickam et al., 2007). Probably, rinsing
mouth with water cleanses off the oral mucosa of some of the adherent carcinogens among

quid/tobacco chewers. However, this is the first study to report an association between the
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lack of cleansing the mouth with water after chewing/eating and an enhanced predisposition
to oral cancer. This relation requires to be explored further. Socioeconomic predictors were

not statistically associated with oral cancer after adjusting for other factors.

A risk score model with strong predictive ability (AUC = 0.866) was developed using a set of
predictors obtained through interviews. The AUC or the c statistics refer to the probability of
the model to predict the outcome. A model is considered to have a reasonable predictive
ability if the c statistic is greater than 0.7 and strong if it is greater than 0.8 (Hosmer and
Lemeshow, 1989; Hosmer and Lemeshow, 2000). Internal validation in a bootstrapped
sample of the same dataset showed similar findings (AUC = 0.865). Identification of high-risk
individuals is essential in settings with limited/restricted resources. The risk score model
developed is simple to administer using minimally available resources and logistics. For a
serious disease like oral cancer, a risk assessment method for mass screening should be
simple and accurate, although there is a trade-off between simplicity and accuracy. This
model did not include continuous variables or transformations. Moreover, the model did not
consist of any oral examination component. Hence, information can be collected using
screening questions on predictors to directly calculate risk scores. Such a model to identify
high-risk individuals using screening questions would be desirable in rural and remote
settings with limited resources, where there are no health care workers trained to do a visual
examination. The optimal cut-off with high sensitivity (0.928) and moderate specificity
(0.603) was chosen. The present model had similar sensitivity but a lower specificity
compared to OPMD model developed in Sri Lanka (Amarasinghe et al., 2010). A screening
model for fatal diseases like oral cancer should have higher sensitivity than specificity in
order to reduce false negatives at the initial screening (Lalkhen and McCluskey, 2008). The
identified high-risk individuals could be further evaluated with more specific diagnostic tests

in the hospitals.
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The feasibility and success of a screening program are determined by PPV and NPV, which
depend on the disease prevalence in the population (Lalkhen and McCluskey, 2008). In the
study sample nearly 93% of the adults with a risk score lower than the cut-off at 6 did not
have oral cancer. The NPV of the oral cancer risk score was greater than PPV (nearly 61%).
In a population with high prevalence of oral cancer, a higher NPV is preferable to reassure an
individual with a low score (negative test) that he/she is very unlikely to have the disease.
However, it will be uninformative in populations with low prevalence (Loong, 2003). This
model could be useful in plausibly related population (Justice et al., 1999) with similar
practices (of smoking, betel quid/tobacco chewing and alcohol consumption) such as in Asia
or Asian migrants in western countries that are at a higher risk for developing oral and

oropharyngeal cancer.

Some of the drawbacks of the screening model come with the errors. False positive (FP)
results might create apprehension in individuals and their families until they are clinically
diagnosed with negative results. Conversely, the false negative (FN) cases miss out referrals.
With the cut-off at 6, the FP rate was high (38.6%) but the FN was low (7.8%). The FNs were
mainly because of the absence of known risk factors (9 out of 13 FN had no habits). On the
contrary, risk factors were present in a high percentage of FP cases and they also included
five people with OPMD. Although the model was developed including oral cancer cases in all
stages, it could identify individuals with pre-cancer. This calls for intervention/monitoring of
subgroups with a potential to develop oral cancer. Other than cases with no known risk
factors, a proportion related to human papillomavirus infection could go undetected. In this
study, other potential biases such as recall bias and information bias due to differential recall
between cases and controls, though cannot be eliminated, it is considered to be reduced with
the use of life-grid, restricting the information collection before the onset of symptoms of

OPMD/cancer and by interviewing cases and controls in similar settings. There could be
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potential selection bias because there were more men as cases and more females as controls.
The model was developed using case-control data in which the cases-control ratio is higher
than the prevalence of the disease that affects the prediction accuracy. This has been
addressed to some extent by adjusting the predictive values for the prevalence estimates.
Furthermore, methods are being developed to address the issues related to low prevalence of

the disease.

Despite its limitations, primary health care workers in rural/remote areas can use this model
as an initial screening method, due to ease in application and its simplicity. This does not
imply to dismiss the visual screening, but could be used where there are no such programmes.
The screened high-risk individuals could be further referred for clinical evaluation by trained
health professionals, thereby encouraging them to make contact with the health care system.
However, there could be compliance issues. Development of this risk score model is an initial
effort towards identifying target groups in controlling the burden of oral cancer. The model
can also create a sense of awareness of risk factors and oral cancer among the screened. It has
the potential for integration into ongoing cancer control programmes and possibly help
clinicians to identify high-risk individuals to do a thorough oral examination using other

diagnostic aids.

6.8 Conclusion

A screening model using risk scores with the satisfactory predictive ability was developed and
validated in a population of the country with a high incidence of oral cancer. Further studies
are necessary to validate this model in other populations before its implementation can be
recommended to identify subgroups of the population to be directed towards more extensive

screening approaches.
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Chapter 7: Discussion

7 Discussion
This chapter presents the strengths and limitations related to the methodology, and a

discussion of the results presented in the three papers (Chapters 4, 5 and 6), and conclusions.

7.1 Summary
The present epidemiological study was undertaken in India, where the incidence rate of oral

cancer is high. A hospital-based case-control study was conducted with the focus on:

l. Examining the life course SEC in relation to oral cancer, with special emphasis on the
early-life social origin of oral cancer.

2. Development of a practically applicable screening model to triage asymptomatic
adults with oral cancer.

These two aspects have been addressed in Chapters 4, 5 and 6.

Life course SEC at childhood, early and later adulthood was associated with oral cancer.
People in low SEC had higher odds for oral cancer. Socially mobile groups had ORs
intermediate to that of stable-high, and stable-low groups. An inverse association between
accruing disadvantages from living in low SEC throughout the life course and oral cancer was
a more valid explanation found from life course models. Moreover, the observed disparities of
oral cancer in adulthood were a direct effect of early-life low SEC that was not mediated by

individual risk factors.

A screening model was developed using inputs from life-course risk factors such as tobacco,

quid chewing, alcohol use, diet, family history of UADT cancer and oral hygiene practices to

143



identify adults with oral cancer. The model was found to have good predictive ability in the

study population.

7.2  Why life course epidemiology of oral cancer?

A large body of scientific evidence is available on a number of behavioural and biological
factors associated with oral cancer. Furthermore, individuals’ biological and behavioural
factors are patterned by social factors, and their interaction with the surrounding environment
(Krieger, 2005). Understanding the social factors is needed in adopting a holistic approach
towards the prevention and control of oral cancer, a frequently fatal disease. Implementation
of public health reforms to bring about social changes is complicated and requires concerted

efforts from different disciplines.

Knowledge about the social causes is essential in epidemiology, because ignoring the SEC
will bias the epidemiological evidence in understanding disease causation (Krieger, 2007).
People’s health is influenced by their material resources, social factors and the environment in
which they live and interact. Looking at people as social and biological beings, it is essential
that the disease or health be observed and understood within the context in which they were
born, grew and lived. Exposure to detrimental social processes in childhood could alter the
biological development process and could be damaging to health in the long-term (Kuh and

Ben-Shlomo, 2004).

In addition to studying social epidemiology, epidemiologists can help by offering an
interventional solution towards the prevention and control of the disease. As Rothman and
colleagues point out, when not much can be done by epidemiologists to bring about social

equality, the goal should be to find a practical solution (Rothman et al., 1998).

Therefore a life-course study was conducted, with a social perspective, and to seek a practical

solution towards reducing the burden from oral cancer.

144



7.3  What are the study findings?

This section discusses the study findings of Chapters 4, 5 and 6.

7.3.1 Which life course models can explain the association of oral cancer with
socioeconomic conditions at various stages in life?

Chapter 4 is aimed at exploring the life-course models with regard to the association between
SEC and oral cancer. The underlying hypothesis was that accumulation of socioeconomic
disadvantage over the life course is associated with oral cancer in the Indian population. The
findings from Chapter 4 show that there are inequalities in the occurrence of oral cancer in
adulthood. Life course models offer alternative explanations for the association of life course

SEC with oral cancer.

As seen from various models below, the findings supported the hypothesis.

7.3.1.1 The critical period model

Socioeconomic conditions at the three stages (childhood, early adulthood and later adulthood)
were associated oral cancer occurring in later adulthood. Among the three stages, early
adulthood SEC was more strongly related to oral cancer. The findings suggest an inverse
relation between SEC and oral cancer that is similar to that for general health outcomes
(Vagero and Leon, 1994; Smith and Hart, 2002; Hallqvist et al., 2004). In the present study,
paternal and maternal education was inversely associated with oral cancer in the offspring
(Table 6.1). A review of 49 studies found that early-life SEC measured by parental education
or occupation were inversely associated with cardiovascular disease (Pollitt et al., 2005).
However, when their own education, current SEC and risk factors were included, the
association was null. The methodological issues of multivariable models are related to

mediators (risk factors and adult SEC) and are discussed in greater detail elsewhere (section
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7.4). The methodological problem was overcome by undertaking a causal analytical approach

using marginal structural modelling.

7.3.1.2 The social mobility model

According to the social mobility model, health is affected by SEC at all stages. The socially
mobile subgroups carry with them the advantage or disadvantage of the SEC that they move
away from, and the one they attain (Hallgvist et al., 2004). Hence, the mobile subgroups have
an intermediate level of health between those of the always disadvantaged and advantaged
groups. The findings of the present study support the findings of previous studies, where the
socially mobile subgroups had a greater risk in general health and longevity (Hart et al., 1998;
Hallqvist et al., 2004) and oral health (Poulton et al., 2002; Peres et al., 2011a) than the
subgroup stable at high SEC. In the present study, the greatest difference was observed
between the stable groups. Those who remained stable in the low SEC had the highest odds

for oral cancer than those stable at a high SEC.

7.3.1.3 The accumulation model

The accumulation of life course SEC experiences was examined for its association with oral
cancer. A gradient was observed in the OR with an increase in the number of occasions of low
SEC in a lifetime. These findings indicate that the disadvantages of low SEC are cumulative
and stable-low group has the highest odds for oral cancer. Other cohort studies on oral health
(Thomson et al., 2004; Peres et al., 2011a), general health and cancer mortality (Hart et al.,

1998) show similar findings.

7.3.2 Does low SEC during childhood have a long-term effect on oral cancer in
adulthood?

This life course study’s emphasis was on the long-term effect of SEC in early-life on oral

cancer. In the previous section (7.3.1) on life course models, childhood SEC was associated
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with oral cancer when age and sex was adjusted. However, people in the later years of their
life may develop some habits that are detrimental to health. Some of the behaviour may be
risk factors for oral cancer, such as tobacco, quid and alcohol, which mediate the effect of
SEC on oral cancer. Similarly, SEC in childhood and adulthood when correlated may affect
the risk factors. In such a situation when there is mediation by other factors, to infer causality,
a MSM is useful in decomposing the direct and indirect effects of exposure on the outcome

(Robins et al., 2000).

In the present study, by using MSM, evidence was found to support the hypothesis that the
effect of low SEC in childhood had a long-lasting effect on oral cancer. It has been shown that
various health outcomes in adulthood are associated with childhood SEC (Cohen et al., 2010).
The findings of this study suggest that there is early origin of risk for oral cancer during the
childhood, a critical period of growth and development. The long term effect of
socioeconomic disadvantage can be explained to some extent by behavioural and biological

factors.

7.3.2.1 Mediation through behavioural factors

Many years of research have shown that socioeconomic factors have pathways through
behavioural factors such as tobacco, alcohol use and diet, and that they play a crucial role in
determining health (Berkman and Kawachi, 2000; Adler and Newman, 2002; Cutler et al.,
2008). Smoking, quid with/without tobacco, alcohol, diet and oral hygiene behaviour all have
been shown to be strongly associated with oral cancer in Chapter 6. Tobacco, quid and

alcohol have been classified as carcinogens by the IARC.

Behavioural and lifestyle factors also have social origins. Children of parents from low SEC

are more likely to attain lower levels of education and work in manual or blue-collar jobs, and
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they are also more likely to take up tobacco and alcohol habits early in life (Lynch et al.,

1997). People with low occupational status are more likely to develop health-risk behaviours.

A diet deficient in nutrients and antioxidants, low intake of fruits and vegetables, and poor
oral health are known risk factors of oral cancer (Levi et al., 1998; De Stefani et al., 1999;
Amtha et al., 2009; Helen-Ng et al., 2012). Due to a low dietary intake of fruits and
vegetables, and the lack of a well-balanced diet, the children of poor parents are more likely
to experience malnutrition (Kanjilal et al., 2010); this can have an impact on their physiologic
constitution and increase sensitivity to endogenous and exogenous carcinogens (Lutz, 1999).

These risk factors could cause genetic alterations that lead to the development of oral cancer.

7.3.2.2 Genetic and epigenetic explanation for long-term effect of childhood low SEC
on oral cancer

Developmental origin of health supports prenatal exposure and is of relevance to

cardiovascular diseases (CVD) and cancers (Barker and Bagby, 2005). Identification of

genotypes, behavioural and environmental factors responsible for CVD and cancers has

helped in understanding that many genetic and epigenetic changes take place because of

environmental changes (Knox, 2010). Epigenetic and physiological explanations have been

suggested as evidence for social disparities in chronic disease (Schooling and Leung, 2010).

The social environment interacts with genes that influence the biological responses of an
individual (Manuck et al., 2005). Experiencing adverse SEC in childhood has been found to
deplete some seven biological systems such as nervous, endocrine, immune, lipid and glucose
metabolism, which is also known as allostatic load, in adulthood (Gruenewald et al., 2012).
The allostatic load is greatest for cumulative experience of low SEC over the life course
(Gruenewald et al., 2012). More support for this theory may be drawn from research that

indicated a link between abnormal glucose metabolism and oral cancer (Ujpal et al., 2004;
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Suba and Ujpal, 2007). It is also known that diabetes is increasing in India. Moreover, in an
Indian population, association between OPMD, precursors of oral cancer, and diabetes
mellitus have been found especially among women (Dikshit et al., 2006). However, the exact

pathways through epigenetic changes are yet to be elucidated.

Another plausible pathway is embedding of early-life socioeconomic experiences in
physiologic responses where epigenetic alterations play a role. Research has shown
substantial correlation between early-life poverty and genetic-epigenetic changes such as
DNA methylation (Lam et al., 2012). DNA methylation is an important step in the onset and

progression of oral cancer (Shaw, 2006; Radhakrishnan et al., 2011).

7.3.3 How well can the risk score model predict oral cancer?

Risk prediction is of special interest in epidemiology. Having known the risk factors, the next
step would be to predict the risk for oral cancer, for its practical application in clinics or
public health. Statistical methods could be used to combine multiple risk factors for predicting
the risk. The known risk factors such as social (parental education, own education,
occupation), health behaviour (smoking, chewing quid with or without tobacco, alcohol),
dietary (spiciness of diet consumed, frequency of fruit consumption) and biological factors
(BMI) were included in the initial model. Some of the predictors were carefully removed
before arriving at a final model that included only those variables that predicted oral cancer
quite well. The risk scores were derived from ORs for each variable. The total risk score for a
person depended on the risk factors he/she had. Risk scores are similar to a continuous
measure of a risk factor used as a screening test (e.g., blood cholesterol) to screen for
ischemic heart disease. Since individuals’ total risk score ranged between 0 and 28, the cut-
point was chosen as 6 to make a clinical decision for the presence of oral cancer based on its

good predictive ability.
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The performance of such statistical predictive models is examined using several traditional
and novel measures (Steyerberg et al., 2010). The performance of the final model measured
with ‘goodness of fit’, and ROC curve or c statistic (Steyerberg et al., 2010) was found to be
adequate. The performance of a classifier (risk score cut-point) was measured using
specificity and sensitivity (Pepe et al., 2006), and a cut-point was chosen that had high
sensitivity (0.93) and reasonable specificity (0.60). The predictive values (PPV and NPV) that
depend on the prevalence of oral cancer are the other dimensions to measure a classifier (Pepe
et al., 2006). Since the inputs on various risk predictors were obtained from a case-control
study that limited the estimation of prevalence of oral cancer, PPV and NPV could not be
directly estimated (Brenner and Gefeller, 1997). However, in the initial stages, case-control
designs are frequently used to develop a prediction model, or for risk stratification (Pepe et
al., 2004). Prospective studies are used in later stages for the evaluation of the prediction tool

(Pepe et al., 2001).

The PPV and NPV were estimated indirectly using the formulae by inputting the values of
prevalence of oral cancer, available from GLOBOCAN (Ferlay et al., 2010b), and sensitivity
and specificity (Brenner and Gefeller, 1997) of the risk score cut point. The estimation of
PPV and NPV was carried out using GLOBOCAN data since actual data on the prevalence of
oral cancer in India, from observational studies, is lacking. The GLOBOCAN data on the
prevalence of oral cancer in India is estimated from incidence of diagnosed cases of oral
cancer at Registries and mortality of the diagnosed cases, but not the observed prevalence.
Furthermore, oral cancer has a high mortality rate and, therefore, even when the incidence is
high the prevalence may be lower. The actual prevalence may be different since there would
be undiagnosed cases and some people with oral cancer who are not seeking care. This
estimation of PPV and NPV was only an attempt to show how the predictive values would

change with the prevalence of disease and should not be confused as actual PPV and NPV.
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Applicability of a risk prediction tool is good if it is easy to administer and non-invasive. The
developed screening model is simple and can be easily administered by people with minimal
training. It does not require extensive training like that of visual screening. The present model
could be used by untrained personnel in rural and remote areas to screen asymptomatic

individuals at high-risk for developing oral cancer.

The screening model was tested for internal validity using a bootstrap sample of 200
iterations. Split-sample, cross-validation, jack-knife and bootstrapping methods have been
considered for internal validation of predictive models. Among them bootstrapping is an
efficient methods because of the random re-sampling procedure with replacement from the

original dataset to generate a sample (Steyerberg et al., 2001).

The present risk model may be applicable for the study population, some of the countries in
South and Southeast Asia, and migrant communities in Asia with similar risk factors. Further
studies in different settings are required before generalising the screening model to other

populations (Justice et al., 1999).

7.4  How methodological issues have been addressed?
To answer the research questions, appropriate methodological approaches have to be
followed. The methodological issues related to three study objectives have been described

below.

7.4.1 Using a case-control design for life course research on oral cancer

Life course epidemiology originated from cohort studies conducted in European countries and
was later followed in other developed countries, and recently in developing countries.
Conducting cohort studies is laborious, time-consuming and expensive. For a rare disease
such as oral cancer, that has a long induction period, a cohort study is not a feasible option.

Moreover, in India, where the population-level data suitable for life course study is
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insufficient and it is difficult to establish a cohort, the most feasible option is a case-control

study to answer the research questions that require a life course approach.

A hospital-based case-control study was conducted in the major cancer hospitals because
many cases could be recruited in a short duration stipulated for data collection. Further, to
avoid prevalence-incidence bias, only incident cases were included in the study. A case-
control study could be regarded as being easily and efficiently mounted in a cohort (Rothman
et al., 2011a; Vandenbroucke and Pearce, 2012). The efficiency comes from the selection of
controls from the same source population that gave rise to cases. According to modern
understanding, if the controls are selected following basic principles, then valuable findings
can be obtained from case-control studies. The controls should be representative of the source
population rather than the general population (Wacholder et al., 1992a). Since the cases in the
selected cancer hospitals came from various states of India, it was difficult to geographically
define the primary source population. Therefore, the hospital and visitor controls were chosen
from the same hospitals and their health/referral centres, to reflect the prevalence of risk

factors and covariates in the underlying source population.

Selection of neighbourhood controls or random selection of controls from the general
population was not possible because of the difficulty in enumerating people on the roster and
lack of resources. Furthermore, such controls would not be representative of the source

population (Wacholder et al., 1992a; Wacholder et al., 1992b; Rothman et al., 2011a).

For relatives, friends and neighbours of the patients, visiting during hospitalisation is a social
obligation in India. A pool of patient visitors in the hospitals provided an excellent
opportunity for the selection of controls not related to exposure (Armenian et al., 1988).
Hospital visitors have been selected in other studies and shown to be a valid and feasible

alternative for control series (Armenian et al., 1988; Ngelangel, 1989; Mendonca and Eluf-
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Neto, 2001). The control series in the present study were selected from visitors, those seeking
health care for reasons other than cancer, and conditions not related to tobacco and alcohol, to
avoid selection bias (Hernan et al., 2004; Rothman et al., 2011a). Anticipating that selection
of controls could be related to exposure to risk factors, relatives or friends of UADT, lung and
liver cancers were not included. In addition, hospital controls (exclusive of cancer patients)

seeking care for reasons not related to tobacco or alcohol, were included.

The incidence-density sampling of controls provides an opportunity to include the controls as
cases, if they were to be diagnosed with oral cancer. This method of control selection is
similar to selecting the participants at the beginning of follow-up who could contribute to both
numerator and denominator (Rothman et al., 2011a). Thus, the incidence case-control study
does not require a rare disease assumption (Rothman et al., 2011a; Vandenbroucke and

Pearce, 2012).

The cases and controls were not matched for confounders (such as age and sex) because
restrictive selection of controls could reduce the study size and sometimes matching itself
may induce selection bias (Rothman et al., 2011b). If a confounder is quantifiable, then it can
be adjusted in the analysis (Wacholder et al., 1992c). Despite careful selection of controls,
there could be some bias related to gender, age and visiting pattern. However, age, sex, and
hospital centres were adjusted for in the analysis. Since the controls selected were not

matched, conditional logistic regression has not been used.

7.4.2 Causal and predictive modelling in life course research
Conventional multivariable regression models are commonly being used in epidemiology.
There is a need to clearly understand the purpose when using conventional regression models

(Zalpuri et al., 2013). In epidemiology, statistical modelling for an outcome is done for two
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purposes —causal modelling to investigate causality of an exposure, and predictive modelling

to empirically predict the outcome (Shmueli, 2010).

In social epidemiology, as in the life course approach, causal modelling was applied mainly
because of the need to test the theory of causation of oral cancer by childhood SEC, where
time-dependent confounders, such as later life SEC are an issue. The causal modelling is
driven by theory, while the data are used to test the proposed theoretical model, thus
explaining the causal hypothesis. In Chapter 5, the causal model was based on the DAG
developed from prior knowledge (the Literature Review), and regression modelling was
followed to suit the theory. The causal inference requires special techniques such as marginal
structural modelling (Robins, 1999), structural nested modelling (Robins et al., 1992) or g-
computation (Robins, 1986) as applied to observational or experimental data, assisted by
causal diagrams and a counterfactual framework (Pearl, 1995; Hernan et al., 2000; Robins et
al., 2000). Furthermore, when causal analysis includes mediation, confounders and mediators
have to be distinguished to avoid collider bias (Hernan et al., 2004). It has been shown in
Chapter 5, that when all variables were included in the multivariable model, irrespective of
their status (exposure, mediators and confounders), there was no effect of childhood SEC on
oral cancer. However, when MSM was used, there was a direct effect of early-life low SEC
on oral cancer in adulthood. MSM manages for adjusting of confounders effectively by using
stabilised inverse probability weights. The sensitivity analysis further recognised the causal
association by showing that the direct effect of childhood SEC cannot be attributed

completely to any unmeasured confounders.

The goal of predictive modelling is to predict the outcome based on independent variables. As
described in Chapter 6, the aim was to predict oral cancer given the inputs on various risk
predictors. Although many of the risk predictors (tobacco, alcohol, quid, diet, oral hygiene

practice, family history) chosen were risk factors in the screening model, good predictors
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need not necessarily be causal factors (Moons et al., 2009). In predictive modelling, variable
selection procedures (for variable inclusion or exclusion) are more important (Greenland,
1989). A variable could be included as a covariate if it improved the predictive ability
(Fletcher et al., 2012). In this thesis, predictive or causal modelling was used appropriately

depending on the aim.

7.4.3 Measures of association and effect measures used

In epidemiological studies, prevalence ratios, odds ratios, risk ratios and rate ratios are used as
measures of association, depending on the aim and the study design. In the present study, ORs
were used when strength of association was important, as estimated from conventional
regression/prediction models. The RR was used as the effect measure when the causality had
to be inferred. The interest was in estimation of the RR as a summary measure for the causal
association because of its usefulness and convenience in communicating the results in terms
of ‘risk” compared to ‘odds’ (Greenland, 2004; Lumley et al., 2006). The estimates (RR and
OR) obtained from incidence-density case-control study will be approximately similar
(Pearce, 1993; Vansteelandt, 2009; Rothman et al., 2011b). Moreover, RR estimation was
possible since the control selection was not conditional on the absence of oral cancer
(Rothman et al., 2011b). The precision of the RR estimates would, however, be inferior to
those from cohort studies and could be improved if the disease is rare (Pearce, 1993; Rothman

et al., 2011a; Vandenbroucke and Pearce, 2012).

7.5 What are the strengths and limitations of the study?
It is essential to examine the strengths and limitations of the study for right interpretation of
the results. In this part of the thesis, the strengths and limitations of the methodological

approaches followed in chapters 4, 5 and 6 will be discussed.
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7.5.1 Strengths

1. The present study was conducted at multiple major cancer hospitals that provide care to
patients of different socioeconomic strata.

2. The study was primarily designed to address the aims of the study. The statistical
procedures conformed to the study aims and design.

3. The life course approach adopted in the present case-control study did facilitate examining
for the causal effect of SEC on oral cancer. The timing of exposures (SEC) and
behavioural factors (tobacco, alcohol, quid and dietary factors) among cases, and controls
over the life course helped in determining the temporality of exposure, mediators, and
outcome to establish a causal relation.

4. The high response rate achieved in the study minimised the missing data. Direct
interviews and use of a life-grid helped to build a positive rapport with the participants
that minimised missing data.

5. Control selection was carefully done so as to reduce bias. Incidence-density sampling
allowed for inclusion of a person selected as a control to become a case if he/she
developed the disease. This is similar to the cohort design where a person contributes to
both numerator and denominator. Density sampling of controls facilitated the estimation
of relative risk.

6. Appropriate statistical methods (causal and prediction analyses) were employed to address
the research aims. MSM was employed for causal analysis in which the confounders were
efficiently handled using SW. Furthermore, sensitivity analysis showed that a causal
relation between early-life SEC and oral cancer cannot be invalidated by unmeasured
confounders. The multivariable prediction model assisted in developing a screening model

for oral cancer using risk scores.
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7.5.2

Limitations

As the interviews were conducted following the diagnosis, there could be some recall
bias due to differences between cases and controls, especially in remembering the
details related to behaviour. Although the differences were considered to be less with
the use of a life-grid and interviewing cases and controls in similar settings, they
cannot be completely avoided.

Potential interviewer bias may be anticipated because a single dentist interviewed and
examined the participants. Even if a separate examiner and interviewer were
employed, blinding the interviewer to case/control status was not possible. The case
status would be evident as the lesions would be visible due to gross changes in facial
structures in most cases.

Adults of different age groups were included in the study. There could be some cohort
effect on oral cancer incidence. However, age was controlled in the analysis. It is also
known that separation of age-period-cohort effect is difficult.

Controls comprised more women than did the case group. The greater number of
female controls was due to the inclusion criteria for control selection in this study;
many hospital visitors and carers of patients were women. However, gender was
adjusted in the analysis where it was considered a confounder. In future research,
investigators planning to select patient visitors and carers as controls have to be aware
of this issue, that is, the possibility of there being more female controls.

The estimated sample size could not be achieved within the stipulated time for data
collection. Post-hoc power calculation showed that the power ranged between 74%
and 95% for considering unadjusted odds ratios for SEC at different stages over the
life course. The power was still higher for risk factors such as chewing quid that had

an OR of 7.77.
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6. The estimates could be assumed to be biased because of the complete case analysis.
The discrepancy in estimates would be minimal because the missing data ranged from
3 to 5%. If missing data is less than 5% one could choose to exclude missing data for
analysis (Fichman and Cummings, 2003).

7. There could be some misclassification bias relating to the outcome. Among the
controls, five were clinically diagnosed with OPMD and one with suspected oral
cancer lesion. However, all of the six people did not complete the histopathological
examination (due to the time of their recruitment being during the last few months of
the study, or because of non-compliance). Five of the selected controls (even when
found to have OPMD on oral examination) were included as controls according to the
protocol because there were no suspicious lesions found during the oral examination.
Any control participant experiencing the causal intermediate should not be excluded
from the analysis. Such exclusion may underestimate the exposure in the control
group (Poole, 1999). Inclusion or exclusion of the suspected case, as a case, during the
analysis did not alter the estimates. However, all of the cases were histopathologically
confirmed with oral cancer.

8. As with the most observational studies, in particular case-control designs, there is a
potential for recall bias since the information on exposures was obtained by having
participants recollect details of exposure over their life course. In epidemiological
research conducted with limited resources, recall is a feasible method of collecting
data on exposures such as occupation, education and behaviour. Recall is also a
predominant method of data collection in many studies including cohort studies when
the data is required for the period in-between follow-ups. A life-grid was used to

improve the accuracy of recall. Berney and Blane (1997) have shown the accuracy of

158



recollecting an occupation after 50 years is nearly 80% for occupation and housing

conditions with the use of a life-grid.

7.6 What are the study implications?

The study findings are of public health and future research relevance. The study implications
of social epidemiological findings and the screening model for public health consideration
will be discussed. Some more questions that arise from the present study findings that could

be considered for future research will also be discussed.

7.6.1 Implications for public health consideration

The present research provided the evidence for the origin of socioeconomic inequalities in
oral cancer occurrence in childhood. Experiencing adverse SEC in early and later stages of a
life course is associated with oral cancer in adulthood. Socioeconomic inequality that
commences in the early years of life accumulates over the life course, increasing the odds for

oral cancer in adulthood.

The MSMs facilitated estimating the direct effect of childhood SEC on oral cancer. Childhood
is a sensitive period and adverse SEC has a long-lasting effect on oral health in adulthood.
With advancing economy and urbanisation in India, there is room for widening
socioeconomic inequality that could have further detrimental effects on the health of people
facing adversity. Improvement of SEC, providing quality education, and safe and healthy
living conditions during the childhood is essential not only for oral health, but also for overall

health in adulthood.

The present study findings show that being in low SEC throughout the life course was more

common among cases, thus suggesting the low SEC at one stage links to low SEC in the next
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stage of life. This chain has to be broken as early as possible in childhood and emphasis

placed on tackling socioeconomic determinants in childhood.

In the present study, the association of oral cancer with smoking, the use of quid (with or
without tobacco), diet and oral hygiene practices was strong. These risk factors act conjointly
with SEC reiterating that addressing behavioural problems and socioeconomic development

should go hand-in-hand.

The screening model has been shown to predict oral cancer with greater sensitivity and
consistency as seen with its validation findings. The model could even pick some controls
with OPMD and suspicious lesions. On the contrary, the specificity was lower and could not
screen out cases without known risk factors. This screening model has the potential for being
implemented in public health programs using Primary Health Care Workers, without
additional training, to screen and refer asymptomatic and high-risk individuals for further
evaluation. The potential of the model to screen for early-stage malignant and pre-malignant

lesions is advantageous in assisting early diagnosis and improving the treatment outcome.

7.6.2 Implications for future research considerations

The study findings contribute to the causal knowledge of the socioeconomic inequalities of
oral cancer. It also supported the previous findings of the association between behavioural,
dietary and oral hygiene factors associated with oral cancer. However, the study limitations
and some of the findings pave the way for further research to answer the questions arising

from this research.

This study found that childhood SEC and oral cancer are directly related when the mediators
such as smoking, quid (with or without tobacco) and alcohol were controlled. The mediators

were controlled individually in each of the models. Future research should consider mediators
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such as diet, human papillomavirus, and concurrence of other mediators to estimate the

natural direct effect.

The study found an interaction between alcohol and childhood SEC. Further research has to
be undertaken to investigate the interaction between SEC, tobacco, quid and alcohol and
associated genetic or epigenetic changes predisposing to oral cancer. Understanding social-
genetic interaction and underlying biological pathways can have an impact on oral cancer

prevention, control and treatment outcome.

Although three life course models were explored in relation to oral cancer, only the critical
period model, which relates to the time of exposure, was examined for greater understanding.
Further, the accumulation model has to be researched for cumulative risk considering the

timing and duration of exposure to various risk factors and adverse SEC.

A screening model was developed that has a practical application. The predictive accuracy
was valid for the study sample. External validation studies are required to test the model in

other populations under different settings before implementation.

Recall could be different for cases and controls. The bias in estimates obtained due to recall

differences have to be determined.

7.7 Conclusions
This study examined socioeconomic inequalities in oral cancer by adopting a life course
approach, and developed and validated a screening model for oral cancer in the Indian

population. The conclusions drawn are:

1. Socioeconomic conditions in childhood, early adulthood and later adulthood were

inversely associated with oral cancer in later adulthood.
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The socioeconomic disparities in relation to oral cancer showed a gradient, with an
increase in the number of occasions of experiencing of adverse SEC, beginning from
childhood to later adulthood. People who were always socioeconomically
disadvantaged had the highest odds for oral cancer compared with the stably high or
socially mobile groups. The socially mobile groups had an intermediate level of OR
compared to stable groups.

The conventional regression model found a null association between childhood SEC
and oral cancer. This was due to the collider bias introduced by including many
mediators.

Low SEC in childhood increased the relative risk for oral cancer in adulthood that was
not mediated individually by smoking, chewing quid and alcohol when MSM was
used. Since the temporal relationship of childhood SEC, risk factors and oral cancer
was known from life course data, the causality could be established after efficient
adjustment of confounding by using stabilised inverse probability weight.

Social and behavioural factors interact to affect oral cancer as seen from relative
excess risk due to interaction between childhood SEC and alcohol consumption in
later life on the RR scale. Any effect of public health intervention to address
socioeconomic determinants would not be similar among alcohol users and non-
alcohol users.

Smoking, chewing quid with or without tobacco, and alcohol were strongly associated
with oral cancer. Chewing quid with tobacco was the most strongly associated factor
among all the risk predictors of oral cancer.

A low frequency of fruit consumption (i.e. less than once a week) increased the odds
for oral cancer. Oral cancer was more common among those who reported consuming

more spicy food than those who reported eating less spicy food.
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8. Body mass index five years prior to the interview was not associated with oral cancer.

9. A simple oral hygiene practice (i.e. rinsing the mouth with water after eating or
chewing) was negatively associated with oral cancer.

10. The risk prediction model had reasonable accuracy in predicting oral cancer. At cut-
point 6 for risk scores, the model had high sensitivity and lower specificity.

Information on several predictors can be collected by asking simple questions.
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07 April 2011

Associate Professor K Roberts-Thomson
School of Dentistry

Dear Associate Professor Roberts-Thomson

PROJECTNO: H-064-2011

Oral cancer - a life course approach

THE UNIVERSITY
of ADELAIDE

RESEARCH BRANCH
RESEARCH ETHICS AND COMPLIANCE UNIT

SABINE SCHREIBER

SECRETARY

HUMAN RESEARCH ETHICS COMMITTEE
THE UNIVERSITY OF ADELAIDE

SA 5006

AUSTRALIA

TELEPHONE +61 B B303 B028
FACSIMILE  +518 8303 7325

email; sabing.schrelber @adelaide.edu.au
CRICOS Provider Number 001238

| write to advise you that the Human Research Ethics Committee has approved the above project.
Please refer to the enclosed endorsement sheet for further details and conditions that may be

applicable to this approval.

Approval Is current for one year. The expiry date for this project is: 30 April 2012

Where possible, participants taking part in the study should be given a copy of the Information

Sheet and the signed Consent Form to retain,

Please note that any changes to the project which might affect its continued ethical acceptability
will invalidate the project's approval. In such cases an amended protocol must be submitted to
the Committee for further approval. It is a condition of approval that you immediately report
anything which might warrant review of ethical approval including (a) serious or unexpected
adverse effects on participants (b) proposed changes in the protocol; and (c) unforeseen events
that might affect continued ethical acceptability of the project. It is also a condition of approval
that you inform the Committee, giving reasons, if the project is discontinued before the expected

date of completion.

A reporting form Is available from the Committee's website. This may be used to renew ethical

approval or report on project status including completion.

Yours sincerely

;j)‘tf PROFESSOR GARRETT CULLITY
Canvenor

Human Research Ethics Committee
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THE UNIVERSITY
oADELAIDE

G

m'l

RESEARCH BRANCH
RESEARCH ETHICS AND COMPLIANCE UNIT

SABINE SCHREIBER
SECRETARY
HUMAN RESEARCH ETHICS COMMITTEE

THE UNIVERSITY OF ADELAIDE

23 May 2012 AUSTRALA

TELEPHONE +61 B 8303 6028
FACSIMILE  +6188303 7325
email: sabine.schrelber@adelalde.edu.au
. CRICOS Provider Numbar 00123M
Associate Professor K Roberts-Thomson

School of Dentistry

Dear Associate Professor Roberts-Thomson

PROJECT NO: H-064-2011
Oral Cancer — a life course approach

Thank you for the annual renewal report which included a request to amend the above project. |
write to advise you that on behalf of the Human Research Ethics Committee | have approved
renewal of ethical approval for the project and the amendment request to: (i) no longer conduct the
HPV analysis; (i) conduct telephone interviews for cases and controls; and (iil) expand the selection
criteria for controls as detailed in your report. Thank you for forwarding copies of the modified
participant consent form and questionnaire.

The ethical endorsement for the project applies for the perlod until: 30 April 2013

Please note that any changes to the project which might affect its continued ethical acceptability will
invalidate the project's approval. In such cases an amended protocol must be submitted to the
Committee for further approval. It is a condition of approval that you immediately report anything
which might warrant review of ethical approval including (a) serious or unexpected adverse effects
on participants (b) proposed changes in the protocol; and (c) unforeseen events that might affect
continued ethical acceptability of the project. It is also a condition of approval that you inform the
Committee, giving reasons, if the project is discontinued before the expected date of completion.

A reporting form Is available from the Committee's website. This may be used to renew ethical
approval or report on project status including completion.

Yours sincerely

PRUFESSUR GARRETT CULLITY
Convenor
Human Research Ethics Committee
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THE UNIVERSITY
o ADELAIDE

RESEARCH BRANCH

OFFICE OF RESEARCH ETHICS, COMPLIANCE AND
INTEGRITY

PAULA ROSENBAUER

ACTING SECRETARY

HUMAN RESEARCH ETHICS COMMITTEE

THE UNIVERSITY OF ADELAIDE

84 5005

AUSTRALIA

TELEPHONE <618 8313 6028

. FACSIMILE 461883137325
09 Ap”' 2013 emall: paula.rosenbaver@adelaide. edu.au

CRICOS Provider Number 00123M

Professor K Roberts-Thomson
School of Dentistry

Dear Professor Roberts-Thomson

PROJECT NO: H-064-2011
Oral cancer - a life course approach

Thank you for your report on the above project. | write to advise you that | have endorsed renewal
of ethical appreval for the study on behalf of the Human Research Ethics Committee.

The expiry date for this project Is: 30 April 2016

Where possible, participants taking part in the study should be given a copy of the Information Sheet
and the signed Consent Form to retain,

Please note that any changes to the project which might affect its continued ethical acceptability will
invalidate the project's approval. In such cases an amended protocol must be submitted to the
Committee for further approval. It is a condition of approval that you immediately report anything
which might warrant review of ethical approval including (a) serious or unexpected adverse effects
on participants (b) proposed changes in the protocol; and (c) unforeseen events that might affect
continued ethical acceptability of the project. It is also a condition of approval that you inform the
Committee, giving reasons, if the project is discontinued before the expected date of completion.

A reporting form is available from the Committee's website. This may be used to renew ethical
approval or report on project status including completion.

Yours sincerely

) J/A’Jr John Semmler
/Lo Convenor

Human Research Ethics Committee

;,
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Kasturba Hospital, Manipal
e (1ISO 9001:2000 certified)
(An associate hospital of the Manipal University, Manipal)

Communication of the Decision of the Institutional Ethics Committee

Saturday 13t August 2011 IEC228 / 2011

Brotocoi tiiia ; Oral Cancer - A life course approach

Principal Investigator Dr. Muralidhar M.K
Guide/ Co Guide/ Co :| Dr. Veena G Kamath, Dr. Donald J Fernandes, Dr.
Investigators Satadru Ray, Dr. Narendra H, Dr. Krishna Sharan,

Dr. Sree Vidya Krishna Rao, Prof. Kaye Roberts-
Thomson, Dr. Gloria Mejia, Dr. Richard Logan
'Name & Address of Institution | .| Dept. of Community Medicine, Dept. of Radiation

*| Oncology and Dept. of Surgical Oncology, KMC,
Manipal, and Australian Research Centre for
Population Oral Health, Adelaide-South Australia

| New review :| New
‘Date of review (DD/M/YYYY) A o ‘ o
09/08/2011
Decision of the IEC a i
»> Approved :| Approved from 09.08.2011
» Pending
» Revision
» Rejected
Remarks | :| Approved for the study period as mentioned in
protocol

+ Inform IEC immediately in case of any Adverse events and Serious adverse event
¢ Inform IEC in case of ary amendmeiits to the protocol, change of study procedure,

site and Investigator and premature termination of study with reasons along with
summary.

* Final & Six month Reports to be submitted to IEC.
* Members of IEC have right to monitor the trial with prior intimation.

° A copy of the consent document to be given to the study participant giving the
consent.

Dr. Josepn Thomas
MEMBER SECRETARY- IEC

Post Box No. 7, Manipal-576 104, Karnataka, India. Phone : 2571201-2571210(10 lines) Direct Dial Code : 0820
Fax : 91-0820-2571934, Email : office.kh@manipal.edu

MR-447
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adding life to years

Approval Letter

Central Ethics Committee
HCG Tower, 1 Floor, Board Room, # 8.P. Kalinga Rao Road, Sampangiramnagar, Bangalore — 560027

To, 30 Jan 2012
Dr. Sree Vidya Rao,

Principal Investigator

Adelaide University

Australia

Sub: CEC comment on Thesis study
Protocol Title: “Oral cancer- A life course approach”

Dear Dr. Sree Vidya Rao,

The HCG-Central Ethics Committee held a meeting on 27 Jan 2012, at 4:00 pm in Board
Room of Health Care Global - Bangalore Institute of Oncology Specialty Centre. The
following members were present in CEC meeting:

Sr. Name Sex Designation Conflict
No. (Responsibility) of Interest
1 Chairman
" | Justice Rajendra Babu S Male (Legal Person) No
2. | Dr. Ganesh Nayak Male Member Secretary No
3 Member
' | Dr. B. M. Agadi Male (Clinician) No
% Member
" | Dr. Sameer Khatri Male (Clinician) No
5 Member
" | Dr. Shilpa Prabhu Desai Female (Clinician) No
6 Member
" | Dr. Keerti Tewari Female (Social Activist) No
7 Member
" | Mrs. Bhushani Kumar Female (Legal Person) No
8 Member
" | Dr. Sudha Suresh Female (Basic Medical Scientist) No
9 Member
" | Dr. Raghavendra Rao Male (Ethicist) No
10. Member
Ms. Rekha Hande Female (Lay Person) No
Page 1 of 3

HealthCare Global Enterprises Ltd.

HCG Towers, #8, P. Kalinga Rao Road, Sampangiram Nagar, Bangalore : 560 027.
Tel / Fax : +91-80-4020 6000 www.hcgoncology.com

Excellence in Cancer Gare and Research
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The Central Ethics Committee reviewed the following documents related to the study:

Sr No Document description Version Date
1 Approval of Research Protocol.
2 Information Sheet for the participant and Informed
Consent Form in English and Kannada.
3 Oral examination form & form for record extraction.
Questionnaire/Data Collection Form in English and
4 Kannada.
5 Notification of Ethics approval from the university of

Adelaide, Australia

Discussion: The protocol was presented by Dr. Sree Vidya Rao; thesis study was

approved in the CEC meeting.

Decision: Documents in section 1 to 4 are approved and document in section 5 is

notified.

Decision of Central Ethics Committee
Please tick () any one of the following

SR. NO. COMMENTS

TICK (V) ANY

1.

Approve with no changes

ONE
)

2, Approvable with minor changes to be reviewed
by the member secretary

3 Approvable with substantive changes
Deferred pending receipt of additional

4. substantive information

3 Disapproved

Note:

“Any study getting approved in the HCG CEC can be initiated in other sites of
the HCG group of Hospitals with concerned specialty, experience and prior
notification to the CEC”

The "HCG-Central Ethics Committee" expects to be informed about the progress
of the study, any SAE occurring in the course of the study and Suspected
Unexpected Serious Adverse Reaction (SUSAR), any changes in the protocol and
patient information / informed consent and request you to provide periodic study
reports at least annually and a copy of final report of the study.

Page 2 of 3
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2. Kindly note that "HCG-Central Ethics Committee" is constituted in accordance
with Ethical Guidelines for Biomedical Research on Human Participants (ICMR),

ICH-GCP and Schedule Y.

Cordially,

Ur. Ganesh Nayak

Member Secretary,
HCG-Central Ethics Committee

Bangalore

Page 3 of 3
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Information Sheet for oral examination

Introduction:

This study will provide important information on factors responsible for oral cancer. The study will try to find if there is any
relation between the socioeconomic conditions, habits, diet, poor oral health and oral cancer. This will be done by conducting
interviews, oral examination and collecting information from medical records.

The information obtained from the study will help in better understanding of the causes for oral cancer. Your participation and
the information provided will help us greatly in adopting strategies for improving oral health and preventing oral cancer.

Right of refusal to participate and withdrawal

You are free to choose to participate in the study. You may choose not to participate without providing us any reason. It is
your right to decide whether you wish to participate or not. Your choice to not participate in this study will not affect your
course of treatment.

Purpose of this research study
The purpose of our study is to find the reasons for poor oral health and development of oral cancer.
Who is conducting the study?

Dr. Sree Vidya Krishna Rao who is with you here and other researchers from the Australian Research Centre for Population
Oral Health, University of Adelaide, Australia, Kidwai Memorial Institute of Oncology and Shri Shirdi Sai Baba Cancer
Hospital, Kasturba Medical college.

What is involved?

The study shall begin by conducting an interview where questions related to your oral hygiene and teeth cleaning habits,
monthly income, occupation, food habits, and adverse habits if any, will be asked. The interview will take around 40 minutes.
You may choose not to answer questions which you do not feel like answering.

This will be followed by an oral examination which will not take more than 20 minutes. Your medical records may be
accessed to obtain information on your medical condition and treatment received. You will be informed of the results of your
examination and we will try to clarify anything which is related to your oral health and you would like to know. If you need any
additional information we would be happy to provide you with the same or refer you to people who could help you.

As we are trained in examining the mouth we shall make every effort to examine your mouth with care causing very minimal
or no discomfort to you.

No treatment will be provided and no X-rays will be taken as a part of this study. You will be informed if we feel that you need
urgent treatment and we shall refer you to the concerned department.

Possible risks or benefits

There are no health risks to you if you participate in the study.
No money will be provided to you for participating in the study.
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Confidentiality

The information given to us in the study will not be revealed to anyone but will be used to study on how we could improve
your oral health and prevent and control oral cancer. The results of this study may be published in scientific articles and
supplied to the health care officials in your hospital and the Department of Health and Family welfare. We would like to
assure you that your names will not be revealed in any of the reports or scientific articles.

You will be provided with oral health education at the end of the examination.

Contact Details of the Researchers

Dr. Sree Vidya Krishna Rao
Address in Manipal:

D-115 Anant Nagar 2n Stage
Manipal - 576104

Tel 0820 -2570461

Email: sree.rao@adelaide.edu.au

Professor Kaye Roberts-Thomson

Professor and Principal research Fellow

Australian Research Centre for Population Oral Health
University of Adelaide.

Tel +61 8 8313 4454

Email kaye.robertsthomson@adelaide.edu.au

Dr. Muralidhar Kulkarni,

Department of Community Medicine,
Kasturba Medical College,

Manipal University, Manipal- 576 104
Tel: 0820- 2571201 ext: 23166
Email: murali.kulkarni@manipal.edu
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THE UNIVERSITY OF ADELAIDE HUMAN RESEARCH ETHICS COMMITTEE

AN. ittt bttt
STANDARD CONSENT FORM
FOR PEOPLE WHO ARE PARTICIPANTS IN A RESEARCH PROJECT
1. P (please print name)
consent to take part in the research project entitled: Oral cancer — A life course approach 2011-12
2. I acknowledge that I have read the attached Information Sheet entitled: Information Sheet for oral
examination
3. I have had the project, so far as it affects me, fully explained to my satisfaction by the research worker.

My consent is given freely. I consent to undergo an examination of my mouth. In addition, I consent to
those investigations that I have endorsed with my initials below:

Initials below if you:

consent Do not
consent

3a. | Conducting interview

3b. | Oral Examination

3c. Information extraction from medical records

4. Although I understand that the purpose of this research project is to improve the understanding of the
disease, it has also been explained that my involvement may not be of any benefit to me.

5. I have been given the opportunity to have a member of my family or a friend present while the project
was explained to me.

6. I have been informed that, while information gained during the study may be published, I will not be
identified and my personal results will not be divulged.

7. I understand that I am free to withdraw from the project at any time and that this will not affect medical
advice in the management of my health, now or in the future.

8. I am aware that I should retain a copy of this Consent Form, when completed, and the attached
Information Sheet.

(signature) (date)

WITNESS
Thave described t0  .....ovieinii e (name of subject)

the nature of the research to be carried out. In my opinion she/he understood the explanation.

Status 1N PrOJECT: «...veet it

(signature) (date)
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3. Questionnaire
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ORAL CANCER - A LIFE COURSE APPROACH

239000 a@soéﬁp"'— 2000 BeDIRTEI INE

IDENTIFICATION DETAILS OF THE PARTICIPANT

NS DIST DDA Sodd;

PARTICIPANT'S ID

RVoBBEIT D008 HB/STST0/IISS

Date of Interview DD/ MM/YYYY

53 B 0h BID
Name of the Hospital

WINIOAIIT @R T /0% TeeN
QI3 ﬁoas"as

Participant’s OPD number
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IINBODDST NHHIR Foss;
PARTICIPANT’S ID

N 0. Prsbas 3,038 Sre@3 PART . Personal details of the participant

Al. Sy, | SIENW A2. ooR rodzb woricd
Age Years Eandlar Male 1 Female 2
A3. Bae [ JelaT2) 3wdo 3,3 Bobaes), BIOD
Reliei Hindu 1 | Muslim 2 | Christian 3 | Others please specify
eligion
Ad. 353 9= Jwad ® SncH Vgle}
Current area of residence Rural 1 Peri-urban 2 Urban 3
AS5. B3abd) BeBmerE wes | 3R3 237 Babdey, BHOS
Language spoken at home Kannada 1 | Others 2 | Please specify
Ab. 8303 Tew, L33 dge BDe3003 330 Q© L3303 336 @V YB3 T3
o ) © ™
Highest level of Tore SZTR 833 9303 Primary Middle
education No formal education No formal education |:| |:|
and illterate but literate
D 1 DZ 3 4
O3 336 BBITe/ B3R @38/ mﬁ(éﬁfae@j 3)8 / s8I
Secondary Intermediate/ BBJe3 Profession/
|:| Post high school . Honours |:|
. Graduation/
5 diploma I:I 6 Post- 7 8
Graduation
A7. mm%ﬁmdr&& TORPEETINRVIT IRENY 3030’ZS 5033as
Number of years of schooling completed Number
A8. @b ahuaress evdiaen Bobclen, IO
Occupation of the head of the household Please specify
AS. Btnowt IBT wep, B33 BT T/~
Current household income per month In rupees
A10. 3,003 33 202) 083 AD0d3 (ARIZX] e3ed3 DRAS
Marital status Single Married Separated Divorced Widowed
|:| 1 |:| 2 |:|3 |:| 4 |:| 5

203




All. Benod BeS 03B BEDOw

Family structure Joint family

£9E-cIRIB FEDOR

1| Nuclear Family

Al2. =3 OR), B DB, PTYT? mo&%
How many children do you have? Number
Al13. =3 OR), B WRBIMETIDH VT? NO&%
How many siblings do you have? Number
QN 9. Fwod BFNWD D, IR Torie 8ToOT w1} Beve) 3 ws:
PART Il. The following questions ask about the habits and diet
B. SoOIJYNEY oY I, @mﬁm cf)dasd)‘addd& VBTN ITODSF?
Which of the following best describes status of your habits?

Bl. dexv@os oodrieay |:| %03 D e

Smoking Never 1 Former 2 Current 3
B2. S0 erfaingizd QodNRVY D %00 |:| SR

Chewing tobacco Never 1 Former 2 Current 3
B3. Bowed 363 oe-083 Selalalchal9 |:| 81%033 D Sirew

RV Never 1 Former 2 Current 3

Chewing quid with tobacco
B4. 30wd S&3 -3 Slelalalchld |:| 858033 |:| S D

ORI AAY Never 1 Former 2 Current 3

Chewing quid without tobacco
B5. 38 e QodreRY |:| B1%03 S

Snuff dipping Never 1 Former 2 Current 3
B6. 2@ @em QodRRBY |:| B%03 t=11a13T0)

Alcohol Never 1 Former 2 Current 3
B7. a3 3083 3308 ey Fedxb3ed? SY®T D3

What is the type of diet that you consume? Vegetarian Mixed

L1, L1,
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VeI Q. B0oBR BB AW AaD, REDOEES 21t eV 3 3:

PART Ill. The following questions ask about family history

C1. ,:)a)b} 3odad @3603 L3303 3360 g9 L3303 3360 R DBB d)‘ac,%c.’l)é
sheo, 833 B orb? Borte ORZ 83T ©Z0 Primary Middle
o
What is your father’s No formal education No formal education
: O, O, O.] O
O3 d3ed DBIRPIE/ a@m @35/ mc(é&/ae§d de)é / B8JI°E
Secondary Intermediate/ BBAeF0 Profession/
I:I Post high school . Honours I:I
) Graduation/
5| diploma |:| 6 Post- 7 8
Graduation
C2. Az, B ©T,03 B3e3003 38 Q) L3303 2360 w0 YB3 o3
d)EQ)éIEBCS 336 OR? Torie ©IZO 33 9303 Primary Middle
%]
What is your mother’s No formal education No formal education |:| |:|
highest level of education?| and illterate but literate
L], L], 3 4
O3 336 DTIPIE/ édjamdn @36/ mqééfaﬁ@d %@ / BITE
Secondary Intermediate/ B33 Profession/
Post high school . Honours
I:I . Graduation/
5| diploma I:I 6 Post- |:| 7 |:| 8
Graduation
C3. D, BoB SwoBIJHF (ATeTTPI] Soed riaduYD oD VO3B -8B
fowrTajlapiaiels) @mzsﬁriw c;zdod? Smoking |:| Chewing tobacco |:| et
Did your father have any of the ! 2 Chewing quid |:|
following habits? with tobacco 3
B02ed) B3 otf-0i3 ¢ I Je33 DB

Chewing quid
without tobacco

1.

Snuff dipping |:|
5

Alcohol use |:|
6

CA4. (aa)é} Zo0R RVODTYRVO BTN S0ed) YD 3B0WR) b3 S-S
R TEte @mﬁrﬂb ‘Qd@d? Smoking |:|1 Chewing tobacco |:|2 e oI
. Chewing quid 3
Did your mother have any of the
. . 30wed) S&3 OJ-B3 o I@, eI A ARAPI]
following habits? 3 3
Chewing quid Snuff dipping Alcohol use
without tobacc0|:|4 |:| 5 |:| 6
C5. I, Be0owBB3O crecerETe 59,0%,0° ROT BT e mdode? Qe oD
Did/ Does anybody in your family suffer from cancer? No 1| Yes 2
C6. 3w, 2083 BedW oiros gort wotd Babe, 3. Bobeded, 39
If yes, please specify the site Please specify
C7. o35 At Bert FowoddT@ad?| S0T-3odb bdmadddtl YA a3d
How are they related to you? Parents D 1 SIb|IngS 2 Children 3 Others D 4
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33 mﬁé IRV REd) S, BeIIB FBINW | DoIJY emcifaéeri (Zlapioi]
Year External events Age Life events Residence Occupation Income

> -.----
1940
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3IA€ (ZFople] BRI SB0WoD 0e3-083 ai)démai
Year Diet Smoking Smokeless tobacco Quid Alcohol

1930
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207 83. R0BR BFAW AR, BeSE AP FYNYO BB TR ToIT DI BOJ3ab wrf Fewo 3

PART V. The following questions ask about the conditions of the house you have lived in for longest period

at different stages of life

mméda;oi)eg (2-00 J@enid) At childhood (6-10 years)

Ela. o3 Swab ®%, 1o D3 N ale}

Area of residence Rural 1 Peri-urban 2 Urban 3
E2a. ey OR), IREMY Sow 8 FVDLTY TAIYO? NO&%

For how many years did you live in the area? Number
E3a. v aed 3083 absaenay? | 38 D GEA

What was the type of house? Kuccha 1 Semi-pucca 2 | Pucca 3
E4a. s 3 AR, T,0305y P wedriodhme? Arl=ia] 3,03

Was the house your own or rented? Rented 1| Own 2
E5a. es DI R, B DIDSYO? NOQ%

How many people resided in the house? Number
E6a. e DIDY oD, BeesnogY? 303525

How many rooms were present in the house? Number
E7a. vt areden wvabdg | 37 e |:| 2,08 8 RRabES B3

QOB BS BRPYT? Wood 1 | Charcoal 2 | Biogas |:| 3| Solar 4

What was the energy source | 9@ |:| SleVaICIN ) |:| ®37 |:| Babde, £§8£)

for cooking? Electricity 5| LPG 6| Others 7| Please specify

98 3.c0.NoBue Ted | 8 3.<b. NoBwe 38D | DJobdabe
E8a. 38aina Neds STk .
More than B33 Inside the
Availability of drinking water 5km away 1 Within ; km 5 house 3
E9a. z%5000h3d I3 Q) DIWoT TRT | IR
|:| 1 | house |:| 2| house |:| 3
E10a. a3ab ochezress emcifaeseri (mmzsdﬁ@od)eg ®-00 doﬁ)a&% 393

SRED)

Occupation of the head of the household At

childhood (6-10 years)

Please specify
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a_')dmesde?u (00-00 JIxED) At adolescence (11-18 years)

Elb. ze33 Swad B9 SMs D3 Vgl

Area of residence Rural 1 Peri-urban 2 | Urban 3
E2b. Qex) OR), IREMY Sow &8 FVALTY TIAQO? Sosl;

For how many years did you live in the area? Number
E3b. em ares 3083 svairenay? | 38 D CEA

What was the type of house? Kuccha 1 Semi-pucca 2| Pucca 3
E4b. & a3 e, 30803 e5me welrtabme? (Aptalgl 3,03

Was the house your own or rented? Rented 1| Own 2
ESb. & a3 om), 2: &0z 3Q0? ol

How many people resided in the house? Number
EBDb. & 23ab o), deesnoga? Soaj,

How many rooms were present in the house? Number
E7b. ernt @egw wvadg | 38 |G |:| 23,38 0 RRADFR BS

QOB B ABRT? Wood 1 | Charcoal 2 | Biogas |:| 3| Solar 4

What was the energy source | 9@ |:| SleV RSl |:| ®37 |:| Babades), ﬁf_"’m’

for cooking? Electricity 5| LPG 6| Others 7 | Please specify

ESb 9 3.c0.NoBwe Be3 | 8 3.<. NoBewe 3BD | DIobdade
- U R 02%3 More than GBe33O Inside the
Availability of drinki t i
E9b. oo S53 Q) DIWoT BT | DJakewrt
Access to toilet facility None Outside the Inside the
I:I 1 | house |:| 2| house |:| 3
E10b. bSab obearess svdegen (Sede@d oo- | BabIed, 89

0OITRENR)

Occupation of the head of the household
(At adolescence 11-18 years)

Please specify
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PALT 0N a’?)mdﬁ@oi)eg (0€-89 JIwerid) At young adulthood (19-35 years)

Elc. o3 Swab ®%, 1o D3 Niglel

Area of residence Rural 1 Peri-urban 2 | Urban 3
E2cC. ey ORD), IRENY Sow 8 SVATY ToAIYD? Sosl;

For how many years did you live in the area? Number
E3c. o airs 3086 sidarehzy? | 38 D CEA

What was the type of house? Kuccha 1 Semi-pucca 2| Pucca
E4c. s 3 AR, 039 BFe eBriabie? Apleial 3,03

Was the house your own or rented? Rented 1| Own
ESC. e DIDY R, VS TIDSYO? Rosd;

How many people resided in the house? Number
E6C. e DI o), BeesnPgY? o,

How many rooms were present in the house? Number
E7c. o Sredew wvcbadg | 381 agew |:| 3,38 OV RRADFS B3

QOB BS BPYT? Wood 1 | Charcoal 2 | Biogas |:| 3| Solar

What was the energy source | 9@)%33 |:| SIeNgRCING |:| @33 |:| Babe, #58&

for cooking? Electricity 5| LPG 6| Others 7| Please specify

ES 88 3.c0.NoBee Tpd | 88 3.c0. NoBewe 3BD | DIobdade
o BB R 02‘353 More than GBe3zO Inside the
Availability of drinking water 5km away 1 Withi "5’ i 5 house
ithin 5 km
E9c. mow3ecdd 3353 Q) DIWoB T | DIadeDrt
Access to toilet facility None Outside the Inside the
I:I 1 | house |:| 2| house I:' 3
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So0333 cfa_)mdﬁeabém (288 SRENY J033) At late adulthood (more than 35 years)

Eld. =033 Swab %, ;NS D3 Nalef
Area of residence Rural 1 Peri-urban 2 | Urban 3
E2d. Qe o), Sxenv 500 68 SoohB) 50039807 osd;
For how many years did you live in the area? Number
E3d. e airs 3088 avSaehy? | 38 D@D 3,
What was the type of house? Kuccha 1 Semi-pucca 2| Pucca 3
E4d. s &3 b, 3,030 og@e welriabwe? Wl 03
Was the house your own or rented? Rented 1| Own 2
E5d. 8 @30 om), 83 52003507 Sos;
How many people resided in the house? Number
E6d. e DIDY o), BeesnPgY)? o,
How many rooms were present in the house? Number
E7d. exnt @3w wvadg | 387 |G D 23,38 0 RRADFR BS
QOGS BS AreHD? Wood 1 | Charcoal 2 | Biogas |:| 3| Solar |:| 4
- Dbk BBOR
What was the energy source IS |:| ! ©do |:| 23Y |:| " <2 “f’ ©
for cooking? Electricity 5| LPG 6| Others 7| Tease spedly

ESd 9 3.c0.NoBwe Bed | 8 3.<. NoBee 38D | DJabdode
IR RER) 02‘3?53 More than Ge33O Inside the
Availability of drinki t ”
vallapili Yy (o) rin |ng water 5km away 1 Wlth|n 5 km 2 house 3
E9d. 525000003 353 Q) D30T @D | SRVt
None

Access to toilet facility

L],

Outside the Inside the
house |:| 2| house I:' 3
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9N ®. S0odS BB deadmesad wrf evo 3l  PART VL. The following questions ask about

Fla. Qe S WRTB) el |:| DO AT dNTeen |:| DT V7 ANTeED |:|
ReH30? Beedi 1 | Unfiltered cigarette 2 | Filtered cigarette 3
What did you smoke iariey |:| 933 |:| BabE), BTOR
initially? Cigar 4 | Other 5 Please specify

F2a. wom OI3Y mmﬁéa‘aﬁ oR), JeD3Y0? 50832;

How many did you smoke on a usual day? Number

F3a. degy) OR), B JeDH3QO? IDTRBDD 3onYY 0-a AINY S03Y 0- 9 HIAW
How frequently did you smoke? | Rarely 1 | 1-3 days a month 2 | 1-2 days a Week 3

$o0TY a-38 HIN 2303 |:|
3-5 days a week 4 Everyday 5

Fda. wcse ded OR), IRENYW Jeh3Qo? 303525
For how many years did you smoke the same quantity? Number

F5a. Sea w360 omedde wEueas sdide? Q) oD
Were there any changes in smoking habit? No 1] Yes 2

B, 0083 BwodI FF NP, LVBO:

If yes, please answer the following questions:

Flb. Qe ojm@d(—d& ReH3Qd? Ded |:| d00° 2T ANTeed |:| DO g drideed |:|
What did you smoke? Beedi 1 | Unfiltered cigarette 2 | Filtered cigarette 3
ISlaried Q33 Bohed), IO
Cigar |:| 4 | Other |:| 5 Please specify
F2b. wom OI3O mm?\%mﬁ OR), JeD3Y0? 50355
How many did you smoke on a usual day? Number
F3b. deg) OR), B JeH3QO? L9BTRTIO 3onYY 0-a BINY $03Y 0- 9 BIRW

How frequently did you smoke?

Rarely

1 | 1-3 days a month

2 | 1-2 days a Week 3

To0BY a-38 OIN 2,303 |:|
3-5 days a week 4 Everyday 5
FAb. ate 8ed ox) Saenis Sech3Qd? Sosd
For how many years did you smoke the same quantity? Number
F5b. Seaa eeamtd ovests wwess sdvde? Q) oD
Were there any changes in smoking habit? No 1 | Yes 2
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T, 03T BV F NP, LVBO:

If yes, please answer the following questions:

Flc. Qeg) AT, FeDH3IYD? Ded |:| DO0° AT dNTeen |:| DT V7 AMTeED |:|
What did you smoke? Beedi 1 2 | Filtered cigarette 3

Unfiltered cigarette

arled Q33 Bodbed), BIOD
Cigar |:| 4 | Other |:| 5 Please specify

F2c. wo AINAL mmﬁ?jmﬁ om), JeDSYO? 50&%
How many did you smoke on a usual day? Number
F3c. Qe3) OR), VO e 3QO? vBTRDBZN | ondd 0-a HINWD $03Y 0- 9 BIBW
How frequently did you smoke? Rarely 1| 1-3 days a month 2| 1-2 days a Week 3
S03Y a-28 OINLY 2303
3-5 days a week |:| 4 Everyday |:| 5
FAC. ot 8ed ox), SN SeDH3IQO? Roal;
For how many years did you smoke the same quantity? Number
F5¢. Seada womaRae) oveste wduess sdide? Q) oD
Were there any changes in smoking habit? No 1| Yes 2

B, 0BT BV FFNHRY, LVBO:

If yes, please answer the following questions:

s 9, 9, 9, 9.
F1d. Qe BB TeDHAQD? el D DO0° AT dNTeen |:| D0 V7 AMTeED |:|
What did you smoke? Beedi 1 2 | Filtered cigarette 3

Unfiltered cigarette

aried @33 Bobe), B0
Cigar |:| 4| Other |:| 5 Please specify

F2d. wom BRITY Temtremmen o), SeSR0? Sosd
How many did you smoke on a usual day? Number
F3d. Qe o), Bu Ferd3QO? BTRBDN 3on¥Y 0-a DIV T0BY 0- 9 HINW
How frequently did you smoke? Rarely |:| 1 1-3 daysa month|:| 2 1-2 days a Week 3
$03Y a-38 DIN |:| 3303 |:|
3-5 days a week 4 Everyday 5
FA4d. o 8ed OR), JREMW TeH3YO? ﬁo&%
For how many years did you smoke the same quantity? Number
F5d. Sema ewamad) sxesde wrwess sdide? 20 &
Were there any changes in smoking habit? No 1| Yes 2
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mﬁ 2. SodT FFNRW SBowed JeSIab r} Fede el . PART VII. The following questions ask about

Gla.

N 89%.3?255 DDToTNR A8 Bowed 3N T’ DTV ey,
20 =3 L tob P I Gutkh
SRRy, FeIDSED? oose tobacco |:| anmasala |:| utkha |:|
What did you chew wh eaves 1 2 3
at did you chew when =
you started with the habit? oz a3d BADE, BIOD
Mawa Other |:| Please specify

L,

5

G2a.

200 DTZ, TomreR N o), Jo B0eed Fedb3YD?

How many times did you chew on a usual day?

Number

G3a.

ey OR), B833F FedDISQO?

How frequently did you chew?

D3 RIIN

Rarely 1

3on¥Y 0-a HINYD
1-3 days a month 2

S03Y 0- 9 HIARW
1-2 days a Week 3

3-5 days a week 4 Everyday 5
G4a. BETO OR), BRI éode& eriadndd? 0
For how long did you chew everytime? Min Hrs
Gb5a. wo BI3O mdmdémﬁ o), m?jéf.a‘ m"&&’)a"bé&oﬁ? NO&%
How many packets of tobacco did you chew on a usual day? Number

G6a.

2odhab GG NGO Soeedsy, RenEAR3R0?

Where in the mouth did you place the tobacco?

SabAey, B0

Please specify

G7a.

id So033 O dmd)@&aa?
What did you do after chewing?

Boeyed) D) SITY,
UMDY

Spit saliva
and tobacco

L],

OB, oN Sozresy
UrHRZHD
L1,

Swallow saliva
and spit tobacco

0= @) 3093
oI

Swallow

saliva and tobacco|:| 3

G8a. tod) oNmerien Bowesy wedbabe) BepZeR3QTe? | 2L R
Did you keep tobacco in your mouth overnight? No 1 | Yes 2
G9a. OR), IR Ve Oedabd SoeyedY FedIDO? Dol
For how many years did you chew the same quantity? Number
G10a. Sowea JeISah BRI HFeTTR wBUSH BdbBe? | BY D
Were there any changes in chewing habit? No 1 | Yes 2
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B Q0BT SWodI BFNYIY vB0R: If yes, please answer the following questions:

G1b. &b, oI, Fedzh3RD?

What did you chew?

DB Bowed SN Do’ DT ey

Loose tobacco Panmasala Gutkha

leaves |:| 1 |:| 2 |:| 3
o3 |:| Q33 |:| doi)ci)mgi BOD

Mawa 4 | Other 5| Please specify

G2b.

200G BRI, THTRRTN OF), F Bowed FeIDAYD?

How many times did you chew on a usual day?

3033

)

Number

G3b. ey oD B833F FeAD3DO? “Jde3N 3oy 0-a IR 283D 0- 9 AIRK
od o 0 ™ ™
How frequently did you chew? Rarely 1 | 1-3 days a month 2 | 1-2 days a Week 3
3-5 days a week 4 Everyday 5

G4b. IS cba’% TR 3023?8&&& @rﬁo:bo@&oé? A @oed

For how long did you chew everytime? Min Hrs
G5b. 2o B3O TocaReN o) HBEF TeIDIYO? Dol

How many packets of tobacco did you chew on a usual day? Number

G6b.

2edhad GRS LPRNGY SowesRy RenEANARD?

Where in the mouth did you place the tobacco?

Sabdey, B0

Please specify

G7b.

o1id S08T O IBSY0?
What did you do after chewing?

CRERY, R Bowes
DRI

Swallow saliva |:|
and spit tobacco

BoWeD A dﬁdd&
LVNDLOYTD
Spit saliva

and tobacco |:| 1

OR @) Bowssy
~borbyc

Swallow |:|
2 | saliva and tobacco 3

2,

G8b. o8, aeNwerien Bowedry, wodbohe) @ BeWSYT? | L R
Did you keep tobacco in your mouth overnight? No 1 | Yes 2
G9b. o), BaFriwd wtde dedab) BowesRY FeAIHO? Sosl;
For how many years did you chew the same quantity? Number
G10b. Sowea e ©RRBY OmeBTe WBSH BALIe? | BY oD
Were there any changes in chewing habit? No 1) Yes 2
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TR Q0BT VORI @a:(rﬁ%’ﬁg( eV3B0Q: If yes, please answer

the following questions:

Glc. s, o=y, FedzhIQD? | DB Bowdd SUriwd o’ DTV ey
What did you chew? Loose tobacco Panmasala Gutkha
leaves |:| 1 |:| 2 |:| 3
93 Q33 BobAeD), IO
Mawa |:| 4 | Other |:| 5 | Please specify

G2C. woth BIE, TR @y, B Fowd FeIDAYO? Roal;

How many times did you chew on a usual day?

Number

G3cC. degy) am), 833 FeID3YD? o3deaZN | Son¥d 0-a BINY 9030 0- 9 BIRY
How frequently did you chew? Rarely 1| 1-3 days a month 2 | 1-2 days a Week 3
So0TY a-98 adrﬁbI:I 2303 |:|
3-5 days a week 4 Everyday 5
GAc. 3330 o), Bed) Sowedy, ricndyd? Qb Fodd
For how long did you chew everytime? Min Hrs
G5C. 20 BITY TIFF,@N IR, TBEs* FeIDIQD? Dol
Number

How many packets of tobacco did you chew on a usual d

ay?

G6C. wodbab aires eendd Bowed WeNZeWAQO? | BobIE, IO

Where in the mouth did you place the tobacco? Please specify

G7c. onita 3033 o Rre3Rd? | S0d D) SVIIY,
What did you do after chewing? | eurbR0x)D

Spit saliva |:|
and tobacco 1

ORFRY, ~oR B0y
SUrDWHED

Swallow saliva |:|
and spit tobacco 2

0= B S00BY,

oI

Swallow

saliva and tobacco |:| 3

G8c. 08 eNToren Souwed), wodbohd WD EPNYSRT? | B oD
Did you keep tobacco in your mouth overnight? No 1 | Yes 2
GIc. om), Saew wdie Dedabd) Soeredy FeAIBD? Sosl
For how many years did you chew the same quantity? Number
G10c. Bowed Seaob ©LIRRTY HTBTR wBLUSH sdbIe? | BY D
Were there any changes in chewing habit? No 1| Yes 2
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B Q0BT SWodI BFNYIY vB0R: If yes, please answer the following questions:

G1ld. s, o=y, FedzIQD? | DB Boeedd STy @’ DTV ey
What did you chew? Loose tobacco Panmasala Gutkha
leaves |:| 1 |:| 2 |:| 3
93 Q33 Babed), BTOR
Mawa I:' 4 | Other |:| 5| Please specify

G2d. 2o BIZ, TeareR@eN aa)

T Boeed JedD3Y0?

How many times did you chew on a usual day?

Number

G3d. e o), 833 TeADHAYO? wsdesme) | donvd 0-a BI[D. | HSEY 0- 9 BIRW
%3 - Q
How frequently did you chew? Rarely 1| 1-3 days a month 1-2 days a Week 3
S0TY a-98 adrﬂbI:I 2303 |:|
3-5 days a week 4 Everyday 5
G4d. 33z om), Bed) Sowedy BriadndRd? QA Fod
For how long did you chew everytime? Min Hrs
G5d. wom BIBO © TITIRTN R, BYBEF FeIDHIQD? Dol
How many packets of tobacco did you chew on a usual day? Number

G6d.

ool aiyeE 2B BoeedRY Ve ZRR,SRO?

Where in the mouth did you place the tobacco?

Bobed), IO

Please specify

G7d. oris 8033 omb Srem3Qd?

What did you do after chewing?

3oeed) DA SIS,
LUMDRIH T
L1,

Spit saliva
and tobacco

ORISR o Boesy

UMD RI T

Swallow saliva |:|
and spit tobacco 2

0= 2HB) S0edY,

DordIHd
L1,

Swallow
saliva and tobacco

G8d. 08, aeNwerien Bowedry, wodbohed) @ewZPWYSRT? | 2L el
Did you keep tobacco in your mouth overnight? No 1 | Yes 2
G9d. oR), IR Ve dedabhd) SoeyedY FedIDO? Dol
For how many years did you chew the same quantity? Number
G10d. Sowead FeSH RRBY OBTe WEBSH BALIe? | BY oD
Were there any changes in chewing habit? No 1] Yes 2
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DN . F0oBS BB SU-0BE FeaS wrf Fedo 3

PART VIII. The following questions ask about quid chewing

Hla. Qex3) ) Sedoent
0J-083M1 OJeD FedWIQO?

What did the quid contain
when you started the habit?

QYA

Beetle Ieaf|:|
1

00 BB

Arecanut dry

L],

B BB

Fresh Arecanut

L,

5@, 3ab, 310,
[epL~]

Catechu I:I
4

ey
£

Lime |:|
5

309D

Tobacco |:|
6

DTeed

Spice |:| ,

Qo

Sweeteners |:|
8

H2a.

200 TZ, TN am), oS- WYY S3Q0?

How many pieces of quid did you chew on a usual day?

Y
mo&%

Number

H3a. e ox) 833f FedD300? | ¥3TeameN 3oy 0-a BINY D038 0- 9 IR
How frequently did you chew? Rarely 1 1-3 days a month 2 | 1-2 days a Week 3
S0BY a-98 aﬁﬁwD 2303 |:|
3-5 days a week 4 Everyday 5
H4a. 3,330 3o oxk), @ed) ertaindQo? A &otd
For how long did you chew everytime? Min Hrs
H5a. wodbab 0iross aonte®) wel-e88 @edewy3pd? | B, BTOY
Where in the mouth did you place the quid? Please specify
H6a. 9133 S033 o e SR0? Boed) DA SRS, | BISIY oA 308, | B DHB) S0eBY,
What did you do after chewing? | eurbDZHD UMD RZH D oI
Spit saliva Swallow saliva Swallow

and tobacco |:| 1

and spit tobacco|:| 2

saliva and tobacco |:| 3

H7a. 008 sbefwenen od-083 waddad @ dew)dgos? | 2 R

Did you keep quid in your mouth overnight? No 1] Yes 2
H8a. OR), IREMW Ve OedabhY) oS-wdd JeddDO? Sosd;

For how many years did you chew quid in the same quantity? Number
H9a. od-083 Sedmad waa 60 oneddee wBwaEs sdide? | 2 oD

Were there any changes in chewing habit? No 1| Yes 2

218




DD,

08T BWoBI FF MY, BVBO: If yes, please answer the following questions:

H1lb.

Aex) DD BTN
0J-083r a3esdh JedDIYO?

What did the quid contain
when you started the habit?

QTS

Beetle Ieaf|:|
1

26 BB

Arecanut dry

B BB

L1,

Fresh Arecanut

s, Zab, 3RO,

SR
L,

e
0

Lime |:|
5

309D

Tobacco |:|
6

DT

Spice |:|
7

Catechu |:|
4
D
Sweeteners |:|
8

H2b.

200 BB, TSN Om), f-0i3 Wedhriv 33,3007

How many pieces of quid did you chew on a usual day?

S0

)

Number

H3b.

Qe o) SIS FeIDARD?

How frequently did you chew?

D3 RIIN

Rarely 1

3on¥Y 0-a HINYD
1-3 days a month 2

S03Y 0- 9 HINW
1-2 days a Week 3

3-5 days a week 4 Everyday 5
H4b. 8330 30 ox), Be@) riandgd? A Foed
For how long did you chew everytime? Min Hrs
H5b. wedbob aies wonadd) ou-was @ dewy300? BabAen, FTOD

Where in the mouth did you place the quid?

Please specify

Hé6b.

orid S08T O SreBSHO?
What did you do after chewing?

30B) D) TITSY
LUMDRIH D
L1,

Spit saliva
and tobacco

dﬁdﬁ.& =of 30?@8&5&
VMR ZD
Swallow saliva

and spit tobacco|:| 2

OR @) Bowssy

Swallow

DordIHd
L1,

saliva and tobacco

H7b. 528 avofmeriue ou-e83 wodabd) etndewy3goe? | 29 R

Did you keep quid in your mouth overnight? No 1] Yes 2
H8b. ox) Sxeriw ace dedabe) ve3-wi3 FedIDO? Sosd;

For how many years did you chew quid in the same quantity? Number
HOb. ou-088 Sedaba ww e oxestee wdwess sdide? | | oD

Were there any changes in chewing habit? No 1 Yes 2
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W, D083 BwodI I NP, BVBOA: If yes, please answer the following questions:

Hlc. dex) 2dd andman AVASS wEl B3 B 083 59w, b, IO,
2e3-09821 HFe) FedHIDD? Beetle leaf Arecanut dry Fresh Arecanut Spray)
What did the quid contain I:I 1 I:I 2 I:I 3 Catechu |:| 4
when you started the habit?
g 30w DS D
Lime Tobacco Spice Sweeteners
|:| 5 I:I 6 |:|7 |:| 8
H2c. Do

%00 BB, TSN ow) dS-0id3 WY 33007

How many pieces of quid did you chew on a usual day?

)

Number

H3C. Q) o) 6833f FedD3DO? RPN | onvd) 0-a BIAD 03O 0- 9 AIAWD
%] o0 © ™
How frequently did you chew? Rarely 1| 1-3 days a month 2 | 1-2 days a Week 3
3-5 days a week 4 Everyday 5
H4c. 3330 sv ox), Red) erianddd? A Foed
For how long did you chew everytime? Min Hrs
H5c. wacdhod adross JNBY 0S-B3 Ve BPW3Q0? BabAE), BIOR

Where in the mouth did you place the quid?

Please specify

Hé6c.

i@ S083 O Sy SLO?
What did you do after chewing?

Boeyed) R SITY,

L1,

UMD VI

Spit saliva
and tobacco

dﬁdd& oA 30&333&
UNDRZHD
Swallow saliva

and spit tobacco|:| 2

Sa

0= 3 S00BY,
SordIdd

Swallow

L

liva and tobacco

H7c. 0ag abofmenun od-e83 wediohd) @tndewy3foe? | 2@ R

Did you keep quid in your mouth overnight? No 1] Yes 2
H8c. OR), RN Ve OedabY oe-d3 FeddLO? NO&%

For how many years did you chew quid in the same quantity? Number
HIC. 0u-088 Sedzba weardd) ovesdet wEwess sdbde? | 28 oD

Were there any changes in chewing habit? No 1| Yes 2
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DD,

08T BWoBI FF MY, BVBO: If yes, please answer the following questions:

H1d.

Aex) DD BTN
0J-083r a3esdh JedDIYO?

What did the quid contain
when you started the habit?

QT3S wE BB 3D B3 o), b, 3RO,
Beetle leaf Arecanut dry Fresh Arecanut =Pl
1 Catechu
|:| |:| 2 |:| 3 |:| 4
RDEY 30D DTS QA

Lime |:|
5

Tobacco |:|
6

Spice |:|
7

Sweeteners |:|
8

H2d.

200 BB, TSN Om), f-0i3 Wedhriv 33,3007

How many pieces of quid did you chew on a usual day?

Y
mo&%

Number

H3d. deg) ox) 833 JedD30? ode3meN | Son¥d 0-a HIRYD 933 0- 9 BINKY
o r iy © ©
How frequently did you chew? Rarely 1| 1-3 days a month 2 | 1-2 days a Week 3
3-5 days a week 4 Everyday 5

H4d. 8330 30 ox), BeR) riandgd? A Foed

For how long did you chew everytime? Min Hrs
H5d. wodbab aiea eentd) os-083 awdew,3e? | Sabde, 330

Where in the mouth did you place the quid? Please specify
H6d. &g So3s o FRDSR0? 30B) D) TITSY dﬁdﬁ.& ~of B0, 08 R 30,

What did you do after chewing? | eurd®da)cd LUNDRDIHD ordPHwd

Spit saliva Swallow saliva Swallow

and tobacco

L1,

and spit tobacco|:| 2

L

saliva and tobacco

H7d. 528 avofmeriue ou-e88 wodabd) etndewy3goe? | 29 R

Did you keep quid in your mouth overnight? No 1] Yes 2
H8d. ox) sxeriw adde dedabe) ve3-w83 FedIDO? Sosd;

For how many years did you chew quid in the same quantity? Number
HId. au-088 Sedaba wu ke oxesdee wduess sdide? | | oD

Were there any changes in chewing habit? No 1| Yes 2
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mﬁ €. S0odI FF R S B wrf Bed 83 PART IX. The following questions ask about Snuff use

11a. dexy) s @eN wod BRTY o), 33 suaaleeNHIRD? Sos;
When you started the habit how many times did you use snuff on a usual day? Number

12a. 8330 om), Barens (8638) I, eVBeNDIRD? Jos, Joad;
What was the quantity (in pinches) of snuff that you used every time? Number

133. Qe o), 833 I
VB3ReNDHAYO?

How frequently did you use snuff?

OBTAPDIN

Rarely 1

3onYY 0-a BINW
1-3 days a month

D0BY 0- 9 HINWD

2 | 1-2 days a Week 3

mdde‘)ﬂ a-98 adrﬁblj
4

3-5 days a week

2303 |:|
Everyday 5

4a. OR), IRENY Sow ATSe Dedab 5% guB0deeNDH3Y0? 5080:5
For how many years did you use snuff in the same quantity? Number
153, 35 euBdeeNT eeRFTBO OPITTe WBUIBE esIe? | 2 BoD
Were there any changes in snuff use habit? No 1| Yes 2
B0, 0083 BwodI FF NP, sVB0A: If yes, please answer the following questions:
11b. Qez3) mdﬁz@?ﬁ 200 HITY o=@, 336 gLB03eeNTH3H0? 50&%
How many times did you use snuff on a usual day? Number
12b. 33z0 o) B@eeT (2333) I, vBaleeNWLAYD? Soal Doss;
What was the quantity (in pinches) of snuff that you used every time? Number

13b. dexy) o) B3¢ I
vk eeNTHIRD?

How frequently did you use snuff?

BB

Rarely 1

3onYY 0-a BITY
1-3 days a month

D03Y 0- 9 HINW

2 | 1-2 days a Week 3

S0TY a-98 &Riri%i)D
4

3-5 days a week

2,303 |:|
Everyday 5

14b. o) saFry 50 @de Bedabd 5, evB3eeNDHARD? Soss;
For how many years did you use snuff in the same quantity? Number
15b. 3a; evaaleeNa weREY dFeEde WEwEH sdide? | B oD
Were there any changes in snuff use habit? No 1| Yes 2
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T, 2083 BWodI FF MY, BVBO: If yes, please answer the following questions:

11c. ey md)ﬁémﬁ 203 BITO @), saé gVB03eeNTD3YO? ﬁogjz;
How many times did you use snuff on a usual day? Number

12c. BETO OB, ByToT (e3e33) saé eVB03eeNSY0? éo&% 50955
What was the quantity (in pinches) of snuff that you used every time? Number

13¢. Qexy) o), 33 I,
VBA3ReNDIRD?

How frequently did you use snuff?

HBTAPDIN

Rarely 1

3onYd 0-a BITR
1-3 days a month 2

$03Y 0- 9 BINYD
1-2 days a Week 3

mdcﬂe‘)m a-98 aﬁrﬁblj
4

2303 |:|
Everyday

3-5 days a week 5
l4c. o), IRENY 90 afe DeBobY T, evBiReNDSYO? Soal;
For how many years did you use snuff in the same quantity? Number
15¢. 3 evBleeNDS 2RRTY HTTTL WBIH sdIe? | B BoD
Were there any changes in snuff use habit? No 1{ Yes 2
0, 2083 BwodI FF MY, BVBO: If yes, please answer the following questions:
11d. Qe TeabReeN 2o BIBY ), 38, eVBeeNHSRD? Sosl
How many times did you use snuff on a usual day? Number
12d. BETO @), BT (23e3B) 5?56 VB 03eeNTHSYO? ﬁoa% 50335
What was the quantity (in pinches) of snuff that you used every time? Number
13d. dexk) o), 333¢ S8, oBCeBZN | Sonvd 0-a BINW D03 0- 9 IR
o
eVB0deeAH3DD? Rarely 1| 1-3 days a month 2 | 1-2 days a Week 3
How frequently did you use snuff? D0TY a-88 aRjr{%l:l B30 I:I
3-5 days a week 4 Everyday 5
14d. oz, S 520 2de Dedabe) I8, svaBaleeNHIRO? Soss;
For how many years did you use snuff in the same quantity? Number
15d. 85 cuBdeeNDT 2 IBO dITTR WBUISH BsIe? | B oD
Were there any changes in snuff use habit? No 1( Yes 2
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29N 00. Swod BB DZ @A i Bevw 3l PART X. The following questions ask about alcohol

J1a. Qe 2R BT reBwen T900D ~ed, Jeod), od | To 0900
c‘aﬁﬁ& BNAQD? Local:z/ brewed Toddy Rum Brandy
What did you drink initially? arrac |:| 1 |:|2 |:| 3 I:l 4
tANod A, @33 Bobed), BIOD
Beer |:| : Whisky |:| 3 Others |:| , Please specify
J23. dey) B3RO o), BEre6 (D.0) FeIDID? Dol
What was the quantity (in ml) that you consumed every time? Number
J3a. ey o), B3 FeADIYD? vodeaZN | donvd 0-a HIRW T0BY 0- 9 HI[W
How frequently did you drink alcohol? | Rarely 1| 1-3 days a month 2| 1-2 days a Week 3
S03Y a-98 amwlj 330 |:|
3-5 days a week 4 Everyday 5
J4a. ox) IRerY 0 B Ded TR WeRDSYO? Soal
For how many years did you drink alcohol in the same quantity? Number
J5a. DG 0w IBY HTTTe wBUSE sdbIe? Q) oD
Were there any changes in alcohol drinking habit? No 1| Yes 2

B, 2083 BwodI FF MY, BVBOA: If yes, please answer the following questions:

J1b. Qe o3y 2BAIYO? T900D ~ed, Jeod), oA | To 209,00
What did you drink? Locally brewed Toddy Rum Brandy
arrack
L], L], [, (1,
Deok A, 233 Bohed), IO
Beer Whisky Others Please specify
s ™ L™ L
12b. e 83350 o), BT (D.0) FedDIYD? Soal

What was the quantity (in ml) that you consumed every time?

Number

13b. ey OR), BBIE FeADINO? oICeDZN | Sondd 0-a HIRW D03Y 0- 9 HIRW
How frequently did you drink alcohol? | Rarely 1| 1-3 daysa month 2 | 1-2 days a Week 3
S0TY a-98 &Rirﬂi)lj 2,303 |:|
3-5 days a week 4 Everyday 5
J4b. ox) S8V so0 At Bed BT @IS IrBDSRO? Soal,
For how many years did you drink alcohol in the same quantity? Number
J5b. 25mes ewaRtg omvste wBwSE Bdve? Q) oD
Were there any changes in alcohol drinking habit? No 1] Yes 2
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B, 03T BB FF NP, BVBO: If yes, please answer the following questions:

J1c. Qe o3, 2BAIYO? T900D ~ed, Jeod), od | To 09,00
What did you drink? Locally brewed Toddy Rum Brandy
arrack
L], L], [, 1,
Deo® AR, @33 BobAeD), IO
Beer Whisky Others Please specify
Ls HE P
J2¢. Qe 8380 o), Brees (.6) FeIDSHO? Bosd;

What was the quantity (in ml) that you consumed every time? Number
J3cC. ey OR) BBIF FeADIO? vo0eaZN | on¥d 0-a HIAW S03Y 0- 9 HI/W
How frequently did you drink alcohol? | Rarely 1| 1-3 daysa month 2 | 1-2 days a Week 3
S0TY a-98 adm}oI:I 2,303 |:|
3-5 days a week 4 Everyday 5
JAC. o= 38NV 500 2de Ded DT TR BPDSRO? Sosd
For how many years did you drink alcohol in the same quantity? Number
J5¢C. DB WRREY omrts WU Bdbe? Q) oD
Were there any changes in alcohol drinking habit? No 1] Yes 2

T, 203T oA FF NP, BVBOA: If yes, please answer the following questions:

J1d. Qe S, BBANSHD? 900D ~ed, Jeod), od | To 09,00
What did you drink? Locally brewed Toddy Rum Brandy
arrack
L1, L], ], [,
fAdod AR, @33 B, BIOR
Beer Whisky Others Please specify
L™ ™™ L,
12d. Ay B30 o), BEen (1.0) FeIDIRO? Dol

What was the quantity (in ml) that you consumed every ti

Number

me?

J3d. e O, BBIE FeIDIYO? oTeDZN | Sondd 0-a HIRWD $03Y 0- 9 BIRY
How frequently did you drink alcohol? | Rarely 1| 1-3 days a month 2 | 1-2 days a Week 3
S0TY a-98 &Rirﬁ%{)D 2,303 |:|
3-5 days a week 4 Everyday 5
JA4d. om) SerY 500 adte 8ed BT @IS SARD? Sosd;
For how many years did you drink alcohol in the same quantity? Number
J5d. 5m0R w30 omeste wBwNSE BdbFe? V) BT
Were there any changes in alcohol drinking habit? No 1] Yes 2
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PART Xla. The following questions ask about dietary intake at childhood (6-10 years)

DWIBE Items

833 Frequency

Never 1-3 times Once a 2-4 times Once a 2-3timesa | 4-5times 26 times

a month week a week day day a day a day
&3 Rice 1] 2] 3] 4] 5] 6] 7] 8 []
eed Wheat 1] 2] 3] 4] 5[] 6] 7] 8 []
OoN Ragi (cereal) 1] 2] 3] 4] 5[] 6] 7] 8 []
e Jowar (cereal) | 1[] 2] 3] 4] 5] 6] 7] 8 []
JeR) Greens 1] 2] 3] 4] 5] 6] 7] 8 []
QB0 IV0TT 1|:| 2|:| 3|:| 4|:| 5|:| 6|:| 7|:| 8|:|
3050 Leafy veg
593 Carrots 1M] 2] 3] 4] 5[] 6] 7] 8 []
edocdeedoe Tomatoes | 1[] 2] 3] 4] 5] 6] 7] 8 []
NQdrieosd Tubers 1] 2] 3] 4] 5] 6] 7] 8 []
BRBBOTAD, TeLTAD 1 |:| 2 |:| 3 |:| 4 |:| 5 |:| 6 |:| 7 |:| 8 |:|
Swozedzy) Gourds
Qef Beans 1] 2] 3] 4] 5[] 6] 7] 8 []
S, Onions 1M 2] 3] 417 5[] 6] 7] 8 []
3,9, Garlic 1] 2] 3] 4] 5] 6] 7] 8 []
Bo-2Je’ 1] 2] 3] 4] 5[] 6] 7] 8 []
Pulses & grains
290d= Turmeric 1] 2] 3] 4] 5[] 6] 7] 8 []
D 3®9 Hot tea 1M] 2] 3] 4] 5[] 6] 7] 8 []
D B9 Hot coffee | 1[] 2] 3] 4] 5[] 6] 7] 8 []
Bre® Chicken 1M 2] 3] 4] 5] 6] 7] 8 []
B0/ed Lamb 1M 2] 31 4] 5] 6] 7] 8 []
BRI o0 Beef | 1[] 2] 3] 4] 5] 6] 7] 8 []
B0 Sy00R Pork 1] 2] 3] 4] 5] 6] 7] 8 []
e Fish 1] 2] 3] 4] 5[] 6] 7] 8 []
Reng ewa0 10 (20 |30 [+O  [sO [0 O 8O
Sea food
ot Eges 10 20 (30 [+O  [sO (O |rO [sO
Toen Milk 1M 2] 3] 4] 5[] 6] 7] 8 ]
SRIJIHCurds 1M] 2] 3] 4] 5[] 6] 7] 8 ]
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PART Xlb. Following questions ask about dietary intake at adolescence (11-18 years)

BWIBE Items

B833¢~ Frequency

Never 1-3 times Once a 2-4 times Once a 2-3timesa | 4-5times 26 times

a month week a week day day a day a day
©J, Rice 1] 2] 3] 4] 5[] 6] 7] 8 []
pe® Wheat 1] 2] 3] 4] 5[] 6] 7] 8 []
oo Ragi (cereal) 1M 2] 3] 4] 5[] 6] 7] 8 ]
ey Jowar (cereal) | 1[] 2] 3] 4] 5] 6] 7] 8 ]
ReR) Greens 1M 2] 3] 4] 5] 6] 7] 8 []
QIBZReD w03 1|:| 2|:| 3|:| 4|:| 5|:| 6|:| 7|:| 8|:|
30500 Leafy veg
5933 Carrots 1M 2] 3] 4] 5] 6] 7] 8 []
edpcdeedoe Tomatoes | 1[] 2] 3] 4] 5[] 6] 7] 8 []
nQricozd Tubers 1M] 2] 3] 4] 5] 6] 7] 8 []
BBEBVZA, Tz 1] 2] 3] 417 5[] 6] 7] 8 ]
Rwozerzy Gourds
e, Beans 1] 2] 3] 4] 5[] 6] 7] 8 []
g, Onions 1M 2] 3] 4] 5[] 6] 7] 8 []
¥, Garlic 1M 2] 3] 417 5[] 6] 7] 8 []
Bo-efes’ 1M 2] 3] 4] 5[] 6] 7] 8 []
Pulses & grains
993 Turmeric 1] 2] 3] 4] 5[] 6] 7] 8 []
DA WF9 Hot tea 1M 2] 3] 4] 5] 6] 7] 8 []
DA B9 Hot coffee | 1[] 2] 3] 4] 5] 6] 7] 8 []
Bpe® Chicken 1M 2] 3] 4] 5] 6] 7] 8 []
B0 /ed Lamb 1] 2] 3] 4] 5[] 6] 7] 8 []
BRI Sy003 Beef | 1[] 2] 3] 4] 5] 6] 7] 8 []
B0Q S700 Pork 1M 2] 3] 4] 5] 6] 7] 8 ]
e Fish 1] 2] 3] 4] 5[] 6] 7] 8 ]
AW ANEL e} 1] 2] 3] 4] 5] 6] 7] 8 []
Sea food
et Eges 10 |20 (200 |40 [sO |sO O |80
Boew Milk 1M 2] 3] 4] 5] 6] 7] 8 []
BRJDCurds 1M 2] 3] 4] 5] 6] 7] 8 []
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PART Xlc. Following questions ask about dietary intake at adulthood (219 years)

BDIBE Items

833 Frequency

Never 1-3 Once a 2-4 times Once a 2-3timesa | 4-5times 26 times
timesa | week a week day day a day a day
month

©3, Rice 10 124 3] 4] 5] 6] 7] 8 []
ree® Wheat 10 123 3] 4] 5[] 6] 7] 8 []
oOoN Ragi (cereal) 1] 2] 3] 4] 5] 6] 7] 8 []
deewd Jowar (cereal) 1M 12 3] 4] 5] 6] 7] 8 []
), Greens 10 124 3] 4] 5[] 6] 7] 8 []
2JZeeD BV0FT BTBO 1|:| 2|:| 3|:| 4|:| 5|:| 6|:| 7 |:| 8 |:|
Leafy veg

5903 Carrots 1] 2] 3] 4] 5] 6] 7] 8 []
edpadecdee Tomatoes | 1] | 2[] 3] 4] 5] 6] 7] 8 []
ndrieacd Tubers 100 1214 3] 4] 5[] 6] 7] 8 []
BTBBOTAD, TeLTAD 1 |:| 2 |:| 3 |:| 4 |:| 5 |:| 6 |:| 7 |:| 8 |:|
Swozedzy) Gourds

e’ Beans 1] 2] 3] 4] 5[] 6] 7] 8 []
85, Onions 1] 2] 3] 4] 5[] 6] 7] 8 []
3,9, Garlic 1] 2] 3] 4] 5[] 6] 7] 8 []
Bo-23ey 1] 2] 3] 4] 5[] 6] 7] 8 []
Pulses & grains

903 Turmeric 1M 2] 3] 4] 5[] 6] 7] 8 []
D ¥®9 Hot tea 100 1214 3] 4] 5[] 6] 7] 8 []
DA Bad Hot coffee 1] 2] 3] 4] 5] 6] 7] 8 []
Bre® Chicken 1M 123 3] 4] 5[] 6] 7] 8 []
B0/ed Lamb 10 12 31 4] 5[] 6] 7] 8 []
BRI 720 Beef 100 120 3] 4] 5] 6] 7] 8 []
B0® 7208 Pork 10 12™ 3] 4] 5] 6] 7] 8 []
e Fish 1] (200 |30 417 5[] 6] 7] 8 ]
REug BEeo 10 (20 |30 [+O [sO  |eO O 8O
Sea food

et Eges 10 |20 (30 [+O  [sO |6 O |80
Toew Milk 1] 2] 3] 4] 5[] 6] 7] 8 ]
ZPRJDCurds 1] 2] 3] 4] 5[] 6] 7] 8 ]
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K1. deed) Fedbe 8Ho0n ehDetS Fareesmy dert edcb3ed?

How would you rate spiciness of food you consume?

K2. 2w 88env &ods dad, Beas 3e3 om)? 3.8
What was your body weight 5 yrs ago? kg
K3. 22383 @0 b, Beasd o33 om)? 0.
What is your height (in cms) without foot wear? cms
mﬁ 09 Swod3 Eaja;rh}o A, 30l ﬁdaévéoi) wméﬁﬁv r} Bede) L33
PART XII. Following auestions ask about oral hvgiene practices
209038 At childhood (6-10 Yrs)
L1a. deg) o), 533 Bew BB, 2.0 BIBO 20D J0 | HITO 2B Jo | HITY 2T

d@%”cﬁ»@&o@?
How frequently did you

R0g,0300 3B

Less than once a

Once a day

L,

Twice a day

HE

30860&1@ 32&2,

More than twice a

day
clean your teeth? day
L .,
L2a. deg) Bert B SeYNIYD? LR W [AjoiEd) 38 23T BodhED, BIOD
How did you clean your teeth? | Toothbrush Finger Twigs Others please specify
I:I 1 I:I 2 |:| 3
L3a. dead) By Bovaben O | LR T T B Bowrod V),
VB 3eA3DD? Toothpaste Tooth powder Tobacco Salt
Whattdidtr]c;u use to clean |:| 1 |:|2 |:| 3 |:| 4
our teeths?
y 3R Qe @33 Bodbed), BTOR
Sand Charcoal Others Please specify
[ [, L],
L4a. dxrf eodd @wd, 93 e ag3e? 2 e
Did you have the habit of rinsing mouth? No 1| Yes 2
L5a. Qdeay wodd @nd, 95w o=y, e} BV edh AERweOBMT S8
Herbal mouth wash
VB 3eA3DD? Water Salt water
= I:I 1 I:I 2 3 |:|

What did you use for rinsing your mouth?

Sreh3ed 0 TR

Commercial mouthwash

Dz—'

Babed), BTOR

Please specify
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BOBTaDTO At adolescence (11-18 Yrs)

L1b. Qe o), 3,3 Ben
iAW Talel

How frequently did you
clean your teeth?

B, wod
Bodo3ue 3D

Less than once a

day
L],

DB wotd Jo
Once a day

L1,

ORTY OTD T

Twice a day

E

DITY oTD
50860&,1@ 5233,

More than twice a

day |:|
4

L2b. Qe Bert Ben SpvaindRo? | @ W o0 38 23T Bobey, BBOD
How did you clean your Toothbrush Finger Twigs Others please specify
teeth? |:| 1 |:| 2 I:I 3

L3b. Qe By SpFaben O, 0 B, T VB 302D VR,

VB3 eADSDD? Toothpaste Tooth powder Tobacco Salt
What t;lid :/:?u use to clean |:| 1 |:|2 |:| 3 I:I 4
yourteet: R0 23w 233 Babew, B0
Sand Charcoal Others Please specify
L], [ L],

L4b. dabrt wad 308, 9ba e agde? Q) D
Did you have the habit of rinsing mouth? No 1| Yes 2

L5b. ez wodh 03,27 o=, dech BV e Rzhedsdion el

Water

VB 03eeNTHSHO?

What did you use for rinsing your mouth?

L1,

Salt water |:|
2

Herbal mouth wash |:|
3

Srethsed 00 BRI

Commercial mouthwash

BabAey, B0

Dz—’

Please specify

2930 At adulthood (219 Yrs)

=2 B33, wod I3 2,00 IO | AIB) VD 0| HITH ST
C. e o), 1833 B %
[} —- 2] © © ©
Fpoin3ed? Jud o3 3BD | Once a day Twice a day J0,0800 Fed,
L h .
How frequently do you d:/S than once a |:| ) |:| 3 More than twice a
clean your teeth? I:I 1 day |:|
4
L2¢. ey Bert Bew Fowoinded? | L0 w2 (A{O}EY 38 233 BodhE), BB
How do you clean your Toothbrush |:| Finger |:| Twigs|:| Others please specify
teeth? 1 2 3
L3c. ey Bew Bovabewn oy | LT T, B B 30w oVR)
B deeAD3ed? Toothpaste Tooth powder Tobacc Salt
What do you use to 1 2 E [].
at do you use to clean
yourteetyh? TR Qe @33 Bohed), IO
Sand Charcoal Others Please specify
L1s Lls| ™™,
LAc. dxort 2a0d B3, ADI @mzsﬁ @rdade? W) D
Do you have the habit of rinsing mouth? No 1| Yes 2
L5¢. ey wacdh @ng, 95 o Qe BV ed ABZeOZ0T BB
Herbal mouth wash
LT3 ReN3eD? Water Salt water
- I:I 1 |:| 2 |:| 3

What do you use for rinsing your mouth?

B3l 0 TR

Commercial mouthwash

L] .-

Babed), BTOR

—>
Please specify
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M1. AR, BAIBAD FFeT ), B 36«3{33ﬁ Zo0ea3ed? What do you think has led to your present condition?

NEYBIV0 R TS WOLIMND AT, FRD DN,

c‘\’)d)é 0D DY ed)FoSID DR AW BITY 239000D esdraer%éé DA edbad
a?soﬁo‘ it Bo0RAT0SB BT e Bried Ve eﬁoém}d& OBETBBRY, L
)T BRWIAING.

Thank you for participating in this study.

Your assistance is greatly appreciated and will make a valuable contribution to

understanding the role that behavioural and social factors make in explaining differences in
oral cancer outcomes.
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4. Oral examination and record abstraction forms
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EXAMINATION FORM

Participant ID:

Age: years Sex: Male Female Hospital ID:
Date of examination: DD MM YYYY
Oral mucosa:
Conditions: Location
1. Cancer
2. Leukoplakia
3. Erythroplakia
4. OSF
5. Lichenplanus
6. Ulcer
7. Candidiasis
8. Abscess
9. Other Please specify:
Oral Hygiene Index - Simplified
Size of oral cancer lesion (in diameter): mm cm
Index tooth g
Type: Proliferative Ulcerative Debris score p
E
Presence of tooth Calculus score R
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 L
Index tooth 0
Debris score w
E
Calculus score R
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38
DI-S = _
OHI-S =
Edentulism: Denture: U L Cl-s =
Upper Full Consent
Need for immediate care
Lower Partial
FiXEd 233 Yes No




Case

Prevalent

Incident

Control

Friend
Relative
Neighbour

NOTES:
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Hospital name:

Form for record extraction

Date of record extraction:

Patient ID:

Age:
Gender:

Address:

Date of diagnosis:

Histopathological diagnosis:

Participant ID

Type of oral cancer lesion:

TNM staging:

Medical conditions:

Treatment provided:
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5. Manual

236



ORAL CANCER — A LIFE COURSE APPROACH

Epidemiological Oral Examination Protocol

(Modified from NSAOH Guidelines and PNG National Oral health Survey)

2011-12
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1 Introduction
1.1 Aim of the study

This study will be conducted with the aim to assess the strength of association between oral
cancer and risk factors like socioeconomic conditions, adverse health behaviours and diet
throughout life course in an Indian population.

1.2 Methods

This is an unmatched case control study conducted in cancer hospitals in Karnataka state,
India. The data collection methods include conducting an interview, oral examination and
record extraction.

The study participants (SP) in this study will include cases and controls. SPs will be
interviewed directly on socioeconomic conditions, health behaviour, diet and oral hygiene
habits at various stages in life. On completion of the interview the SP will be requested to
undergo oral epidemiological examination- to record details of oral cancer lesion, presence
of other mucosal lesions, tooth loss and oral hygiene status by a dental clinician using
standardized epidemiological criteria. The dental clinician will be a qualified and registered
dentist in India who will be trained and calibrated in survey procedures. Examination will
take approximately 20 minutes. Dental mirrors and periodontal (gum) probes will be used for
oral examination. SP reporting presence of any condition/disease contraindicating for
periodontal probing will be excluded. Examinations will be conducted in the cancer hospital.
No X-Rays will be taken and no treatment will be provided as a part of the study. SPs will be
informed of any conditions that in the examiner’s opinion require a dentist’s diagnosis and
or treatment and advice of its urgency.

The order in which the procedures followed will be:

1. Obtaining informed consent
2. Conducting interview

3. Oral examination

4. Record extraction

1.3 Questionnaire completion (Direct interview)

The semi-structured questionnaire designed for the study will seek information from the SPs
about the socioeconomic conditions, living conditions, behaviour and diet throughout their

life.
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1.4 Purpose of this manual

This manual describes the tasks that the staff involved will be expected to perform during
the study. It mainly includes oral examination procedures, diagnostic coding systems and
diagnostic criteria to be used in this study.

1.5 Conventions used in this Manual

Study participants refer to both cases and controls in this manual.

Each section is described in three subsections:

° Clinical procedures
° Diagnostic codes
° Diagnostic criteria

2 Protection of human subjects and ethical conduct of research

This section is an excerpt from “National Statement on Ethical Conduct in Research Involving
Humans” published by the National Health and Medical Research Council (Commonwealth of
Australia 1999)

The primary purpose of this ‘Statement of ethical principles and associated guidelines for
research involving humans’ is the protection of the welfare and rights of participants in
research. The ethical and legal responsibilities which researchers have towards participants
in research reflect basic ethical values of integrity, respect for persons, beneficence and
justice.

2.1 Integrity, respect for persons, beneficence and justice

2.1.1 The guiding value for researchers is integrity, which is expressed in a commitment to
the search for knowledge, to recognised principles of research conduct and in the honest

and ethical conduct of research and dissemination and communication of results.

2.1.2 When conducting research involving humans, the guiding ethical principle for
researchers is respect for persons which is expressed as regard for the welfare, rights,
beliefs, perceptions, customs and cultural heritage, both individual and collective, of persons

involved in research.

2.1.3 In research involving humans, the ethical principle of beneficence is expressed in
researchers’ responsibility to minimise risks of harm or discomfort to participants in research

projects.
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Each research protocol must be designed to ensure that respect for the dignity and well-

being of the participants takes precedence over the expected benefits to knowledge.

The ethical value of justice requires that, within a population, there is a fair distribution of
the benefits and burdens of participation in research and, for any research participant, a

balance of burdens and benefits. Accordingly, a researcher must:

(a) avoid imposing on particular groups, who are likely to be subject to over researching, an
unfair burden of participation in research;

(b) design research so that the selection, recruitment, exclusion and inclusion of research
participants is fair; and

(c) not discriminate in the selection and recruitment of actual and future participants by
including or excluding them on the grounds of race, age, sex, disability or religious or
spiritual beliefs except where the exclusion or inclusion of particular groups is essential to
the purpose of the research.

2.1.4 The proportion of burdens to benefits for any research participant will vary. In clinical

research, where patient care is combined with intent to contribute to knowledge, the risks

of participation must be balanced by the possibility of intended benefits for the participants.

In other research involving humans that is undertaken solely to contribute to knowledge, the

absence of intended benefits to a participant should justly be balanced by the absence of all

but minimal risk.
2.2 Consent

2.2.1 Before research is undertaken, whether involving individuals or collectivities, the
consent of the participants must be obtained, except in specific circumstances defined

elsewhere in this Statement.

The ethical and legal requirements of consent have two aspects: the provision of
information and the capacity to make a voluntary choice. So as to conform with ethical

and legal requirements, obtaining consent should involve:

(a) provision to participants, at their level of comprehension, of information about the
purpose, methods, demands, risks, inconveniences, discomforts, and possible outcomes

of the research (including the likelihood and form of publication of research results); and
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(b) the exercise of a voluntary choice to participate.
Where a participant lacks competence to consent, a person with lawful authority to
decide for that participant must be provided with that information and exercise that
choice.

2.2.2 A person may refuse to participate in a research project and need give no reasons nor

justification for that decision.

2.2.3 Where consent to participate is required, research must be so designed that each
participant’s consent is clearly established, whether by a signed form, return of a survey,

recorded agreement for interview or other sufficient means.

In some circumstances and some communities, consent is not only a matter of individual
agreement, but involves other properly interested parties, such as formally constituted
bodies of various kinds, collectivities or community elders. In such cases the researcher
needs to obtain the consent of all properly interested parties before beginning the
research.

2.2.4 The consent of a person to participate in research must not be subject to any coercion,

or to any inducement or influence which could impair its voluntary character.

2.2.5 It is ethically acceptable to conduct certain types of research without obtaining
consent from participants in some circumstances, for example, the use of de-identified data
in epidemiological research, observational research in public places, or the use of

anonymaous surveys.

2.2.6 A participant must be free at any time to withdraw consent to further involvement in
the research. If any consequences may arise from such withdrawal, advice must be given to

participants about these before consent to involvement in the research is obtained.

3 Armamentarium and infection control

The armamentarium for conducting the survey is as follows:

3.1 Paperwork and office supplies

[ ] This Examination protocol, including a sheet of codes

[ ] Pens, indelible marker pen
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[ ] Extra information sheets

[ ] Consent forms

[ JFolders for completed documents
[ ]cClip board

3.2 Examination instruments

[ ] Stainless steel mouth mirror

[ ] PCP2 probe

[ ] Tweezers

[ ] Chip syringes

3.3 Examination supplies

[ ] Portable lighting and recharging equipment
[ ] Examiner’s mask, gloves, eye protection

[ ] Gauze, cotton rolls

[ ] saline

[ ] Cotton swabs

[ ] Infection control supplies (containers, trays, bags, detergent etc)

3.4 Infection control guidelines

The Infection Control procedures conform to “Infection control guidelines for the prevention
of transmission of infectious diseases in the health care setting” amended 19 September
2002 (accessible at

http://www.health.gov.au/pubhlth/strateg/communic/review/icg pdf/icg guide.pdf)

Generally, the Infection Control procedures must follow the State/Territory Infection Control
Guidelines in every jurisdiction. This section provides general guidelines and guidelines which
are specifically for particular equipment used in this survey. Standard precautions for
infection control apply.

Standard precautions to be followed are

o Aseptic technique, including appropriate use of skin disinfectants

o Personal hygiene practices, particularly hand washing before and after patient
contacts

o Use of personal protective equipment, which include gloves, masks and eye
protection
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o Appropriate handling and disposal of sharps and other clinical waste
o) Appropriate reprocessing of reusable equipment and instruments, including
appropriate use of disinfectants

3.5 Sterilisation of reusable instruments

Sterilisation of examination instruments (periodontal probes, tweezers, air syringe tips) are
according to the guidelines for instrument sterilisation. Used instruments should be sterilised
after the oral examination when and where applicable.

3.6 Transport of instruments

The probes, tweezers and chip syringes are to be bagged and sterilized together in the
sterilisation facility.
Separate storage containers are to be used for consumables and non-consumables.

3.7 Onssite

The tables for instruments and consumables are wiped clean with detergent and wipes.
Instruments are opened only in the presence of the SP and placed on a green clean wiped
instrument tray and then it is covered with clean paper towel. Instruments are picked up by
gloved examiner as needed.

3.8 Infection control procedures

The dental examiner and recorder are responsible for the infection control procedures

described in this section.

4 Selection of participants

The participants of this study will be selected from cancer hospitals and their referral centres
in Karnataka state, India. These are the hospitals where most of the oral cancer cases are
referred for treatment in the state. From each hospital cases and controls will be selected.

Cases will be those patients diagnosed with oral cancer attending cancer hospitals. Controls
will be relatives/friends/neighbours accompanying the patients diagnosed with other
cancers like breast cancer, prostate cancer, ovarian cancers, and lymphoma, to the same
hospitals and during the same period of time. Other controls will include patients or their

visitors attending hospitals not related to tobacco or alcohol.
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[Note: prevalent cases include those diagnosed with oral cancer prior to the start of the
study and incident cases include those diagnosed with oral cancer during the study period]
For prevalent cases, controls will be chosen based on their time of visit to the hospital
accompanying other patients (who would have been diagnosed prior to the start of the
study). For incident cases, controls will be selected from those who are visiting the hospital
for the first time along with other incident cancer patients (being diagnosed during the study
period).

Record all the subjects contacted and note if they have agreed or refused to participate.

5 Examination schedule

The outcome of the contact of cases and controls will be recorded on the examination
schedule as complete or incomplete for interview, examination and record extraction.
The reasons may be recorded in the last column.

The schedule must be kept together with questionnaire and examination form.

6 Procedures before examination
6.1 Consent, interviews and scheduling of appointments

The potential participants will be explained about the procedures by providing verbal and
written information. These patients/ family members will be given 24 hours time to hand
over the consent forms to the administrative staff at their respective wards. Patients who
have agreed to participate in the interview and examination will be approached at their
convenient time after consulting the patients and family with the help of the administrative
staff of the respective wards. Those visiting hospitals as out-patients will be interviewed and
examined on the same day or during the next appointment.

Prior to their examination, subjects to be examined will be interviewed by the investigator
on the factors which relate to oral health.

6.2 Duties of investigator

Prior to commencement of each session, the researcher is responsible for:

° Transporting equipment, instruments and supplies to the examination area
° Setting up the examination area

° Check all equipment, instruments and supplies

245



° Making sure enough supplies are available for the session. Sequence of procedures for
each examination

e  Welcoming SP and asking them to complete consent form.

° Finding and opening the SP’s examination form

Conducting the examination (subject to SP’s consent):

e Oral Mucosal Tissues Assessment and Tooth presence
e Oral hygiene index-Simplified

e Edentulism and denture use

Informing study participants of the findings of the oral examination.
7 Examination criteria
Clinical procedures

7.1 Oral Mucosa (WHO 1980)

Every subject will be assessed for mucosal lesions. Each observed lesion will be recorded by
its location. There might be several lesions in one location or/and one lesion in several

locations.

1: Cancer

N

: Leukoplakia

w

: Erythroplakia

F-Y

: Lichen planus
5 : Submucosal fibrosis

6: Candidiasis

N

: Oral hairy leukoplakia

8: Necrotising gingivitis

8a: Necrotising periodontitis

9: Ulceration herpes, aphthous trauma

10: Cancum oris
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11: Viral warts

12: Others

Using the mouth mirror and gauze to help retract tissues, visually examine the lips and intra-
oral mucosa.

Lips: should be examined with the mouth both closed and open. Note the colour, texture
and any surface abnormalities of the vermilion border.

Labial mucosa and sulcus: Examine visually the mandibular and maxillary vestibule and
frenum with the mouth partially open. Observe the colour and any swelling of vestibular
mucosa and gingiva.

Commissures, buccal mucosa and sulcus (upper and lower): Using mouth mirror as retractor
and with the mouth wide open, examine the entire buccal mucosa extending from the
commissures and back to the anterior tonsillar pillar. Note any change in pigmentation,
colour, texture and mobility of the mucosa, make sure that the commissures are examined
carefully and are not covered by the mouth mirror during retraction of the cheeks.

Alveolar ridges: Check from all sides (buccally, palatally, lingually).

Tongue: With the tongue at rest and mouth partially open inspect the dorsum of the tongue
for any swelling, ulceration, coating or variation in size, colour or texture. Also, note any
change in the pattern of the papillae covering the surface of the tongue. The SP should then
protrude the tongue and the examiner should note any abnormality of mobility. With the aid
of mouth mirror, inspect the margins of the tongue. Then observe the ventral surface.

If adequate precautions can be taken by the examiner, the tongue can be examined more
efficiently by grasping the tip with a piece of gauze to assist full protrusion and to aid
examination of the margins.

Floor of the mouth: With the tongue still elevated, inspect the floor of the mouth for
swelling or other abnormalities.

Hard and soft palate: With the mouth wide open and the SP’s head tilted backward, gently
depress the base of the tongue with a mouth mirror. First inspect the hard then the soft
palate.

Clinical criteria: (from WHO Guide to epidemiology and diagnosis of oral mucosal

diseases and conditions)

7.1.1 Cancer: Malignant tumour (carcinoma)
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The most important oral mucosal lesion is the carcinoma, in most cases a squamous cell
carcinoma, because it may cause death if not treated at an early stage. The location of an
oral carcinoma is often associated with various smoking and/or chewing habits involving
tobacco and/or areca (betel) nut. Depending upon where the quid is kept, the carcinoma
may be located in a buccal or labial sulcus. Reverse smoking is associated with carcinoma of
the palate and posterior part of the dorsum of the tongue.

The carcinoma may develop in a white patch (an area of leukoplakia) or in a red area (an
erythroplakia) but many carcinomas arise in an area of mucosa that previously appeared
normal.

Despite the serious nature of the lesion, there may be little or no pain.

Except in some early and small lesions, there is usually induration - the tissue feels firm and
thickened - either throughout the lesion or at the margins if there is ulceration. Where the
tumour occurs on a mobile part of the mucosa, there may be fixation and loss of mobility
because the tumour has involved the deeper tissues.

The appearance of the surface of the tumour is very variable: it may be relatively smooth
and white or red, but commonly the surface is nodular or ulcerated and the ulcer may have a
raised rolled margin. In the later stages there may be a soft fungating mass that bleeds
readily. If the carcinoma arises on the lip, where the surface can become dry, there is often a

crusted or scaly appearance or the surface can appear warty.

7.1.2 Leukoplakia

For the purpose of this guide, leukoplakia is defined as a white patch, or plague, that cannot

be characterized clinically or pathologically as any other disease.

These lesions are characterized by the presence of a white patch anywhere on the oral
mucosa; they may vary from a quite small and circumscribed area to an extensive lesion
involving a large area of mucosa. The appearance is variable; the surface may be smooth or
wrinkled and sometimes smooth-surfaced lesions may be traversed by small cracks or
fissures giving an appearance aptly likened to cracked mud. Lesions may be white, whitish-
yellow or grey and some appear homogeneous, while others are nodular, showing white
areas intermingled with red zones; this is often called a nodular (speckled) leukoplakia. In

those lesions in which there is much epithelial hyperplasia, the affected mucosa may lose
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some of its normal softness and flexibility

7.1.3 Erythroplakia

Whilst leukoplakia is a relatively common condition, erythroplakia is rare. In contrast to
leukoplakia, erythroplakia is almost always associated with premalignant changes
histologically and is therefore a most important precancerous lesion.

The term 'erythroplakia' is used analogously to leukoplakia to designate lesions of the oral
mucosa that present as bright red velvety plaques which cannot be characterized clinically or
pathologically as due to any other condition. Just as there are many oral lesions that present
clinically as white patches on the mucosa, so there are a number of conditions that appear as
red areas. These include some dermatoses, inflammatory conditions due to local infection,
or a more general subacute or chronic stomatitis associated with the presence of dentures,
tuberculosis, fungus infections and other conditions. Some red plaques prove to be early
squamous cell carcinomas. The red patches that cannot be classified in any of these
categories fall into the group of erythroplakias.

The lesions of erythroplakia are usually irregular in outline though well-defined and have a
bright red velvety surface. Occasionally the surface is granular. If red areas are intermingled
with white, the lesion should be classified under leukoplakia.

7.1.4 Lichen Planus

This disease commonly affects the oral mucosa and lesions may occur in the mouth in the
absence of skin lesions. Whilst a number of reports have referred to cancer arising in the oral
lesions of lichen planus, especially of the erosive or atrophic types, there remains
considerable uncertainty about the risk of this occurrence.

Oral mucosal lesions are usually multiple and often have a symmetrical distribution. They
commonly take the form of minute white papules that gradually enlarge and coalesce to
form a reticular, annular or plaque pattern. A characteristic feature is the presence of
slender white lines (Wickham'’s striae) radiating from the papules. In the reticular form there
is a lace-like network of slightly raised grey-white lines, often interspersed with papules or
rings. The plaque form maybe difficult to distinguish from leukoplakia, but in lichen planus
there is usually no change in the flexibility of the affected mucosa.

7.1.5 Submucosal fibrosis

This condition, which is found almost exclusively among Indians and Pakistanis, is a slowly
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progressive disease of unknown aetiology. There are several indications that oral submucous
fibrosis predisposes to cancer; superimposed leukoplakias, occasionally of the speckled type,
are often present and a considerable number of submucous fibrosis cases are associated
with epithelial dysplasia.

The disease is characterized by the presence of palpable fibrous bands in the oral mucosa,
ultimately leading to severe restriction of the movements of the mouth, including that of the
tongue. On clinical examination, limitation of opening of the mouth may be obvious. In
addition, the tongue may be small and exhibit very limited mobility and show a marked loss
of papillae. In the earlier stages of the disease it will usually be possible to detect vertical
fibrous bands in the cheek, which can be felt by running the blunt edge of the mouth mirror
backwards and forwards along the cheek mucosa. The palate may appear abnormally pale
and the uvula may be shrunken. Other characteristic clinical features of submucous fibrosis
are loss of normal oral pigmentation and, as previously noted, there may be areas of
leukoplakia.

7.1.6 Candidiasis

In several populations it has been found that about 50% of normal individuals are carriers of
Candida. A variety of oral' lesions are caused by the fungus Candida albicans. The term
"candidiasis" is used when lesions are present. The disease is also known as "moniliasis" and
"candidosis".

Acute candidiasis may be pseudomembranous or atrophic. The former, also known as
thrush, consists of creamy, pearly-white. or bluish-white patches which can be removed by
gentle scraping. Thrush may occur in all areas of the oral mucosa, although the sites of
predeliction are the buccal mucosa, palate and tongue. The atrophic variety, a red and
painful lesion, may occur during treatment with antibiotics.
Chronic candidiasis may manifest itself in several forms. As persistent angular cheilitis, as
denture stomatitis, as a median rhomboid glossitis like lesion and as a retrocommissural
hyperplastic lesion. The latter may often resemble a leukoplakia.

7.1.7 Oral hairy leukoplakia

Hairy leukoplakia appears as white patches, nearly always on the lateral border (outside

edges) of the tongue. The lesions usually have an irregular surface and may have hair-like
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projections. While this condition may resemble that of candidiasis, hairy leukoplakia lesions
cannot be wiped off. Occasionally candidiasis may superimpose on hairy leukoplakia.

7.1.8 Necrotising ulcerative gingivitis (ANUG)

The oral lesions are characterized by a necrosis at the tips of the interdental papillae and
along the marginal gingivae. The ulcers are covered by a greyish-yellow pseudomembrane.
The gingivae bleed very easily and are painful. There is a distinctive oral odour.

7.1.9 Necrotising periodontitis

A severe form of necrotising ulcerative gingivitis but associated with periodontal pocketing.
Severe interdental and marginal necrosis is seen sometimes with exposed bone. Severe,
deep pain is present and it may affect single or multiple sites.

7.1.10 Ulceration (aphthous, herpetic, traumatic)

Ulceration is defined as a break of the oral mucosa. The clinical appearance of ulcerations
shows great variation. The most common form is minor aphthae. There are typically 1-4
ulcers in each attack. These are usually confined to the non-keratinised parts of the mucosa.
The ulcers are shallow, but painful.

Herpetic ulcers are characterised by a large number of small shallow ulcers occurring in any
part of the mucosa. Although each individual ulcer may not exceed 2 mm in diameter,
groups of ulcers may coalesce to form compound ulcers with irregular outlines. Herpetic
ulcers are more commonly seen on the hard palate and attached gingiva. They appear as

solitary ulcers or clusters, frequently found on vermilion border of the lip.

7.1.11 Cancrum oris

The etiology of cancrum oris is unknown, but the bacteriological and histological findings are
like those in acute necrotizing gingivitis. However, cancrum oris is not confined to the
gingiva: the necrosis is relentlessly progressive and ultimately there may be massive
destruction of the mouth, jaws and face. Diseases such as measles, smallpox, malaria, acute
herpetic gingivostomatitis and protein malnutrition maybe associated or predisposing
factors. Cancrum oris, which is commonly preceded by an acute necrotizing gingivitis, begins
as an ulceration of the oral mucous membrane which extends outwards and causes a well
demarcated necrosis of the overlying skin. The necrotic area may become large, the

gangrenous tissue separates and may expose necrotic bone. Later, the dead bone and the
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associated teeth may sequestrate.

7.1.12 Warts

Viral wart lesions in the oral cavity may appear as solitary or multiple nodules. They may be
sessile or pedunculated and appear as multiple, smooth-surfaced raised masses resembling
focal epithelial hyperplasia or as multiple, small papilliferous or cauliflower-like projections.
Any lesion if present is ticked in the single box. The site of occurrence is entered by noting
the number present on the topograph of mouth present on the right side. Simultaneously
the site is encircled on the figure.

7.2 Presence or absence of tooth

A tooth present or absent is noted under this section. A tooth if present is marked as ‘P’.
When a tooth is missing due to any reason is represented using ‘M’.

7.3 Edentulism

Edentulism is marked separately for upper and lower jaws when one or both jaws have no
natural teeth present; or present teeth are all indicated for extraction. Tick in appropriate

box(es).
7.4 Denture

Denture is marked as Full, Partial, Fixed separately for upper and lower jaws when subject

wears denture(s) on daily basis. Tick in appropriate box(es).
7.5 Oral hygiene index- Simplified (Greene and Vermillion, 1964)

The Oral Hygiene Index is a method for classifying the oral hygiene status of a patient.

u Oral debris defined as the soft foreign matter on the surface of the teeth, consisting
of mucin, bacteria and food, and varying in color from grayish white to green or orange.

[ Dental calculus is defined as a deposit of inorganic salts composed primarily of
calcium carbonate and phosphate mixed with food debris, bacteria, and desquamated
epithelium cells.

[ The original oral hygiene was determined to be simple, sensitive, and useful, it was
time consuming and required more decision-making.

| After considerable trial and error, another index was developed. This, index named,

Simplified Oral Hygiene Index.
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[ The OHI-S is composed of the combined Debris Index and Calculus Index. Each of
these indices, in turn, based on 6 numerical determinations representing the amount of
debris or calculus found on six preselected tooth surfaces.

7.5.1 Selection of tooth surfaces

[ The first fully erupted tooth distal to the second bicuspid (see picture below). The
buccal surfaces of the selected upper molars and the lingual surfaces of the selected lower
molars are inspected.

u In the anterior portion of the mouth, the labial surfaces of the upper right (11) and
the lower left central incisors are scored (31).

u Only fully erupted (occlusal and incisal surface has reached the occlusal plane)
permanent teeth are scored.

[ Natural teeth with full crown restorations and surfaces reduced in height by caries

and trauma are not scored. Instead, an alternate tooth is examined.

7.5.2 Criteria for classifying debris

Scores Criteria

0 No debris or stain present
1 Soft debris covering not more than one third of the tooth surface, or presence of
extrinsic stains without other debris regardless of surface area covered
2 Soft debris covering more than one third, but not more than two thirds, of the
exposed tooth surface.

3 Soft debris covering more than two thirds of the exposed tooth surface.
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7.5.3 Criteria for classifying calculus

Scores Criteria

0 No calculus present
1 Supra-gingival calculus covering not more than third of the exposed tooth surface.
2 Supra-gingival calculus covering more than one third but not more than two thirds of

the exposed tooth surface or the presence of individual flecks of sub-gingival
calculus around the cervical portion of the tooth or both.

3 Supra-gingival calculus covering more than two third of the exposed tooth surface or
a continuous heavy band of sub-gingival calculus around the cervical portion of the

tooth or both.

The surface area covered by debris is estimated by running the side of the probe along the
buccal, labial, and lingual surfaces and noting the occlusal or incisal extent of the debris as it

is removed from the tooth surface as shown in figure (1) below

T;.,

Figure 1.

7.5.4 Calculating the index

> For each individual, the debris (DI-S) and calculus (CI-S) scores are totaled and divided
by the number of surfaces scored.

» At least two of the six possible surfaces must have been examined for an individual
score to be calculated.

» Group indices are calculated by dividing the sum of the indices determined for

individuals by the number of persons for whom indices have been determined.
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» The average individual/group debris and calculus score are combined to obtain the
OHI-S.

» The (DI-S) and (CI-S) values ranges from 0 — 3;

» The OHI-S values ranges from 0 — 6. These values are just half the score magnitude
possible with the OHI.

7.5.5 Interpretation

The (DI-S) and (CI-S) values may range from 0 — 3, which can be interpreted as:

. Excellent — 0.0

. Good -0.1t0 0.6
. Fair —0.7t0 1.8
. Poor— 1.9to0 3.0

The OHI-S values range from 0-6, which can be interpreted as:

. Excellent — 0.0

. Good—-0.1to 1.2
° Fair —1.3t03.0
. Poor— 3.1t06.0

8 Record extractions for cases

The hospital records will be accessed by the staff to record histopathological diagnosis, TNM
staging, presence of any comorbidity and treatment received/ planned.

The patient’s file number and age on the examination form and questionnaire is matched
with the patient’s file number and age on hospital file. The above details and hospital

patient-ID number are recorded from the in-patient file.

9 Completing the examination and discharging the study participants

Following the examination, the examiner must

e inform study participants of the findings from the survey
9.1 Informing study participants of the findings from the survey

After completing the survey examination, each study participant must be advised verbally
and in writing of the findings.

9.2 Subjects requiring urgent diagnosis or treatment
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Subjects must be referred immediately for care if they have any of the following potentially
life-threatening conditions:

e A suspected malignant or pre-cancerous lesion
e Signs of systemic infection or a spreading local infection
e Other life threatening conditions, based on the clinical judgement of the examiner

In these situations, advise the subject that you recommend they obtain immediate attention,
complete the appropriate section of the form.

9.3 Subjects not requiring urgent diagnosis or treatment

For all other subjects, advice should be given:

1. Note subjects can be advised to seek care immediately, even if they do not have a life
threatening condition — for example, if you find a tooth likely to develop pulpitis. In addition
to ticking relevant boxes, provide additional explanation to the subject (e.g. explain that

“dental caries” means decay/cavity).

2. Discussion of any additional findings that you believe are relevant to the subject, for
example, if the subject asks about prosthodontic replacement of missing teeth, you should
endeavour to discuss their query. This does not mean that you need to make any additional
diagnoses, or even provide a specific recommendation if you believe you do not have
sufficient information. For example, your discussion may explain that a decision about
treatment needs would need to be made after undergoing a more detailed dental

assessment and discussing treatment options with a dentist.

3. Explanation of the limitations inherent in the survey examination. It is very important to

emphasize to subjects the limitations of a survey examination, including:

e the possibility that the disease may not have been detected (e.g. interproximal caries,

periodontitis at lingual sites), and conversely

e the possibility that a condition noted may not require treatment (e.g. caries that a

dentist may choose to control by prevention rather than fill)
9.4 Recording final outcome of examination

Record on the appointment schedule the outcome of the examination. If you do not

complete all sections of the examination for which the SP has provided signed consent and is
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eligible, record this as “Partly completed” and record the reasons in the “comments” section
of the final page of the data entry program. Reasons for partial completion could include
“ran out of time”, “SP became uncooperative”, “equipment failure” etc.

If an SP does not consent to part of the examination, or is not eligible for part of the
examination (eg. due to medical contraindications) but completes all other parts of the

examination, record this as “Exam completed” on the appointment schedule.
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