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Abstract 

Introduction 

Chronic periodontal disease is a frequently occurring disease among middle-aged adults. It 

results from a complex interplay of host, environmental and local factors. There are no 

published data on the risk indicators for periodontal disease in rural Indian populations. 

Hence, the present study was conducted to identify the risk indicators for periodontal disease 

and tooth loss in two rural populations, which were diverse in nature with respect to their 

occupation, education, habits and diet. The hypotheses of the study were as follows: 

1. Prevalence, extent and severity of periodontal disease and tooth loss vary between the 

fishing and farming communities. 

2. Tobacco use, psycho-social factors, alcohol consumption, diet and poor oral hygiene are 

risk indicators for periodontal disease in the Indian rural population. 

3. Risk indicators for periodontal disease show clustering in the Indian rural population. 

4. Tooth loss is associated with dental visiting behaviour in the Indian rural population. 

 

Methods  

This was a cross-sectional population-based study. Two coastal districts in rural Karnataka 

state where the fishing and farming populations formed a majority were chosen for the study. 

A multistage (stratified cluster random) sampling design was followed. Men and women in 

the age group of 35-54 years were randomly selected and recruited in each cluster. Data were 

collected by conducting face-face interviews and oral examinations for consenting 

participants. 

For statistical analyses, prevalence, extent, and severity of periodontal disease and prevalence 

of tooth loss were the primary outcomes. Univariate, bivariate and multivariate analyses using 

analytical techniques for stratified clustered sampling were used to identify significant risk 
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indicators. The risk indicators were quantified by calculating the prevalence ratios from 

multivariable models. Propensity score adjustment was used to control for potential selection 

bias in evaluating the risk indicators for tooth loss. The population impact of the risk 

indicators were estimated using population attributable fraction (PAF).  

Results 

The response rate in the study was 62.3%. During the study period, 1401 eligible participants 

from 50 villages of two coastal districts were approached. Of the total 873 participants, 522 

were from the fishing and 351 were from the farming communities. The prevalence of 

periodontal disease was 46.6% in the total rural population according to the Centre for 

Disease Control and Prevention and the American Academy of Periodontology (CDC-AAP) 

case definition. Both communities had similar levels of periodontal disease measured by 

prevalence, extent and severity. Patterns of health behaviours varied between subgroups by 

socioeconomic status (SES). The prevalence of tobacco chewing was high in both 

communities. Farming people had better SES compared to the fishing population. Age, dental 

plaque, SES, method of cleaning, tobacco chewing and alcohol were the significant risk 

indicators in the models for prevalence, extent, and severity of periodontitis. Clustering of risk 

indicators for periodontal disease was observed in the study population. Tooth loss (≥6 

missing teeth) was greater (27.9%) in the farming than in fishing population (11.1%). Tooth 

loss was significantly associated with age, socioeconomic status, dental visiting, alcohol and 

periodontal disease. In the study population, 50%, 27%, 15% and 9% of tooth loss were 

attributable to the dental visiting, age, periodontal disease and education respectively. 

Conclusions 

The study showed that the rural populations in India carried significant burden of periodontal 

disease and tooth loss. The first null hypothesis was retained since the prevalence, extent, and 
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severity of periodontal disease were similar in both the communities. Other hypotheses were 

supported. The risk indicators of periodontal disease such as plaque accumulation, tobacco 

and alcohol showed clustering. Tooth loss was higher in the farming than the fishing 

community. Dental visiting was strongly associated with tooth loss in the models and 

remained significant after propensity score adjustment. Health behaviours are modifiable 

factors important in controlling periodontal disease and tooth loss. There is an urgent need for 

improving oral health in this rural Indian population. The findings from the present study 

point to the importance of concerted efforts by oral health groups, the Dental Council of India 

along with other health stakeholders in planning public health programs to improve oral 

health and reduce oral health inequalities. 
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Chapter 1: Background 

1 Background 

This chapter describes the demographic characteristics and health care scenario in rural India. 

1.1 Population characteristics 

India is a developing country in South East Asia and ranks as the second most populous 

country in the world with a population of 1.2 billion; males constituting 51.4% and females 

48.6% respectively (Statistics, 2011). The population of India is mainly concentrated in the 

rural areas where nearly 68% of people reside (Census, 2011). Hindi is the national language 

in this country, and English is a subsidiary language which is spoken widely. 

A majority (80.5%) of the Indian people follow Hinduism as their religion and people of other 

religions form a minority (Census, 2001). The literacy rate in India stands presently at 74.0% 

(Census, 2011). The life expectancy at birth in India according to the 2006-10 Statement I of 

the Census estimates was 66.1 years. Females have a higher life expectancy (67.7 years) than 

males (64.6 years) at birth (Census, 2011). 

1.1.1 Social system 

In India, the caste system has been a system for social stratification and has persisted for 

centuries. The prominent castes are the ‘Brahmin’, ‘Kshatriya’, ‘Vaishya’ and ‘Shudra’.  

In ancient times, the ‘Brahmins’ (people of Brahmin caste) were predominantly involved with 

priestly, spiritual and scholarly activities. They were considered as the highest class and 

followed a pure vegetarian diet.  

The ‘Kshatriyas’ (people of Kshatriya caste) were nobles of the warrior class and ‘Vaishyas’ 

(people belonging to Vaishya caste), were the people who were mainly involved with trade, 
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and the ‘Shudras’, during those times, carried out menial jobs like cleaning etc. The Shudras 

were considered to be at the lowest level in the caste categorisation and faced discrimination 

(de Zwart, 2000). 

However, the discrimination on the basis of the caste system declined to a very great extent 

post-independence (1947). The Government of India introduced several reforms to help the 

oppressed classes, and they included special reservation categories for employment, education 

and housing (Osborne, 2001).  

Presently in India, SES is measured by education, occupation and income. India has 561 

million literate people (Census, 2001), where 25.8% have below the primary level, and 26.2% 

have at least primary level of education. Literates with a secondary level of education were 

14.1%, and 6.7% of the population have had education of tertiary level or more (Census, 

2001). According to the Indian human development survey the annual yearly per capita 

income in urban areas is twice that of rural areas. The All India annual per capita income 

according to 2004-05 data was Rupees (Rs) 4,712 in rural areas (Approx.78.5 United States 

Dollar (USD)) and Rs 11,444 (Approx. 191 USD) in urban areas.  

In Karnataka State, this was Rs 4,333 (Approx.72 USD) in rural areas and Rs 12,000 

(Approx.200 USD) in urban areas (Desai et al., 2010). In India, most people living in rural 

areas are involved with some form of agriculture as a source of employment, whereas people 

living in urban areas work predominantly in offices or factories in salaried jobs (Desai et al., 

2010). 

1.1.2 Rural communities in Karnataka state 

1.1.2.1 Definition of a rural area 

Rural areas in India according to the National sample survey organisation (Census, 1961) are 

defined as village areas with a low population density.  
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1. A population density of 400 or less per square kilometre.  

2. Villages with boundaries which are clearly surveyed but have no municipal board. 

3. A minimum of 75% of the male population involved in agriculture and other 

related activities. 

Karnataka is a state in Southern India and is one among the more heavily populated states in 

the country with a total population of nearly 61 million (Census, 2011). The state consists 

mainly of four groups of people (Kannadigas, Tuluvas, Saraswats and Kodavas), who belong 

to different sub-sects (Karnataka, 2013). The population in this state comprises nearly 50.9% 

men and 49.1% women. The literacy rate in this population (2006-10) is 67.2% with over 

60% of males and females being literate (Census, 2011). The Karnataka state is sub-divided 

into thirty districts of which three coastal districts border the west-coast of the state. The three 

coastal districts and their population sizes are: 

1. Uttara Kannada district with a population of 1,436,847  

2. Udupi district with a population of 177,908 and  

3. Dakshina Kannada district with a population of 2,083,625 (Census, 2011). 

1.2 Provision of essential health care  

Considerable progress has been made in the provision of essential health care to the Indian 

population. Health care is provided by Community Health Centres at the district level, 

Primary Health Centres (PHC) and Sub-Centres in rural and hilly areas. In the rural areas, the 

PHCs provide basic health care services like vaccination, immunisation, health check-ups, 

laboratory services, advice related to pregnancy and family planning. The Sub-Centres also 

provide basic health care in rural areas (Garg et al., 2012).  
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1.3 Oral health in India  

The national oral health survey of India (2002-03) showed the prevalence of dental caries 

among adults ranged between 80% and 85%. The mean Decayed, Missing and Filled teeth 

ranged from 5.4 to 14.9. The periodontal disease prevalence in some areas was as high as 

80% to 90%. However, the prevalence of oral disease in Karnataka state was no different as 

observed from other studies conducted elsewhere in India (DCI, 2002-03). A study conducted 

to assess the oral health status of a rural fishing community found a high prevalence of oral 

disease. Nearly 90% of the population had at least one decayed tooth, and periodontal disease 

was present in nearly 40% of the population (Bhat, 2008). The study is one among the few 

studies conducted in rural Karnataka. Periodontal diseases have been shown to affect the oral 

health related quality of life (OHRQoL) of Indians (Nagarajan and Chandra, 2012). The high 

prevalence of periodontal disease having a negative impact on the OHRQoL highlights the 

urgent need for oral health care in rural areas. 

1.4 Oral health care delivery in India 

The dentist-population ratio in India is 1: 250,000 in rural areas and 1: 10,000 in the urban 

areas (Ahuja and Parmar, 2011). Although India produces nearly 22,000 dental graduates 

annually only 15-20% of these dentists choose to serve in the rural areas, and 80% of them 

choose to work in urban areas which are lucrative – thereby creating an inverse distribution 

for care. Oral health care delivery in India can be characterised mainly into the private and 

public sectors, though other traditional forms of dental care exist (Gambhir et al., 2013). The 

private sector consists of private dental practices which are based on the fee for service 

system (Verma et al., 2012). Dental schools are another option where people can avail 

themselves of dental services. In the public sector, most clinics are located at government 

hospitals and provide basic curative treatment (e.g. extractions, restorations) (Shah, 2004). 
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Payment for oral care is mainly out-of-pocket as dental insurance is virtually non-existent in 

India and only covers emergency services at varying levels of insurance premiums (Shah, 

2004).  

1.5 Affordability and access to oral care 

The above mentioned reasons make it difficult for rural people to afford oral care. 

Furthermore, it is difficult for these people to travel to nearby towns for oral care due to poor 

transport facilities and the expense. These factors could contribute to the burden of oral 

disease in the rural Indian population. 

The national oral health survey was conducted in India over a decade ago. The survey showed 

that the prevalence of oral disease was high, and despite this reported fact no regular oral 

health care programs are in place to address the needs of the rural population. 

From this, it is understood that there is an urgent need to assess the prevalence of oral disease 

and determine the associated risk factors in this rural population. This would help in policy 

planning for improving oral health care services.  
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Chapter 2: Review of Literature 

2 Review of Literature 

The Literature Review is focused on factors associated with periodontal disease and tooth 

loss. It starts with an overview of periodontal disease and tooth loss and then proceeds to 

review their associated factors. 

2.1 Periodontium and periodontal disease 

The periodontium consists of tissues which surround and support the teeth and includes the 

gingiva, periodontal ligament, cementum and alveolar bone. The gingiva helps in the 

protection of the underlying tissues and periodontal ligament, and the cementum and alveolar 

bone form the attachment. A normal periodontium is necessary for optimal masticatory 

function and any insult or injury to the periodontium results in periodontal inflammation or 

periodontitis, which is characterised by destruction of the supporting hard and soft tissues.  

As the disease progresses, there is apical migration of the epithelial attachment resulting in 

deepening of the gingival sulcus (pocket depth) with or without apical migration of the 

gingival margin (gingival recession). Periodontal diseases are of various types and can be 

classified as follows: 

2.1.1 Classification of periodontal disease 

With the advancement of scientific knowledge, the classification of periodontal diseases has 

changed a number of times, and in 1999, the American Academy of Periodontology (AAP) 

classified periodontal diseases under eight categories. Later nearly 40 new gingival conditions 

were also listed (Armitage, 1999). The eight categories are as follows: 

I      Gingival diseases 

II     Chronic periodontitis 



  
    7 

 
  

III    Aggressive periodontitis 

IV    Periodontitis as a manifestation of systemic disease 

V      Necrotizing periodontal disease 

VI    Abscesses of the periodontium 

VII   Periodontitis associated with endodontic lesions 

VIII   Developmental or acquired deformities or conditions 

Of the above mentioned conditions, the chronic periodontitis (formerly known as adult 

periodontitis or chronic adult periodontitis) is slowly progressing and one of the frequently 

occurring types in middle-aged adults.  

2.1.2 Measurement of periodontal disease 

Periodontal diseases have been measured using various indices. Among them, the prominent 

ones used in epidemiological surveys are the Community Periodontal Index of Treatment 

Needs (CPITN) (Ainamo et al., 1982) and lately the Community Periodontal Index (CPI) by 

the World Health Organisation (WHO) (WHO, 1997). The CPI does not take into 

consideration the treatment need component. Other indices that have been used are the 

Periodontal Index (Russell, 1967), which was first used in epidemiological surveys and has 

clinical and radiological components. The Periodontal Disease Index (Ramfjord, 1967) which 

has been used in full or partial mouth examinations, and where measurements are made with a 

calibrated probe. Presently, epidemiological surveys use the loss of attachment scores which 

are cumulative scores of recession and probing pocket depth (PPD). However, many of the 

indices miss out substantial information on other aspects of periodontal disease. Therefore, a 

concept was devised that seeks to retain much more of the information obtained from clinical 

examination regarding the extent and severity of the problem and is known as the ‘Extent and 

Severity Index’ (ESI) (Carlos et al., 1986). In addition to the indices being used for 

measuring, periodontal disease researchers use various case definitions for classifying 
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periodontal disease. The frequently used case definitions are from the Centre for Disease 

Control and Prevention and the American Academy of Periodontology (CDC-AAP) (Eke and 

Genco, 2007; Page and Eke, 2007). 

The CDC-AAP criteria classify periodontal disease into two categories (Page and Eke, 2007): 

The first category is ‘Moderate’, when there are ≥2 inter proximal sites with clinical 

attachment loss (CAL) of ≥ 4mm (not on the same tooth) or ≥2 inter proximal sites with 

pocket depth of ≥5mm (not on the same tooth). 

The second category is ‘Severe’ when there are ≥2 inter proximal sites with CAL ≥6mm (not 

on the same tooth) and ≥1 inter proximal site with pocket depth ≥5mm. 

Currently, the updated CDC-AAP case definitions are used (Eke et al., 2012). 

The 5
th

 European Workshop in Periodontology group (Tonetti and Claffey, 2005) put forth a 

two-level case definition, which is as follows: 

• presence of proximal loss of periodontal attachment of ≥ 3 mm in two or more non-

adjacent teeth. 

• presence of proximal loss of periodontal attachment of ≥ 5 mm in ≥ 30% of teeth 

present. 

2.1.3 Global burden of periodontal disease 

Oral conditions have affected nearly 3.9 billion people. The disability-adjusted-life years 

(DALY) for oral conditions increased by 20.8% from 1990 to 2010 (Wagner et al., 2013). 

DALY for periodontal disease has increased steadily. Severe periodontitis was the leading 

cause for DALY in 9 regions including Australasia and South-East Asia (Wagner et al., 

2013). A high burden of periodontal disease has been observed in various regions globally 

(Petersen and Ogawa, 2012). However, different criteria have been used for assessment of 

periodontal disease in various studies.  



  
    9 

 
  

2.1.3.1 Studies in developed countries 

Epidemiological studies conducted in Australia (2004-06) among 35-44 year olds have shown 

22.9% of the population to be affected by periodontal disease (Roberts-Thomson and Do, 

2007). The periodontal disease prevalence for adults aged 30 years and above in the USA was 

47.2% (Eke et al., 2012). In the UK adult oral health survey, 45% of dentate adults had at 

least one periodontal pocket of ≤ 4mm, and only 8% of the population had deep pocketing of 

6mm (White et al., 2012). Many periodontal studies have been conducted using the CPITN/ 

CPI, and the burden of disease was found to be high (Petersen and Ogawa, 2012). 

2.1.3.2 Studies in developing countries 

The national oral health survey conducted in India showed that the loss of attachment in 

people of 35-44 year age group was 41.2%, and this was found to increase with age (DCI, 

2002-03). The national oral health survey conducted in Vietnam found more than 30% of the 

population had CPI scores of 3 or 4 (shallow or deep pockets), and smokers were likely to 

have deeper pockets of 6+ mm (Do et al., 2011). Analysis of the national survey data on oral 

diseases in Nepal from 1983-87 showed that a median of 29% of adults aged between 35-44 

years had deep pockets (≥ 6mm) (van Palenstein Helderman et al., 1998). The prevalence of 

periodontal pockets of 4-5 mm ranged from 45-47% for adult Nepalese aged 33-59 years 

according to a national oral health survey (David et al., 2011). The second national oral health 

survey in China showed that 4-5 and ≥ 6 mm pockets were present in 12.8% and 2.1% of 35-

44 year old people. Prevalence of shallow and deep pockets in the rural Chinese population of 

35-44 age-group was 14% and 2.2% respectively (Wang et al., 2002). The findings show that 

periodontal disease is present across different regions and at varying levels. 
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2.1.4 Risk factors 

Chronic periodontal disease is a multifactorial disease caused by complex interactions of 

local, host and environmental factors which result in the disease process (Albandar, 2002).  

These are the distinct characteristics or outcomes that increase the likelihood of people 

developing periodontal disease (Albandar, 2002). Ideally, the risk factors are identified based 

on the analyses of their temporal relationship with the outcome (Albandar, 2002).  

2.1.4.1 Host factors 

Host factors for periodontal disease include ethnicity, age, gender, diabetes, nutrition, stress, 

social support and genetic variation. 

2.1.4.1.1 Ethnicity 

Levels of periodontal disease in populations from different regions varied by ethnicity and 

other characteristics (Albandar, 2002). Baelum et al. (1997) investigated the occurrence of 

periodontal tissue destruction in Kenyan and Chinese populations and found that the level of 

periodontal destruction was similar to those in a Japanese population. However, the results 

were different compared to the US population. Varying levels of disease have been observed 

in other populations such as Hispanics, African-Americans and Asians (Albandar and Rams, 

2002). When periodontal disease was measured, the PPD was higher among Mexican-

Americans and African-Americans compared to Caucasians (Albandar et al., 1999). Kirri 

Indians from Brazil had higher levels of periodontal destruction. The prevalence of 

attachment loss ≥ 5mm and ≥ 7mm was observed in 64% and 31% of the subjects 

respectively. The probing depth ≥ 4mm was observed in 93% of the population (Figueiredo et 

al., 2013). A study on Sri Lankan tea workers showed nearly 81% of the population exhibited 

moderate progression (4mm CAL) of periodontitis (Löe et al., 1986).  
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Studies have been conducted to ascertain if Asians have a higher susceptibility for periodontal 

disease. Chinese residing in the US for a long duration have exhibited disease levels similar to 

the Caucasian population suggesting that different geographical location and better level of 

oral health care can make a difference in the disease levels (Cao et al., 1990). The national 

oral health survey conducted in India has shown that periodontal disease, assessed using loss 

of attachment measure of 4mm or more, was present in nearly 41% of people aged between 

35-44 years (DCI, 2002-03). The greater susceptibility of Asians to periodontal disease is still 

a matter of debate and further studies are needed to confirm this possibility (Corbet, 2006). 

The findings from this review suggest that the prevalence of periodontal disease may be 

different in various ethnic groups and across different geographic locations. 

2.1.4.1.2 Age 

Periodontal diseases occur universally and can affect almost all age groups including children 

(Miyazaki et al., 1989). Albandar (2002) found that more than half of the population in the 

USA between 30-90 years suffered from some form of periodontal disease. The increased 

prevalence, extent, and severity of periodontal diseases has been observed more in the elderly, 

with only a few younger people being affected. The reasons for associated periodontal 

destruction, with ageing could be due to the compromised host response to periodontal 

pathogens and also to the cumulative effect of the disease during a lifetime (Genco, 1996). 

Studies have looked at the prevalence, and extent of periodontitis, using the National Health 

and Nutrition Examination Survey (NHANES) III data (Albandar et al., 1999). The CAL, 

PPD and furcation involvement were examined in randomly selected quadrants on two sites 

of each tooth; the mesio-buccal and mid-buccal. A CAL of ≥3mm was observed in more than 

half of the population. The prevalence and extent of attachment loss was found to increase 

with age in the older age-group (Albandar et al., 1999). Papapanou et al. (1991) conducted a 

study to assess the age-related changes in attachment loss and alveolar bone levels in young to 
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elderly adults. Though attachment loss was found to increase with age, a large portion of the 

population had minimal attachment loss. Age is a determinant for periodontal disease, and 

probing depth has been shown to increase with age in the middle-aged and elderly (Abdellatif 

and Burt, 1987). A recent study on Kirri Indians in Brazil showed that destructive periodontal 

disease was higher among people above the 35 year age-group (Figueiredo et al., 2013). The 

national oral health survey conducted in India has shown that the loss of attachment increases 

with age (DCI, 2002-03). In a Thai population severity of periodontal disease was found to 

increase with age (Torrungruang et al., 2005). Age was also associated with the severity of 

periodontal disease in a Cambodian population (Amarasena et al., 2002). 

2.1.4.1.3 Gender 

Periodontal disease levels are found to vary with gender in different geographical locations, 

and many cross-sectional studies have reported higher levels of periodontal disease including 

attachment loss among males compared to females (Albandar et al., 1999). Gender differences 

were observed when a threshold level of CAL ≥4mm was used (Bouchard et al., 2006). Do et 

al. (2003) observed a higher level of attachment loss among males when a threshold level 

≥5mm was used. Other studies, which were longitudinal, did not find gender differences 

(Machtei et al., 1999). The reasons for these gender differences have remained unclear, and 

previous studies have attributed this to male susceptibility and also greater utilisation of 

dental services by women (Grossi et al., 1995). 

In the study conducted by Grossi et al. (1995), periodontal bone loss was higher in males 

compared to females. Recent reviews by Shiau and Reynolds (2010) have explored the 

biological basis for gender differences in destructive periodontal disease and have explained 

that gender differences in the level of periodontal disease could be due to a variety of 

underlying factors ranging from environmental to genetic variations and habits between the 

sexes. Sexual dimorphism in immune function shows that men have a higher risk of being 
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morbid than women, as women responded better to infection and trauma (Fairweather et al., 

2008), plus there was a higher production of antibodies in women (Deitch et al., 2007). 

2.1.4.1.4 Diabetes 

Diabetes is a disease that poses a grave concern in the developing world and researchers 

speculate that nearly 300 million adults will be affected by the year 2025 (Zimmet et al., 

2001). 

Diabetes shows a consistent relationship with periodontal disease, and many studies note that 

diabetes and periodontal disease show a two-way relationship, each contributing to one 

another (Taylor, 2001). Periodontal disease has been mentioned as a risk factor for diabetes 

mellitus by the American Diabetes Association (Oliver and Tervonen, 1994). Surveys such as 

NHANES and the Hispanic Health and Nutrition Survey have shown the prevalence of 

periodontal disease to be higher among diabetics (Oliver and Tervonen, 1994). Diabetes 

mellitus and periodontal disease are both diseases that occur due to disturbances in the 

immune system, resulting from various risk factors such as smoking, stress, and emotional 

strain (Soskolne and Klinger, 2001). Type II diabetes is the most prevalent form of diabetes 

and is observed in over 90% of the US population who are diagnosed with the disease 

(Taylor, 2001). The same is true for the Indian population (Ramachandran et al., 2002). Type 

II diabetes resulting from an imbalance in the diet and lack of physical exercises could be 

further mediated by environmental and cellular factors to produce an inflammatory response 

that could exacerbate periodontal tissue response to bacteria (Soskolne and Klinger, 2001). 

The hypothesis on the association between periodontitis and diabetes mellitus states that a 

direct causal or modifying relationship may result in metabolic changes and these can in turn 

exacerbate the periodontal disease process (Yalda et al., 1994; Soskolne and Klinger, 2001). 

Type II diabetes has shown an association in ethnic minority populations in US. Many of the 

ethnic groups were found to be 2-3 times at a higher risk of developing the disease than 
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Caucasians. A study on Pima Indians showed that people with Type II diabetes are at a higher 

risk of having advanced periodontal disease (Nelson et al., 1990). Some other studies have not 

found significant differences in periodontal disease among diabetics and non-diabetics (Hove 

and Stallard, 1970). Borgnakke et al. (2013) in their systematic review concluded that there is 

a limited evidence suggesting that periodontal disease may be responsible for poor glycaemic 

control and Type II diabetes. The comparison of studies may not be truly valid because of the 

different criteria adopted for periodontal disease classification. 

2.1.4.1.4.1 Studies on diabetes and periodontal disease in India 

Periodontal disease was found to be increased in a group of Type I diabetics when compared 

to non-diabetic subjects (Ajita et al., 2013). The association of Type II diabetes mellitus and 

periodontal disease showed that people with Type II diabetes mellitus had a higher prevalence 

and severity of periodontal disease compared to non-diabetic subjects (Apoorva et al., 2013).  

2.1.4.1.5 Nutrition and periodontal disease  

Nutrients in the diet help in metabolism and aid in tissue development. Nutrients also play an 

important role in the maintenance of periodontal health (Nizel and Papas, 1989). 

Epidemiological studies showing the association of nutrition with periodontal disease are few 

in number (Kaye, 2012). Studies have found that people consuming smaller doses of vitamin 

C had higher odds for periodontal disease (Nishida et al., 2000). Intake of vitamin C and 

dietary calcium showed a weak association with periodontal disease (Nishida et al., 2000). 

Increased serum concentration of vitamin A, C, bilirubin and total antioxidant levels were 

associated with a reduced risk for periodontal disease (Chapple et al., 2007). Grape fruit 

consumption showed an increase in plasma vitamin C levels and decrease in the gingival 

sulcular depth and bleeding scores (Staudte et al., 2005). A seven day rotatory diet adequate 

in all nutrients except ascorbic acid on healthy non-smoking men found that the deficiency of 
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ascorbic acid could influence the early stages of gingivitis, but it was not clear if this could 

also contribute to attachment loss (Leggott et al., 1986). Vitamin A and C have been shown to 

aid in healthy tissue development, bone growth and collagen synthesis. Vitamin D and 

Omega-3 fatty acids help in proper regulation of the immune response (Kaye, 2012). 

Consumption of lactic acid containing food (yoghurt) on a regular basis has been shown to 

inhibit the development of periodontal disease (Schifferle, 2009). 

In addition, certain polyphenols present in green tea have demonstrated an inhibitory effect 

against porphyromonas gingivalis (Schifferle, 2009). Cranberry extracts in the diet have been 

shown to inhibit biofilm formation (Schifferle, 2009). Vegetables and fruits may also help in 

exerting an anti-oxidant action that can help promote the healing of periodontal tissues (Boyd 

and Madden, 2003). Epidemiological and clinical data suggest that nutritional deficiencies 

can cause a change in the immune response status thereby increasing the risk of infections 

(Chandra, 1997). However, the nutritional deficiencies contributing to increased risk for 

periodontal disease are still unclear. The effect of confounding also has an impact in assessing 

these associations (Boyd and Madden, 2003). None of the studies provide evidence for a 

cause and effect relationship between nutritional intake and periodontal disease. However, it 

has been observed that low levels of nutrition could be detrimental to periodontal health 

(Nakamoto, 2000). Thus, it could be concluded that an adequate intake of nutrients is 

necessary for the maintenance of optimum oral health. 

2.1.4.1.6 Stress and social support 

The term ‘stress’ is used to describe untoward emotions or reactions to undesirable 

experiences (Boyapati and Wang, 2007). However, the term also has a precise physiological 

definition. It is a state of physiological or psychological strain caused by adverse stimuli, 

physical, mental, or emotional, internal or external, that tend to disturb the functioning of an 

organism and which the organism naturally desires to avoid (Dorland, 2000). 
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Stress may directly or indirectly relate to the disease process by affecting the hormonal 

release which can trigger the disease process. During stress, the hypothalamic-pituitary -

adrenal axis gets stimulated and the anterior hypothalamus releases corticotrophin-releasing- 

factor arginine and vasopressin, which act on the anterior pituitary gland. The pituitary gland 

is responsible for the release of the adrenocorticotropic hormone. This hormone acts on the 

adrenal cortex and increases production of glucocorticoid hormones called ‘cortisols’. 

Cortisols released into the blood stream modify the human immune response, cytokine 

functions and cause alterations in blood glucose levels and thereby increase the susceptibility 

to periodontal disease (Biondi et al., 1994). Many diseases have been associated with stress. 

Acute and chronic stress has detrimental effects on the efficacy of human immune response 

and acts as a contributory factor for disease (Robles et al., 2005).  

Coping is an adaptive behaviour to stress. People with maladaptive coping have had more 

advanced disease and have responded poorly to treatment (Wimmer et al., 2002). 

People with poor coping behaviours were more likely to have an increased risk for developing 

periodontal disease (Hugoson et al., 2002). It was observed that subjects with increased 

financial strain and poor coping behaviours had increased periodontal attachment loss. 

Interestingly, subjects with financial strain but positive coping had similar levels of 

periodontal disease compared to those subjects without financial worries. These findings 

suggest that positive coping behaviours can result in decreased disease levels (Genco, 1999). 

Case control studies have shown an association of active periodontal disease with factors such 

as depression, levels of strain and role related issues (Moss et al., 1996). It has been observed 

that professional dissatisfaction and a passive dependent character were associated with 

periodontal disease (Linden et al., 1996). Anxiety was found to be associated with attachment 

loss and increased probing depth (Vettore et al., 2003). The relationship between stress and 

oral health has been studied in a student population undertaking examinations. Experimental 
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gingivitis was induced in two quadrants using a split mouth design. The students refrained 

from oral hygiene procedures in two opposite quadrants while proper oral hygiene was 

observed in the other remaining quadrants. Deinzer et al. (1998) stated that stress was likely 

to diminish the salivary flow and increase plaque formation thereby contributing to gingival 

inflammation due to modification in the salivary pH. Furthermore, the colonisation of 

bacterial plaque and gingival inflammation showed a significant increase in experimental 

gingivitis sites and Interleukin-1B production (Deinzer et al., 1999).  

Psychological stress has been related to periodontal disease, or alternatively could be due to a 

direct effect by the various biological mechanisms involved. Stress could indirectly contribute 

to the disease by a change in lifestyle, inadequate oral hygiene, poor dental attendance, 

improper dietary patterns and other deleterious habits (Akcali et al., 2013). 

Debate about whether major life events have a relationship with periodontal disease has been 

investigated. The major life events have been studied by using the‘life events scale’ by 

Holmes and Rahe (1967). Periodontal disease has shown an association with negative life 

events (Croucher et al., 1997). 

Psychosocial stress could also influence lifestyle and dental hygiene habits (Ringsdorf and 

Cheraskin, 1969). The role of perceived social support from friends, family and community 

groups have been studied. People with less social support were more likely to develop 

periodontal disease, and those participating in religious activities and/or having a close friend 

were at a lesser risk of developing periodontal disease (Merchant et al., 2003). It has been 

suggested that social support may have a modifying role in coping behaviour and decreasing 

stress (Peruzzo et al., 2007). The association of stress with oral health has been observed in 

some studies. However, there are several limitations to the human studies which evaluate 

periodontitis and psychosocial stress. As the studies evaluating these relationships have often 

been conducted on small groups, there is usually a high variability related to self-reported 
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stress. Furthermore, the overall lack of standardised methods to quantify or define stress 

makes it difficult to compare different studies and come to logical conclusions regarding the 

association. However, systematic reviews have shown an association between stress and 

periodontal diseases, while a few studies have reported no or minimal association (Peruzzo et 

al., 2007). 

2.1.4.1.7 Genetic variation and periodontal disease 

Genetic variation and its association with periodontal disease is a recent concept. It can be 

observed that various degrees of genetic heterogeneity exist in different populations such as 

Hispanics, African-Americans and Asians (Albandar and Rams, 2002) 

Substantial evidence suggests that genetic susceptibility is responsible for early forms of 

periodontal disease process. However, very few studies have examined the genetic 

susceptibility to adult periodontitis. Earlier studies failed to detect genetic variability with 

periodontal health but reported that a common family environment was associated with 

periodontal health (Chung et al., 1977). 

The Minnesota twin periodontal study (Michalowicz et al., 1991) did not find a clear 

association between genetic factors and adult periodontal disease, and suggested 

environmental factors to be the main determinants. The study showed that the family 

environment in early life did not show much influence on PPD but confirmed the genetic 

contribution to PPD, attachment loss and plaque. 

Studies conducted on the Dravidian population of coastal South India showed interleukin (IL) 

IL‑4 + 33C/T was associated with periodontal disease at both the allelic and genotype level 

(Jain et al., 2013). Another study conducted on seven ethnic groups from Karnataka South 

India showed that people of these ethnic groups had different allele frequencies and 
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differentiation; this could be due to the area of origin in the state, and also various cultural 

practices prevalent in these communities. Allele 2 of IL-1a 4845 was reported as being 

associated with periodontal disease by Kornman et al. (1997). IL-1a 4845 showed a higher 

variation in one of the Brahmin (vegetarian) communities (Srilakshmi et al., 2007). 

These findings suggest genetic variations may be associated with periodontal disease 

(Albandar and Rams, 2002).  

2.1.4.2 Local factors 

Oral hygiene is very important in maintaining good oral health and poor oral hygiene has 

demonstrated a significant association with periodontal disease. The local factors mainly 

responsible for periodontal diseases are plaque and calculus. 

2.1.4.2.1 Plaque and calculus 

Plaque is an important etiological factor for gingival inflammation (Newman et al., 2011). 

Dental plaque can be defined clinically as a structured, resilient yellow-greyish substance that 

adheres tenaciously to the intraoral hard surfaces, including removable and fixed restorations 

(Bowen, 1976).  

The microbial content along with food debris in the mouth is responsible for dental plaque 

formation and contributes to periodontal disease progression (Pihlstrom et al., 2005). An 

enormous amount of work has been dedicated to the oral micro-flora present in plaque. 

Putative pathogens such as Tanerella forsythensis and Treponema denticola have been 

associated with the release of various toxins and enzymes responsible for periodontal disease 

(Pihlstrom et al., 2005). 

Calculus is a hard deposit that forms by mineralisation of dental plaque and is generally 

covered with a layer of non-mineralised plaque (Newman et al., 2011). Earlier theories 

suggested that calculus formation was an important precursor for periodontal disease as it 
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contributed to gingival inflammation. With improved understanding, it is now known that 

microbial content of plaque is an initiator for periodontal pathology, and the contribution of 

calculus towards periodontal disease is minimal (White, 1997). Calculus acts as a nidus for 

the continued accumulation of plaque. It is very likely that some amount of calculus is always 

found in the periodontal pocket (Newman et al., 2011). A Sri Lankan study found that a unit 

rise in plaque was associated with loss of attachment of 0.6mm regardless of age, thus 

showing that the amount of plaque was a significant predictor for periodontal disease 

(Amarasena et al., 2002).  

2.1.4.2.2 Oral hygiene maintenance 

Oral hygiene has been found to be poor in the rural ageing Indian population due to 

inadequate oral care and lack of knowledge (Singh et al., 2012). Poor oral hygiene can also be 

due to compromised immune response in the human body (Kinane, 2001). A lesser proportion 

of the Indian population use a toothbrush and toothpaste for cleaning teeth (Kakde et al., 

2013). People in rural India use chewing sticks such as miswak, neem and mango leaves and 

also other indigenous methods for cleaning teeth (Singh and Purohit, 2011). People are also 

known to seek dental care only when in need (Kakde et al., 2013). 

Tooth brushing, interdental flossing and clinical instrumentation for removal of supra and 

subgingival calculus were related to a decrease in PPD, attachment loss and reduction of 

bleeding scores (Cercek et al., 1983). Plaque removal has also shown beneficial effects in the 

reduction of microbiota colonising the gingival region (Haffajee et al., 2003). Tooth brushing 

has shown better results compared to other indigenous aids (twigs) such as miswak (Mengel 

et al., 1996). Lower frequency of tooth brushing was associated with increased risk for 

periodontal disease in a Jordanian population (Ababneh et al., 2012). Studies, conducted in 

other developing countries like Sri Lanka, on rural adult males aged between 20-60 years 

showed that the oral hygiene and brushing were important measures, the lack of which 
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contributed to periodontal disease in the population (Amarasena et al., 2002). The classic 

studies on the natural history of periodontal disease have highlighted the importance of oral 

hygiene (Löe et al., 1978). Data from a national sample analysed from NHANES I survey 

showed that the incidence of periodontal disease was less in people with excellent oral 

hygiene (Abdellatif and Burt, 1987). All of the above factors emphasise the importance of 

good oral hygiene for prevention of periodontal disease.  

2.1.4.3 Environmental factors 

Environmental factors such as SES, tobacco, cannabis, alcohol and diet play an important role 

in periodontal disease. 

2.1.4.3.1 Socioeconomic indicators 

SES at the individual level includes three main components such as education, occupation and 

income. 

2.1.4.3.1.1 Education 

Low education was associated with increased risk of periodontal disease in a Jordanian 

population (Ababneh et al., 2012). People with low levels of education were more likely to 

develop periodontitis (Javed et al., 2013). Models formulated to assess the attachment loss for 

older adults, showed people with less than 12 years of education had higher attachment loss 

compared to those who had more than 12 years of education (Elter et al., 1999). Periodontal 

needs were estimated by sociodemographic characteristics in the USA, where adults with low 

education were in need of more complex periodontal therapy, thus indicating a higher level of 

periodontal disease (Dye and Vargas, 2002). The findings were similar in a study on adult 

Floridians (Dolan et al., 1997).  
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2.1.4.3.1.2 Occupation 

Occupational status was strongly associated with periodontal disease in an urban minority 

population in the USA. Further, people in unskilled occupations had a higher level of 

periodontal disease than the skilled group (Craig et al., 2001). 

2.1.4.3.1.3 Income  

Studies have shown SES to be associated with periodontal disease. Rural area of residence 

and low income were associated with periodontal attachment loss among Floridian adults 

(Dolan et al., 1997). The relationship between periodontal disease and SES in an Indian study 

found that the disease levels were lower in people with higher SES (Chandra Shekar and 

Reddy, 2011). Low SES can contribute to a poor immune response (Dowd and Aiello, 2009). 

Lack of dental care services utilisation and other risky behaviours also potentiate the disease 

process. However, in a study on Kirri Indians in North-eastern Brazil income was not 

significantly associated with periodontal disease (Figueiredo et al., 2013). 

2.1.4.3.2 Tobacco use in India 

Tobacco smoking has been in vogue for several hundred years. It is said that the earliest 

Portuguese traders brought tobacco with them and introduced it in India. Later, use of tobacco 

gained widespread popularity in the country (Reddy and Gupta, 2004). Tobacco is now used 

in a variety of ways in India both in smoke and smokeless forms (Reddy and Gupta, 2004). 

This section discusses the patterns and prevalence of tobacco use in India.  
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Table 2. 1: Prevalence of tobacco use in India 

National level 

studies  

Study population Sample size Prevalence of tobacco 

consumption
1
 

National sample 

survey organisation 

1998 and authors 

calculations (WHO, 

1997) 

 

National 

representative survey 

of all the states and 

union territories. Data 

obtained from 

household informants. 

3,96,546 

Individuals 

above 15 years 

19.2% Current 

smokers (35.3% 

among men and 2.6% 

among women) 

15 years and 

above 

65% of all men and 

33% of all women 

consume some form of 

tobacco 

Local studies    

Kutty et al. (1993) Rural population of 

Thiruvananthapuram 

Kerala, India 

1,130 

respondents 

(25-64 years)  

Overall smoking 

experience 21.9% 

Venkata Narayan et 

al. (1996) 

Population based 

representative study in 

Delhi, India 

13,558 

Individuals 

(25-64 years) 

45% (43.8-46.2%) of 

men and 7% (6.4-7.6% 

of women were 

smokers) 

Gupta (1996) Bombay urban sample 99,598 

individuals 

(60% women, 

40% men) 35 

years and 

older. 

57.5% prevalence of 

tobacco use in women 

69.3% current use in 

men 23.6% men are 

smokers. 

Gupta et al. (1997) Census sampling of 

three villages in 

Rajasthan 

1982 men and 

1060 women 

20 years and 

older. 

51% of men and 5% of 

women reported using 

tobacco. 

Shah and Vaite 

(2002) 

Pavement dwellers of 

Mumbai 

400 pavement 

dwellers  

(Average age 

of males 33 

years) 

86% reported using 

tobacco 

30% reported smoking 

beedies and 8% 

smoked cigarettes. 

Shah and Vaite 

(2002 a) 

Street children in 

Mumbai 

400 street 

children, 6-19 

years old(Mean 

age 15 years 

39.5% smoked 

beedies; 28% smoked 

cigarettes. 

 

                                                 

 

1
 Tobacco consumption could be smoking and/or chewing  
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2.1.4.3.3 Smoking  

2.1.4.3.3.1 Type of smoking 

Following are the most common types of smoking in India: 

2.1.4.3.3.1.1 Beedies  

Beedies are made by rolling a dried rectangular piece of tendu leaf with 0.15-0.25g of 

sundried flaked tobacco and secured using thread (Reddy and Gupta, 2004). They are very 

popular in rural areas of India because of their low cost. Beedies have low combustibility and 

hence are puffed more. 

2.1.4.3.3.1.2 Cigarettes 

Cigarettes are the second most common form and are usually smoked by people of higher 

SES in India. Cigarettes may be of the filtered or unfiltered variety. Cigarettes come in packs 

of various sizes in India (Reddy and Gupta, 2004).  

2.1.4.3.3.2 Smoking in urban and rural areas 

The proportion of urban Indian males who smoked in 2003-04 was almost 18%, and this 

proportion was more than double in the rural areas where 44.6% of the people smoked (Gupta 

et al., 2010). However, the frequency of use of cigarettes was lower than that of beedies in all 

regions (Gupta et al., 2010). The use of beedies was highest in the rural areas, and the use of 

cigarettes was higher among the urban respondents (Gupta et al., 2010).  

Jindal et al. (2006) observed that beedi was the most common form of smoking in rural areas 

and the use of hookah, pipe and chillum were also popular; the study also showed that a 

substantial proportion of people consumed tobacco by smoking, and that the quit rates were 

low. A study by Rani et al. (2003) estimating the prevalence, socioeconomic and demographic 

correlates of tobacco consumption in India showed that 16% of the population smoked 

tobacco, and that tobacco consumption increased up to 50 years of age and later declined. The 
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prevalence of smoking was higher among underprivileged people with lower SES. The 

prevalence of tobacco usage in coastal Karnataka was 17.2% (Daniel et al., 2008). However, 

Rani et al. (2003) have reported a higher prevalence of tobacco usage (25.7%). 

2.1.4.3.3.3 Smoking and periodontitis 

Smoking has been a known cause for systemic health problems like cancer, cardiovascular 

disease, pre-term low birth weight and also a variety of oral health related conditions 

including periodontitis (Cesar Neto et al., 2012). The cigarette smoke contains nearly 4000 

toxins, notably substances such as carbon monoxide, nitrosamines and certain psycho-active 

substances (Tonetti, 1998). Smoking has been identified as a crucial factor in the destruction 

of periodontal tissues (Bergström, 2004). 

2.1.4.3.3.3.1 Smoking and its effect on the host response 

According to the review by Palmer et al. (2005).  

 Smoking has shown a long-term chronic effect on the immune response. 

 Histological studies have shown alteration in the vasculature of periodontal tissues. 

 Smoking induces a significant systemic increase in the neutrophil granulocyte count. 

 Proteases released from neutrophils have a significant effect on tissue destruction. 

 Smoking is shown to affect the cell-mediated and humoral immunity in individuals. 

 A lower level of cytokines, enzymes and polymorphonuclear leukocytes (PMNLs) are 

seen in smokers. 

In vitro studies have shown detrimental effects of nicotine and other tobacco related 

compounds on the fibroblast function and proliferation (Palmer et al., 2005). 
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2.1.4.3.3.3.2 Smoking and periodontal microflora  

A. actinomycetumcomitans, B. forsythes, P. gingivalis and T. denticola have been associated 

with periodontitis in smokers and non-smokers. Some studies allege that these organisms are 

more prevalent in smokers than non-smokers (Grossi et al., 1996). Deeper pockets in smoking 

subjects’ mouths have shown heavier colonisation of organisms compared to the shallow 

ones. Subgingival calculus was found more in smokers than non-smokers, and the rate of 

calculus formation in smokers was faster as smoking seemed to promote calcification 

(Bergström, 2004). 

2.1.4.3.3.3.3 Smoking and periodontal attachment loss 

During the initial phase of the smoking habit, the haemorrhagic responsiveness is suppressed 

and may escape clinical detection. Interestingly, reversals of these signs are seen following 

quitting the habit. However, continuance of the habit most often results in the individuals 

suffering from chronic destructive periodontal disease. In this phase, the bone loss and 

attachment loss is extensive and is more pronounced in smokers compared to that of non-

smokers (Bergström, 2004). 

The influence of smoking behaviour on the periodontal condition was investigated among 

current, former and non-smokers aged between 20-69 years. The clinical variables included 

were frequency of diseased sites with attachment loss ≥4mm, gingival bleeding sites, and 

plaque index. The periodontal bone height was also assessed radiographically (Bergström et 

al., 2000). Poor periodontal health, with a greater percentage of diseased sites,was observed 

among smokers, and the degree of exposure to the agent was directly proportional to the 

severity of the condition (Bergström et al., 2000). A case control study conducted by Calsina 

et al. (2002) assessed the probable relationship of smoking with periodontal disease and the 

severity of the disease with the magnitude of smoking. The cases of established periodontitis 

exhibited increased probing depth, CAL and gingival recession but decreased bleeding on 
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probing (BOP) among smokers than non-smokers. The odds of smokers (OR = 2.7) having 

periodontitis was greater than that for non-smokers. Smoking was a strong risk factor and a 

clear dose-response relationship was observed in the study. The effects were more 

pronounced among men than women. Other case-control studies on middle-aged populations 

have shown an increase in the risk ratio with a higher number of diseased sites and poor levels 

of hygiene (Bergström, 1989). Smoking in adolescence has been associated with attachment 

loss (Hashim et al., 2001). Smokers showed greater mean attachment loss and deeper pockets 

(Hafajee and Socransky, 2001). 

In Australia, the National Survey of Adult Oral Health (NSAOH) conducted in 2004-06 

investigated the smoking–periodontal relationship and assessed the public health impact in 

which clinical variables such as pocket depth, CAL and smoking status were assessed. 

Tobacco smoking was shown as having a significant impact on the periodontal health of 

Australian adults (Do et al., 2008). 

2.1.4.3.3.3.4 Studies in developing countries 

Tobacco use was a risk factor for periodontal disease in a cross-sectional study conducted in a 

rural Cambodian population (Amarasena et al., 2002). Another cross-sectional study in two 

provinces of rural Vietnam found smoking to be a risk factor for periodontal disease in an 

adult Vietnamese population (Do et al., 2003). From these and other studies it can be inferred 

that smoking is an established risk factor for periodontal disease.  

In developing countries, the lack of awareness regarding the harmful effects of smoking, non-

existent oral health policies on tobacco use, inaccuracies in self-reporting and diagnosis make 

smoking a major public health problem which contributes to the prevalence of periodontitis 

(Hujoel, 2003). 
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2.1.4.3.4 Smokeless tobacco use 

Smokeless tobacco is a variety of tobacco that is consumed without burning. The SLT is 

usually a form of powdered tobacco or dried tobacco rolled into a quid. SLTs can be used by 

both oral and nasal routes. SLT is mixed with aromatic substances and is widely used in the 

Indian sub-continent, and is a growing public health problem. People use different methods 

such as chewing, sucking, and making a bolus and placing it between the cheeks and teeth. 

Some people even apply the smokeless forms to the teeth. Many of the tobacco products come 

in attractive aluminium foil sachets and small tin cans making it extremely convenient for 

people to purchase and use. The commonest forms of SLT use in India are described below 

(Reddy and Gupta, 2004):  

2.1.4.3.4.1 Types of smokeless tobacco used in India 

2.1.4.3.4.1.1 Betel quid chewing 

Betel quid chewing is one of the most common and popular forms of SLT used in rural India. 

The practice of using the betel quid has existed since ancient times. What initially began as a 

cultural practice is now an ingrained habit in most rural populations of India. There are 

various ways in which the quid is used. The classic method of quid preparation is by cleaning 

the freshly cut betel leaves, then smearing the leaves with slaked lime and adding areca nut, 

spices and sweetened condiments. The tobacco rolls are cut and added on the leaf which is 

folded and placed in the mouth. The quid is chewed for a long time in the mouth and then 

placed at one end of the cheek. People have reported sleeping with the quid in the mouth 

(Gupta, 1984).  

2.1.4.3.4.1.2 Other smokeless tobacco preparations – Pan Masala 

This is a popular commercial preparation and is manufactured by an industrial process where 

areca nut, catechu, lime and sweetening agents, with fragrances, are dehydrated and made into 
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a final product, which is non-perishable; when tobacco is added to this product it is known as 

gutkha (Gupta and Ray, 2004).  

2.1.4.3.4.1.3 Areca nut chewing  

Areca nut is also known as betel nut. Betel nut use is widespread in South-east Asia and 

certain parts of Africa and is being used by people of younger and older age groups and 

migrant communities in the western world (Gupta and Ray, 2004). It is believed to be an 

appetite stimulant, carminative and breath freshener (Norton, 1998). Areca nut is a 

psychoactive substance and contains the active ingredient arecoline, an alkaloid with 

properties that mimic acetylcholine. The hydrolysing action of lime on arecoline produces 

arecaidine, a central nervous system stimulant which when combined with betel leaf is known 

to produce mild euphoria (Norton, 1998). 

2.1.4.3.4.2 Smokeless tobacco use in urban and rural areas 

More than half of the population of pavement dwellers in an urban area of India chewed raw 

tobacco and about 20% of the pavement dwellers used gutkha (Shah and Vaite, 2002).  

In Karnataka, the state-wide prevalence of tobacco chewing was 13.8% for males and 14.1% 

for females (Rani et al., 2003).  

2.1.4.3.4.3 Smokeless tobacco/betel quid use and periodontitis 

As described earlier betel quid with tobacco is one of the most widely-used SLT method in 

the Indian sub-continent (Gupta and Ray, 2004); SLT use is more common in people of lower 

SES and education (Gupta and Ray, 2003). A nationwide cross-sectional survey involving 

100,855 households found that SLT was the predominant form of tobacco used in 52% of the 

Indian households (Agrawal et al., 2013). Betel quid can be chewed with or without tobacco, 

but only a few studies have documented the relationship of quid chewing with periodontal 
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disease (Akhter et al., 2008). A study on the use of betel quid and its additives on periodontal 

disease showed that people who chewed quid along with tobacco had higher scores for BOP, 

PPD and CAL (Akhter et al., 2008). Other studies have found the severity of periodontal 

disease to be higher in people who chewed tobacco compared to those who did not (Javed et 

al., 2013). 

Studies of an Indian population, to assess the effect of SLT on the periodontium, showed that 

SLT users had greater mean recession scores and a higher proportion of sites with severe 

CAL than the people who did not use SLT (Anand et al., 2013). The CAL was also high 

among SLT users. Other studies conducted in India have shown that tobacco chewers have a 

greater attachment loss compared to non-chewers (Sumanth et al., 2008).  

The prevalence of periodontal disease among tobacco users and non-users was assessed in an 

Indian population in Karnataka. The results of this cross-sectional study showed that tobacco 

users had higher calculus deposits and shallow pockets. The quantity of tobacco consumed 

showed a direct relationship with periodontal disease. Tobacco chewers showed a greater risk 

for developing periodontal disease compared to non-chewers (Mohamed and Janakiram, 

2013).  

Use of SLT has shown oral manifestations such as gingival recession (Chu et al., 2010). 

Similar findings have been reported in a review by Weintraub and Burt (1987). Periodontal 

health status of male SLT users in an under-served Appalachian region was assessed; the 

results showed no differences related to periodontal disease in smokeless and non-smokeless 

tobacco sites. However, when the duration of use was taken into account, the SLT placement 

sites were significant for the prevalence, extent, and severity of periodontal disease. The 

findings supported the dose-response relationship observed in other studies (Chu et al., 2010). 

When the status of usage was considered, SLT users had a higher severity of periodontal 

disease compared to people who did not use SLT (Fisher et al., 2005). The use of SLT was 
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not associated with severe forms of periodontal disease (≥6mm of attachment loss). However, 

some of the sites adjacent to the mucosal lesions in SLT users showed greater gingival 

recession (Robertson et al., 1990). The role of SLT in gingival recession has remained unclear 

(Weintraub and Burt, 1987). However, literature shows SLT to exert a local effect due to the 

placement of the tobacco product in a specific region, and may relate to prolonged contact of 

harmful ingredients contained in tobacco (Anand et al., 2013). Other studies have shown the 

association of generalised recession with tobacco use (Offenbacher and Weathers, 1985). 

Some studies have discussed the plausible mechanisms by which the betel quid, along with 

constituents such as slaked lime can cause periodontal damage. Betel quid has a cholinergic 

effect and when combined with saliva has a role in calculus deposition which can in turn 

cause periodontal damage (Chatrchaiwiwatana, 2006). Arecoline is a major alkaloid, which is 

found in the areca nut, and has been shown to inhibit cellular attachment and decrease cellular 

growth, as well as collagen synthesis (Chang et al., 1998). The other biological effect of 

chewing tobacco is that it results in vasoconstriction causing impaired gingival inflammatory 

response masking the periodontal inflammation (Bergström and Preber, 1994). The above 

literature provides evidence that SLT in various forms may contribute synergistically to 

gingival damage and periodontal attachment loss. 

2.1.4.3.5 Cannabis use  

2.1.4.3.5.1 Cannabis 

Cannabis is derived from the plant Cannabis sativum. This is mainly a psychoactive 

substance, which contains the chemical 9, 1 Tetrahydrocarbinol (THC). This plant has been 

cultivated since ancient times for religious and recreational use. The use of cannabis was 

confined to India until 500 AD and later spread to other parts of the world (Iverson, 2000). 
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2.1.4.3.5.2 Studies on cannabis use and periodontal disease 

Cannabis smoking is a proposed risk factor for periodontal disease similar to tobacco 

smoking. A prospective study determined cannabis use at various ages of early adulthood. 

People exposed to cannabis were categorised into three groups (No exposure, some exposure 

and high exposure). After controlling for the important confounders, it was observed that 

regular exposure to cannabis was strongly associated with the prevalence and incidence of 

periodontal attachment loss (Thomson et al., 2008). However, another study did not show that 

cannabis use was positively associated with periodontitis (Lopez and Baelum, 2009). The 

relationship of cannabis smoking and periodontal disease is still unclear. Further studies are 

needed to establish a relationship. 

2.1.4.3.6 Alcohol and periodontal disease 

Heavy alcohol consumption has shown a wide range of systemic effects on individuals. 

Prominent systemic conditions are fatty liver/cirrhosis, cerebral atrophy, cardiomyopathy, 

gastrointestinal bleeding and pancreatitis (Marks, 1983). 

Alcohol consumption has also been associated with periodontitis by the following 

mechanisms (Tezal et al., 2004) : 

1. Alcohol alters the host defence mechanisms. 

2. It is related to complement deficiency and defective neutrophil functions (decreased 

adherence, motility and phagocytic activity). 

3. Increased susceptibility to infections. 

4. Alcohol also has effects on the liver, prothrombin production, clotting functions and 

vitamin K activity leading to changes in colour of the gingiva and BOP. 

5. Alcohol affects protein metabolism and tissue healing. 

6. Alcohol has been shown to exhibit direct actions on periodontal tissues (Gottsegen, 

1993). 
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Investigators have observed that alcohol affects both the hard and soft tissues of the 

periodontium. The role of alcohol in CAL has shown a dose-dependent relationship (Tezal et 

al., 2004). Alcohol consumption was strongly associated with increased risk for periodontitis 

in a longitudinal study (Pitiphat et al., 2003). Consumption of alcohol was assessed through a 

semi-quantitative food frequency questionnaire; the periodontal status and bone loss were 

diagnosed by a dental professional. This study showed an independent association between 

alcohol consumption and periodontal disease. However, the type of alcohol consumed did not 

show any clear relationship with periodontitis (Pitiphat et al., 2003). Another study assessed 

the longitudinal bone loss on proximal surfaces but did not find a clear relationship linking 

alcohol consumption with periodontal disease (Jansson, 2008).  

The frequency of alcohol consumption and periodontitis was investigated in a cross-sectional 

study. It was observed that the occurrence of periodontal disease among alcohol users was 

high, and an increase in the consumption of alcohol increased the odds ratio of periodontitis in 

smokers (Lages et al., 2012).  

Comparison of periodontal status among alcoholics and non-alcoholics in an Austrian 

population exhibited poorer periodontal conditions among alcoholics with/without cirrhosis 

than non-alcoholic subjects with/without cirrhosis. The independent effect of alcohol on CAL 

and probing depth was found to be significant even after adjusting for plaque, age, income, 

education and living conditions (Novacek et al., 1995). 

The studies on alcohol consumption and dependence have reported a positive association of 

alcohol intake and periodontitis. It may be concluded that alcohol consumption is a significant 

risk factor for periodontitis (Shepherd, 2011). Alcohol consumption in some studies has 

shown a strong association with periodontal disease but the methodology (dose-exposure, 

different cut-off points) adopted in studies are different and may be responsible for the 

conflicting reports observed. 
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2.1.4.3.7 Diet and periodontal health 

Dietary factors have shown an influence on dental health (Sherfudhin et al., 1996). A clinical 

study conducted to assess the periodontal status among vegetarians and non-vegetarians 

showed that vegetarians had better periodontal status, lesser probing depth and attachment 

loss compared to non-vegetarians. Moreover, vegetarians were also found to have a healthier 

life style (Staufenbiel et al., 2013). Contrastingly, no clear differences in dental or periodontal 

health were observed in a study comparing lactovegetarians with their age and sex-matched 

controls (Linkosalo et al., 1985). From the studies, it can be inferred that the type of diet has 

not shown a clear association with periodontal disease, and further studies may be needed to 

study the association of diet with periodontal disease. 

2.2 Tooth loss 

Tooth loss is an irrevocable outcome of the multifactorial disease process resulting from the 

interaction of several causal factors. Dental caries and periodontal disease are two major 

causes for tooth mortality. Tooth loss can affect the diet, nutrition, speech, general and social 

well-being and quality of life of an individual. Tooth loss has been attributed to various risk 

factors, and prominent among them are the sociodemographic factors, access to care, habits 

such as smoking, alcohol consumption, untreated dental caries and periodontal disease 

(Albandar and Rams, 2002). Many studies have established the relationship of various risk 

factors with tooth loss in a consistent manner (Oliver and Tervonen, 1994). Further, religious 

attributes and cultural variations may also be responsible for different patterns of oral diseases 

resulting in tooth loss. 
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2.2.1 Factors associated with tooth loss 

2.2.1.1 Age and gender 

Tooth loss was higher in rural people over 45 years of age in a Sri Lankan study (Amarasena 

et al., 2003). Prevalence of tooth loss was found to increase with advancing age in an Indian 

population (Anand et al., 2012). Age and gender were risk factors for tooth loss in both urban 

and rural Indian populations. Women had a higher prevalence of tooth mortality compared to 

men (Kalyanpur and Prasad, 2011). In an isolated fishing community in the Cajaiba area of 

Brazil, 39% of the population had lost more than eight teeth. Age and gender were found to 

be important predictors for tooth loss of more than eight teeth in the population (Corraini et 

al., 2009). A study to assess the tooth mortality in Kenyan adults found that periodontal 

disease contributed marginally to tooth loss and males had a higher proportion of tooth loss 

compared to females (Manji et al., 1988). Tooth loss was higher among females compared to 

males and the prevalence and extent of tooth loss increased with age in a Brazilian study 

(Susin et al., 2005). In contrast women had a lower number of missing teeth compared to men 

in a Jordanian study. However, missing teeth increased with age (Hamasha et al., 2000). Age 

and gender were risk indicators for tooth loss in a study conducted in Kuwait (Khalaf et al., 

2005).  

2.2.1.2 Ethnicity 

Ethnic variations in tooth loss have been reported in a Sri Lankan study which assessed the 

sociodemographic characteristics and tooth loss in rural Sri Lanka. Muslims had a higher 

prevalence of tooth loss compared to Tamils and Sinhalese people (Amarasena et al., 2003). 

A Singaporean study found that periodontal reasons for teeth extractions were higher in the 

Indian ethnic group when compared with the Chinese and Malay ethnic groups (Ong, 1996). 
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In the USA, African-Americans showed higher tooth mortality compared to the Caucasian 

population (Marcus et al., 1996). 

2.2.1.3 Socioeconomic status 

There has been consistent reporting of the association of SES on tooth loss. A Brazilian study 

showed that the SES was significantly associated with tooth loss when factors such as age, 

gender and smoking were controlled (Susin et al., 2005). Another study showed that tooth 

extractions were higher in people having lower levels of secondary education and lower 

salaries (Marcus et al., 1996). Education levels were significantly associated with tooth loss 

among middle-aged Japanese (Ando et al., 2013). Low levels of education and income have 

shown an association with tooth loss in a Jordanian study (Hamasha et al., 2000). Similar 

findings were reported in a Pakistani study (Javed et al., 2013). Tooth loss was also found to 

be associated with SES among the elderly in the Korean National Health and Nutrition 

Examination Survey (Jung et al., 2011). 

2.2.1.4 Tobacco use 

Smokers less than 50 years of age were considered to be at a high risk for tooth loss in a 

Swedish study (Holm, 1994). A rural Sri Lankan study found tobacco to be a strong risk 

factor for tooth loss (Amarasena et al., 2003). A study on Japanese community dwellers 

showed that smoking was associated with tooth loss (Ando et al., 2013). Elderly Brazilians 

with a smoking habit had a higher prevalence of tooth loss due to periodontal disease (Caldas 

et al., 2000). Tobacco smoking was associated with tooth loss in a Jordanian study (Hamasha 

et al., 2000). Tobacco chewers in Bangladesh had a higher percentage of missing teeth 

compared to non-chewers (Akhter et al., 2008). Use of smoke and smokeless forms of 

tobacco were associated with tooth loss in an Indian population (Anand et al., 2012). A study 
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conducted in Thailand on the rural Khon Kaen population found tobacco smoking and betel 

quid chewing to be significantly associated with tooth loss (Chatrchaiwiwatana, 2007). 

2.2.1.5 Oral health behaviour  

Oral hygiene practices were significantly associated with tooth loss in a Sri Lankan study 

(Amarasena et al., 2003). A study conducted in Kuwait found people with poor oral hygiene 

practices and no professional scaling to have a significantly high risk for tooth loss due to 

periodontal reasons (Khalaf et al., 2005). Similar findings were observed in a Jordanian 

population (Hamasha et al., 2000). In an Indian study on urban and rural adults periodontal 

disease was the cause for tooth mortality in 21% of the population (Kalyanpur and Prasad, 

2011). Tooth loss among the elderly is mostly caused by chronic periodontal disease, and an 

estimated 30-35% of extractions are usually due to periodontal disease (Meyer et al., 2008). 

2.2.1.6 Alcohol consumption 

Alcohol consumption showed a significant linear trend with tooth loss in people aged 30-39 

years (Okamoto et al., 2006). Very few studies have examined the relationship of alcohol 

consumption and tooth loss. Further research is needed to study this relationship. 

2.2.1.7 Diabetes 

Diabetes has been shown to be associated with tooth loss in various studies. Self-reported data 

on diabetes were analysed from NHANES 2003-04 survey of middle-aged US population 

aged over 50 years. The results showed edentulism and tooth loss were higher among adults 

who reported being diabetic (Patel et al., 2013). Another US study, which analysed the 

behavioural risk factor surveillance data, found that the people with chronic disease such as 

diabetes were at a greater risk of tooth loss (Jiang et al., 2013). Tooth loss was directly 

associated with diabetes mellitus in adults in a Thai study (Sensorn et al., 2012). Higher tooth 
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mortality was observed among diabetics compared to non-diabetics in Korean adults (Jung et 

al., 2013). Tooth loss was attributed to poor periodontal conditions in a clinical study on 

diabetic people (Ochoa et al., 2012). These and other studies suggest that diabetes is a strong 

predictor for tooth loss. 

2.2.1.8 Diet 

The relationship of diet with periodontal conditions was assessed in a clinical study, and it 

was found that people observing a vegetarian diet had fewer missing teeth and a better 

periodontal condition compared to the non-vegetarians (Staufenbiel et al., 2013). A Danish 

cohort study showed that dietary calcium intake from dairy products was protective against 

tooth loss (Adegboye et al., 2012). Literature pertaining to the relationship between tooth loss 

and diet is limited and further studies are needed to establish a clear association.  

2.2.1.9 Dental visiting 

Regular dental visits are important in maintaining oral health. Preventive care and early 

intervention can minimise tooth loss. Tooth loss has been shown to be related to dental 

visiting in an Indian population (Patil et al., 2012). Dental visiting in rural India could be 

mainly needs-based due to affordability, access and a belief that tooth loss is inevitable 

(Doshi et al., 2014). The association between dental visiting and tooth loss needs to be further 

explored in rural Indian populations. 

2.3 Summary of Literature Review 

From this Literature Review on the risk factors for periodontal disease, it can be understood 

that many of the factors such as tobacco, alcohol, oral health behaviour, diet, nutrition and 

stress are modifiable risk factors for periodontal disease. Other factors such as ageing, host 

response, genetic variations and systemic diseases are some of the non-modifiable risk factors 
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for periodontal disease (Van Dyke and Dave, 2005). Risk factors for tooth loss were similar to 

that of periodontal disease. Tooth loss was observed to be related to dental visiting behaviour.  

2.4 Rationale 

Studies have assessed the known risk factors and their association with periodontal disease. 

However, risk indicators for periodontal disease and tooth loss have not been explored in 

Indian populations. There are no published studies which have assessed the risk indicators for 

periodontal disease in rural Indian populations with varying levels of SES, health behaviour 

and diet. Furthermore, almost all studies conducted in the past including the National Oral 

Health Survey (DCI, 2002-03) have used the WHO oral health assessment criteria 1997 that 

advocates the use of the Community Periodontal Index (CPI). This measure is widely 

accepted for epidemiological studies as it is easy to use, but the index does not take into 

account all the teeth during examination and hence may not provide a true picture of the 

periodontal status of the population. Further, the attachment loss measured is categorical and 

not continuous. Considering the above-mentioned factors the present study was 

conceptualised to study the risk indicators for periodontal diseases and tooth loss in a rural 

Indian population 

2.5 Research framework 

A study was designed to investigate the factors related to periodontal disease and tooth loss in 

two rural communities in coastal Karnataka that are diverse in dietary habits, SES and 

behavioural factors. The fishing and farming communities were the two major communities in 

coastal areas of rural Karnataka. Fishing was the chief occupation for the fishing community. 

The fishing population consumed fish on a regular basis. The other community chosen was 

the farming community. The farmers living in rural areas usually own land which is used for 
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cultivation of rice, sugarcane, areca nut and coconuts. They have better SES compared to 

other rural people. These people are also involved in pious and priestly activities as they 

belong to a traditional Hindu upper caste (Brahmin) and follow a vegetarian diet.  

The risk indicators for periodontal disease and tooth loss were the risk factors as identified in 

the Literature Review. The factors included age, sex, SES, oral and general health behaviours, 

psychological factors, dietary vegetable and fruit consumption, oral hygiene and diabetes. 

Considering the above factors the following hypotheses were developed. 

2.6 Hypotheses 

1. Prevalence, extent, and severity of periodontal disease and tooth loss are greater in the 

fishing and farming communities. 

2. Tobacco use, psycho-social factors, SES, alcohol consumption, vegetable and fruit 

consumption, and poor oral hygiene are risk indicators for periodontal disease in the 

Indian rural population. 

3. Risk indicators for periodontal disease show clustering in the Indian rural population. 

4. Tooth loss is associated with dental visiting behaviour in the Indian rural population. 
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2.7 Objectives 

1. To estimate and compare the prevalence, extent, and severity of periodontal disease 

and tooth loss in Indian rural communities. 

2. To determine risk indicators associated with prevalence, extent, and severity of 

periodontal disease in Indian rural communities. 

3. To assess for clustering of risk indicators for periodontal disease in the Indian rural 

population. 

4. To quantify the risk indicators associated with prevalence and extent of periodontal 

disease in the Indian rural population. 

5. To identify risk indicators associated with tooth loss in the Indian rural population. 

6. To quantify the risk indicators for tooth loss in the Indian rural population. 

7. To determine the effect of the dental visiting on tooth loss, controlling for potential 

selection bias using propensity score adjustment in the Indian rural population. 

 

 

 

 

 

 

 

 



  
    42 

 
  

Chapter 3: Methodology 

3 Methodology 

The data collection for this study was carried out in a systematic manner and was in 

accordance with NSAOH guidelines (Slade et al., 2007). Face to face interviews and oral 

examinations were conducted to collect data on oral diseases and exposures. 

3.1 Design of the study 

A cross-sectional design was used with a multistage stratified random sample selection. The 

study was carried out in the villages of coastal districts of Karnataka state in India. 

3.1.1 Sampling frame 

Villages of coastal districts in which the fishing and farming population resided were 

enumerated. Approximate details of the populations residing including the number of 

households in the coastal villages were obtained from the Assistant Director of Fisheries and 

from local leaders of their respective communities.  

3.1.2 Sample size 

A total sample of 1160 was estimated to detect significant differences in the prevalence of 

periodontitis between the fishing and farming communities. Assuming the prevalence of 

periodontitis to be nearly 40% for the fishing community (Bhat, 2008), the minimal sample 

size required to detect 25% difference in the prevalence of periodontal disease between the 

two communities was calculated. Keeping the sampling ratio between the fishing and farming 

communities as 1:1, α value of 0.05, power of 90% and anticipating a 20% loss after data 

cleaning and correcting the potential imbalance in responses between males and females, a 

sample size of 580 fisher folk and 580 farmers was calculated using the CDC-Epi-Info
TM 

6
 

software. 

http://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&sqi=2&ved=0CCcQFjAA&url=http%3A%2F%2Fwwwn.cdc.gov%2Fepiinfo%2F&ei=k_buUszWOYqUiAeN-4GADg&usg=AFQjCNFasMovOmk7rwR6e4bHDpbyvD0d7w&bvm=bv.60444564,d.dGI
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3.1.3 Sampling design 

                          

Figure 1: Coastal Districts of Karnataka State 

 

 

 

 

 

 

 

 

 



  
    44 

 
  

Figure 2: Sampling strategy  

 

 

 

3 Coastal districts of 

Karnataka 

Uttara Kannada 

5 taluks (Sub provinces) 

Udupi 

2 taluks (Sub provinces) 

SELECT  

FISHING 

3 villages from 

each taluk 

3X5=15 

FARMING 

3 villages from 

each taluk 

3X5=15 

R

A

N

D

O

M

S

E

L

E

C

T

I

O

N 

FISHING 

7 villages 

from each 

taluk 

7X2=14 

FARMING 

7 villages 

from each 

taluk 

7X2=14 

20 

males/females 

aged 35-54 

years from 

each village 

20X15= 300 

20 

males/females 

aged 35-54 

years from 

each village 

20X15= 300 

 

20 

males/females 

aged 35-54 

years from 

each village 

20X14= 280 

 

Approach 28 

to reach a 

target of at 

least 20 

Males/Femal

es aged 35-

54 years 

20X14= 280 

20 

males/females 

aged 35-54 

years from 

each village 

20X14= 280 

 

 

300+280=580 

Fishermen and 

women 

300+280=580 

Farming men and 

women 

 



  
    45 

 
  

3.1.3 Sampling strategy 

A multistage (stratified cluster random) sampling design was followed in this study (Fig 2). 

Two of the three coastal districts were randomly selected. All coastal taluks
2
 from both the 

districts (Uttara Kannada and Udupi) were included. In the next step, three villages from each 

taluk of Uttara Kannada and seven villages from each taluk of Udupi districts were randomly 

chosen. 

Further, in each village 28 eligible people were selected and approached, accounting for an 

expected refusal rate of about 25% that would result in a participation of at least 20 people. 

To achieve this systematic random sampling was done, the initial household was selected 

randomly then the number of households in each village was divided by the number of people 

required to obtain a skip pattern for houses to be approached. In each of the selected 

households, one eligible person was selected and recruited. If there were two/more eligible 

people in one household, then only one person was selected by tossing a coin.  

Potential participants consenting to participate were recruited for a face-face interview and 

oral examination. 

3.2 Data collection procedures 

3.2.1 Developing study protocol 

Standard epidemiological methods were followed for participant selection, recruitment and 

data collection by conducting interviews and oral examinations. The protocol used for the 

clinical aspect of the study was based on the clinical examination protocol used for the 

Australian National Survey of Adult Oral Health in the year 2006 (Slade et al., 2007). 

                                                 

 

2
 Districts are divided into several taluks, which are administrative sub-divisions/sub-provinces  



  
    46 

 
  

The oral examination was done to record components related to oral mucosal conditions, 

plaque and calculus deposition, dental caries experience, periodontal status and trauma. The 

recording was done on a printed form (See Appendix 2). 

3.2.2 Selection criteria 

The inclusion and exclusion criteria followed were as follows: 

Inclusion criteria: 

 People in the age range of 35-54 years from the fishing and farming communities. 

 People who did not have any contraindication for periodontal examination.  

Exclusion criteria: 

 People not providing consent 

 People who were edentulous 

 People who reported medical conditions that contraindicated periodontal probing were 

excluded from periodontal examination. 

The contraindications for periodontal probing were the presence of any of the 

following conditions: 

1. Heart disease (Congenital heart disease, infective endocarditis and rheumatic heart 

disease) 

2. Blood coagulation disorders 

3. Uncontrolled diabetes 

4. Kidney disorders requiring renal dialysis 

5. Transplanted organs 

6. Joint replacement in the past 3 months 



  
    47 

 
  

3.2.3 Safety protocol followed by the investigator 

The following safety protocol was followed to ensure the safety of the investigator and 

assistant (Paterson et al., 1999). 

 The investigator was always accompanied by an assistant. Both assessed the safety of 

surroundings on the previous day prior to start of the survey. 

 Local leaders were informed about the areas being covered on the following days, and 

mobile phone numbers of leaders were noted. 

 Mobile phones were used for communication. 

  The investigator and assistant listened and observed carefully for signs of potential 

risk to safety. If there was excessive yelling and banging from inside the houses, such 

houses were not approached. 

 Houses and settings not located in clearly visible surroundings were avoided. 

 People appearing intoxicated or symptomatic were not approached 

3.2.4 Preparation of the information sheet, consent form and questionnaire 

The information sheet, consent form and questionnaire were prepared in English. Language 

phrases were kept simple to facilitate easy understanding. These were reviewed by research 

experts at the Australian Research Centre for Population Oral health (ARCPOH). Their 

comments were taken into consideration. The questionnaire was translated to the local Indian 

language (Kannada) by the investigator and translated back to English by an Indian Professor, 

who was proficient in both languages. The translated questionnaire and the Kannada version 

of the questionnaire were cross-checked to verify that they conveyed the same meaning. A 

few modifications were done, and when no further changes were required, the questionnaire 

was pilot tested by administering to twenty adults who were selected at random in a village 

that was not included in the study. The final questionnaire was prepared by incorporating 
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necessary changes from the pilot study. The questions were phrased in both the languages to 

avoid ambiguity during the interview. 

3.2.5 Obtaining consent 

The information sheet and the consent form were handed to every potential study participant. 

The information provided was in the local language. An explanation was provided in simple 

words to assist in understanding. 

Information was provided on the purpose of the study, the approximate time required for the 

interview/examination, risks and benefits, confidentiality and information to withdraw from 

the study. Potential study participants were encouraged to ask questions and clarify their 

doubts. For people unable to read, the investigator or his assistant read out the information 

sheet and explained the research that was being conducted and clarified doubts if any. A 

consent form was signed, or thumb imprinted only when a potential participant showed 

his/her willingness to participate in the study (See appendix 1 and 3). 

3.2.6 Conducting In-person interviews  

Face-face interviews were conducted for participants by the investigator at the participant’s 

house or place of work using a structured questionnaire. Each interview usually lasted for 

nearly half an hour and included questions relating to oral hygiene practices, self-reported oral 

health and quality of life, stress, social support, habits, diet and sociodemographic details. The 

questionnaire used validated scales i.e. Oral Health Impact Profile-14 (OHIP-14) (Acharya, 

2008) and multi-dimensional scale of perceived social support (Zimet et al., 1988) that was 

modified to suit the cultural norms.  
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3.2.7 Data collection instruments and methods  

3.2.7.1 Structured questionnaire 

The questionnaire layout followed the standard design set out by ARCPOH. It was structured 

into eight sections from A-H (Questionnaire Appendix 1). 

The sections contained questions related to the following: A - Oral health behaviour, B - 

OHRQoL, C - General Health, D - Diet, E - Habits, F - Self rated stress, G - Social support 

and coping, and H - Personal details. All the questionnaire data were collected through face-

face interviews from consenting participants. 

3.2.7.2 Oral examination procedure 

The oral examination was conducted following the interview at the participants’ houses and 

places of work. The participants were informed that the examinations were being carried out 

by a registered dentist. They were requested to lie on their backs on a mat in the front porch or 

inside of their houses (if participant requested to be examined inside the house). Female 

participants were examined in the presence of another family member. The examiner 

examined the oral cavity sitting in 11’o clock position using a powerful headlamp. Complete 

oral examination took nearly 30 to 40 minutes (Please see Appendix 3). The details of the 

examination have been described below. 

3.2.7.3 Oral examination instruments 

Dental assessment armamentarium included mirror handle, disposable mirrors heads 

(MirrorliteTM Defend, New York, USA) and a periodontal probe with 2 millimetre markings 

(Hu-Friedy, Chicago, USA, product number PCP2). The PCP-2 probe with standard 2mm 

markings at 2-4-6-8-10 and 12 millimetres was used for recording plaque and periodontal 

examination. No radiographs were taken, and no treatment was provided. 
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3.2.7.4 Infection control protocol  

Sterilised or disposable instruments were used. Instruments coming in contact with blood or 

saliva were washed with commercial cleansing agents and placed in a separate bag. Used, 

contaminated and dirty instruments were autoclaved on a daily basis. 

Infection control guidelines for prevention of transmissible 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) were 

followed. During the examination, the examiner was gloved and used mouth masks and 

protective glasses. The armamentarium for examination consisted of disposable gloves, gauze 

pieces, cotton rolls with holders, chip syringe. The infection control supplies at the site 

included containers for contaminated instruments, disposable bags for used cotton/gauze and 

detergents for washing instruments and hands. Wipes were used for drying of hands.  

3.2.7.5 Training and calibration of examiner 

The training and calibration of the examiner were completed in June 2011 at the School of 

Dentistry, the University of Adelaide just prior to start of the study. 

The gold standard dentist (KRT) trained the examiner (MB). The examination findings 

recorded by each were later discussed. Testing for intra-examiner reliability was done during 

the data collection period. The examiner randomly picked villages by a lottery method and 

visited the same villages. Here, houses were again randomly picked and visited. The examiner 

requested the same participant (examined previously) for re-examination of the oral cavity. In 

this way, twenty participants from the two districts were re-examined to test for the intra-

examiner reliability. The kappa scores for PPD, gingival recession, and dentition status were 

calculated. Further the gold standard dentist (KRT) visited India in January 2012 and 

supervised the examinations being conducted by the examiner in both the coastal districts.  
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3.2.7.6 Intra-examiner reliability calculation 

The kappa values for intra-examiner reliability were 0.83 for PPD and 0.96 for recession. The 

intra-examiner reliability for tooth loss was 1. 

3.2.7.7 Independent variables 

The information on independent variables were collected using questionnaire (3.2.7.7.1) and 

oral examinations (3.2.7.7.2) 

3.2.7.7.1 Questionnaire data 

3.2.7.7.1.1 Oral health behaviour 

This section consisted of thirteen questions which explored the oral health behaviour, dental 

visiting, dental care sought and distance travelled to receive oral care. 

3.2.7.7.1.2 General health  

This section included questions relating to general health, diagnosed conditions, treatment and 

distance travelled to receive general health care. 

3.2.7.7.1.3 Diet 

The section consisted of questions related to the type of diet whether vegetarian or mixed, 

frequency of sugar consumption, frequency of fruit and vegetable intake, consumption of 

dairy, poultry products and meat. 

3.2.7.7.1.4 Habits 

The section consisted of questions relating to use of alcohol, tobacco and cannabis.  
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3.2.7.7.1.4.1 Tobacco 

Information was collected on the form of tobacco used, such as ‘smoke’ or ‘smokeless’. 

Smokers were asked if they smoked cigarettes/beedies or other forms. They were also asked 

to report if they were current or past smokers. Additional information regarding the age of 

commencement, duration, number of cigarettes/beedies smoked on a usual day and the date 

they last smoked (former smokers) were recorded. The frequency of smoking was collected as 

‘Occasionally’, ‘Less than once a week’, ‘Once a week’, ‘2-3 days a week’, ‘4-6 days a week’ 

and ‘Every day’.  

The SLT included gutkha or pan masala (commercially manufactured products) and betel 

quid (betel leaf, areca nut, tobacco, slaked lime). The study participants reported use of SLT if 

they were current or former users, the age of commencement, duration of use and the number 

of units of tobacco chewed on a usual day. The action taken on chewing (whether they 

swallowed or expectorated) and the date on which they last chewed (for former chewers) were 

recorded. Time elapsed since quitting the habit was noted among people who reported 

ceasing. Frequency of chewing was recorded similar to smoking. 

3.2.7.7.1.4.2 Cannabis usage 

Participants were asked if they had ever used cannabis and if reported ‘Yes’, then they were 

asked if they used it regularly. 

3.2.7.7.1.4.3 Alcohol consumption 

The questions on alcohol referred to the type of alcohol consumed, frequency of consumption, 

quantity measured in millilitres (ml) and number of years since starting the habit and the year 

last consumed was noted for people who reported quitting the habit. 

The frequency of drinking was recorded as every day, 4-6 days a week, 2-3 days weekly, once 

a week, less than once a week and occasionally.  
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3.2.7.7.1.5 Stress 

The global stress scale was used to ask participants regarding the stress experienced in the 

past two years. The options included ‘1’= all of the time, ‘2’= most of the time, ‘3’= some of 

the time, ‘4’= a little of the time, ‘5’= none of the time, ‘6’= do not know if stressed and ‘7’= 

refused to report. 

3.2.7.7.1.6 Social support 

Questions from the multidimensional scale of perceived social support (Zimet et al., 1988) 

were used to assess the level of social support. Questions were reduced from twelve to six to 

suit the rural cultural norms in India. Four questions on family support (‘My family tries to 

help me’, ‘I get the emotional help and support I need from my family’, ‘I can talk about my 

problems with my family’, ‘My family is willing to help me make decisions’) were rated on a 

seven point Likert scale with options ranging from ‘very strongly disagree’ indicating the 

poorest level of social support to ‘very strongly agree’ which indicated the highest level of 

social support received. The other questions asked about sources of social support received 

from people other than family members with options ‘Yes’ or ‘No’. If the answer was ‘Yes’, 

then the next question was if it was from ‘Friends’, ‘Groups to which I belong’ or ‘Religion’. 

3.2.7.7.1.7 Personal information 

This section comprised questions on sociodemographic details. Information related to age, 

gender, religion, marital status, occupation, monthly income of the household, education, 

details of housing and questions on material possession like owning a boat, motor vehicle or 

land were collected.  
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3.2.7.7.2 Oral examination data 

3.2.7.7.2.1 Recording plaque accumulation 

Plaque accumulation was assessed using the plaque index (Löe, 1967). Scores ranging from 0 

to 3 were recorded depending on the amount of visible plaque deposited on index teeth of 

each sextant. If a tooth could not be assessed, then code ‘X’ was given. 

3.2.7.8 Dependent Variables 

3.2.7.8.1 Recording of missing teeth 

The status of each tooth was recorded as present, missing, decayed or root fragment. 

Tooth/teeth were recorded as missing due to periodontitis or dental caries at the time of 

examination. 

3.2.7.8.2 Measurement of periodontal disease 

The measurement of periodontal disease was done by assessing the gingival recession and 

PPD. The recession and probing depth were measured and called in millimetres. The details 

of diagnostic codes and criteria used for examination have been described in the manual (See 

appendix 3). 

3.2.7.8.2.1 Gingival Recession 

It is defined as the distance from the free gingival margin (FGM) to the Cemento-Enamel 

Junction (CEJ). Recession was measured before PPD.  

The first step was to identify or estimate the location of the Cemento-Enamel Junction (CEJ) 

at the site. 

 If the CEJ was coronal to or equal to the FGM, it was identified visually and/or using 

tactile sense with the tip of the periodontal probe. 
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 If the CEJ was subgingival, it was identified with tactile sense using the tip of the 

periodontal probe. When in doubt, the position of the CEJ was estimated using adjacent or 

contralateral teeth. 

3.2.7.8.2.2 Probing pocket depth  

Probing pocket depth is defined as the distance from the FGM to the bottom of the 

periodontal crevice/pocket. The deepest probing depths for each tooth on the mesio-labial/ 

buccal, mid-labial/ buccal and disto-labial/ buccal were recorded. The inter-proximal surfaces 

were probed carefully with a slight angulation from the buccal and lingual surfaces to ensure 

that the entire probing depth had been recorded, and the surfaces explored. When probing was 

difficult due to the presence of subgingival calculus, the probe was negotiated with care to 

move the probe tip away from the root surface, and further advanced to the base of the clinical 

pocket. Care was taken not to probe into the furcation areas. 

3.3 Health information 

Participants were informed of the findings from the oral examination. Queries related to oral 

health were clarified by the examiner. Participants needing urgent care were referred to dental 

clinics and nearby hospitals. The participants were encouraged to maintain healthy oral 

hygiene practices. Each participant was presented with a toothbrush and toothpaste provided 

by Unilever India. 

3.4 Confidentiality of study participants 

Each study participant was given a unique identification (ID) number. The names of the study 

participants were maintained separately from the study data. The questionnaires and the 
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examination form of each participant were matched using the unique ID numbers. Only the 

study IDs were used in the data sets. 

3.5 Ethics approval 

The ethics approval for the study was obtained from the Human Research Ethics Committee 

(HREC), The University of Adelaide (approval number H-015-2011). The approval was 

renewed annually. Further, the study was cross-sectional involving interview and oral 

examination components which were non-invasive in nature. The Indian ethics review 

structure for non-invasive studies are limited. Many Indian institutions conducting human 

research do not have actively functioning institutional review board systems. Moreover, the 

meetings held by these boards are sporadic and depend on the number of research proposals 

submitted. Some of the review boards were unwilling to review international research 

proposals. Similar experience has been reported previously by other international researchers 

(Bhat and Hegde, 2006). As it was not possible to wait indefinitely to collect data, a three 

pronged approach was employed, which was in the best interest of the study participants and 

the study being conducted. The measures used in the approach were as follows: 

3.5.1 External strategy 

This study proposal was designed in conformity with Australian guidelines. Further, the 

investigator (MB) attended and participated in the compulsory human research and ethics 

training workshop conducted at the University of South Australia in Adelaide. Here, the PhD 

candidate discussed ethical issues pertaining to this international study with the course co-

ordinators and sought their suggestions. The HREC of the University of Adelaide was made 

aware of the potential concerns of the study. As recommended by the HREC, the study used 

the information sheet (translated to Indian language), consent form and independent 

complaint form. 
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3.5.2 Local strategy 

This was the second approach. Here local non-governmental organisations, and community 

leaders who were familiar with the customs and traditions in that particular area were 

involved. Wherever possible help was obtained from general practitioners in medicine or 

dentistry to explain the study details to the community leaders. 

3.5.3 Involvement of potential participants 

This was the third measure employed. Prior to start of the survey in each village the 

researcher met a few of the villagers who were potential participants with whom the study 

was discussed. The feedback obtained from these villagers was taken into consideration. 

Some of these village representatives also helped the researcher co-ordinate the data 

collection in their respective villages. 

3.6 Data transportation, entry and cleaning 

Data were collected over a period of 13 months from July 2011-August 2012. The data forms 

were securely transported from India to Adelaide, Australia. Data entry was done on the 

computer using the Microsoft Access 2007 package. A copy was later backed up on a CD. 

Following completion of data entry, data cleaning was carried out by running frequency 

checks and cross checking for missing values. The entered data was checked for outliers. IBM 

SPSS statistical software version 20 was used for this purpose. 

3.7 Data management 

Data pertaining to various aspects of oral health were collected. However, only data sufficient 

to address the objectives of this study were analysed. 
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3.7.1 Management of data for independent variables 

The explanatory variables were categorised in the following way.  

3.7.1.1 Age 

Age was collected as continuous data. It was dichotomised as ‘35-44’ and ‘45-54’ years.  

3.7.1.2 Socioeconomic indicators 

3.7.1.2.1 Education 

Information was collected as the highest level of education attained by the participant. This 

was dichotomised as ‘Secondary or less’ and ‘Post-secondary’ levels. 

3.7.1.2.2 Income  

Equivalised income was used as the indicator, and monthly per capita income was calculated 

by dividing the household income per month by the number of family members who lived in 

the house. The information collected was in terms of Indian currency-‘Rupees’. Income was 

further categorised according to BG Prasad rural SES scale (Prasad, 1961) revised using the 

consumer price index for 2009. Based on per capita income of the family, social classes were 

categorised as 

Table 3. 1: Socioeconomic status classification for the rural population 

Upper-High Rupees 3900 and above 

High Rupees 1950- 3899 

Upper-Middle Rupees 1170-1949 

Lower-Middle Rupees 585-1169 

Poor Below Rupees 585 
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Per capita monthly income for each of these classes is revised yearly based on the ‘All India 

Wholesale Price Index’ (AIWPI) and multiplied by the appropriate multiplication factor. The 

income was later dichotomised as low-middle (≤ Rs 1169) and high income (≥ Rs 1950). 

3.7.1.2.3 Material circumstances 

Material circumstances were calculated based on the living conditions, house ownership and 

motor vehicle ownership.  

Type of housing (GOI, 2001) (Kuccha, Pucca or Semi-Pucca)
3
 - Kuccha was scored ‘1’ and 

Pucca and Semi-Pucca as ‘0’. 

House ownership (Own or rented house) - Own house was scored as ‘0’ and rented house as 

‘1’. 

Housing density, i.e., number of persons per room in the house with ≤ 2 people in one room 

were scored ‘0’ and >2 people in one room were given a score of ‘1’. 

If the participant’s family owned a motor vehicle, the given score was ‘0’ and if not the score 

given was ‘1’.  

The scores for all 4 items were summed and dichotomised across the mean (0.75). Material 

circumstances for each person were categorised as ‘Poor’ if the total score was > 0.75 and as 

‘Better’ if ≤ 0.75.  

                                                 

 

3
 Pucca houses have walls constructed using bricks/stones packed with cement and roofing with tiles/reinforced 

with cement concrete;  

Kuccha houses have walls and/or roofs built using mud, bamboo, grass or thatch 

Semi-pucca houses have walls like pucca houses and roofs like kuccha houses 
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3.7.1.3 Diet 

The frequencies of fruit and vegetable consumption were dichotomised as ≤1 day per week or 

≥ 2 days per week, as those eating vegetables or fruits at least two days a week were 

considered regular consumers. In rural India vegetable and fruit consumption was lower than 

the recommended dietary guidelines for Indians (Nutrition, 2010). Other reasons for low 

regular consumption of fruit and vegetables were affordability, access, attitudes regarding 

various foods.  

3.7.1.4 Oral health behaviour  

Oral health behaviour included frequency of tooth cleaning, method of tooth cleaning and 

dental visiting.  

Tooth cleaning frequency was dichotomised as ‘≤ once per day’ or ‘≥ twice per day’. 

Method of tooth cleaning was dichotomised as ‘Tooth brush’ or ‘Others’ that included fingers 

and twigs.  

Dental visiting was categorised based on responses ‘Yes’ or ‘No’ to the question “Have you 

ever visited a dentist?”  

3.7.1.5 Habits 

Habits such as tobacco and alcohol consumption were considered. 

3.7.1.5.1 Smoking 

Smoking was dichotomised as ‘Yes’ or ‘No’. Further the type of smoking was categorised as 

cigarettes, beedies or others. The number of pack years were calculated using the ratio that 

one cigarette was equivalent to one beedi, and the number of cigarettes/ beedies smoked per 

day/ 20 multiplied by the number of years smoked. Only those smoking at least one cigarette/ 
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beedi per day for a minimum period of one year were considered as smokers. People who 

reported quitting the habit within the past one year were considered as current smokers and 

those who had quit the habit earlier than past one year were considered as former smokers. 

3.7.1.5.2 Smokeless Tobacco use  

Smokeless tobacco use was based on responses of ‘Yes’ or ‘No’. Number of units of tobacco 

chewed per day was also recorded. Current and former chewers were categorised based on the 

time since they quit the habit. This was similar to that recorded for smoking.  

3.7.1.5.3 Alcohol 

The alcohol consumption was dichotomised as ‘Yes’ or ‘No’. The proportion of people who 

reported alcohol consumption was low. Also, most women did not report consuming alcohol. 

For this reason consumption of alcohol was dichotomised as ‘Yes’ or ‘No’ 

3.7.1.6 Stress 

Stress experienced in the past two years was categorised as ‘No stress’, ‘Some or little of the 

time’ and ‘Most/ all of the time’. The responses ‘don’t know’ and ‘refused’ were excluded 

from the analyses. 

3.7.1.7 Social support 

Family support was calculated by recoding the Likert scores of 1 to 7 as 0 to 6. The total score 

of all four questions were added, and this was later dichotomised across the mean (5.7) 

participants with a mean score ≤ 5.7 were considered as not receiving social support while 

those with a mean score >5.7 were considered as receiving social support. Support other than 

from family members were dichotomised as ‘Yes’ or ‘No’. Support received from friends, 

groups and religion were considered as support received from others. 
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3.7.1.8 Diabetes 

Diabetes was analysed as a diagnosed with diabetes or not. 

3.7.1.9 Plaque 

Plaque is a local factor. It was collected as a score ranging from 0-3 for each of the six 

sextants examined. It was categorised as ‘No’ or ‘minimal’, if all sextants had the highest 

score of ≤1. The other category was ‘Moderate to heavy’, if more than one sextant had a score 

of 2 or higher. 

3.7.1.10 Clustering of risk indicators for periodontal disease 

Clustering was determined based on the co-occurrence of two or more risk indicators for 

periodontal disease present in the same person. Known risk factors such as smoking, tobacco 

chewing, alcohol and plaque accumulation were considered for the analyses. Initially, a 

variable was created by summing the risk indicators for each individual. The variable was 

then divided into three categories based on the number of risk indicators present. The 

categories included ‘No or one risk indicator present’, ‘Two risk indicators present’ and 

‘Three or four risk indicators present’ 

3.7.2 Management of data for dependent variables 

3.7.2.1 Periodontal disease  

3.7.2.1.1 CDC-AAP case definition 

The Centre for Disease Control and American Academy of Periodontology (CDC-AAP) case 

definition that was updated by Eke et al. (2012) was used to categorise periodontal disease. 

Third molars were excluded. PPD and CAL were the measures used (Eke et al., 2012). CAL 

per site is the total attachment loss obtained by adding pocket depth and gingival recession.  
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Table 3. 2: CDC-AAP case definition 

Case Definition 

None No mild, moderate or severe periodontitis 

Mild ≥2 interproximal sites with CAL ≥3 mm, and ≥2 interproximal sites with pocket 

depth ≥ 4 mm (not on same tooth) or one site with pocket depth ≥5 mm 

Moderate ≥ 2 interproximal sites with CAL ≥ 4mm (not on the same tooth) or ≥ 2 

interproximal sites with pocket depth ≥ 5mm (not on the same tooth). 

Severe ≥ 2 interproximal sites with CAL ≥ 6mm (not on same tooth) and ≥ 1 

interproximal site with pocket depth ≥ 5mm 

Adapted from (Eke et al., 2012). 

This was later dichotomised as ‘None/ Mild’ and ‘Moderate/ Severe’. 

3.7.2.1.2 Extent of periodontal disease 

The concept of the extent of periodontitis was proposed by Carlos et al. (1986). Extent is 

given by percentage of examined sites which are diseased, i.e., proportion of examined sites 

with CAL ≥ 2mm. Extent scores were computed using the equation given below:  

         Extent = 
                      

                            
 X 100 

This was further dichotomised as: ‘localised’ if ≤30% sites were diseased and ‘generalised’ if 

>30% of sites were diseased (Carlos et al., 1986; Armitage, 1999).  

3.7.2.1.3 Severity of periodontal disease 

Periodontal disease severity is defined as mean attachment loss of all diseased sites which 

exceed 1 mm (≥ 2mm CAL) calculated for an individual (Carlos et al., 1986). This measure is 

useful at the population level rather than at the individual level. This was computed using the 

formula: 

         Severity =  
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3.7.2.2 Tooth loss 

Teeth were considered as missing if they were lost due to periodontitis or dental caries. Tooth 

loss was dichotomised into two categories as ‘< 6 teeth lost’ and ‘≥6 teeth lost’. This was 

considered on the basis of less than or more than 20% of dentition lost.  

3.7.3 Missing data 

Missing data were very minimal (less than 10%) and were found to be at random. The 

missing data were not included in the analyses. 

3.8 Refusals 

People of a household refusing to participate in the survey were considered to be one refusal/ 

non-response, and likewise the refusals were calculated for each village. 

3.9 Analytical plan 

The data were analysed using the complex sample analytical plan. In the complex sample 

analytical plan, taluks (sub-provinces) were the strata and villages were the clusters. Each 

participant was given weight = 1 because the probability of selection within any cluster was 

equal. Moreover, benchmark data for the communities in two districts, and the population 

data in each village were not available for individual weight estimation. The univariate, 

bivariate and multivariable analyses were performed using the complex sampling 

methodology in IBM SPSS version 20 and SAS version 9.3.  

The unadjusted and the adjusted prevalence ratios (PR) from multivariable models were 

calculated using SUDAAN version 11.0.0. The estimated PRs were used to present results for 

binary outcomes as they would be more pertinent, easy to communicate and comprehend in 

cross-sectional studies which measure outcomes in proportions (Savitz, 1992; Lee and Chia, 
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1993; Zocchetti et al., 1997). PR is preferred to odds ratio (OR) as PR is more conservative 

than OR, more useful when prevalence is more than 20%, and the estimates are consistent and 

interpretable with respect to incidence rate ratio (Thompson et al., 1998).  

The population attributable fractions (PAF) for significant variables in the multivariate 

analyses for binary outcomes were calculated based on the method described by Bruzzi et al. 

(1985) and others (Benichou, 2001). PAF is defined as a proportion of cases with the disease 

in the population attributable to a certain factor. It can also be defined as the proportion of 

cases with the disease in the population that would not occur if the factor was eliminated 

(Bruzzi et al., 1985; Greenland and Robins, 1988). 

The confidence interval (CI) for all statistical analyses was 95%. Statistical significance 

between any two parameter estimates was determined based on the non-overlapping 95% CIs, 

while statistical significance of effects as measured by Prevalence Rates or Odds Ratios 

against references was determined if their 95% CI do not include unity. Further analytical 

procedures to address specific objectives are stated below. 

3.9.1 Plans for specific objectives 

3.9.1.1 Objective 1. To estimate and compare the prevalence, extent, and severity of 

periodontal disease and tooth loss in Indian rural communities. 

Data were stratified by communities. Descriptive analyses were done to estimate and compare 

prevalence, extent, and severity of periodontal disease.  

The prevalence of periodontal disease was determined by the proportion of fishing and 

farming population with moderate-severe periodontal disease as described in section 3.7.2.1. 

The extent of periodontal disease in the two communities was estimated as the proportion of 

people with localised and generalised periodontitis. Comparison of prevalence and extent 
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between the two communities were done using cross tabulations. Comparison for severity was 

made using average CAL for each of the communities.  

Prevalence of tooth loss of ≥6 teeth in two communities were also compared. 

3.9.1.2 Objective 2. To determine risk indicators associated with prevalence, extent, 

and severity of periodontal disease in the Indian rural population. 

Conceptually age, sex, socioeconomic indicators, oral health behaviour, diet, habits, stress, 

social support and plaque levels were considered to be potential risk indicators for periodontal 

disease based on the theoretical framework. Comparisons of periodontal disease outcomes 

(prevalence, extent and severity) were made across the above mentioned indicators in both 

communities. For prevalence and extent, cross tabulations were used to compare the 

proportions across the potential risk indicators. The unadjusted PRs along with 95% CI were 

calculated to determine the strength of association in SUDAAN (SAS callable SUDAAN 

syntax). 

For periodontal disease severity, mean CAL (95% CI) was compared across various risk 

indicators. 

Separate multivariable models for prevalence, extent, and severity of periodontal disease were 

built with various explanatory variables as conceptualised according to the theoretical 

framework (Greenland, 2008). Details of model building are explained in the section 3.9.2. 

Statistically significant indicators were determined from multivariable prediction models.  

Adjusted PR for all risk indicators of prevalence (Section 3.9.2.1) and extent of periodontal 

disease (Section 3.9.2.2) were estimated from log-binomial regression models using SAS 

callable SUDAAN syntax PROC LOGLINK (RTI, 2012), which is a robust method to 

estimate variance. LOGLINK has been designed to analyse cluster correlated data from 

complex samples used in surveys (SAS, 2002-2011).  
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Linear regression models were built to determine significant risk indicators for severity of 

periodontal disease (Section 3.9.2.3) in SAS using the syntax PROC SURVEYREG for 

complex samples (SAS, 2002-2011). 

3.9.1.3 Objective 3. To assess for clustering of risk indicators for periodontal disease in 

the Indian rural population. 

Clustering of risk indicators such as smoking, tobacco chewing, alcohol and plaque, which are 

plausible causative factors, were assessed for association with periodontal disease and various 

other indicators. Prevalence of risk indicators individually or in combination (two, three or 

four risk indicators) were compared by age, sex, education, income and periodontal disease. 

Multinomial logistic regression models were used to determine the strength of association of 

clustering of risk indicators with age, sex, education and income as indicators. The association 

between co-occurrence of two or more risk indicators and periodontal disease (defined by 

CDC-AAP case definition) was examined using OR obtained from multivariable logistic 

regression model controlling for other covariates. Multivariable models for clustering of risk 

indicators are presented in section 3.9.2.4. The ORs were considered significant if the 95% CI 

did not include unity. 

3.9.1.4 Objective 4. To quantify the risk indicators for prevalence of periodontal 

disease in the Indian rural population. 

The risk indicators were quantified by calculating PAF identified from multivariable models 

for prevalence and extent of periodontal disease according to Bruzzi et al. (1985). Detailed 

explanation is presented in section 3.9.3. 

3.9.1.5 Objective 5. To identify risk indicators associated with tooth loss in the Indian 

rural population. 

The proportion of people with ≥6 teeth missing was calculated and compared across plausible 

risk indicators in the two communities. Bivariate analyses in SPSS were run across risk 
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indicators identified from the Literature Review. Unadjusted PRs were estimated for each of 

the independent variables. Binomial regression models were generated for tooth loss with 

various explanatory variables in SUDAAN using SAS callable syntax PROC LOGLINK 

(RTI, 2012), described in the section 3.9.2.5. 

3.9.1.6 Objective 6. To quantify the risk indicators for tooth loss in the Indian rural 

population. 

Population attributable fractions for risk indicators emerging in the multivariable model for 

tooth loss as the outcome was calculated according to the procedure described by Bruzzi et al. 

(1985).  

3.9.1.7 Objective 7. To determine the effect of dental visiting on tooth loss using 

propensity scores in the Indian rural population. 

The effect of dental visiting on tooth loss in two communities was determined using inverse 

probability weight (IPW) derived from propensity scores (PS) (Rosenbaum and Rubin, 1983) 

in the multivariable models. PS were estimated for dental visiting from a logistic regression 

model considering dental visiting as outcome and other covariates such as age, sex, 

socioeconomic factors, oral health behaviour and habits using a theoretical framework 

(Greenland, 2008). This is described in the section (3.9.4). 

3.9.2 Multivariable model building 

Explanatory variables for the multivariable models were chosen based on prior knowledge 

(Greenland, 2008) of risk factors from the Literature Review (McNamee, 2005). 

Theoretically, a variable was still included in the multivariable model if it was regarded as a 

risk factor but not significant at the bivariate level. However, other plausible explanatory 

variables significant at the bivariate level (p<0.2) were also included. Following the selection 

of variables, they were entered simultaneously because it was conceptualised that there was 
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no logical basis for one variable to occur before the other in this cross sectional study (Cohen 

et al., 2003). The models were generated for the total sample (in which both communities 

were combined) because the models generated for data stratified by community did not have 

sufficient power. Correlation between explanatory factors included in the model was assessed 

by means of variance inflation factor (VIF) (Mansfield and Helms, 1982).  

3.9.2.1 Multivariable model for prevalence of periodontal disease 

Binomial regression model was built for prevalence of periodontal disease that was binary. 

All independent variables were entered at once in the model. Independent variables chosen 

were based on the theoretical framework, for instance age, sex and plaque were included in 

the model because the periodontal disease level would be different in different age groups, 

among men and women. Moreover, plaque is a causative factor. Similarly tobacco, alcohol 

were retained in the model even though not significant at the bivariate level. Others variables 

such as socioeconomic indicators and social support were selected if p<0.2 at the bivariate 

level.  

Two separate models were built for the 35-44 and 45-54 year age-group populations to 

examine the risk indicators for periodontal disease among people of two age-groups.  

3.9.2.2 Multivariable model for extent of periodontal disease 

Explanatory variables considered in the multivariable model for extent was on the theoretical 

basis (Greenland, 2008) for instance age, sex, habits and plaque were included because the 

disease extent would vary by these factors. The robust log-binomial regression models 

generated were similar to that for prevalence described previously. The variables included in 

the model were tested for multicollinearity. 
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3.9.2.3 Multivariable model for severity 

Linear regression model for complex survey data was built to estimate regression coefficients 

for each explanatory variable. The explanatory variables were age, sex, socioeconomic 

indicators, habits, plaque and other variables which were significantly associated (p< 0.20) at 

the bivariate level were introduced into the model simultaneously. Multicollinearity of 

independent variables was examined by VIF (Mansfield and Helms, 1982). Value of VIF 

greater than 10 was considered as a sign of multicollinearity. 

3.9.2.4 Multivariable model for clustering of risk indicators for periodontal disease  

Multinomial logistic regression models were built to determine the predictors of clustering. 

Age, sex, education and income were entered as independent variables in the models. For 

every independent variable, other three variables were adjusted. Binary logistic regression 

was used to estimate the strength of association between clustering of risk indicators and 

periodontitis adjusting for age, sex, education and income using the ‘Enter’ method. 

3.9.2.5 Multivariable models for tooth loss 

Two models were generated for the binary outcome of tooth loss. The first model examined 

all risk indicators in a model entered simultaneously that is used frequently to adjust for other 

covariates. In the second model, independent variables were entered simultaneously for which 

the main exposure variable was dental visiting. The aim of generating the second model was 

to assess the effect of periodontal disease and dental visiting behaviour on tooth loss. 

Therefore, to adjust for other confounders as determined theoretically, IPW calculated from 

PS were used as weights in the multivariable model. This procedure removes bias due to other 

observed confounders. The other confounders were age, sex, socioeconomic factors, oral 

health behaviour and habits. Computation of IPW and derivation/calculation of PS are 

described in the following section 3.9.4. 
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3.9.3 Calculation of the population attributable fraction 

After a risk indicator is identified, quantification of the impact of exposure to a risk indicator 

is of interest in epidemiology. This is given as PAF, calculated to estimate the reduction in 

burden of disease if some of the risk indicators were removed from the population. Various 

other terminologies used for PAF are ‘Attributable Risk’ (Breslow and Day, 1980), 

‘Attributable Proportion’ (Rothman, 1986). Cole and Mc Mahon (1971) refer to this as 

‘Population Attributable Risk Percent’. 

For a single factor of exposure this is given by: 

      
         

  
      (Rothman, 1986) where   = rate of exposure among cases and  

RR = risk ratio.  

PAF is a measure of proportion of disease among exposed associated with an exposure in a 

population. However, seldom are diseases related to a single exposure factor. Diseases are 

mostly multifactorial where exposure of one factor is influenced by the prevalence of other 

covariates (confounders). In such settings, PAF can be calculated from the relative risk 

obtained using multivariable logistic regression models (Bruzzi et al., 1985). Though model 

based estimation is mainly developed for case control and cohort studies, it has been extended 

to cross-sectional studies (Greenland and Drescher, 1993; Basu and Landis, 1995). 

It is calculated as per the following formula PAF =    ∑             

   and RR are obtained from the multivariate model and    is the proportion of exposure 

among cases. 

In this study PRs were obtained from the binomial regression model using SUDAAN. PR was 

utilised in the estimation of PAF. Total PAF of all the factors may perhaps not add up to 
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100% and may even exceed 100% since the various exposure factors may be related to one 

another (Rockhill et al., 1998). 

Generally incidence rates available from prospective sampling are used in the estimation of 

PAF. Nevertheless, PAF could be estimated in the present context of cross-sectional sampling 

because periodontal disease and tooth loss are cumulative diseases. Pocket formation or loss 

of attachment (LOA) cannot be reversed, unless extensive periodontal therapy is provided 

which is very unlikely in rural areas particularly in India. Tooth loss is also irreversible. 

Hence, the prevalence can be considered as cumulative incidence in PAF estimation. 

3.9.4 Propensity score estimation 

The effect of dental visiting on tooth loss – estimation using PS: 

Causal inference which is a main goal in epidemiology is becoming popular in social and 

behavioural research. Confounding encountered in epidemiological studies bias the causal 

estimates (Greenland and Morgenstern, 2001). The randomised controlled trials are 

considered the gold standard in investigating the cause-effect relationship. However, it is 

possible to draw causal inference from observational studies using the PS (Lanza et al., 2013). 

This procedure was initially introduced by Rubin (1974; 1977) with further applications of the 

methods in observational studies by Rosenbaum and Rubin (1983). 

PS were used to estimate the effect of dental visiting on tooth loss. PS can be used to obtain 

reliable unbiased estimates (Rosenbaum and Rubin, 1983) in the presence of measured 

confounders that include covariates associated with treatment/exposure and outcome 

(Greenland and Morgenstern, 2001). In the present study, the conceptualised confounders 

included age, sex, socioeconomic indicators, tooth cleaning, tobacco, and alcohol habits that 

predicted dental visiting and also the tooth loss. Dental visiting was considered the exposure 

variable because people normally had their tooth/ teeth removed by a dentist and mostly the 
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visits were problem oriented. Therefore, the probability of dental visiting was conditioned on 

a vector of measured confounders mentioned above; this was given as a PS.  

PS is defined as the conditional probability of assignment to a particular treatment given a 

vector of measured covariates. The covariates include only pre-treatment variables. Hence, 

the PS for dental visiting was calculated from a logistic regression model (Lanza et al., 2013). 

The PS have been used in multivariable models to match the exposed and the unexposed by 

balancing method/ matching/ using covariates or weighting (Lanza et al., 2013). The weights 

also known as IPW calculated from PS for average treatment effect was the inverse of 

predicted probability (Rosenbaum, 1987; Lanza et al., 2013). 

Weights for those visiting a dentist: W =  
 

                     
  

Weights for those not visiting a dentist: W =  
 

                        
 

These weights (W) were included as weights in the final regression model. 
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Chapter 4: Results 

4 Results 

4.1 Response rate 

The response rate in the present study was 62.3%. During the study period, 1401 eligible 

participants were approached in 50 villages from the two coastal districts. The total number of 

participants in the study were 873. Among them 522 were from the fishing and 351 were from 

the farming communities. Medical contraindications prevented three people from completing 

the periodontal examination. The strata consisted of taluks, and the survey was conducted in 

five taluks from Uttara Kannada and two taluks in Udupi districts, the villages formed the 

clusters. The survey was conducted in 50 of 58 villages in the two coastal districts. The 

survey was not carried out in eight villages that had poor accessibility and lack of co-

operation from local leaders. It was not possible to select alternate villages with similar 

populations because of time constraints.  

Since there were missing data due to non-response for some items in the questionnaire and 

contraindication for oral examination, the numbers may not add up to 873 in some tables. 

Table 4.1 presents the response rate in each village. The response rate varied between 15% 

and 78.6% in fishing community while it ranged from 8% to 87% in the farming community. 
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Table 4. 1: Response rate by villages 

Villages Fishing Farming  

Approached 

n 

Consented and 

participated 

n (%) 

Approached 

n 

Consented and 

participated 

n (%) 

Total 

1. Baithkol 28 21 (75.0) - - 21 

2. Belambar 28 20 (71.4) - - 20 

3. Bhatkal mvk 28 20 (71.4) - - 20 

4. Brahmavar - - 28 7 (25.0) 7 

5. Chittakul 28 20 (71.4) - - 20 

6. Doddanagudde - - 28 8 (28.6) 8 

7. Gangolli 28 20 (71.4) - - 20 

8. Gokarn 28 19 (67.9) - - 19 

9. Golikumbri - - 28 20 (71.4) 20 

10. Gudeangady - - 28 20 (71.4) 20 

11. Haldipur 28 20 (71.4) - - 20 

12. Halkar 22 6 (27.3) - - 6 

13. Harwada 28 20 (71.4) - - 20 

14. Hegde - - 20 6 (21.4) 6 

15. Holangadde 28 20 (71.4) 28 21 (75.0) 41 

16. Honagadde post 20 3 (15.0) - - 3 

17. Honnavar 28 20 (71.4) - - 20 

18. Hosakuli - - 28 21 (75.0) 21 

19. Indrali - - 23 7 (30.4) 7 

20. Kadekar 28 20 (71.4) 28 16 (57.1) 36 

21. Kadle 20 6 (21.4) - - 6 

22. Kasarkod 28 20 (71.4) - - 20 

23. Kaup 28 21 (75.0) - - 21 

24. Keni 28 20 (71.4) - - 20 

25. Kerekona - - 23 20 (87.0) 20 

26. Kirimanjeshwar 28 22 (78.6) - - 22 



  
    76 

 
  

27. Konarkere - - 21 3 (14.3) 3 

28. Kundapur 28 20 (71.4) - - 20 

29. Kuntwani - - 25 2 (8.0) 2 

30. Magod - - 28 20 (71.4) 20 

31. Majali 28 20 (71.4) - - 20 

32. Malpe 28 20 (71.4) - - 20 

33. Mandarthi - - 28 20 (71.4) 20 

34. Manir - - 27 7 (25.9) 7 

35. Marukere - - 24 2 (8.3) 2 

36. Marvanthe 28 21 (75.0) - - 21 

37. Mugva - - 28 20 (71.4) 20 

38. Murudeshwar 28 20 (71.4) - - 20 

39. Murur - - 28 23 (82.1) 23 

40. Nadipatna 28 18 (64.3) - - 18 

41. Padukere 28 22 (78.6) - - 22 

42. Pandeshwar - - 28 13 (46.4) 13 

43. Pithrody 28 22 (78.6) - - 22 

44. Saligrama - - 28 21 (75.0) 21 

45. Salkod - - 28 20 (71.4) 20 

46. Shankarnarayan - - 28 16 (57.1) 16 

47. Shirali 28 20 (71.4) - - 20 

48. Shirur - - 28 17 (60.7) 17 

49. Thottam 28 21 (75.0) - - 21 

50. Uppunda - - 28 21 (75.0) 21 

Total 762 522 (68.5) 639 351 (54.9) 873 
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4.2 Characteristics of the study participants 

4.2.1 Sociodemographic characteristics of the participants 

Table 4.2 describes the sociodemographic characteristics of participants in both communities. 

Nearly two thirds of the study population were in the 35-44 year age group and nearly 40% 

were in the 45-54 year age-group. Over 65% of the fishing community and 52.4% of the 

farming community were in the younger age-group.  

The study population consisted of a higher proportion (54.2%) of male than female (45.8%) 

participants. Male participants comprised 54.6% of the fishing and 53.6% of the farming 

communities while 45.4% of the fishing and 46.4% of the farming community were females.  

The levels of education attainment were different in each community. Overall a majority 

(81.4%) of the population had attained education up to the secondary level (that is 10
th

 grade 

or less) while less than 20% of the population had attained education past the secondary level. 

Among fisher-folk over 90% had received education upto the secondary level and less than 

10% of the population had received post-secondary education. The education attainment level 

in the farming community was generally higher with over one third of the farming population 

receiving post-secondary education and just over two thirds of them with education upto the 

secondary level.  

Per capita income level was higher in the farming compared to the fishing community with 

nearly 75% of the farming community having high per capita income when compared with 

just over 30% of the fishing population having the same.  

In the present study, nearly two thirds of the study population had poor material 

circumstances. In the fishing community over 75% of the population had poor material 

circumstances and over 61% of farming population had better material circumstances.  
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Overall the fishing population was much younger and had significantly lower SES as 

measured by education, income, and material circumstances than the farming population. 

Table 4. 2: Comparison of sociodemographic characteristics in the two communities 

Communities Fishing (n=522)  

% (95% CI) 

Farming (n=351) 

% (95% CI) 

Total (n=873)  

% (95% CI) 

Sig 

Age-group (Years) 

35-44 65.3 (61.2-69.3) 52.4 (47.2-57.6) 60.1 (56.9-63.3) * 

45-54 34.7 (30.7-38.9) 47.6 (42.4-52.8) 39.9 (36.7-43.2) 

Sex 

Male 54.6 (50.3-58.8) 53.6 (48.3-58.7) 54.2 (50.9-57.5) ns 

Female 45.4 (41.2-49.7) 46.4 (41.3-51.7) 45.8 (42.5-49.1) 

Education level 

Secondary/less 91.2 (87.1-94.1) 66.9 (60.0-73.0) 81.4 (76.5-85.5) * 

Post-secondary 8.8 (5.9-12.9) 33.1 (27.0-40.0) 18.6 (14.5-23.5) 

Per capita income 

Low-middle  69.3 (65.3-73.2) 25.1 (20.8-29.9) 51.5 (48.2-54.9) * 

High  30.7 (26.9-34.7) 74.9 (70.1-79.2) 48.5 (45.2-51.8) 

Material circumstances 

Poor 75.9 (72.0-79.3) 38.2 (33.3-43.4) 60.7 (57.4-63.9) * 

Better 24.1 (20.7-28.0) 61.8 (56.6-66.8) 39.3 (36.1-42.6) 

% are column proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.2.2 Oral health behaviour 

Table 4.3 shows that the proportion of people cleaning their teeth twice daily was 42.2%, 

compared to 57.8% people who reported cleaning once daily or less. A higher proportion 

(57%) of the farming population brushed twice or more per day compared to 32.2% among 

the fishing population. More than 90% of the study population used a toothbrush for cleaning 

their teeth. Less than 10% of the study population used other aids such as finger/twigs/leaves 

for cleaning teeth. Fluoridated toothpaste was used by a vast majority of the fishing 

population (85.6%) whilst a lower percentage (66.7%) of the farming population used 

fluoridated toothpaste. A majority (77.7%) of the study population had visited a dentist. The 

proportion of people who had visited a dentist was higher in the farming (87.7%) compared to 

the fishing community (70.9%). 

Table 4. 3: Comparison of oral health behaviour of people in the two communities 

Communities Fishing (n=522)  

% (95% CI) 

Farming (n=351) 

% (95% CI) 

Total (n=873)  

% (95% CI) 

Sig 

Tooth cleaning frequency 

≤Once/ day 67.8 (61.3-73.7) 43.0 (37.3-49.0) 57.8 (52.2-63.3) * 

≥Twice/ day 32.2 (26.3-38.7) 57.0 (51.0-62.7) 42.2 (36.7-47.8) 

Tooth cleaning method 

Tooth brush 90.0 (86.1-92.9) 95.7 (91.9-97.8) 92.3 (90.0-94.1) ns 

Others 10.0 (7.1-13.9) 4.3 (2.2-8.1) 7.7 (5.9-10.0) 

Fluoridated toothpaste use 

Yes 85.6 (82.1-88.6) 66.7 (61.5-71.4) 78.0 (73.7-81.8) * 

No 14.4 (11.4-17.9) 33.3 (28.6-38.5) 22.0 (18.2-26.3) 

Dental visit 

Yes 70.9 (66.2-75.2) 87.7 (83.3-91.1) 77.7 (73.8-81.1) * 

No 29.1 (24.8-33.8) 12.3 (8.9-16.7) 22.3 (18.9-26.2) 

% are column proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.2.3 General health behaviour 

Table 4.4 presents details of smoking, tobacco chewing, and alcohol habits in the two 

communities. Smoking prevalence was low (8.9%). However, self-reported smoking was 

higher in the fishing (11.5%) than in the farming community (4.8%). The average quantity 

smoked was significantly greater in the fishing population (2.08) pack years, and quantity of 

SLT chewed was significantly higher in the farming community at 2.23 units per day. 

Consumption of alcohol was reported by one-quarter of the study population. Alcohol 

consumption in the fishing community was nearly 10 times higher than in the farming 

community (4%). 
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Table 4. 4: Comparison of smoking, tobacco chewing and alcohol habits in the two 

communities  

Communities Fishing (n=522)  

% (95% CI) 

Farming (n=351) 

% (95% CI) 

Total (n=873)  

% (95% CI) 

Sig 

Smoking 

Yes 11.5 (7.8-16.7) 4.8 (3.0-7.7) 8.9 (6.4-12.1) * 

No 88.5 (83.3-92.2) 95.2 (92.3-97.0) 91.2 (87.9-93.6) 

Smoking status 

Current 6.9 (4.6-10.3) 2.8 (1.7-4.7) 5.3 (3.8-7.4) ns 

Former 4.6 (3.0-7.1) 2.0 (0.9-4.4) 3.6 (2.4-5.2) 

Never 88.5 (83.3-92.2) 95.2 (92.3-97.0) 91.1 (87.9-93.6) 

Type smoked 

Cigarette 2.3 (1.3-4.0) 3.4 (2.1-5.6) 2.7 (1.9-4.0) ns 

Bidi 7.7 (5.1-11.4) 0.3 (0.0-2.1) 4.7 (3.0-7.2) 

Both 1.5 (0.6-4.0) 1.1 (0.5-2.7) 1.4 (0.7-2.8) 

None  88.5 (83.3-92.2) 95.2 (92.3-97.0) 91.2 (87.9-93.6) 

 

Pack years smoked 

Mean 2.08 (0.99-3.16) 0.09 (0.03-0.15) 1.28 (0.58-1.98) 

 

* 

Tobacco chewing 

Yes 23.4 (19.2-28.2) 25.1 (18.9-32.4) 24.1 (20.8-27.6) ns 

No 76.6 (71.8-80.8) 74.9 (67.6-81.1) 75.9 (72.4-79.2) 

 

Tobacco chewing status 

Current  19.9 (16.1-24.5) 23.4 (17.2-30.9) 21.3 (18.2-24.8) ns 

Former  3.4 (2.3-5.2) 1.7 (0.6-5.1) 2.7 (1.8-4.2) 

Never 76.6 (71.8-80.8) 74.9 (67.6-81.1) 75.9 (72.4-79.2) 

 

Units of tobacco chewed/day 

Mean 1.00 (0.68-1.32) 2.23 (1.31-3.14) 1.49 (1.07-1.92) 

 

* 

Consumption of alcohol 

Yes  39.7 (33.4-46.2) 4.0 (2.2-7.3) 25.3 (19.8-31.8) * 

No  60.3 (53.8-66.6) 96.0 (92.7-97.8) 74.7 (68.2-80.2) 

 

% are column proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.2.4 Stress and social support 

Table 4.5 compares stress and social support reported by the farming and fishing people. 

Self-reported stress in the past 2 years showed more than half of the farmers (55.4%) reported 

no stress at any time, this was higher than that reported by the fishing community people. 

People reporting stress all or most of the time was higher in the fishing compared to the 

farming community. The differences were not statistically significant. People of both the 

communities received similar family support. A significantly higher proportion of people 

from the fishing community (66.3%) reported receiving support from people other than 

family members compared to (40.5%) people of the farming community. 

Table 4. 5: Comparison of stress and social support in the two communities 

Communities Fishing (n=522) 

 % (95% CI) 

Farming (n=351) 

% (95% CI) 

Total (n=873) 

 % (95% CI) 

Sig 

Stress in past 2 years 

No stress 44.1 (37.6-50.9) 55.4 (47.8-62.8) 48.7 (43.5-53.9) ns 

Some/ a little of the time 45.7 (38.8-52.7) 36.9 (30.6-43.6) 42.1 (37.3-47.1) 

All/ most of the time 

 

10.2 (7.7-13.3) 7.7 (5.2-11.2) 9.2 (7.4-11.3) 

Family support 

Yes 87.5 (80.4-91.8) 85.2 (76.4-91.1) 86.4 (81.4-90.2) ns 

No 12.5 (8.2-19.6) 14.8 (8.9-23.6) 13.6 (9.8-18.6) 

 

Social support from others 

Yes 66.3 (58.7-73.1) 40.5 (33.0-48.4) 55.9 (49.8-61.8) * 

No 33.7 (26.9-41.3) 59.5 (51.6-67.0) 44.1 (38.2-50.2) 

 

% are column proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.2.5 Dietary and health factors 

Table 4.6 shows that all farming participants consumed vegetables regularly while 72.2% of 

fishing people consumed vegetables at least two days in a week. The frequency of fruit 

consumption (≥ 2 days/ week) was similar in both communities (53%). Diabetes was reported 

by 7.7% of farming and 3.1% of the fishing community. However, prevalence of diabetes in 

the study population was low (4.9%). 

Table 4. 6: Comparison of frequency of vegetable and fruit consumption and diabetes in 

the two communities  

Communities Fishing (n=522) 

% (95% CI) 
Farming (n=351) 

% (95% CI) 
Total (n=873) 

% (95% CI) 
Sig 

Frequency of vegetable  

consumption 
≥2days/ week 72.2 (66.4-77.4) 100.0  83.4 (77.6-87.9) - 

≤1day/ week 27.8 (22.6-33.6) 0.0  16.6 (12.1-22.4) 

Frequency of fruit  

consumption 

≥2days/ week 53.4 (46.3-60.1) 52.7 (47.1-52.2) 53.0 (48.8-57.2) ns 

≤1day/week 46.6 (39.9-53.7) 47.3 (41.8-52.9) 47.0 (42.8-51.2) 

 

Diabetes     

Yes 3.1 (1.9-4.9) 7.7 (5.7-10.3) 4.9 (3.7-6.6) * 

No 96.9 (95.1-98.1) 92.3 (89.7-94.3) 95.1 (93.4-96.3) 

 

% are column proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.2.6 Oral health findings 

Table 4.7 compares the clinical findings in the two communities. Oral examinations revealed 

that nearly two-thirds of this rural population had moderate-heavy plaque accumulation. 

Although the proportion of farming population with moderate-heavy plaque accumulation 

was higher (64.2%) than the fishing population (55.6%), the difference was not statistically 

significant. Prevalence of periodontal disease (moderate-severe) in the total population was 

46.6% and was similar in both rural communities. Categorisation of periodontal disease 

according to extent showed that 8.2% of the total population had no CAL. Therefore, ‘No 

CAL’ category was combined with localised periodontitis. Nearly half of the population had 

generalised periodontitis which was not significantly different between the two rural 

communities. The severity of periodontal disease was mild in both communities with a mean 

CAL of 2.57mm. Tooth loss (at least 6 missing teeth) was greater for the farming (27.9%) 

than the fishing community (11.1%). 
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Table 4. 7: Comparison of clinical findings in people of the two communities 

Communities Fishing (n=520) 

% (95% CI) 

Farming (n=349) 

% (95% CI) 

Total (n=869) 

% (95% CI) 

Sig 

Proportion of sextants with moderate and heavy plaque 

Mean 44.95 (39.77-50.13) 52.06 (45.92-58.20) 47.81 (43.98-51.64) 

 

ns 

Plaque accumulation 

No-minimal 44.4 (40.2-48.7) 35.8 (30.2-41.8) 41.0 (37.2-44.9) ns 

Moderate-heavy 55.6 (51.3-59.8) 64.2 (58.2-69.8) 59.0 (55.1-62.8) 

Prevalence of periodontal disease  

None-mild  52.1 (45.6-58.6) 55.3 (50.2-60.3) 53.4 (48.9-57.8) ns 

Moderate-severe  47.9 (41.4-54.4) 44.7 (39.7-49.8) 46.6 (42.2-51.1) 

 

Extent of periodontal disease  

No CAL 6.8 (4.6-9.8) 10.4 (6.8-15.4) 8.2 (6.3-10.5) ns 

1-30%  41.3 (35.9-47.1) 43.8 (37.4-50.5) 42.3 (38.4-46.4) 

≥30%  

 

51.9 (45.7-58.1) 45.8 (39.0-52.9) 49.5 (45.2-53.8) 

Extent of periodontal disease  

<30%  48.1 (41.9-54.3) 54.2 (47.1-61.0) 50.5 (46.2-54.8) ns 

≥30%  

 

51.9 (45.7-58.1) 45.8 (39.0-52.9) 49.5 (45.2-53.8) 

Severity of periodontal disease  

Mean CAL 2.59 (2.47-2.70) 2.56 (2.42-2.69) 2.57 (2.49-2.66) 

 

ns 

Tooth loss 

<6  88.9 (85.1-91.8) 72.1 (66.4-77.1) 82.1 (78.3-85.4) * 

≥6 11.1 (8.2-14.9) 27.9 (22.9-33.6) 17.9 (14.6-21.7) 

% are column proportions; *non-overlapping 95% CIs indicate statistical significance, ns=not significant; 

CAL=clinical attachment loss 

 

 

 

 

 

 



  
    86 

 
  

4.3 Prevalence of periodontal disease 

4.3.1 Distribution of characteristics in the study population by prevalence of 

periodontal disease 

4.3.1.1 Sociodemographic factors and prevalence of periodontal disease  

The prevalence of periodontitis was significantly higher in the older compared to the younger 

populations. Among the total population aged 45-54 years prevalence was 67.5% compared to 

32.8% in the age-group of 35-44 years as seen in Table 4.8. In the total population, more than 

half of the males had moderate-severe periodontal disease while it was present in 37.8% of 

females. The gender difference was found to be significant for the farming but not the fishing 

community. People with post-secondary education had a lower prevalence of periodontal 

disease (35.2%) than those with less education (49.3%).  
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Table 4. 8: Distribution of the study population according to sociodemographic factors and prevalence of periodontal disease  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-severe 

% (95% CI) 

Sig  n None-mild 

% (95% CI) 

Moderate- severe 

% (95% CI) 

Sig  

Age-group (years)           

35-44  340   66.2 

(60.3-71.6) 

33.8 

(28.4-39.7) 

* 184 

 

69.0 

(61.1-76.0) 

31.0 

(24.0-38.9) 

* 524 67.2 

(62.7-71.3) 

32.8 

(28.7-37.3) 

* 

45-54  180 25.6 

(18.9-33.5) 

74.4 

(66.5-81.1) 

165 

 

40.0 

(33.2-47.2) 

60.0 

(52.8-66.8) 

345 32.5 

(27.3-38.1) 

67.5 

(61.9-72.7) 

Sex             

Males  285 46.0 

(38.5-53.6) 

54.0 

(46.4-61.5) 

ns 187 

 

46.0 

(40.9-51.2) 

54.0 

(48.8-59.1) 

* 472 46.0 

(41.0-51.0) 

54.0 

(49.0-59.0) 

* 

Females 235 59.6 

(51.7-67.0) 

40.4 

(33.0-48.3) 

162 

 

66.0 

(56.5-74.5) 

34.0 

(25.5-43.5) 

397 62.2 

(56.6-67.5) 

37.8 

(32.5-43.4) 

Education level           

Secondary/ less 474 50.0 

(43.2-56.8) 

50.0 

(43.2-56.8) 

ns 232 

 

52.2 

(45.9-58.4) 

47.8 

(41.6-54.1) 

ns 706 50.7 

(45.9-55.5) 

49.3 

(44.5-54.1) 

* 

Post-secondary 46 73.9 

(53.8-87.3) 

26.1 

(12.7-46.2) 

116 61.2 

(51.9-69.8) 

38.8 

(30.2-48.1) 

162 64.8 

(56.6-72.2) 

35.2 

(27.8-43.4) 

Per capita income 
ⱡ
           

Low-middle  332 50.9 

(44.2-57.6) 

49.1 

(42.4-55.8) 

ns 63 42.9 

(30.6-56.0) 

57.1 

(44.0-69.4) 

ns 395 49.6 

(43.9-55.4) 

50.4 

(44.6-56.1) 

ns 

High  160 54.4 

(43.7-64.7) 

45.6 

(35.3-56.3) 

262 56.9 

(50.9-62.6) 

43.1 

(37.4-49.1) 

422 55.9 

(50.8-60.9) 

44.1 

(39.1-49.2) 

Material circumstances           

Poor 394 50.5 

(42.8-58.2) 

49.5  

(41.8-57.2) 

ns 133 45.1 

(34.9-55.8) 

54.9 

(44.2-65.1) 

* 527 49.1 

(43.1-55.2) 

50.9 

(44.8-56.9) 

ns 

Better 126 57.1 

(47.3-66.5) 

42.9 

(33.5-52.7) 

216 61.6 

(54.5-68.2) 

38.4 

(31.8-45.5) 

342 59.9 

(54.7-65.0) 

40.1 

(35.0-45.3) 
ⱡ
Missing data; % are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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4.3.1.2 Oral health behaviour by prevalence of periodontal disease  

As seen in Table 4.9, people using other methods like finger/twigs to clean their teeth had significantly higher prevalence (67.2%) than those 

who used toothbrush (45%). A similar difference was seen for the fishing community however, this was not significant for the farming 

community. Variation in prevalence by frequency of teeth cleaning and dental visiting were not observed in both communities. 

Table 4. 9: Distribution of the study population according to oral health behaviour and the prevalence of periodontal disease  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig 

Tooth cleaning frequency           

≤Once/day 353 

 

49.0 

(41.5-56.6) 

51.0 

(43.4-58.5) 

ns 150 52.0 

(43.6-60.3) 

48.0 

(39.7-56.4) 

ns 503 49.9 

(44.3-55.5) 

50.1 

(44.5-55.7) 

ns 

≥Twice/ day 167 58.7 

(52.1-65.0) 

41.3 

(35.0-47.9) 

199 57.8 

(50.0-65.2) 

42.2 

(34.8-50.0) 

366 58.2 

(52.9-63.3) 

41.8 

(36.7-47.1) 

Tooth cleaning method           

Tooth brush 466 54.7 

(47.6-61.6) 

45.3 

(38.4-52.4) 

* 334 55.4 

(50.1-60.6) 

44.6 

(39.4-49.9) 

ns 800 55.0 

(50.5-59.4) 

45.0 

(40.6-49.5) 

* 

Others 52 26.9 

(17.3-39.3) 

73.1 

(60.7-82.7) 

15 53.3 

(27.2-77.7) 

46.7 

(22.3-72.8) 

67 32.8 

(22.3-45.4) 

67.2 

(54.6-77.7) 

Dental visit           

Yes 368 56.5 

(48.0-64.7) 

43.5 

(35.3-52.0) 

ns 306 55.6 

(50.1-60.9) 

44.4 

(39.1-49.9) 

ns 674 56.1 

(51.0-61.0) 

43.9 

(39.0-49.0) 

ns 

No 152 41.4 

(33.3-50.0) 

58.6 

(50.0-66.7) 

43 53.5 

(40.7-65.8) 

46.5 

(34.2-59.3) 

195 44.1 

(36.3-52.2) 

55.9 

(47.8-63.7) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.3.1.3 General health behaviour by prevalence of periodontal disease  

Table 4.10 compares periodontal disease prevalence by habits in the two communities. In the total population, moderate-severe periodontal 

disease was present in a higher proportion among smokers (75.3%), chewers (67%), and alcohol consumers (62.4%) compared to non-smokers 

(43.8%), non-chewers (40.2%), and non-alcohol consumers (41.2%) respectively. Community-wise comparison showed that variation in 

prevalence by smoking and alcohol use was present in the fishing but not the farming community. More than two-thirds of tobacco chewers had 

periodontal disease, which was significantly higher than among non-chewers in both populations. People with moderate-severe periodontal 

disease smoked on an average 2.55 pack years of beedies or cigarettes while those without periodontal disease smoked significantly less (0.18) 

pack years. Similarly, the mean number of units of tobacco chewed per day by those with moderate-severe periodontal disease (2.38) was greater 

than those with no periodontal disease (0.70). 
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Table 4. 10: Distribution of the study population according to the prevalence of periodontal disease, smoking, tobacco chewing and 

alcohol drinking habits  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Smoking           

Yes 60 25.0 

(15.4-37.9) 

75.0 

(62.1-84.6) 
* 17 23.5 

(7.3-54.6) 

76.5 

(45.4-92.7) 

ns 77 24.7 

(16.2-35.7) 

75.3 

(64.3-83.8) 

* 

No 460 55.7 

(49.0-62.1) 

44.3 

(37.9-51.0) 

332 56.9 

(50.6-63.0) 

43.1 

(37.0-49.4) 

792 56.2 

(51.7-60.5) 

43.8 

(39.5-48.3) 

Smoking status           

Current 36 19.4 

(10.6-33.0) 

80.6 

(67.0-89.4) 

* 10 30.0 

(9.9-62.7) 

70.0 

(37.3-90.1) 

ns 46 21.7 

(12.9-34.2) 

78.3 

(65.8-87.1) 

* 

Former  24 33.3 

(18.5-52.3) 

66.7 

(47.7-81.5) 

7 14.3 

(1.3-68.4) 

85.7 

(31.6-98.7) 

31 29.0 

(16.2-46.5) 

71.0 

(53.5-83.8) 

Never 460 55.7 

(49.0-62.1) 

44.3 

(37.9-51.0) 

332 56.9 

(50.6-63.0) 

43.1 

(37.0-49.4) 

792 56.2 

(51.7-60.5) 

43.8 

(39.5-48.3) 

Pack years           

Mean 520 0.28 

(0.01–0.54) 

4.05 

(1.95–6.15) 

* 349 0.04 

(-0.01–0.08) 

0.15 

(-0.01–0.31) 

ns 869 0.18 

(0.03–0.33) 

2.55 

(1.20–3.71) 

* 

Tobacco chewing           

Yes 122 33.6 

(25.0-43.5) 

66.4 

(56.5-75.0) 

* 87 32.2 

(20.5-46.6) 

67.8 

(53.4-79.5) 

* 209 33.0 

(26.0-40.9) 

67.0 

(59.1-74.0) 

* 

No  398 57.8 

(49.6-65.5) 

42.2 

(34.5-50.4) 

262 63.0 

(57.0-68.6) 

37.0 

(31.4-43.0) 

660 59.8 

(54.7-64.8) 

40.2 

(35.2-45.3) 

Tobacco chewing status           

Current 104 32.7 

(23.4-43.6) 

67.3 

(56.4-76.6) 

* 81 32.1 

(20.7-46.2) 

67.9 

(53.8-79.3) 

* 185 32.4 

(25.2-40.6) 

67.6 

(59.4-74.8) 

* 

Former  18 38.9 

(16.6-67.0) 

61.1 

(33.0-83.4) 

6 33.3 

(5.5-81.2) 

66.7 

(18.8-94.5) 

24 37.5 

(18.5-61.3) 

62.5 

(38.7-81.5) 

Never 398 57.8 

(49.6-65.5) 

42.2 

(34.5-50.4) 

262 63.0 

(57.0-68.6) 

37.0 

(31.4-43.0) 

660 59.8 

(54.7-64.8) 

40.2 

(35.2-45.3) 
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Units of tobacco chewed/day 

Mean 519 0.40 

(0.21–0.59) 

1.66 

(0.94–2.38) 

* 349 1.12 

(0.55–1.69) 

3.5 

4(2.07–5.01) 

* 868 0.70 

(0.42–0.98) 

2.38 

(1.62–3.14) 

* 

Alcohol           

Yes 207 37.2 

(29.1-46.1) 

62.8 

(53.9-70.9) 

* 14 42.9 

(17.1-73.1) 

57.1 

(26.9-82.9) 

ns 221 37.6 

(30.0-45.8) 

62.4 

(54.2-70.0) 

* 

No  313 62.0 

(54.5-68.9) 

38.0 

(31.1-45.5) 

335 55.8 

(50.4-61.1) 

44.2 

(38.9-49.6) 

648 58.8 

(54.3-63.2) 

41.2 

(36.8-45.7) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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4.3.1.4 Stress and social support by prevalence of periodontal disease  

Table 4.11 shows that periodontal disease prevalence did not vary significantly by stress and family support. However, there was a significant 

difference by social support received from others in the total population. 

Table 4. 11: Distribution of the study population according to the prevalence of periodontal disease, stress, and social support  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Stress in past 2 years           

No stress 229 51.5 

(43.5-59.5) 

48.5 

(40.5-56.5) 

ns 193 58.0 

(51.9-63.9) 

42.0 

(36.1-48.1) 

ns 422 54.5 

(49.1-59.8) 

45.5 

(40.2-50.9) 

ns 

Some/ a little of the time 237 55.7 

(46.7-64.4) 

44.3 

(35.6-53.3) 

128 50.0 

(39.5-60.5) 

50.0 

(39.5-60.5) 

365 53.7 

(47.1-60.1) 

46.3 

(39.9-52.9) 

All/ most of the time 

 

53 39.6 

(25.9-55.2) 

60.4 

(44.8-74.1) 

27 59.3 

(37.2-78.2) 

40.7 

(21.8-62.8) 

80 46.3 

(34.8-58.1) 

53.8 

(41.9-65.2) 

Family support           

Yes  453 53.0 

(45.5-60.4) 

47.0 

(39.6-54.5) 

ns 297 55.6 

(50.1-60.9) 

44.4 

(33.1-49.9) 

ns 

 

750 54.0 

(49.2-58.7) 

46.0 

(41.3-50.8) 

ns 

No  65 46.2 

(32.6-60.4) 

53.8 

(39.6-67.4) 

52 53.8 

(37.8-69.1) 

46.2 

(30.9-62.2) 

117 49.6 

(39.7-59.5) 

50.4 

(40.5-60.3) 

Social support from others           

Yes  346 56.4 

(49.5-62.9) 

43.6 

(37.1-50.5) 

ns 141 65.2 

(55.3-74.0) 

34.8 

(26.0-44.7) 

ns 487 58.9 

(53.8-63.9) 

41.1 

(36.1-46.2) 

* 

No  174 43.7 

(33.6-54.4) 

56.3 

(45.6-66.4) 

208 48.6 

(41.0-56.2) 

51.4 

(43.8-59.0) 

382 46.3 

(40.0-52.8) 

53.7 

(47.2-60.0) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.3.1.5 Diet and diabetes by prevalence of periodontal disease  

Table 4.12 shows that in the total population, and the farming community people who consumed fruits less regularly (≤ 1 day/week) had a higher 

prevalence (52.7%) of moderate-severe periodontal disease than those who consumed fruit at least 2 days per week (37.5%). The difference was 

statistically significant. Similar change in prevalence by frequency of fruit consumption was observed in the fishing community but was not 

statistically significant. 

Table 4. 12: Distribution of the study population according to the prevalence of periodontal disease, vegetable, fruit consumption and 

diabetes  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Frequency of vegetable consumption           

≥2days/week 376 54.8 

(47.0-60.5) 

45.2 

(39.5-51.0) 

ns 349 55.3 

(50.0-60.5) 

44.7 

(39.5-50.0) 

 725 55.0 

(51.1-58.9) 

45.0 

(41.1-48.9) 

ns 

≤1day/week 144 45.1 

(33.5-57.4) 

54.9 

(42.6-66.5) 

- - - 144 45.1 

(34.1-56.7) 

54.9 

(43.3-65.9) 

Frequency of fruit consumption           

≥2days/week 277 56.7 

(48.5-64.5) 

43.3 

(35.5-51.5) 

ns 184 62.5 

(55.7-68.8) 

37.5 

(31.2-44.3) 

* 461 59.0 

(53.3-64.5) 

41.0 

(35.5-46.7) 

* 

≤1day/week 242 47.1 

(37.7-56.7) 

52.9 

(43.3-62.3) 

165 47.3 

(40.0-54.7) 

52.7 

(45.3-60.0) 

407 47.2 

(41.1-53.3) 

52.8 

(46.7-58.9) 

Diabetes           

Yes 16 25.0 

(9.2-52.4) 

75.0 

(47.6-90.8) 

ns 25 48.0 

(32.0-64.4) 

52.0 

(35.6-68.0) 

ns 41 39.0 

(27.0-52.5) 

61.0 

(47.5-73.0) 

ns 

No 504 53.0 

(46.3-59.6) 

47.0 

(40.4-53.7) 

324 55.9 

(50.0-61.5) 

44.1 

(38.5-50.0) 

828 54.1 

(49.6-58.5) 

45.9 

(41.5-50.4) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.3.1.6 Oral hygiene by prevalence of periodontal disease  

From Table 4.13, it can be observed that a higher proportion of the fishing population (63.7%) with moderate-heavy plaque accumulation had 

periodontitis compared to 27.8% of those with no or minimal plaque accumulation. Relatively lower prevalence (56.8%) was seen among 

farming population with moderate-heavy plaque deposition. Overall 60.7% of people with moderate-heavy plaque accumulation had periodontal 

disease this was higher than the 25.9% of the population with no or minimal plaque accumulation. 

Table 4. 13: Distribution of the study population according to the prevalence of periodontal disease by plaque accumulation  

Communities Fishing (n=519)  Farming (n=347)  Total (n=866)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate- 

severe 

% (95% CI) 

Sig  

Proportion of sextant with moderate and 

heavy plaque 

          

Mean 519 28.58 

(23.09-34.07) 

63.02 

(56.43-69.62) 

* 347 37.53 

(28.11-46.95) 

69.77 

(64.07-75.48) 

 

*  32.30 

(27.22-37.38) 

 

65.61 

(60.69-70.52) 

 

* 

Plaque accumulation           

No-minimal 230 72.2 

(63.1-79.7) 

27.8 

(20.3-36.9) 

* 125 77.6 

(69.5-84.1) 

22.4 

(15.9-30.5) 

* 355 74.1 

(68.1-79.3) 

25.9 

(20.7-31.9) 

*  

Moderate-heavy 289 36.3 

(29.0-44.4) 

63.7 

(55.6-71.0) 

222 43.2 

(36.1-50.7) 

56.8 

(49.3-63.9) 

511 39.3 

(33.9-45.0) 

60.7 

(55.0-66.1) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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4.3.2 Age stratified analysis of risk indicators by prevalence of periodontal disease  

Females in the younger and older age groups had significantly lower prevalence of 

periodontal disease than males as seen in Table 4.14. There were no differences in prevalence 

by socioeconomic indicators in either age-group. 

Table 4. 14: Distribution of the participants according to the prevalence of periodontal 

disease and sociodemographic factors stratified by age-groups 

Age-groups (years) 35-44 years (n=524)  45-54 years (n=345)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Sex         

Males  270 60.7 

(54.5-66.7) 

39.3 

(33.3-45.5) 

* 202 26.2 

(20.7-32.6) 

73.8 

(67.4-79.3) 

* 

Females 254 74.0 

(69.7-77.9) 

26.0 

(22.1-30.3) 

143 41.3 

(33.5-49.5) 

58.7 

(50.5-66.5) 

Education level       

Secondary/ less 421 64.4 

(59.2-69.2) 

35.6 

(30.8-40.8) 

ns 285 30.5 

(25.4-36.2) 

69.5 

(63.8-74.6) 

ns 

Post-sec 102 78.4 

(67.7-86.3) 

21.6 

(13.7-32.3) 

60 41.7 

(31.3-52.9) 

58.3 

(47.1-68.7) 

Per capita income 
ⱡ
       

Low-middle  256 63.7 

(57.8-69.2) 

36.3 

(30.8-42.2) 

ns 139 23.7 

(17.7-31.0) 

76.3 

(69.0-82.3) 

ns 

High  243 69.5 

(63.2-75.3) 

30.5 

(24.7-36.8) 

179 37.4 

(30.5-44.9) 

62.6 

(55.1-69.5) 

Material circumstances       

Poor 306 63.7 

(57.9-69.1) 

36.3 

(30.9-42.1) 

ns 221 29.0 

(23.3-35.4) 

71.0 

(64.6-76.7) 

ns 

Better 218 72.0 

(65.9-77.4) 

28.0 

(22.6-34.1) 

124 38.7 

(30.4-47.7) 

61.3 

(52.3-69.6) 

ⱡ
Missing data; % are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not 

significant 

 

 

 



  
96 

 
  

Bivariate analysis for oral health behaviour and periodontal disease prevalence are presented 

in Table 4.15. When the tooth cleaning method was compared, people in the younger age 

group (35-44 years) who used a toothbrush for cleaning had significantly lower prevalence 

(31.2%) of periodontal disease compared to people who used other methods for tooth cleaning 

(62.1%). In people of the older age group the method of tooth cleaning was not associated 

with the prevalence of periodontal disease. 

Table 4. 15: Distribution of the participants according to the prevalence of periodontal 

disease and oral health behaviour stratified by age-groups  

Age-groups (years) 35-44 (n=524)  45-54 (n=345)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Tooth cleaning frequency       

≤Once/day 291 64.9 

(59.0-70.5) 

35.1 

(29.5-41.0) 

ns 212 29.2 

(23.3-36.1) 

70.8 

(63.9-76.7) 

ns 

≥Twice/day 233 70.0 

(64.0-75.3) 

30.0 

(24.7-36.0) 

133 37.6 

(28.7-47.4) 

62.4 

(52.6-71.3) 

Tooth cleaning method       

Tooth brush 493 68.8 

(64.3-72.9) 

31.2 

(27.1-35.7) 

* 307 32.9 

(27.6-38.7) 

67.1 

(61.3-72.4) 

ns 

Others 29 37.9 

(24.8-53.2) 

62.1 

(46.8-75.2) 

38 28.9 

(16.9-44.9) 

71.1 

(55.1-83.1) 

Dental visit       

Yes 411 69.8 

(65.0-74.3) 

30.2 

(25.7-35.0) 

ns 263 34.6 

(28.6-41.1) 

65.4 

(58.9-71.4) 

ns 

No 113 57.5 

(48.8-65.8) 

42.5 

(34.2-51.2) 

82 25.6 

(16.7-37.1) 

74.4 

(62.9-83.3) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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Table 4.16 shows, smokers in the younger age-group (35-44 years) had a higher prevalence 

(60%) of periodontitis compared to non-smokers (31.7%). However, the association was not 

statistically significant in people of the older age group. Tobacco chewers and alcohol 

consumers in both the age groups had significantly higher prevalence of periodontal disease 

than non-chewers and non-alcohol consumers.  

Table 4. 16: Distribution of the participants according to the prevalence of periodontal 

disease, smoking, tobacco chewing and alcohol drinking stratified by age-groups 

Age-groups (years) 35-44 (n=524)  45-54 (n=345)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Smoking       

Yes 20 40.0 

(21.5-61.9) 

60.0 

(38.1-78.5) 

* 57 19.3 

(10.6-32.5) 

46 

(67.5-89.4) 

ns 

No 504 68.3 

(63.8-72.4) 

31.7 

(27.6-36.2) 

288 35.1 

(29.7-40.8) 

64.9 

(59.2-70.3) 

Tobacco chewing       

Yes 110 49.1 

(41.2-57.1) 

50.9 

(42.9-58.8) 

* 99 15.2 

(8.1-26.6) 

84.8 

(73.4-91.9) 

* 

No  414 72.0 

(67.5-76.0) 

28.0 

(24.0-32.5) 

246 39.4 

(32.6-46.7) 

60.6 

(53.3-67.4) 

Alcohol       

Yes 122 53.3 

(43.1-63.2) 

46.7 

(36.8-56.9) 

* 99 18.2 

(12.1-26.5) 

81.8 

(73.5-87.9) 

* 

No  402 71.4 

(66.6-75.7) 

28.6 

(24.3-33.4) 

246 38.2 

(32.7-44.0) 

61.8 

(56.0-67.3) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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From Table 4.17, it can be inferred that stress, family support and social support received 

from others were not associated with periodontal disease in participants of either age group. 

Table 4. 17: Distribution of the participants according to the prevalence of periodontal 

disease, stress, social support stratified by age-groups 

Age-groups (years) 35-44 (n=524)  45-54 (n=345)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Stress in past 2 years       

No stress 264 68.6 

(62.5-74.0) 

31.4 

(26.0-37.5) 

ns 158 31.0 

(23.4-39.8) 

69.0 

(60.2-76.6) 

ns 

Some/ a little of the 

time 

210 68.1 

(61.0-74.5) 

31.9 

(25.5-39.0) 

155 34.2 

(25.9-43.6) 

65.8 

(56.4-74.1) 

All/ most of the time 

 

49 57.1 

(39.6-73.1) 

42.9 

(26.9-60.4) 

31 29.0 

(16.8-45.3) 

71.0 

(54.7-83.2) 

Family support       

Yes  463 68.3 

(63.6-72.5) 

31.7 

(27.5-36.4) 

ns 287 31.0 

(25.3-37.4) 

69.0 

(62.6-74.7) 

ns 

No  59 59.3 

(46.6-70.9) 

40.7 

(29.1-53.4) 

58 39.7 

(28.3-52.3) 

60.3 

(47.7-71.1) 

Social support from others       

Yes  345 70.7 

(64.8-75.0) 

29.9 

(25.0-35.2) 

ns 142 31.7 

(23.6-41.1) 

68.3 

(58.9-76.4) 

ns 

No  179 

 

61.5 

(52.2-69.9) 

38.5 

(30.1-47.8) 

203 33.0 

(26.5-40.2) 

67.0 

(59.8-73.5) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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According to Table 4.18 people consuming vegetables at least 2 days/week had a lower 

prevalence (64.5%) of periodontal disease compared to those eating one day or less (85.7%) 

in the older age-group. Frequency of fruit consumption did not show any differences with the 

prevalence of periodontal disease in people of both age groups. None of the younger people 

with diabetes (n=6) had moderate-severe periodontal disease. Among people of the older age 

group diabetes did not show an association with periodontal disease. 

Table 4. 18: Distribution of the participants according to the prevalence of periodontal 

disease, vegetable, fruit consumption and diabetes stratified by age-groups 

Age-groups (years) 35-44 (n=524)  45-54 (n=345)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Frequency of vegetable consumption       

≥2days/week 429 68.5 

(64.4-72.4) 

31.5 

(27.6-35.6) 

ns 296 35.5 

(30.6-40.7) 

64.5 

(59.3-69.4) 

* 

≤1day/week 95 61.1 

(49.5-71.5) 

38.9 

(28.5-50.5) 

49 14.3 

(6.3-29.3) 

85.7 

(70.7-93.7) 

Frequency of fruit consumption       

≥2days /week 296 70.3 

(64.6-75.3) 

29.7 

(24.7-35.4) 

ns 165 38.8 

(29.6-48.9) 

61.2 

(51.1-70.4) 

ns 

≤1day /week 227 63.4 

(56.4-70.0) 

36.6 

(30.0-43.6) 

180 26.7 

(21.1-33.1) 

73.3 

(66.9-78.9) 

Diabetes       

Yes 6 100 0 * 35 28.6 

(17.7-42.7) 

71.4 

(57.3-82.3) 

ns 

No 518 66.8 

(62.4-70.9) 

33.2 

(29.1-37.6) 

310 32.9 

(27.4-38.9) 

67.1 

(61.1-72.6) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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Prevalence of periodontal disease was higher in people with moderate-heavy plaque 

accumulation in both the age-groups and this was statistically significant. However, the 

prevalence of periodontal disease was higher in people of older than the younger age-group 

(Table 4.19). 

Table 4. 19: Distribution of the participants according to the prevalence of periodontal 

disease and plaque accumulation stratified by age-groups 

Communities 35-44 years (n=524)  45-54 years (n=345)  

Periodontal disease n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig   n None-mild 

% (95% CI) 

Moderate-

severe 

% (95% CI) 

Sig  

Plaque accumulation       

No-minimal 268 82.1 

(77.7-85.8) 

17.9 

(14.2-22.3) 

* 87 49.4 

(35.4-63.5) 

50.6 

(36.5-64.6) 

* 

Moderate-heavy 255 51.8 

(44.5-58.9) 

48.2 

(41.1-55.5) 

256 27.0 

(21.6-33.0) 

73.0 

(67.0-78.4) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 

4.3.3 Risk indicators for prevalence of periodontal disease  

4.3.3.1 Crude association between risk indicators and prevalence of periodontal disease  

In Table 4.20, crude measures of association (unadjusted PRs) for each of the explanatory 

variables are presented. Among all the variables plaque (PR = 2.34 [95% CI = 1.87-2.93]) and 

age (PR = 2.06 [95% CI = 1.79-2.37]) were strongly associated with periodontitis followed by 

smoking (PR=1.72 [95% CI = 1.48-2.00]) chewing tobacco (PR=1.67, 95% CI 1.41-1.97) and 

alcohol (PR=1.52 [95% CI = 1.30-1.77]).Other variables such as sex, education, per capita 

income, material circumstances, oral health behaviour, diet and social support from others 

were significant indicators of periodontal disease prevalence at the bivariate level. 
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Table 4. 20: Unadjusted prevalence ratios for prevalence of periodontal disease in the 

study population 

Explanatory variables Ref Fishing Farming Total 

  PR (95% CI) PR (95% CI) PR (95% CI) 

Age (45-54 years) 35-44 2.20 (1.86-2.60)* 1.94 (1.50-2.50)* 2.06 (1.79-2.37)* 

Sex (Males) Females  1.34 (1.13-1.58)* 1.59 (1.22-2.08)* 1.43 (1.24-1.66)* 

Education level (Low) High  1.92 (1.02-3.61)* 1.23 (0.96-1.58) 1.40 (1.12-1.76)* 

Per capita income (low) High  1.08 (0.87-1.33) 1.32 (1.03-1.70)* 1.14 (1.01-1.30)* 

Material circumstances 

(Poor) 

Better 1.15 (0.91-1.47) 1.43 (1.08-1.89)* 1.27 (1.07-1.50)* 

Tooth cleaning 

frequency (≤ Once/day) 

≥Twice/day 1.23 (1.07-1.42)* 1.14 (0.88-1.44) 1.20 (1.03-1.39)* 

Tooth cleaning method 

(Others) 

Toothbrush 1.61 (1.32-1.97)* 1.05 (0.60-1.81) 1.49 (1.23-1.81)* 

Dental visit (No) Yes 1.35 (1.08-1.68)* 1.05 (0.80-1.37) 1.27 (1.07-1.51)* 

Smoking (Yes) No  1.69 (1.42-2.02)* 1.78 (1.20-1.62)* 1.72 (1.48-2.00)* 

Tobacco chewing (Yes) No  1.57 (1.24-2.00)* 1.83 (1.44-2.32)* 1.67 (1.41-1.97)* 

Alcohol (Yes) No  1.65 (1.34-2.04)* 1.29 (0.74-2.25) 1.52 (1.30-1.77)* 

Vegetable consumption 

(≤1day/week) 

≥2days/week 1.21 (1.01-1.45)* – 1.22 (1.00-1.48) 

Fruit consumption 

(≤1day/ week) 

≥2days/week 1.22 (0.98-1.52) 1.41 (1.13-1.75)* 1.29 (1.09-1.52)* 

Stress (Some) None  0.91 (0.74-1.13) 1.19 (0.92-1.54) 1.02 (0.86-1.21) 

Stress (Most) None  1.25 (1.00-1.55) 0.97 (0.57-1.65) 1.18 (0.96-1.45) 

Family support (No) Yes 1.15 (0.86-1.52) 1.04 (0.75-1.45) 1.10 (0.89-1.35) 

Social support from 

others (No) 

Yes 1.29 (1.06-1.57)* 1.48 (1.09-2.02)* 1.31 (1.12-1.52)* 

Plaque 

(Moderate/heavy) 

No/mild 2.29 (1.72-3.05)* 2.53 (1.82-3.52)* 2.34 (1.87-2.93)* 

Diabetes (Yes) No  1.59 (1.25-2.04)* 1.18 (0.84-1.66) 1.33 (1.07-1.65)* 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category 
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4.3.3.2 Multivariable regression model for the prevalence of moderate-severe 

periodontal disease among the 35-44 year old people 

Table 4.21 presents the log-binomial regression model for prevalence of periodontitis in the 

age-group of 35-44 years. Plaque, tooth cleaning methods, chewing tobacco and sex were 

related to periodontitis in the model. Plaque accumulation in moderate-heavy amounts 

significantly increased the likelihood of periodontal disease compared to no or minimal 

plaque accumulation. Tooth cleaning methods and chewing tobacco were related to 

periodontitis. People who cleaned their teeth with finger or twigs had higher PRs than those 

who used a tooth brush. Tobacco chewing, gender, smoking and alcohol were not associated 

with periodontal disease in people of this age-group. 
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Table 4. 21: Multivariable regression model for prevalence of periodontal disease in 35-

44 year age-group people  

Variables Categories  Adjusted PR 

(95% CI)  

Sex Male  1.23 (0.92-1.65) 

Female  Ref 

Education levels 

 

 

Secondary/less 1.33 (0.88-2.02) 

Post-secondary Ref 

Per capita income 

 

 

Low-middle 1.02 (0.80-1.28) 

High Ref 

Material circumstances Poor  1.02 (0.77-1.35) 

Better  Ref 

Tooth cleaning method 

 

 

Others 1.38 (0.99-1.94) 

Toothbrush Ref 

Dental visit 

 

 

Yes  Ref 

No  1.11 (0.90-1.37) 

Smoking  Yes  1.08 (0.73-1.60) 

No  Ref 

Tobacco chewing Yes  1.26 (0.96-1.65) 

No  Ref 

Alcohol Yes  1.18 (0.79-1.76) 

No  Ref 

Frequency of vegetable 

consumption 

 

≤1 day/week 0.94 (0.67-1.32) 

≥2 days/week Ref 

Frequency of fruit 

consumption 

≤1 day/week 1.07 (0.84-1.38) 

≥2 days/week Ref 

Family support 

 

 

Yes  Ref 

No  1.21 (0.85-1.72) 

Social support from 

others  

 

Yes  Ref 

No  

 

1.21 (0.92-1.64) 

 

Plaque accumulation 

 

 

No-minimal Ref 

Moderate-heavy 2.30 (1.65-3.22)* 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category;  

R
2
=0.1650;  

VIF=1.05-1.67 
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4.3.3.3 Multivariable regression model for the prevalence of moderate-severe 

periodontal disease among the 45-54 year old people 

Multivariable log-binomial regression model for prevalence of periodontitis in 45-54 year age 

group is presented in Table 4.22. Chewing tobacco was significantly associated with 

periodontitis. Chewers had a higher likelihood (PR = 1.29 [95% CI = 1.10-1.51]) of 

periodontitis compared to non-chewers. SES, oral health behaviour, plaque, diet, smoking and 

alcohol were not significantly associated with the prevalence of periodontitis. 

Table 4. 22: Multivariable regression model for prevalence of periodontal disease in the 

45-54 year age-group people  

Variables Categories  Adjusted PR 

(95% CI) 

Sex Male  1.14 (0.96-1.36) 

Female  Ref  

Education levels Secondary/less 1.15 (0.93-1.44) 

Post-secondary Ref  

Per capita income Low-middle 1.17 (0.99-1.39) 

High  Ref  

Material circumstances 

 

 

Poor 1.00 (0.84-1.18) 

Better  Ref 

Frequency of tooth 

cleaning 

 

≤ Once/day 0.96 (0.83-1.12) 

≥Twice/day Ref 

Dental visit 

 

 

Yes  Ref  

No  0.95 (0.80-1.13) 

Smoking  Yes  0.96 (0.80-1.14) 

No  Ref  

Tobacco chewing Yes  1.29 (1.10-1.51)* 

No  Ref  

Alcohol 

 

 

Yes  1.12 (0.86-1.46) 

No  Ref  

Frequency of vegetable 

consumption 

≤1 day/week 1.10 (0.92-1.31) 

≥2 days/week 

 

Ref  

 

 

Frequency of fruit 

consumption 

 

≤1 day/week 1.08 (0.92-1.27) 

≥2 days/week Ref  

Plaque accumulation No-minimal Ref  

Moderate-heavy 1.26 (0.98-1.63) 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category; R
2
=0.1314;  

VIF=1.07-2.05 
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4.3.3.4 Multivariable model and population attributable fraction for prevalence of 

moderate-severe periodontitis 

Modelling for moderate-severe periodontal disease was undertaken using log-binomial 

regression and is presented in Table 4.23. When all explanatory variables were entered 

simultaneously in the model adjusting for each other, plaque accumulation (PR = 1.78 [95% 

CI = 1.40-2.27]) was the most strongly associated risk indicator. People aged 45-54 years had 

68% higher risk for periodontal disease (PR = 1.68 [95% CI = 1.44-1.96]) than those aged 35-

44 years. Chewing tobacco (PR = 1.28 [95% CI = 1.13-1.46]) and lower education (PR = 1.22 

[95% CI = 1.00-1.48]) were the other risk indicators associated with periodontal disease. 

PAFs for significant risk indicators in the decreasing order was observed for plaque (26%), 

age (16%), education (15%) and chewing tobacco (5%). 
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Table 4. 23: Multivariable regression model and population attributable fraction for the 

risk indicators of periodontal disease prevalence in the study population 

Variables Categories  Adjusted PR  

(95% CI) 

PAF % 

 (95% CI) 

Age 35-44 years Ref  

45-54 years 
 

1.68 (1.44–1.96)* 16 (12-20) 

Sex Male  1.15 (0.99–1.35)  

Female  Ref  

 

Education levels Secondary/less 1.22 (1.00-1.48) 15 (0-26) 

Post-secondary 

 

Ref   

Per capita income Low-middle 1.12 (0.95-1.31)  

High 

 

Ref   

Material circumstances Poor  1.00 (0.84–1.19)  

Better  Ref  

 

Tooth cleaning 

frequency 

≤once/day 0.98 (0.84–1.13)  

≥twice/day Ref  

 

Tooth cleaning method 

 

Others 1.06 (0.87-1.17)  

Toothbrush 

 

Ref   

Dental visit Yes  Ref  

No  

 

1.01 (0.87–1.17)  

Smoking  Yes  1.01 (0.86–1.18)  

No  Ref  

 

Tobacco chewing Yes  1.28 (1.13–1.46)* 5 (3-8) 

No  Ref   

 

Alcohol Yes  1.19 (0.95-1.48)  

No  Ref  

 

Frequency of fruit 

consumption 

≤1 day/week 1.08 (0.93–1.25)  

≥2 days/week Ref  

 

Social support from 

others  

Yes  Ref  

No  

 

1.09 (0.93–1.29)  

Plaque  No-minimal Ref  

Moderate-heavy 

 

1.78 (1.40–2.27)* 26 (17-33) 

 

Diabetes Yes  1.00 (0.81–1.24)  

No  Ref  

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category; 

R
2
=0.2335; 

VIF=1.08-1.64 
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4.3.4 Clustering of risk indicators for periodontal disease 

4.3.4.1 Distribution of clustering of risk indicators for periodontal disease in the study 

population 

Distribution in Table 4.24 shows that over 29% of the population did not have any risk 

indicators for periodontal disease. Two indicators were simultaneously present in more than 

18% while 3-4 factors clustered in nearly 13% of the population. 

Table 4. 24: Distribution of risk indicators of periodontal disease in the rural population  

Risk 

indicators 
Smoking Chewing Alcohol Plaque n % 

0 - - - - 254 29.2 

       

1 + - - - 2 0.2 

 - + - - 21 2.4 

 - - + - 42 4.8 

 - - - + 277 31.9 

       

2 + + - - 2 0.2 

 + - + - 4 0.5 

 + - - + 4 0.5 

 - + + - 24 2.8 

 - + - + 82 9.4 

 - - + + 46 5.3 

       

3 + + + - 7 0.8 

 + - + + 30 3.5 

 - + + + 46 5.3 

 + + - + 6 0.7 

       

4 + + + + 22 2.5 
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4.3.4.2 Distribution of clustering of risk indicators for periodontal disease by 

communities 

 

Figure 3 shows absence of any or presence of one risk indicator was significantly more 

frequent in the farming community. Co-occurrence of two risk indicators were higher in the 

farming community, but three or four risk indicator clustering was found in higher proportion 

in the fishing people than the farmers.  

 

 

 

Figure 3: Comparison of clustering of risk indicators of periodontal disease among the 

farming and fishing population 
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4.3.4.3 Prevalence of clustering of risk indicators for periodontal disease 

Table 4.25 presents the prevalence of risk indicators individually or co-occurring in various 

groups. Prevalence of clustering of risk indicators was greater in people of the older age group 

compared to those in the younger age group. Clustering was prevalent in a lower proportion 

of females than males. People with low educational attainment exhibited a higher prevalence 

of clustering than people with post-secondary education. Presence of two and three or four 

risk indicators was higher among people with lower income compared to those with higher 

income, and those with moderate-severe periodontal disease compared to those with none or 

mild periodontitis. 

Table 4. 25: Prevalence (95% CI) of risk indicators of periodontal disease individually 

and in combination according to age, sex, education, income and periodontal disease  

 n No or 1 risk indicator 

% (95% CI) 

2 risk indicators 

% (95% CI) 

3 or 4 risk indicators 

% (95% CI) 

Sig  

Age (Years)      

35-44 524 75.8 (70.9-80.0) 14.7 (11.4-18.8) 9.5 (6.9-13.1) * 

45-54 

 

345 57.7 (51.1-64.0) 24.6 (19.9-30.1) 17.7 (13.3-23.1)  

Sex      

Male 472 47.9 (42.2-53.6) 29.2 (24.4-34.5) 22.9 (18.4-28.1) * 

Female 

 

397 93.2 (89.0-95.9) 6.0 (3.7-9.7) 0.8 (0.2-2.5)  

Education      

Secondary/less 706 66.0 (60.2-71.4) 19.4 (16.1-23.2) 14.6 (11.2-18.7) * 

Post-secondary 

 

162 79.6 (71.6-85.8) 15.4 (9.5-24.1) 4.9 (2.7-8.8)  

Per capita income     

Low-middle 397 60.2 (52.7-67.2) 22.7 (18.4-27.6) 17.1 (12.5-23.0) * 

High 

 

420 75.2 (69.8-80.0) 16.2 (12.5-20.6) 8.6 (5.9-12.4)  

Periodontal 

disease 

     

None/mild 464 82.1 (77.3-86.1) 12.1 (9.0-16.0) 5.8 (3.7-9.1) * 

Moderate/severe 402 53.0 (46.4-59.5) 26.1 (21.4- 31.4) 20.9 (16.1-26.6) 

 

 

*Non-overlapping 95% CI indicate significance 
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4.3.4.4 Multinomial logistic regression model for clustering of risk indicators for 

periodontal disease 

In Table 4.26 age, sex, education and per capita income were strongly associated with 

clustering of risk indicators. Highest ORs were observed for sex, and 95% CIs were wide. 

This could be due to greater standard error because of less number of females having two and 

three or four risk indicators. 

 

Table 4. 26: Multinomial logistic regression models for clustering of risk indicators as 

outcome with age, sex, education and income as predictors  

 Ref 

 

2 vs No or 1 risk indicator
†
 

OR (95% CI) 

3 or 4 vs no or 1 risk 

indicators
†
 

OR (95% CI) 

Age (Years)    

45-54
a
 35-44 2.71 (1.85-3.97) 3.20 (1.91-5.36) 

    

Sex    

Male
b
 Female 11.93 (7.10-20.04) 81.35 (26.56-249.10) 

    

Education    

Secondary/less
c
 Post-secondary 2.51 (1.59-3.94) 5.65 (2.45-13.02) 

    

Per capita income   

Low-middle
d
 High 2.18 (1.49-3.19) 3.09 (1.69-5.62) 

    
a adjusted for sex, education and per capita income; b adjusted for age, education and per capita income; c adjusted for age, 

sex and per capita income; d adjusted for age, sex and education; †reference category for the outcome in the logistic models 
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4.3.4.5 Logistic regression for prevalence of periodontal disease with clustering of risk 

indicators as an explanatory variable 

Moderate-severe periodontal disease as defined by CDC-AAP case definition was strongly 

associated with simultaneous occurrence of two or more risk indicators. People with two risk 

indicators were more than twice likely, and those with three or more risk indicators were 3.7 

times more likely to have moderate-severe periodontal disease compared to those without any 

risk indicators or having one risk indicator after adjusting for other covariates (Table 4.27). 

 

Table 4. 27: Association between clustering of risk indicators and periodontal disease 

prevalence  

  Adjusted OR 
a
 

(95% CI) 

Risk indicators
 
   

No or 1 risk indicator   Ref 

2 risk indicators  2.41 (1.51-3.84)* 

3 or 4 risk indicators  3.73 (2.00-6.94)* 

   
a
Adjusted for age, sex, education and per capita income; 

*95% CI not including 1 indicate significance 
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4.4 Extent of periodontal disease 

4.4.1 Cumulative frequency distribution for the extent of periodontal disease 

defined by different thresholds in the two age groups 

4.4.1.1 Cumulative frequency distribution graphs for the extent of periodontal disease 

defined by ≥ 2mm CAL  

Figure 4 shows, nearly 64% of the participants in the 35-44 year age group had at least 1% of 

sites with CAL of ≥2mm. Nearly 50% of the participants had at least 22% of the sites with the 

same level of CAL. About 28% of them had at least half of the sites affected and nearly 10% 

of people had at least 84% of the sites with the same level of attachment. 

When CAL ≥ 2mm was observed in the older age group 97% of the population had at least 

2% of the sites affected. Some 50% of people had at least 42% of sites exhibiting attachment 

loss. A quarter of the participants in this age group had at least 68% of sites and 10% of them 

had at least 90% of sites affected.  

 

Figure 4: Cumulative frequency distribution of participants according to the proportion 

of sites/person with ≥ 2mm attachment loss in the 35-44 and 45-54 year age-groups 
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4.4.1.2 Cumulative frequency distribution graphs for the extent of periodontal disease 

defined by ≥ 4mm CAL  

 

Figure 5 shows nearly 48% of the study population in the 35-44 year age group had at least 

1% of sites with CAL ≥ 4mm. Almost a quarter of the study participants had at least 11% of 

the sites with the same level of CAL. About 10% of the population had at least one third of 

diseased sites and 0.3% of the participants had 100% of the sites affected.  

In the older age group (45-54 years) nearly three quarters of the population had at least 1% of 

sites with clinical attachment loss of ≥ 4mm. Over 50% of the participants had at least 6% of 

sites which were affected. About 10% of the study participants had at least one-third of the 

sites affected at the same level and 0.8% of the participants had at least 92% of diseased sites. 

Higher proportion of people in the older age group had ≥ 4mm CAL compared to people of 

the younger age group. 

 

Figure 5: Cumulative frequency distribution of participants according to the proportion 

of sites/person with ≥ 4mm attachment loss in the 35-44 and 45-54 year age-groups 
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4.4.2 Risk indicators by the extent of periodontal disease (Table 4.28-4.33) 

Cross tabulation of sociodemographic factors across the extent of periodontal disease in two 

communities is presented in Table 4.28. In the total population significant differences in the 

extent were observed for age, a higher proportion of people in the older age group had 

generalised periodontitis compared to the younger age-group. Generalised periodontitis 

defined by more than 30% of the sites affected, was found to be present in higher proportions 

among males than females. A higher proportion of people with lower education presented 

with generalised periodontitis compared to those having completed post-secondary education. 

Generalised periodontitis was significantly higher in people with low income and having poor 

material circumstances. In the fishing population differences in the extent of periodontal 

disease were observed by age and sex. However, there were no differences by any of the 

socioeconomic indicators. In the farming population, significant differences in extent were 

observed by age, education, income and material circumstances and no difference was 

observed between males and females. 
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Table 4. 28: Distribution of the study population according to extent of periodontal disease and sociodemographic factors  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Extent n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig   n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  

Age-groups (years)           

35-44  340 58.8 

(53.3-64.1) 

41.2 

(35.9-46.7) 

* 184 65.2 

(55.4-73.9) 

34.8 

(26.1-44.6) 

* 524 61.1 

(56.1-65.8) 

38.9 

(34.2-43.9) 

* 

45-54  180 27.8 

(19.4-38.0) 

72.2 

(62.0-80.6) 

165 41.8 

(32.1-52.2) 

58.2 

(47.8-67.9) 

345 34.5 

(28.5-41.0) 

65.5 

(59.0-71.5) 

Sex             

Males  285 41.1 

(34.6-47.8) 

58.9 

(52.2-65.4) 

* 187 49.7 

(41.7-57.7) 

50.3 

(42.3-58.3) 

ns 472 44.5 

(39.3-49.9) 

55.5 

(50.1-60.7) 

* 

Females 235 56.6 

(49.3-63.6) 

43.4 

(36.4-50.7) 

162 59.3 

(50.2-67.7) 

40.7 

(32.3-49.8) 

397 57.7 

(52.2-63.0) 

42.3 

(37.0-47.8) 

Education level           

Secondary/less 474 46.8 

(41.0-52.8) 

53.2 

(47.2-59.0) 

ns 232 46.6 

(37.3-56.1) 

53.4 

(43.9-62.7) 

* 706 

 

46.7 

(41.8-51.7) 

53.3 

(48.3-58.2) 

* 

Post-secondary 46 60.9 

(43.8-75.6) 

39.1 

(24.4-56.2) 

116 69.0 

(58.8-77.6) 

31.0 

(22.4-41.2) 

162 66.7 

(58.6-73.8) 

33.3 

(26.2-41.4) 

Per capita income           

Low-middle  332 44.6 

(37.9-51.4) 

55.4 

(48.6-62.1) 

ns 63 31.7 

(19.8-46.7) 

68.3 

(53.3-80.2) 

* 395 42.5 

(36.3-49.0) 

57.5 

(51.0-63.7) 

* 

High  160 53.8 

(45.0-62.2) 

46.2 

(37.8-55.0) 

262 59.2 

(52.7-65.3) 

40.8 

(34.7-47.3) 

422 57.1 

(52.4-61.7) 

42.9 

(38.3-47.6) 

Material circumstances           

Poor 394 45.4 

(39.7-51.3) 

54.6 

(48.7-60.3) 

ns 133 37.6 

(26.3-50.5) 

62.4 

(49.5-73.7) 

* 527 43.5 

(38.1-48.9) 

56.5 

(51.1-61.9) 

* 

Better 126 56.3 

(46.9-65.4) 

43.7 

(34.6-53.1) 

216 64.4 

(54.9-72.8) 

35.6 

(27.2-45.1) 

342 61.4 

(55.1-67.3) 

38.6 

(32.7-44.9) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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Table 4.29 presents cross tabulation of oral health behaviour by the extent of periodontal disease. The fishing population using a toothbrush had 

significantly lower proportion of the sites affected, compared to those using finger or twigs. Nearly 60% of those not visiting a dentist had >30% 

of the sites affected compared to the 48% who had visited a dentist. The difference was statistically significant. No significant difference was 

found among people cleaning their teeth less frequently compared to those cleaning their teeth regularly or among farming people. 

Table 4. 29: Distribution of the study population according to extent of periodontal disease and oral health behaviours  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Extent  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig   n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  

Tooth cleaning frequency           

≤Once/day 353 45.6 

(38.6-52.7) 

54.4 

(47.3-61.4) 

ns 150 54.0 

(43.2-64.5) 

46.0 

(35.5-56.8) 

ns 503 48.1 

(42.4-53.9) 

51.9 

(46.1-57.6) 

ns 

≥Twice/ day 167 53.3 

(45.5-61.0) 

46.7 

(39.0-54.5) 

199 54.3 

(46.2-62.1) 

45.7 

(37.9-53.8) 

366 53.8 

(48.6-59.0) 

46.2 

(41.0-51.4) 

Tooth cleaning method           

Tooth brush 466 51.7 

(46.2-57.2) 

48.3 

(42.8-53.8) 

* 334 54.5 

(46.7-62.0) 

45.5 

(38.0-53.3) 

ns 800 52.9 

(48.6-57.1) 

47.1 

(42.9-51.4) 

* 

Others 52 15.4 

(7.3-29.7) 

84.6 

(70.3-92.7) 

15 46.7 

(27.2-67.2) 

53.8 

(32.8-72.8) 

67 22.4 

(13.6-34.5) 

77.6 

(65.5-86.4) 

Dental visit           

Yes 368 51.4 

(45.0-57.7) 

48.6 

(42.3-55.0) 

* 306 56.5 

(48.4-64.3) 

43.5 

(35.7-51.6) 

ns 674 53.7 

(48.8-58.5) 

46.3 

(41.5-51.2) 

* 

No 152 

 

40.1 

(31.9-49.0) 

59.9 

(51.0-68.1) 

43 37.2 

(23.7-53.1) 

62.8 

(46.9-76.3) 

195 39.5 

(32.2-47.2) 

60.5 

(52.8-67.8) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 

In the fishing community people smoking, chewing tobacco and drinking alcohol had significantly increased proportion of sites affected by the 

disease compared to those not smoking, chewing and drinking alcohol respectively (Table 4.30). A significant difference in extent by chewing 
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was seen in the farming community, but there was no association with smoking and alcohol. Overall, higher proportions of sites were affected for 

smokers, chewers and alcohol consumers. 

Table 4. 30: Distribution of the study population according to extent of periodontal disease, smoking, tobacco chewing and alcohol 

drinking habits  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Periodontal disease n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig   n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  

Smoking           

Yes 60 16.7 

(7.6-32.9) 

83.3 

(67.1-92.4) 

* 17 47.1 

(23.6-71.9) 

52.9 

(28.1-76.4) 

ns 77 23.4 

(13.7-37.0) 

76.6 

(63.0-86.3) 

* 

No 460 52.2 

(46.7-57.6) 

47.8 

(42.4-53.3) 

332 54.5 

(46.5-62.3) 

45.5 

(37.7-53.5) 

792 53.2 

(48.8-57.5) 

46.8 

(42.5-51.2) 

Smoking status           

Current 36 11.1 

(4.3-25.8) 

88.9 

(74.2-95.7) 

* 10 40.0 

(16.0-70.0) 

60.0 

(30.0-84.0) 

ns 46 17.4 

(8.5-32.3) 

82.6 

(67.7-91.5) 

* 

Former  24 25.0 

(8.0-56.2) 

75.0 

(43.8-92.0) 

7 57.1 

(17.4-89.4) 

42.9 

(10.6-82.6) 

31 32.3 

(15.4-55.5) 

67.7 

(44.5-84.6) 

Never 460 52.2 

(46.7-57.6) 

47.8 

(42.4-53.3) 

332 54.5 

(46.5-62.3) 

45.5 

(37.7-53.5) 

792 53.2 

(48.8-57.5) 

46.8 

(42.5-51.2) 

Pack years                                   n=250 n=270   n=189 n=160   n=439 n=430  

Mean  0.27 

(-0.18-0.71) 

3.77 

(1.75-5.79) 
*  0.09 

(0.01-0.16) 

0.09 

(0.01-0.17) 

  0.19 

(-0.05-0.43) 

2.40 

(1.07-3.73) 

 

Tobacco chewing           

Yes 122 34.4 

(26.0-44.0) 

65.6 

(56.0-74.0) 

* 87 34.5 

(23.7-47.1) 

65.5 

(52.9-76.3) 

* 209 34.4 

(27.8-41.7) 

65.6 

(58.3-72.2) 

* 

No  398 52.3 

(45.4-59.0) 

47.7 

(41.0-54.6) 

262 60.7 

(52.3-68.5) 

39.3 

(31.5-47.7) 

660 55.6 

(50.5-60.6) 

44.4 

(39.4-49.5) 
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Tobacco chewing status           

Current 104 31.7 

(23.0-41.9) 

68.3 

(58.1-77.0) 

* 81 33.3 

(22.7-46.0) 

66.7 

(54.0-77.3) 

* 185 32.4 

(25.6-40.1) 

67.6 

(59.9-74.4) 

* 

Former  18 50.0 

(26.1-73.9) 

50.0 

(26.1-73.9) 

6 50.0 

(19.0-81.0) 

50.0 

(19.0-81.0) 

24 50.0 

(30.6-69.4) 

50.0 

(30.6-69.4) 

Never 398 

 

 

52.3 

(45.4-59.0) 

47.7 

(41.0-54.6) 

262 60.7 

(52.3-68.5) 

39.3 

(31.5-47.7) 

660 55.6 

(50.5-60.6) 

44.4 

(39.4-49.5) 

Units of tobacco chewed              n=250 n=269   n=189 n=160   n=439 n=429  

Mean  0.67 

(0.35-0.99) 

1.31 

(0.76-1.85) 

ns  1.07 

(0.43-1.71) 

3.54 

(2.20-4.89) 

*  0.84 

(0.49-1.20) 

2.14 

(1.48-2.80) 

* 

Alcohol           

Yes 207 33.8 

(26.6-41.8) 

66.2 

(58.2-73.4) 

* 14 28.6 

(6.7-69.0) 

71.4 

(31.0-93.3) 

ns 221 33.5 

(26.0-41.9) 

66.5 

(58.1-74.0) 

* 

No  313 57.5 

(51.1-63.7) 

42.5 

(36.3-48.9) 

335 55.2 

(47.4-62.8) 

44.8 

(37.2-52.6) 

648 56.3 

(51.4-61.1) 

43.7 

(38.9-48.6) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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Table 4.31 refers to stress and social support by the extent of periodontal disease in the two communities. Stress, family support and social 

support from others did not show significant variation in the proportion of sites affected by periodontal disease. The extent of sites with 

periodontitis did not differ with levels of stress reported and presence/absence of social support from family and others.  

Table 4. 31: Distribution of the study population according to extent of periodontal disease, stress and social support  

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Extent n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig   n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  

Stress in past 2 years           

No stress 229 47.6 

(40.9-54.4) 

52.4 

(45.6-59.1) 

ns 193 55.4 

(47.2-63.4) 

44.6 

(36.6-52.8) 

ns 422 51.2 

(45.9-56.4) 

48.8 

(43.6-54.1) 

ns 

Some/ a little of the time 237 49.8 

(41.9-57.7) 

50.2 

(42.3-58.1) 

128 53.9 

(42.1-65.3) 

46.1 

(34.7-57.9) 

365 51.2 

(45.1-57.3) 

48.8 

(42.7-54.9) 

All/ most of the time 

 

53 41.5 

(28.6-55.7) 

58.5 

(44.3-71.4) 

27 44.4 

(24.0-67.0) 

55.6 

(33.0-76.0) 

80 42.5 

(31.2-54.7) 

57.5 

(45.3-68.8) 

Family support           

Yes  453 47.0 

(41.0-53.1) 

53.0 

(46.9-59.0) 

ns 297 55.9 

(48.6-63.0) 

44.1 

(37.0-51.4) 

ns 750 50.5 

(46.0-55.0) 

49.5 

(45.0-54.0) 

ns 

No  65 53.8 

(40.3-66.9) 

46.2 

(33.1-59.7) 

52 44.2 

(30.9-58.5) 

55.8 

(41.5-69.1) 

117 49.6 

(39.8-59.4) 

50.4 

(40.6-60.2) 

Social support from others           

Yes  346 52.0 

(45.7-58.3) 

48.0 

(41.7-54.3) 

ns 141 63.8 

(53.6-72.9) 

36.2 

(27.1-46.4) 

ns 487 55.4 

(50.2-60.6) 

44.6 

(39.4-49.8) 

ns 

No  174 40.2 

(31.5-49.6) 

59.8 

(50.4-68.5) 

208 47.6 

(39.6-55.7) 

52.4 

(44.3-60.4) 

382 44.2 

(38.3-50.4) 

55.8 

(49.6-61.7) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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Table 4.32 presents the bivariate analysis of dietary intake of fruits, vegetables and self-reported diabetes. People eating vegetables and fruits 

more frequently had similar proportions of localised and generalised periodontitis compared to those eating less frequently. Extent of periodontal 

disease among the rural communities did not vary significantly with the presence or absence of self-reported diabetes. Moreover, people 

reporting diabetes were few (n=41). 

Table 4. 32: Distribution of the study population according to extent of periodontal disease, vegetable, fruit consumption and diabetes 

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Extent  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig   n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  

Frequency of vegetable consumption           

≥2days /week 376 51.3 

(45.7-56.9) 

48.7 

(43.1-54.3) 

ns 349 54.2 

(46.6-61.5) 

45.8 

(38.5-53.4) 

- 725 52.7 

(48.5-56.8) 

47.3 

(43.2-51.5) 

ns 

≤1day /week 144 39.6 

(30.3-49.7) 

60.4 

(50.3-69.7) 

- - - 144 39.6 

(30.2-49.8) 

60.4 

(50.2-69.8) 

Frequency of fruit consumption           

≥2days /week 277 50.2 

(44.0-56.3) 

49.8 

(43.7-56.0) 

ns 184 56.5 

(46.9-65.7) 

43.5 

(34.3-53.1) 

ns 461 52.7 

(47.5-57.8) 

47.3 

(42.2-52.5) 

ns 

≤1day /week 242 45.5 

(36.1-55.1) 

54.5 

(44.9-63.9) 

165 

 

51.5 

(43.1-59.8) 

48.5 

(40.2-56.9) 

407 47.9 

(41.8-54.1) 

52.1 

(45.9-58.2) 

Diabetes           

Yes 16 43.8 

(23.3-66.6) 

56.2 

(33.4-76.7) 

ns 25 40.0 

(24.0-58.4) 

60.0 

(41.6-76.0) 

ns 41 41.5 

(29.4-54.7) 

58.5 

(45.3-70.6) 

ns 

No 504 48.2 

(42.1-54.4) 

51.8 

(45.6-57.9) 

324 55.2 

(47.3-62.9) 

44.8 

(37.1-52.7) 

828 51.0 

(46.4-55.6) 

49.0 

(44.4-53.6) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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The proportion of sites affected was higher for people with moderate to heavy plaque accumulation in both communities. This was in contrast to 

the lower proportion of sites affected with no-minimal plaque accumulation and was statistically significant (Table 4.33). 

Table 4. 33: Distribution of the study population according to extent of periodontal disease and plaque accumulation   

Communities Fishing (n=519)  Farming (n=347)  Total (n=866)  

Extent  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig   n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  n ≤ 30% sites 

% (95% CI) 

>30% sites 

% (95% CI) 

Sig  

Proportion of sextant with moderate and 

abundant plaque                           n=250 

 

n=269 

   

n=188 

 

n=159 

   

n=438 

 

n=428 

 

Mean†  24.96 

(19.65-30.27) 

63.70 

(57.36-70.04) 

*  36.49 

(28.79-44.19) 

69.99 

(64.53-75.45) 

*  29.91 

(25.21-34.60) 

66.04 

(61.15-70.92) 

* 

Plaque accumulation           

No-minimal 230 69.1 

(60.8-76.4) 

30.9 

(23.6-39.2) 

* 125 79.2 

(69.5-86.4) 

20.8 

(13.6-30.5) 

* 355 72.7 

(66.4-78.2) 

27.3 

(21.8-33.6) 

* 

Moderate-heavy 289 31.5 

(24.2-39.8) 

68.5 

(60.2-75.8) 

222 40.1 

(31.6-49.2) 

59.9 

(50.8-68.4) 

511 35.2 

(29.8-41.1) 

64.8 

(58.9-70.2) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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4.4.3 Association of risk indicators with the extent of periodontal disease 

4.4.3.1 Crude association between risk indicators and the extent of periodontal disease 

Table 4.34 presents the unadjusted PRs for various indicators for the extent of periodontal 

disease in the two communities. Among them plaque (PR = 2.37 [95% CI = 1.89-2.98]) and 

age group (PR = 1.68 [95% CI = 1.45-1.95]) were significantly associated. Other indicators 

such as smoking (PR = 1.64 [95% CI=1.38-1.93]), alcohol (PR = 1.52 [95% CI = 1.30-1.78]), 

and tobacco chewing (PR = 1.48 [95% CI = 1.27-1.72]) also had higher unadjusted PRs. 

Dental visiting, socioeconomic indicators such as education, per capita income and material 

circumstances were the other significantly associated factors.  
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Table 4. 34: Unadjusted prevalence ratios for extent of periodontal disease in the study 

population 

Explanatory variables Ref Fishing Farming Total 

  PR (95% CI) PR (95% CI) PR (95% CI) 

Age (45-54 years) 

 

35-44 1.75 (1.48-2.09)* 1.67 (1.27-2.21)* 1.68 (1.45-1.95)* 

Sex (Male) 

 

Female 1.36 (1.14-1.62)* 1.23 (1.03-1.48)* 1.31 (1.14-1.51)* 

Education level (Low) High  1.36 (0.91-2.02) 

 

1.72 (1.21-2.44)* 1.60 (1.25-2.04)* 

Per capita income 

(Low) 

High  1.20 (0.97-1.48) 1.67 (1.37-2.03)* 1.34 (1.16-1.54)* 

Material circumstances 

(Poor) 

Better 1.25 (1.03-1.52)* 1.75 (1.26-2.43)* 1.47 (1.23-1.75)* 

Frequency of tooth 

cleaning (≤ once/day) 

≥Twice/day 1.16 (0.96-1.41) 1.01 (0.80-1.27) 1.12 (0.97-1.30) 

Method of tooth 

cleaning (Others) 

Tooth brush 1.75 (1.53-2.01)* 1.17 (0.79-1.73) 1.65 (1.43-1.90)* 

Dental visit (No) Yes 1.23 (1.04-1.46)* 1.44 (1.08-1.93)* 1.31 (1.13-1.52)* 

Smoking (Yes) 

 

No 1.74 (1.49-2.04)* 1.16 (0.69-1.95) 1.64 (1.38-1.93)* 

Tobacco chewing (Yes) No 1.37 (1.13-1.67)* 1.67 (1.34-2.08)* 1.48 (1.27-1.72)* 

Alcohol (Yes) 

 

No 1.56 (1.31-1.85)* 1.60 (0.98-2.59) 1.52 (1.30-1.78)* 

Vegetable consumption  

(≤ 1 day/week) 

≥2days/week 1.24 (1.06-1.46)* - 1.28 (1.08-1.51)* 

Fruit consumption  

(≤1 day/week) 

≥2days/week 1.09 (0.90-1.33) 1.12 (0.89-1.40) 1.10 (0.95-1.28) 

Stress (Some) 

 

None  0.96 (0.81-1.14) 1.03 (0.78-1.37) 1.00 (0.86-1.17) 

Stress (Most) 

 

None 1.12 (0.89-1.40) 1.25 (0.86-1.81) 1.18 (0.96-1.44) 

Family support (No) 

 

Yes 0.87 (0.64-1.18) 1.26 (0.98-1.63) 1.02 (0.83-1.25) 

Social support from 

others (No) 

Yes 1.25 (1.04-1.49)* 1.25 (1.04-1.49)* 1.25 (1.08-1.45)* 

Plaque (Moderate-

heavy) 

No/mild 2.22 (1.69-2.91)* 2.88 (1.94-4.27)* 2.37 (1.89-2.98)* 

Diabetes (Yes) 

 

No 1.09 (0.71-1.67) 1.34 (0.98-1.83) 1.19 (0.93-1.54) 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category; - 100% consumed 

vegetables everyday 
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4.4.3.2 Multivariable model and population attributable fraction for the extent of 

periodontal disease 

Multivariable regression model and PAF for significant risk indicators for extent of 

periodontitis are presented in Table 4.35. When the binary outcome, extent of periodontitis 

was regressed on various risk indicators, plaque accumulation, age, socioeconomic indicators 

(education level, per capita income) were associated with periodontal disease in the model, 

and had higher PAF. Moderate to heavy plaque accretion increased the probability of 

periodontal disease compared to no or minimal plaque accumulation. Poor material 

circumstances, not having visited a dentist, tobacco chewing, and not receiving social support 

from others were related to a higher percentage of the sites with periodontal disease. Though 

these risk indicators were not significant, the lower level of 95% CIs were closer to unity. 

Smoking and diabetes were not significantly associated with the extent of periodontal disease. 
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Table 4. 35: Multivariable regression model and population attributable fraction of the 

risk indicators for extent of periodontal disease  

Variables Categories  Adjusted PR 

(95% CI) 

PAF % 

(95% CI) 

Age (years) 

 

 

35-44 Ref   

45-54 1.37 (1.19-1.59)* 11 (6-15) 

Sex Male  1.13 (0.97-1.31)  

Female  Ref  

 

 

Educational level Secondary/less 1.29 (1.04-1.59)* 18 (3-30) 

Post-secondary 

 

Ref   

Per capita income Low-middle 1.25 (1.10-1.43)* 10 (4-15) 

High  

 

Ref   

Material 

circumstances 

Poor  1.11 (0.92-1.33)  

Better  Ref  

 

 

Tooth cleaning 

frequency 

≤once/day 0.90 (0.77-1.05)  

≥twice/day Ref  

 

 

Tooth cleaning 

method  

Others  1.19 (1.03-1.39)* 1 (0-2) 

Toothbrush  Ref  

 

 

Dental visit 

 

 

Yes  Ref   

No  1.06 (0.92-1.23)  

Smoking  Yes  0.98 (0.83-1.15)  

No  Ref  

 

 

Tobacco chewing Yes  1.09 (0.94-1.26)  

No  Ref  

 

 

Alcohol Yes  1.19 (1.00-1.42) 4 (0-7) 

No  Ref  

 

 

Social support from 

others  

 

Yes  Ref   

No  1.10 (0.96-1.25)  

Plaque accumulation 

 

No-minimal Ref   

Moderate-heavy 

 

1.99 (1.54-2.57)* 29 (21-36) 

Diabetes Yes  1.15 (0.86-1.55)  

No  Ref  

 

 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category;  

R
2
=0.2315;  

VIF=1.07-1.66 

 

 

 



  
126 

 
  

4.5 Severity of periodontal disease 

4.5.1 Severity of periodontal disease by characteristics of the population  

Severity of periodontitis is the average periodontal attachment loss. Comparison of severity 

by age showed that mean attachment loss was greater in people of the older age group than 

the younger age group. Males presented with more severe attachment loss (µ = 2.70 [95% CI 

= 2.58-2.81]) than females (µ = 2.43 [95% CI = 2.31-2.56]). The differences in the severity by 

sex were statistically significant. Similarly, a significant difference was observed in farming 

community but not among the fishing people. There was no difference in severity by 

education, per capita income and material circumstances in either community (Table 4.36). 

 

Table 4. 36: Sociodemographic factors and severity of periodontal disease  

Community Fishing (n=520) Farming (n=349) Total (n=869) 

 n Mean CAL  
(95% CI) 

Sig n Mean CAL  

(95% CI) 

Sig n Mean CAL  

(95% CI) 

Sig 

Age group (Years)         

35-44 340 2.31 (2.19-2.43) * 184 2.20 (1.96-2.43) * 524 2.27 (2.17-2.38) * 

45-54  180 3.10 (2.91-3.29)  165 2.96 (2.76-3.17)  345 3.04 (2.90-3.17)  

Sex          

Male 285 2.65 (2.49-2.80) ns 187 2.77 (2.59-2.94) * 472 2.70 (2.58-2.81) * 

Female 235 2.51 (2.35-2.67)  162 2.32 (2.11-2.53)  397 2.43 (2.31-2.56)  

Education          

Secondary/less 474 2.61 (2.47-2.75) ns 232 2.63 (2.46-2.80) ns 706 2.62 (2.52-2.71) ns 

Post-secondary 46 2.34 (2.08-2.58)  116 2.42 (2.18-2.65)  162 2.39 (2.22-2.57)  

Per capita income         

Low-middle 332 2.56 (2.41-2.71) ns 63 2.79 (2.60-2.99) ns 395 2.60 (2.48-2.72) ns 

High  160 2.60 (2.44-2.76)  262 2.53 (2.34-2.72)  422 2.56 (2.44-2.68)  

Material circumstances        

Poor 394 2.59 (2.42-2.75) ns 133 2.76 (2.55-2.97) ns 527 2.63 (2.51-2.75) ns 

Better 126 2.59 (2.40-2.77)  216 2.43 (2.21-2.65)  342 2.49 (2.35-2.63)  

*Non-overlapping 95% CIs indicate statistical significance; ns=not statistically significant; CAL=clinical 

attachment loss 
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Severity of periodontal disease did not vary by tooth cleaning frequency, method and dental 

visiting as seen in Table 4.37. 

Table 4. 37: Severity of periodontal disease by oral health behaviour  

Community Fishing (n=520) Farming (n=349) Total (n=869) 

 n Mean CAL 

(95% CI ) 

Sig n Mean CAL  

(95% CI ) 

Sig n Mean CAL  

(95% CI) 

Sig 

Tooth cleaning frequency        

≤once/day 353 2.62 (2.45-2.79) ns 150 2.62 (2.38-2.86) ns 503 2.63 (2.50-2.75) ns 

≥twice/day 167 2.51 (2.34-2.67)  199 2.51 (2.31-2.71)  366 2.51 (2.39-2.63)  

Tooth cleaning method        

Others 52 2.97 (2.65-3.29) ns 15 2.65 (2.02-3.28) ns 67 2.90 (2.63-3.17) ns 

Tooth brush 466 2.55 (2.41-2.69)  334 2.55 (2.40-2.71)  800 2.55 (2.46-2.65)  

Dental visit        

Yes 368 2.54 (2.40-2.69) ns 306 2.55 (2.37-2.72) ns 674 2.55 (2.44-2.65) ns 

No 152 2.68 (2.51-2.85)  43 2.64 (2.36-2.93)  195 2.68 (2.54-2.82)  

*Non-overlapping 95% CIs indicate statistical significance; ns=not statistically significant; CAL=clinical 

attachment loss 

Table 4.38 compares the severity of periodontal disease by tobacco use and alcohol. Smokers 

had a greater attachment loss compared to non-smokers in both communities. The difference 

was significant for the fishing but not the farming population. 

Severity of periodontal disease was higher among chewers compared to non-chewers and was 

statistically significant. In the farming community, current chewers showed greater severity 

compared to former chewers though there were very few former chewers in both 

communities. 

Alcohol consumption was more commonly reported by the fishing people. Those who 

consumed alcohol had significantly greater mean attachment loss compared to people who 

never consumed alcohol. In the farming community no significant differences were observed 

by alcohol consumption. 
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Table 4. 38: Severity of periodontal disease by smoking, tobacco chewing and alcohol 

use in the two communities  

Community Fishing (n=520) Farming (n=349) Total (n=869) 

 n Mean CAL 

(95% CI) 

Sig n Mean CAL  

(95% CI) 

Sig n Mean CAL  

(95% CI) 

Sig 

Smoking          

Yes 60 3.12 (2.82-3.41) * 17 3.13 (2.31-3.96) ns 77 3.12 (2.84-3.40) * 

No 460 2.52 (2.39-2.64)  332 2.53 (2.36-2.69)  792 2.52 (2.43-2.61)  

Smoking status          

Current  36 3.06 (2.60-3.52) * 10 2.94 (1.95-3.93) ns 46 3.03 (2.63-3.43) * 

Former 24 3.21 (2.67-3.75)  7 3.40 (2.59-4.21)  31 3.25 (2.80-3.71)  

Never 460 2.52 (2.39-2.64)  332 2.53 (2.36-2.69)  792 2.52 (2.43-2.61)  

Tobacco chewing         

Yes 122 2.83 (2.64-3.02) ns 87 3.10 (2.81-3.38) * 209 2.94 (2.79-3.10) * 

No 398 2.51 (2.35-2.67)  262 2.38 (2.19-2.57)  660 2.46 (2.35-2.57)  

Tobacco chewing 

status 

        

Current  104 2.84 (2.68-3.04) * 81 3.13 (2.84-3.42) * 185 2.96 (2.80-3.13) * 

Former 18 2.83 (2.11-3.55)  6 2.66 (2.35-2.96)  24 2.79 (2.26-3.31)  

Never 398 2.51 (2.35-2.67)  262 2.38 (2.19-2.57)  660 2.45 (2.35-2.57)  

Alcohol          

Yes 207 2.82 (2.67-2.92) * 14 3.09 (2.47-3.72) ns 221 2.84 (2.70-2.98) * 

No 313 2.43 (2.27-2.59)  335 2.54 (2.38-2.69)  648 2.48 (2.38-2.59)  

*Non-overlapping 95% CIs indicate statistical significance; ns=not statistically significant; CAL=clinical 

attachment loss 
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Severity of periodontal disease in people consuming fruits and vegetables less frequently was 

similar to those consuming more frequently (Table 4.39). 

Table 4. 39: Severity of periodontal disease by vegetable and fruit consumption in the 

two communities  

Community Fishing (n=520) Farming (n=349) Total (n=869) 

 n Mean CAL 

(95% CI )  

Sig n Mean CAL  

(95% CI)  

Sig n Mean CAL  

(95% CI)  

Sig 

Frequency of vegetable consumption        

≤1day/week 144 2.69 (2.40-2.97) ns - -  144 2.69 (2.42-3.00) ns 

≥2days/week 376 2.55 (2.45-2.64)  349 2.56 (2.41-2.71)  725 2.55 (2.47-2.63)  

Frequency of fruit consumption        

≤1day/week 242 2.63 (2.44-2.83) ns 165 2.62 (2.40-2.84) ns 407 2.63 (2.50-2.76) ns 

≥2days/week 277 2.54 (2.38-2.69)  184 2.50 (2.29-2.71)  461 2.52 (2.41-2.64)  

*Non-overlapping 95% CIs indicate statistical significance; ns=not statistically significant; CAL=clinical 

attachment loss 
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Mean severity did not vary by stress and family support in the two communities. People not 

receiving support from others (other than family members) had a higher mean severity for 

periodontal disease compared to those receiving social support from others. The difference in 

mean CAL was significant in the total population but was not significant when stratified by 

community (Table 4.40). 

 

Table 4. 40: Severity of periodontal disease by stress and social support in the two 

communities  

Community Fishing (n=520) Farming (n=349) Total (n=869) 

 n Mean CAL 

(95% CI)   

Sig n Mean CAL  

(95% CI)   

Sig n Mean CAL  

(95% CI)  

Sig 

Stress in past 2 

years 

         

No stress 229 2.55 (2.40-2.69) ns 193 2.51 (2.33-2.70) ns 422 2.53 (2.42-2.64) ns 

Some or a little 

of the time 

237 2.57 (2.38-2.76)  128 2.63 (2.40-2.86)  365 2.59 (2.46-2.73)  

All or most of 

the time 

53 2.78 (2.53-3.03)  27 2.51 (2.04-2.99)  80 2.69 (2.46-2.92)  

Family 

support 

         

Yes 453 2.58 (2.45-2.71) ns 297 2.54 (2.39-2.68) 750 2.56 (2.47-2.65) ns 

No 65 2.62 (2.38-2.85)  52 2.69 (2.37-3.00)  117 2.65 (2.48-2.82)  

Social support 

from others 

         

Yes 346 2.47 (2.35-2.60) ns 

 

141 2.44 (2.18-2.69) ns 

 

487 2.46 (2.35-2.57) * 

 

No 174 2.81 (2.59-3.04)  208 2.64 (2.44-2.85)  382 2.72 (2.57-2.87)  

*Non-overlapping 95% CIs indicate statistical significance; ns=not statistically significant; CAL=clinical 

attachment loss 
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The amount of plaque deposited was related to the severity of periodontal disease. The greater 

the plaque accumulation, the greater was the severity in both communities (Table 4.41). 

Diabetes was not associated with severity of periodontal disease as seen by mean CAL. 

 

Table 4. 41: Severity of periodontal disease by plaque accumulation and diabetes in the 

two communities  

Community Fishing (n=520) Farming (n=349) Total (n=869) 

 n Mean CAL 

(95% CI) 

Sig n Mean CAL  

(95% CI)  

Sig n Mean CAL  

(95% CI) 

Sig 

Plaque 

accumulation 

         

No/minimal 230 2.15 (1.99-2.31) * 125 1.88 (1.61-2.15) * 355 2.05 (1.92-2.19) * 

Moderate/heavy 289 2.92 (2.78-3.07)  222 2.91 (2.78-3.04)  511 2.92 (2.83-3.01)  

Diabetes          

Yes 16 2.99 (2.37-3.61) ns 25 2.77 (2.38-3.17) ns 41 2.86 (2.54-3.18) ns 

No 504 2.57 (2.45-2.70)  324 2.54 (2.38-2.71)  828 2.56 (2.47-2.65)  

*Non-overlapping 95% CIs indicate statistical significance; ns=not statistically significant; CAL=clinical 

attachment loss 
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4.5.2 Multiple linear regression for severity of periodontal disease 

Age, tobacco chewing and plaque accumulation were the significant factors in the multiple 

linear regression model for severity of periodontal disease. The severity was greater for 

people in the older age group, who chewed tobacco, and had moderate-heavy plaque 

accumulation compared to their respective referent groups. Though consuming alcohol was 

closely related to the severity of periodontal disease, it was not statistically significant (Table 

4.42). 

Table 4. 42: Multiple linear regression for severity of periodontal disease in both 

communities  

Variables Categories  Β 

Estimate 

SE t value P value 

Age (years) 35-44 Ref     

45-54 

 

0.525 0.088 5.95 .0001 

Sex Male  0.038 0.080 0.47 0.638 

Female  Ref  

 

   

Educational level Secondary/less 0.077 0.088 0.88 0.386 

Post-secondary 

 

Ref     

Tooth cleaning method Others  0.021 0.146 0.14 0.887 

Toothbrush  Ref  

 

   

Smoking  Yes  0.061 0.152 0.40 0.692 

No  Ref  

 

   

Tobacco chewing Yes  0.238 0.091 2.62 0.012 

No  Ref  

 

   

Alcohol Yes  0.174 0.097 1.80 0.079 

No  Ref  

 

   

Social support from 

others 

Yes  Ref     

No  - 0.491 0.100 - 0.49 0.627 

 

Plaque accumulation No/minimal Ref     

Moderate/heavy  0.665 

 

0.073 9.11 <.001 

(Nagelkerke) R
2
=0.2227; VIF=1.05-1.65; p<0.05 indicates significance 
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4.6 Tooth loss  

4.6.1 Prevalence of tooth loss by characteristics of the study population  

Bivariate association of age and education with tooth loss was significant in both 

communities. Though sex and per capita income were not related to tooth loss when stratified 

by communities, a significant association was seen in the total population. Males had 

significantly less tooth loss compared to females in the total population. In the fishing and 

farming communities, a higher proportion of males had less tooth loss compared to females, 

but the difference was not statistically significant (Table 4.43). 
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Table 4. 43: Distribution of the study population according to tooth loss and sociodemographic factors  

Communities Fishing (n=522)  Farming (n=351)  Total (n=873)  

Tooth loss n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig   n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  

Age group (years)           

35-44  341 95.0 

(92.3-96.8) 

5.0 

(3.2-7.7) 

* 184 83.2 

(75.4-88.8) 

16.8 

(11.2-24.6) 

* 525 90.9 

(87.7-93.2) 

9.9 

(6.8-12.3) 

* 

45-54  181 77.3 

(69.8-83.4) 

22.7 

(16.6-30.2) 

167 59.9 

(53.2-66.2) 

40.1 

(33.8-46.8) 

348 69.0 

(63.5-74.0) 

31.0 

(26.0-36.5) 

Sex             

Males  285 92.3 

(88.7-94.8) 

7.7 

(5.2-11.3) 

ns 188 77.7 

(69.0-84.5) 

22.3 

(15.5-31.0) 

ns 473 86.5 

(82.2-89.8) 

13.5 

(10.2-17.8) 

* 

Females 237 84.8 

(78.2-89.7) 

15.2 

(10.3-21.8) 

163 65.6 

(57.9-72.7) 

34.4 

(27.3-42.1) 

400 77.0 

(71.5-81.7) 

23.0 

(18.3-28.5) 

Education level           

Secondary/ less 476 88.4 

(83.9-91.8) 

11.6 

(8.2-16.1) 

* 234 64.5 

(58.4-70.3) 

35.5 

(29.7-41.6) 

* 710 80.6 

(75.7-84.6) 

19.4 

(15.4-24.3) 

ns 

Post-secondary 46 93.5 

(82.0-97.8) 

6.5 

(2.2-18.0) 

116 87.1 

(81.0-91.4) 

12.9 

(8.6-19.0) 

162 88.9 

(84.4-92.2) 

11.1 

(7.8-15.6) 

Per capita income           

Low-middle  333 89.5 

(85.9-92.2) 

10.5 

(7.8-14.1) 

ns 64 73.4 

(59.8-83.7) 

26.6 

(16.3-40.2) 

ns 397 86.9 

(83.0-90.0) 

13.1 

(10.0-17.0) 

* 

High  160 

 

90.6 

(84.4-94.5) 

9.4 

(5.5-15.6) 

263 71.1 

(64.8-76.7) 

28.9 

(23.3-35.2) 

423 78.5 

(73.4-82.8) 

21.5 

(17.2-26.6) 

Material circumstances           

Poor 396 87.6 

(82.1-91.6) 

12.4 

(8.4-17.9) 

ns 134 70.9 

(62.7-77.9) 

29.1 

(22.1-37.3) 

ns 530 834 

(78.9-87.1) 

16.6 

(12.9-21.1) 

ns 

Better 126 92.9 

(86.0-96.5) 

7.1 

(3.5-14.0) 

217 72.8 

(65.3-79.2) 

27.2 

(20.8-34.7) 

343 80.2 

(73.6-85.4) 

19.8 

(14.6-26.4) 

% are row proportions; *Non-overlapping 95% CIs indicate statistical significance, ns=not significant 
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In the Table 4.44 data shows that people of the farming community who visited a dentist had significantly greater tooth loss compared to those 

who had not visited a dentist. The difference in tooth loss by dental visiting was not seen in the fishing community. Other oral health behaviour 

such as tooth cleaning frequency, methods and use of fluoridated toothpaste were not related to tooth loss. 

Table 4. 44: Distribution of the study population according to tooth loss and oral health behaviour  

Communities Fishing (n=522)  Farming (n=351)  Total (n=873)  

Tooth loss n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig   n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  

Tooth cleaning frequency           

≤Once/day 354 88.7 

(84.1-92.1) 

11.3 

(7.9-15.9) 

ns 151 69.5 

(59.6-77.9) 

30.5 

(22.1-40.4) 

ns 505 83.0 

(78.5-86.7) 

17.0 

(13.3-21.5) 

ns 

≥Twice/ day 168 89.3 

(83.5-93.2) 

10.7 

(6.8-16.5) 

200 74.0 

(66.9-80.0) 

26.0 

(20.0-33.1) 

368 81.0 

(75.8-85.2) 

19.0 

(14.8-24.2) 

Tooth cleaning method           

Tooth brush 468 88.7 

(84.2-92.0) 

11.3 

(8.0-15.8) 

ns 336 71.7 

(65.6-77.2) 

28.3 

(22.8-34.4) 

ns 804 81.6 

(77.6-85.0) 

18.4 

(15.0-22.4) 

ns 

Others 52 90.4 

(80.5-95.5) 

9.6 

(4.5-19.5) 

15 80.0 

(55.1-92.9) 

20.0 

(7.1-44.9) 

67 88.1 

(79.2-93.5) 

11.9 

(6.5-20.8) 

Fluoridated toothpaste use           

Yes  447 88.4 

(83.6-91.9) 

11.6 

(8.1-16.4) 

ns 234 76.1 

(69.5-81.6) 

23.9 

(18.4-30.5) 

ns 681 84.1 

(80.3-87.3) 

15.9 

(12.7-19.7) 

ns 

No 75 92.0 

(84.8-96.0) 

8.0 

(4.0-15.2) 

117 64.1 

(54.3-72.8) 

35.9 

(27.2-45.7) 

192 75.0 

(67.0-81.6) 

25.0 

(18.4-33.0) 

Dental visit           

Yes 370 86.8 

(81.4-90.8) 

13.2 

(9.2-18.6) 

ns 308 69.2 

(62.8-74.9) 

30.8 

(25.1-37.2) 

* 678 78.8 

(74.2-82.7) 

21.2 

(17.3-25.8) 

* 

No 152 94.1 

(89.6-96.7) 

5.9 

(3.3-10.4) 

43 93.0 

(82.4-97.4) 

7.0 

(2.6-17.6) 

195 93.8 

(90.3-96.1) 

6.2 

(3.9-9.7) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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Smoking and chewing tobacco were not associated with tooth loss in both communities (Table 4.45). Proportion of people with tooth loss was 

lower among alcohol consumers.  

Table 4. 45: Distribution of the study population according to tooth loss and habits  

Communities Fishing (n=522)  Farming (n=351)  Total (n=873)  

Tooth loss n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig   n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  

Smoking           

Yes 60 80.0 

(66.6-89.9) 

20.0 

(11.1-33.4) 

ns 17 88.2 

(59.8-97.4) 

11.8 

(2.6-40.2) 

ns 77 81.8 

(70.7-89.4) 

18.2 

(10.6-29.3) 

ns 

No 462 90.0 

(86.3-92.8) 

10.0 

(7.2-13.7) 

334 71.3 

(65.1-76.7) 

28.7 

(23.3-34.9) 

796 82.2 

(78.1-85.6) 

17.8 

(14.4-21.9) 

Smoking status           

Current 36 83. 

(62.5-93.8) 

16.7 

(6.2-37.5) 

ns 10 80.0 

(42.1-95.7) 

20 

(4.3-57.9) 

ns 46 82.6 

(65.6-92.2) 

17.4 

(7.8-34.4) 

ns 

Former  24 75.0 

(54.6-88.2) 

25.0 

(11.8-45.4) 

7 100 

 

- 31 80.6 

(64.4-90.6) 

19.4 

(9.4-35.6) 

Never 462 90.0 

(86.3-92.8) 

10.0 

(7.2-13.7) 

334 71.3 

(65.1-76.7) 

28.7 

(23.3-34.9) 

796 82.2 

(78.1-85.6) 

17.8 

(14.4-21.9) 

Tobacco chewing           

Yes 122 93.4 

(86.1-97.0) 

6.6 

(3.0-13.9) 

ns 88 81.8 

(72.5-88.5) 

18.2 

(11.5-27.5) 

ns 210 88.6 

(83.0-92.5) 

11.4 

(7.5-17.0) 

ns 

No  400 87.5 

(83.1-90.9) 

12.5 

(9.1-16.9) 

263 68.8 

(60.4-76.1) 

31.2 

(23.9-39.6) 

663 80.1 

(75.4-84.1) 

19.9 

(15.9-24.6) 

Tobacco chewing status           

Current 104 93.3 

(86.4-96.8) 

6.7 

(3.2-13.6) 

ns 82 80.5 

(71.0-87.4) 

19.5 

(12.6-29.0) 

ns 186 87.6 

(82.0-91.7) 

12.4 

(8.3-18.0) 

ns 

Former  18 94.4 

(64.3-99.4) 

5.6 

(0.6-35.7) 

6 100 - 24 95.8 

(73.0-99.5) 

4.2 

(0.5-27.0) 

Never 400 87.5 

(83.1-90.9) 

12.5 

(9.1-16.9) 

263 68.8 

(60.4-76.1) 

31.2 

(23.9-39.6) 

663 80.1 

(75.4-84.1) 

19.9 

(15.9-24.6) 

Alcohol           

Yes 207 91.3 

(86.4-94.6) 

8.7 

(5.4-13.6) 

ns 14 78.6 

(48.7-93.4) 

21.4 

(6.6-51.3) 

ns 221 90.5 

(86.2-93.6) 

9.5 

(6.4-13.8) 

* 

No  315 87.3 

(82.5-90.9) 

12.7 

(9.1-17.5) 

337 71.8 

(65.7-77.2) 

28.2 

(22.8-34.3) 

652 79.3 

(75.0-83.0) 

20.7 

(17.0-25.0) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 
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Table 4.46 shows that in the fishing community, people having lost ≥ 6 teeth was significantly greater among those with more plaque 

accumulation than those with minimal or no plaque accumulation. In the farming community difference in tooth loss by plaque accumulation was 

not significant. In the fishing and farming communities, presence of moderate-severe periodontal disease was related to a greater tooth loss when 

compared to people with mild or no periodontal disease. The difference in tooth loss by prevalence of periodontal disease was significant only in 

the fishing community. 

Table 4. 46: Distribution of the study population according to tooth loss, plaque and periodontal disease 

Communities Fishing (n=520)  Farming (n=349)  Total (n=869)  

Tooth loss n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig   n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  n <6 

% (95% CI) 

≥6  

% (95% CI) 

Sig  

Plaque accumulation           

No-minimal 231 93.1 

(88.9-95.8) 

6.9 

(4.2-11.1) 

ns 125 79.2 

(66.1-88.1) 

20.8 

(11.9-33.9) 

ns 356 88.2 

(82.5-92.2) 

11.8 

(7.8-17.5) 

ns 

Moderate-heavy 289 86.2 

(81.3-89.9) 

13.8 

(10.1-18.7) 

224 68.8 

(60.0-76.4) 

31.2 

(23.6-40.0) 

513 78.6 

(74.0-82.5) 

21.4 

(17.5-26.0) 

Periodontal disease           

None-mild 271 93.4 

(89.5-95.9) 

6.6 

(4.1-10.5) 

* 193 77.2 

(69.1-83.7) 

22.8 

(16.3-30.9) 

ns 464 86.6 

(82.0-90.2) 

13.4 

(9.8-18.0) 

* 

Moderate-severe 249 84.3 

(79.0-88.5) 

15.7 

(11.5-21.0) 

156 66.0 

(57.1-73.9) 

34.0 

(26.1-42.9) 

405 77.3 

(72.6-81.4) 

22.7 

(18.6-27.4) 

% are row proportions; *Non-overlapping CIs indicate statistical significance, ns=not significant 



 

4.6.2 Risk indicators for tooth loss  

4.6.2.1 Crude association between various risk indicators and tooth loss  

Age, sex, dental visiting, and periodontal disease were significantly associated with tooth loss 

in both fishing and farming communities. Smoking was another risk indicator for tooth loss 

(≥6 missing teeth) in the fishing community. Education, tobacco chewing and use of 

fluoridated toothpaste were associated indicators in the farming community. Being male 

compared to female and chewing tobacco compared to never chewing had a protective effect 

against losing ≥6 teeth (Table 4.47). 

Table 4. 47: Unadjusted prevalence ratios for the risk indicators of tooth loss 

Explanatory variables Ref  Fishing Farming Total 

  PR (95% CI) PR (95% CI) PR (95% CI) 

Age (45-54 years) 

 

35-44 4.54 (2.71-7.61)* 2.38 (1.59-3.56)* 3.39 (2.48-4.65)* 

Sex (Male) 

 

Female 0.51 (0.34-0.76)* 0.65 (0.45-0.94)* 0.59 (0.44-0.79)* 

Education level (Low) 

 

High 1.77 (0.54-5.85) 2.74 (1.86-4.05)* 1.75 (1.14-2.68)* 

Per capita income 

(Low) 

 

High  1.12 (0.62-2.04) 0.92 (0.59-1.44) 0.61 (0.44-0.83)* 

Material circumstances 

(Poor) 

 

Better 1.73 (0.73-4.12) 1.07 (0.80-1.44) 0.84 (0.58-1.22) 

Tooth cleaning 

frequency (≤ once/day) 

 

≥twice/day 1.05 (0.66-1.69)
 

1.17 (0.84-1.63) 0.90 (0.67-1.19) 

Tooth cleaning method 

(Others) 

 

Tooth 

brush 

0.85 (0.38-1.92) 0.71 (0.30-1.69) 0.65 (0.36-1.15) 

Fluoridated toothpaste 

use (No) 

 

Yes 0.69 (0.30-1.58) 1.50 (1.09-2.06)* 1.58 (1.13-2.20)* 

Dental visit (Yes) No 2.24 (1.08-4.62)* 4.42 (1.75-11.19)* 3.45 (2.07-5.76)* 

Smoking (Yes) 

 

No 2.01 (1.16-3.49)* 0.41 (0.11-1.54) 1.02 (0.59-1.75) 

Tobacco chewing (Yes) 

 

No 0.52 (0.25-1.09) 0.58 (0.35-0.98)* 0.57 (0.37-0.89)* 

Alcohol (Yes) 

 

No 0.68 (0.45-1.04) 0.76 (0.28-2.03) 0.46 (0.31-0.67)* 

Periodontal disease 

(Moderate-severe) 

None-mild 2.36 (1.43-3.89)* 1.49 (1.03-2.15)* 1.70 (1.27-2.28)* 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category;  
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4.6.2.2 Multivariable regression and population attributable fraction for tooth loss 

The log-binomial regression model for tooth loss showed that age, education, per capita 

income, alcohol drinking, dental visiting and periodontal disease were significantly associated 

with tooth loss (≥6 missing teeth). People in the older age group were thrice more likely to 

have lost at least 6 teeth than people in the younger age group. Males were less likely to lose a 

greater number of teeth than females. This association was not significant. Lower education 

was significantly associated with tooth loss (PR =1.88 [95% CI = 1.21-2.93]). People having 

low-income were less likely to lose more teeth than persons with high income. Dental visiting 

increased the likelihood of losing at least 6 teeth by 2.8 times. PR for tooth loss (≥6 teeth) was 

higher for moderate-severe periodontal disease compared to none or mild periodontal disease. 

The highest impact on tooth loss was by dental visiting (PAF=50%). This was followed by 

age (27%), periodontal disease (15%) and education (9%) in the decreasing order. The PAF 

for tooth loss related to income was 22% lesser for low income people compared to those with 

high income. Alcohol drinking was associated with 35% lesser impact on tooth loss at the 

population level (Table 4.48). 
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Table 4. 48: Multivariable regression and population attributable fraction for tooth loss 

in both communities  

Variables Categories  Adjusted PR  

(95% CI) 

PAF (%) 

(95% CI) 

Age (years) 

 

 

35-44  Ref  

45-54 3.00 (2.10-4.28)* 27 (21-31) 

Sex Male  0.72 (0.49-1.06)  

Female  Ref  

 

Education Secondary/less 1.88 (1.21-2.93)* 9 (3-12) 

Post-secondary  Ref  

 

Per capita income Low-middle 0.69 (0.52-0.92)* -22 (-45- -4) 

High 

 

Ref   

Fluoridated toothpaste 

use 

Yes Ref  

No 1.24 (0.91-1.70)  

 

Dental visit Yes  2.80 (1.64-4.77)* 50 (30-61) 

No  

 

Ref   

Smoking  Yes  1.71 (0.88-3.34)  

No  Ref  

 

Tobacco chewing Yes  0.67 (0.42-1.06)  

No  Ref  

 

Alcohol Yes  0.42 (0.25-0.70)* -35 (-76 - -11) 

No  Ref  

 

Periodontal disease None-mild Ref  

Moderate-severe 

 

1.47 (1.07-2.02)* 15 (3-24) 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category;  

R2=0.1598; VIF=1.07-1.61 
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4.6.2.3 Multivariable regression for tooth loss using propensity scores 

Table 4.49 presents the multivariable models for tooth loss using PS included as weights. The 

PS were estimated for dental visiting. In the present model PR, for dental visiting associated 

with tooth loss was greater (PR = 3.22 [95% CI = 1.87-5.54]). The other factors associated 

with higher PR were older age, lower education and moderate-severe periodontal disease. 

Tobacco chewers and alcohol consumers had significantly lower PR than those without 

chewing/alcohol habits. 

Table 4. 49: Multivariable regression for tooth loss in both communities using 

propensity scores  

Variables Categories  Adjusted PR  

(95% CI) 

Age 

 

 

35-44 years Ref 

45-54 years 3.33 (2.15-5.15)* 

Sex 

 

 

Male  0.76 (0.48-1.23) 

Female  Ref 

Education 

 

 

Secondary/less 2.23 (1.37-3.62)* 

Post-secondary  Ref 

Per capita income Low-middle 0.75 (0.53-1.04) 

High 

 

Ref  

Fluoridated toothpaste 

use 

 

Yes Ref 

No 1.05 (0.74-1.50) 

 

Dental visit Yes  3.22 (1.87-5.54)* 

No  

 

Ref  

Smoking  

 

 

Yes  1.77 (0.89-3.52) 

No  Ref 

Tobacco chewing 

 

 

Yes  0.60 (0.38-0.97)* 

No  Ref 

Alcohol 

 

 

Yes  0.38 (0.23-0.64)* 

No  Ref 

Periodontal disease None-mild Ref 

Moderate-severe 

 

1.62 (1.03-2.53)* 

PR=Prevalence ratio; *95% CI not including 1 indicate significance; Ref=Reference category;  
R2=0.1577; VIF=1.03-1.61 
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4.7 Summary of results 

The important findings observed were that the proportion of males who participated in the 

study was higher compared to females. A majority of the fishing population were of lower 

SES compared to the farming population. Oral health behaviours were mostly similar in both 

communities and dental visiting was mainly problem oriented. Prevalence of smoking and 

alcohol consumption were higher in the fishing community when compared with the farming 

community. However, the prevalence of tobacco chewing was similar in both communities. 

Moderate-heavy plaque accumulation was high but not significantly different in two 

communities.  

The prevalence, extent, and severity of periodontal disease were similar in both communities. 

Age, SES, method of tooth cleaning, plaque, and tobacco chewing were significant risk 

indicators for prevalence, extent, and severity of periodontal disease. Age, SES, tobacco 

chewing and plaque also contributed to the higher PAF for periodontal disease. Clustering of 

factors like smoking, tobacco chewing, alcohol, and plaque were associated with the 

prevalence of periodontitis.  

People from the farming community had a greater proportion of tooth loss (≥ 6 teeth). The 

main risk indicators for tooth loss were age, dental visiting and periodontal disease. Dental 

visiting showed a greater effect on tooth loss after adjusting for confounders. 
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Chapter 5: Discussion 

5 Discussion 

5.1 Summary of study findings 

A cross-sectional population-based epidemiological study was conducted in the coastal 

villages of Karnataka state, South India. In two diverse communities the objectives were to 

identify, examine clustering and estimate population impact of the risk indicators for 

periodontal disease and tooth loss. The theoretical research framework included the risk 

indicators of periodontal disease and tooth loss according to the Literature Review. 

A complex method was used to sample people in the age group of 35-54 years in the fishing 

and farming communities, from fifty villages in two coastal districts. In total, 873 men and 

women participated in the study. A sufficient sample size was achieved. Data on exposures 

such as sociodemographic factors, oral health behaviours, diet, habits, stress, social support, 

and diabetes were collected through an interview using a structured questionnaire. Oral 

examinations were conducted to assess plaque levels and oral health outcomes such as 

periodontal status and tooth loss. 

Various statistical approaches in accordance with the sampling (stratified cluster random) 

design were followed to achieve the objectives. The sample size achieved had sufficient 

power of more than 0.8 to perform various multivariable statistical analyses, although the 

sample was not adequate for stratified analyses (by communities). PRs were used as measures 

of association of risk indicators with binary outcomes considering the cross-sectional study 

design. Risk indicators were identified and quantified from the PRs obtained from the 

multivariable models. PS were used to remove the confounding effect in the multivariable 

model for tooth loss. 
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The prevalence, extent, and severity of periodontal disease were similar in both communities. 

The prevalence of periodontal disease in the study population was higher than the national 

prevalence in India and Vietnam (DCI, 2002-03; Do et al., 2011). Age, plaque levels, SES, 

oral health behaviour, and habits such as tobacco chewing, and alcohol were the risk 

indicators for prevalence, extent, and severity of periodontal disease. The impact of plaque 

accumulation and age on periodontal disease prevalence, and extent at the population level, 

were greater than other risk indicators.  

Further clustering of risk indicators such as smoking, tobacco chewing, alcohol and plaque 

were explored. More than 31% of the study population presented with a combination of two 

or more risk indicators of periodontal disease. Age, sex, education and per capita monthly 

income were strongly associated with clustering of risk indicators. Increase in the co-

occurrence of the number of risk indicators increased the odds for prevalence of periodontal 

disease. 

Tooth loss, measured by six or more missing teeth, was higher in the farming community than 

the fishing community. Overall tooth loss was prevalent in 18% of the study population. In 

the total study population, dental visiting, age, education, alcohol consumption and 

periodontal disease were associated with tooth loss. Dental visiting explained 50% of tooth 

loss. Another feature of the study was the use of PS weighting to remove confounding of 

other variables in determining the effect of dental visiting on tooth loss. Problem-oriented 

dental visiting had the highest impact on tooth loss.  
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5.2 Strengths and limitations 

This section focuses on the strengths and limitations of the present study. 

5.2.1 Strengths 

1. The present study, to the best of researcher’s knowledge, is the first one to assess the 

risk indicators for periodontal disease and tooth loss in a rural Indian population. The 

present study gives a new insight into the level of oral disease existing in the rural 

areas where over two-thirds of the Indian population reside.  

2. The present study could be considered as an important population-based study that 

examined the burden of periodontal disease and tooth loss among rural adults. Various 

dimensions of periodontal disease such as the prevalence, extent and severity were 

assessed in the present study. The present research adds more evidence about the risk 

indicators associated with periodontal disease and tooth loss, and the impact of those 

risk indicators at a population level.  

3. A robust sampling methodology, stratified cluster random sampling technique has 

been used.  

4. Many epidemiological studies, including the national oral health survey in India, have 

used the CPI and the loss of attachment criteria, which are categorical measures that 

provide limited information. In the present study, CAL and PPD which are continuous 

measurements, were used. These provide more accurate information. 

5. Detailed data collection procedures involved face-face interviews and oral 

examinations. Modern equipment used in developed countries was used to conduct the 

oral examinations.  

6. Consistency in measuring oral findings as a single examiner conducted the oral 

examinations. 
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7. The statistical methodology adopted in the study related to the complex sampling 

design. Statistical measures such as prevalence ratios were used instead of odds ratios 

as they were more suitable for diseases with the high prevalence seen in this study. 

Population attributable fractions estimated for risk indicators of periodontal disease 

and tooth loss were used to measure the contribution of each risk indicator at 

population level, and this could help policy-makers to plan public health programs. 

Another important measure adopted was the use of propensity scores, which accounts 

for confounding, and showed the effect of dental visiting on tooth loss.  

8. Clustering of common risk indicators for periodontal disease was assessed in this 

population.  

5.2.2 Limitations 

The limitations of the present study are: 

1. As this was a cross-sectional study, it was only possible to assess the risk indicators 

for periodontal disease and not the cause and effect relationship. 

2. Potential biases in the study: 

i. Non-response-bias: There could be a potential non-response bias due to 

differences in the response rates of the farming and fishing community people. 

As the characteristics of the people who did not participate are not known, the 

bias could not be quantified. 

ii. Recall bias: Interviews could result in some degree of recall bias. 

iii. Survival bias due to tooth loss could have led to an under-estimation of the 

prevalence of periodontal disease.  

3. Measurement errors: There could be some degree of measurement error because 

under-reporting of habits and income could not be avoided, but to minimise this error 
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three socioeconomic indicators were used. Assessment of stress and social support 

was self-perceived, and this could have resulted in some variation in the measurement. 

Nevertheless, collecting data through interviews is a widely-accepted and cost- 

effective method for data collection at the population level. 

4. There was only one examiner (MB), who performed all the oral examinations. 

Sometimes the work schedule extended for long hours and tiredness may have caused 

some measurement errors during the clinical examination. However, efforts were 

made to reduce the errors by taking small breaks during the long working hours. 

5. No accurate benchmark data was available pertaining to the study population in each 

village; also the sociodemographic characteristics in each village were not known. For 

this reason, it was not possible to individually weight people in each village. So a 

uniform method of weighting was used for all participants. 

5.3 Measurements for periodontal disease 

Diagnosing periodontal disease is important in estimating the prevalence. In the present study 

periodontal disease was diagnosed using the updated CDC-AAP case definition (Eke et al., 

2012), which categorises periodontitis as mild, moderate, and severe. The CDC-AAP case 

definition measures periodontitis based on PPD and CAL and is appropriate for diagnosing 

periodontal disease because of the stringent criteria. Interproximal probing is ideal in 

identification of cases, since the attachment loss in other areas such as mid-buccal or lingual, 

could be due to malocclusion or toothbrush abrasion and may not be affected by periodontal 

disease processes (Eke et al., 2012). The above case definition considers measurements from 

four interproximal areas, unlike other definitions which include measurements from mid-

buccal and lingual sites (Tonetti and Claffey, 2005). Various criteria have been used in 

epidemiological studies to identify cases of periodontal disease that has resulted in variations 
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in the estimation of periodontal disease prevalence (Demmer and Papapanou, 2010). CDC-

AAP definition has been found to be a robust method in defining periodontitis (Acharya et al., 

2013) and is used widely to estimate prevalence in population-based surveillance (Demmer 

and Papapanou, 2010). Further, the CDC-AAP criteria have not been used in Indian rural 

populations. 

Extent and severity are the other measurements for periodontal disease. The extent is 

described as the number or proportion of sites with periodontal disease, and severity is the 

magnitude of attachment loss in a population. This concept of the extent and severity of 

periodontal disease was introduced by Carlos et al. (1986). The extent and severity depends 

on the threshold of attachment loss considered to define the periodontal sites as diseased. The 

threshold level was kept as CAL ≥2mm in this study so that people with mild periodontitis 

were not missed. 

The prevalence, extent, and severity used in this study are more appropriate at a population 

level than at an individual level. All the three measurements when put together, help in 

understanding the relationship of risk indicators with distribution and pattern of disease and 

also help in working out the potential treatment and preventive programs for a population. 

Therefore, periodontal disease was studied, considering prevalence, extent, and severity in 

this rural Indian population. 

5.4 Prevalence, extent, and severity of periodontal disease in the farming and 

fishing communities 

The prevalence of periodontal disease in the study population was high at 46.6% and was 

similar in both rural communities. Previous studies conducted at national and state levels in 

India have reported the loss of attachment. The prevalence of periodontal disease in the 

present study is similar to the prevalence among the 35-44 year age group (41.2%) in India, 
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but higher when compared to the state level prevalence (33%) in Karnataka (DCI, 2002-03). 

However, the criteria used for diagnosing periodontal disease in the national oral health 

survey were CPI and LOA. The findings from the survey showed a moderately high 

prevalence of periodontal disease in the Indian population. Interestingly, the prevalence of 

periodontal disease in India was very high when compared with the periodontal disease 

findings from the National Survey of Adult Oral Health in Australia, in which 22.9% of 

Australians had moderate or severe periodontal disease (Roberts-Thomson and Do, 2007). 

The reasons for high levels of periodontal disease could be attributed to distinctive risk factors 

present in the Indian population. Further, other studies have similarly reported a higher 

prevalence of periodontal disease among South Asians (van Palenstein Helderman et al., 

1998; Amarasena et al., 2002; Bhat, 2008; David et al., 2011). A review by Corbet (2006) 

suggested that Asians could be more susceptible to periodontal disease. 

In the present study only a small proportion (8.2%) of the total population had no CAL. More 

than 42% of the people had localised, and nearly half of the population had generalised 

periodontitis. Comparison of the two communities by extent (≤ 30% and > 30% of diseased 

sites) and severity of periodontal disease did not show any significant differences.  

Considering the diversity of the two participating communities, a hypothesis was put forward 

that the prevalence, extent, and severity of periodontal disease was greater in the fishing than 

the farming community. From the results it was found that the prevalence, extent, and severity 

of periodontal disease was similar in both communities, and therefore, the null hypothesis was 

retained. However, results showed that the two communities were dissimilar in various 

aspects. In the farming community a greater proportion of people had higher SES, cleaned 

their teeth more regularly, had visited a dentist and were older than people of the fishing 

community. On the other hand, a higher proportion of the fishing population smoked and 

consumed alcohol, compared to the farming community. However, participants from both 
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communities were similar in gender ratio, tobacco chewing, fruit consumption, and plaque 

accumulation. The similarity in the periodontal disease levels in the two communities could 

be due to similarities in chewing habits and plaque accumulation. Besides these factors, fish is 

regularly present in the diet of the fishing people. The types of fish consumed regularly by the 

fishing community people in coastal villages of Karnataka included sardines and mackerel. 

Fish contains omega-3 fatty acids, and studies have shown omega-3 fatty acids such as 

Docosahexaenoic acid have a beneficial effect on periodontal health (Iwasaki et al., 2010). 

The protective effect from fish in their diet may reduce the unfavourable influences of lower 

SES, and also reduce the effects of habits, such as smoking and drinking alcohol, on the 

periodontium. 

5.5 Risk indicators for periodontal disease 

Factors such as age, education, tobacco chewing, and plaque accumulation were significant in 

the multivariable model for prevalence. Age, SES, method of tooth-cleaning, alcohol 

consumption, and plaque accumulation were significant risk indicators for generalised 

periodontal disease in the population. Age, tobacco chewing, and plaque were significantly 

associated with severity at the multivariable level. 

5.5.1 Association between age, sex and periodontal disease 

In the present study, the proportion of the population with moderate-severe periodontitis was 

higher (67.5%) in the age-group of 45-54 years, compared to the younger age-group (32.8%). 

The prevalence of periodontal disease has been shown to increase with age in all populations. 

Similar findings have been observed in other epidemiological studies (Abdellatif and Burt, 

1987; Grossi et al., 1994). Age was a significant factor for generalised periodontal disease in 

the multivariable model. People in the age group of 45-54 years were 37% (PR = 1.37 [95% 

CI = 1.19-1.59]) more likely to have generalised periodontal disease. Multiple linear 
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regression for severity in both communities showed that being in the older age group (45-54 

years) was strongly associated with the severity of periodontitis compared to people in the 

younger age-group (35-44 years), and this relationship was significant. 

Machtei et al. (1994) suggested that periodontal disease is cumulative over the course of a 

life, rather than attributing it to other deficiencies or abnormalities. Age can be regarded as a 

proxy-variable for disease-extent in this study as it did not enhance the probability of 

generalised periodontitis occurring per se. Loss of attachment is an irreversible process, and 

age itself may not be a related factor. 

In the present study, sex was not significantly associated with prevalence, extent, and severity 

of periodontal disease in the multivariable model when adjusted for other variables. Other 

studies have found males to have higher levels of loss of attachment (Brown et al., 1994; 

Albandar et al., 1999). Age and sex were not significantly associated with the severity of 

periodontal disease in a population of Navajo Indians. However, the study on Navajo Indians 

was conducted on adolescents which probably explains the result, as people who are younger 

may have less periodontal disease (Wolfe and Carlos, 1987). Age has been shown to be 

significantly associated with severity by Minaya-Sánchez et al. (2007), but the threshold and 

criteria used in that study were different from those used in this study.  

Age-stratified analysis showed plaque to be a significant risk indicator for periodontal disease 

in the younger age group (35-44 years) (PR = 2.30 [95% CI = 1.65-3.22]). It is most likely 

that moderate to heavy plaque accumulation is due to poor oral hygiene practices. In the 35-

44 year age group although sex (males), tooth cleaning (use of other methods) and tobacco 

chewing were not statistically significant their prevalence ratios were higher, suggesting a 

possible relationship with periodontal disease. In the older age group (45-54 years), tobacco 

chewing was the only significant risk indicator for the prevalence of periodontal disease. The 
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reason could be that people in the older age group had chewed tobacco for a longer time, 

thereby prolonging the effect of tobacco chewing on periodontal tissues.  

5.5.2 Association of SES with periodontal disease 

A majority (81.4%) of the rural people had received a secondary level or lower education. 

Education was a significant risk indicator for prevalence and extent of periodontal disease in 

this population. In the present study, people with a secondary education level or less were 

22% more likely to have a higher prevalence of periodontal disease and were 29% more likely 

to have generalised periodontitis.  

Per capita income was associated with the extent of periodontitis but not with prevalence or 

severity. People with low-middle income were at a slightly higher risk of having attachment 

loss in more than 30% of the periodontal sites. Material circumstances were not related to 

prevalence, extent, and severity of periodontitis after adjusting for other covariates. 

Periodontal disease has been shown to vary more by education than other socioeconomic 

measurements (Slade et al., 1993; Fox et al., 1994). A study of the U.S. population conducted 

by Oliver at el (1998) demonstrated that persons with less than 12 years of education were at 

a higher risk of periodontal disease than more educated people. A lower education level could 

be related to habits such as tobacco use, alcohol consumption (Rani et al., 2003) and oral 

hygiene, which could, in turn be related to periodontal disease. As seen in the study 

population, low education and income were associated with the occurrence of two or more 

risk indicators in an individual (Table 4.26). Diminished immunity could be a pathway 

between low SES and poor health outcome (Dowd and Aiello, 2009), but the mechanism is 

still poorly understood. 
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5.5.3 Oral health behaviour and periodontal disease 

Over 90% of the population used a toothbrush. A very small proportion of rural people used 

other methods such as fingers or twigs for cleaning their teeth. Those who cleaned their teeth 

with a finger also used other materials easily available at home as abrasives, for example, 

charcoal, paddy/coconut husk and salt. Finger or twig use is an inexpensive method and 

generally practiced by people of very low SES. People following other methods for tooth 

cleaning were nearly 1.2 times more likely to have generalised periodontitis after adjusting for 

all other covariates. Studies in rural populations of less developed countries have shown that 

plaque accumulation was not associated with the method of tooth cleaning (Sarita and 

Tuominen, 1992). In the present rural population, chronic trauma from the use of abrasives 

could have contributed to an increase in attachment loss.  

Tooth cleaning frequency and dental visiting did not show any association with periodontal 

disease in either age group. 

5.5.4 Plaque accumulation and periodontal disease 

Oral hygiene has always been emphasised for maintenance of oral health. The relationship 

between good oral hygiene and periodontal health has been observed in different age groups 

(Abdellatif and Burt, 1987; Axelsson et al., 2004). Oral hygiene status is usually determined 

based on plaque and/or calculus accumulation. Micro-organisms present in plaque are the 

primary etiological agents for periodontal disease, while calculus is plaque-retentive and 

maintains the plaque in close proximity to the periodontal tissues. It was hypothesised that 

poor oral hygiene was associated with periodontal disease. In the rural fishing and farming 

population, moderate/heavy plaque accumulation was strongly associated with prevalence, 

extent, and severity of periodontal disease. People with moderate to heavy plaque 

accumulation were 1.78 times more likely to have moderate/severe periodontal disease and 
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some twice as likely to be affected with generalised periodontitis than people with no or 

minimal plaque accumulation. For those with moderate-heavy plaque accumulation, there was 

an additional loss of attachment by 0.67 mm independent of age, sex, SES, tobacco and 

alcohol use. Similar results have been found from a study in a South Asian population in 

which the attachment loss increased linearly by 0.6 mm for every unit increase in plaque 

accumulation after adjusting for age, sex, SES, tooth cleaning behaviours and tobacco 

(Amarasena et al., 2002). Analogous reports on the association between plaque mass and 

periodontal loss of attachment are available from studies conducted on Sri Lankans (Löe et 

al., 1978; Löe et al., 1986), Tongans and Samoans (Cutress et al., 1982). The results of the 

present study are higher than what was observed in Tanzanian populations, where a maximum 

of 35% of the sites presented with CAL of ≥ 4mm in a population with poor oral hygiene 

(Baelum et al., 1986). 

In this study population, a plaque index that measured visible plaque was used (Löe, 1967). 

This in reality measures quantity of plaque, reflecting the oral hygiene status which is a non-

specific measure. However, the evidence from recent studies including microbial colonisation 

information favour specific hypotheses over non-specific hypotheses for the plaque induced 

periodontitis (Loesche and Grossman, 2001; Axelsson, 2002). It could also be possible that 

increased plaque accumulation may alter the local micro-environment that could predispose to 

colonisation by pathologic plaque micro-organisms (Listgarten, 1988; Marsh, 1994). It is not 

possible to comment on the supra and subgingival microbiota since this was not explored in 

this rural population, but it has been observed in other studies that subgingival microbiota 

varied in people with chronic periodontitis from different geographic locations (Haffajee et 

al., 2004). The plaque index (Löe, 1967) is a reliable measure for supragingival visible 

plaque. Dichotomised data on plaque, if collected reliably as absent or present, can be relevant 

and clinically important (Christersson et al., 1991). In this study, dichotomising as no/minimal 
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and moderate/heavy plaque accumulation rather than just yes/no might have resulted in a 

stronger association between the amount of plaque and periodontitis. Moderate to heavy 

plaque accumulation is indicative of poor oral hygiene. Maintenance of good oral hygiene by 

daily plaque removal requires high motivation and may sometimes require professional dental 

care. The dental visiting pattern in these populations was mainly needs-based and not for 

preventive care. Since periodontitis is a multifactorial disease, the amount of plaque alone 

cannot be regarded as a contributory factor, but the microbial profile, genetic susceptibility, 

and nutritional characteristics of the population also needs to be considered. Although the 

rural population appeared healthy, there may be some nutritional deficiencies (Harinarayan et 

al., 2007) as seen from their low dietary consumption of vegetables and fruits, which were 

below the normal dietary requirements. This may compromise the host response to 

periodontal pathogens. The present findings indicate that it is important to understand the 

microbial profile and the nutrition scenario in this population.  

5.5.5 Tobacco use and periodontal disease 

Tobacco is a major cause of mortality. SLT (chewing tobacco and quid) like smoking is a 

major risk factor for cancer and cardiovascular diseases (Critchley and Unal, 2003; IARC, 

2004; Boffetta and Straif, 2009; IARC, 2012). Tobacco use, especially smoking, is a known 

risk factor for periodontal disease (Bergström et al., 1991; Bergström, 2006). One of the study 

hypotheses was that tobacco chewing and smoking are associated with periodontal disease in 

the rural population of India. The results showed that, in the present study population, tobacco 

chewers were 28% more likely to develop periodontal disease than people who did not chew 

tobacco. Both men and women chewed smokeless tobacco mainly in the form of traditional 

betel quid. A higher proportion of tobacco chewers had periodontal disease than non-chewers 

in both the fishing and farming communities. The results are similar to studies conducted in 

Karnataka state, India, where rural and urban tobacco chewers in 35-44 year age group had 
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higher odds for periodontal disease compared to non-chewers (Mohamed and Janakiram, 

2013). In the current study tobacco chewing was associated with severity of periodontal 

disease. The severity of attachment loss was significantly greater among tobacco chewers 

than non-chewers. Analogous results have been reported in a Sri Lankan population 

(Amarasena et al., 2002). Research in other South-East Asian populations reports a strong 

association between chewing quid with tobacco and periodontal attachment loss. The severity 

of periodontal disease in those chewing quid with tobacco was greater than in those chewing 

quid without tobacco and non-chewers (Chatrchaiwiwatana, 2006; Javed et al., 2013). This 

demonstrates the destructive effect of tobacco on periodontal tissues. A large population-

based study in the U.S.A. showed that smokeless tobacco was associated with severe active 

periodontitis (Fisher et al., 2005). However, the types of smokeless tobacco consumed in 

India and the U.S.A. are different. In India, ingredients such as slaked lime, areca nut and 

flavoured condiments are added to the tobacco containing betel quid, and this could have a 

different effect on periodontal tissues when compared to the effects observed in smokeless 

tobacco used in developed countries. Betel quid along with slaked lime is reported to exert a 

cholinergic effect along with calcium salts present in the saliva, which in turn leads to hyper-

salivation and calculus deposition and can contribute to periodontal inflammation 

(Chatrchaiwiwatana, 2006). Studies also have reported that arecoline, one of the main 

ingredients in the betel quid, inhibits cellular attachment, cellular growth and collagen 

synthesis among habitual chewers (Jeng et al., 1996; Chang et al., 1998). The smokeless 

tobacco products are slowly chewed, held in the mouth for a varying duration of time and 

then expectorated. Use of smokeless tobacco over a long period could cause mechanical 

injury to the periodontal tissues. This mechanism of chewing also was hypothesised by 

Weintraub and Burt (1987) as being a cause of gingival recession. The theory is supported by 

a study conducted among males of rural Appalachia who used smokeless tobacco and had 
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greater extent and severity of attachment loss in smokeless tobacco sites than non-smokeless 

tobacco sites (Chu et al., 2010). However, in this study population tobacco chewing was not 

associated with the extent of periodontal disease after adjusting for age, sex, SES, oral health 

behaviour, smoking, alcohol and plaque.  

Smoking was not associated with prevalence, extent, and severity of periodontal disease in the 

farming and fishing populations. Though prevalence and extent of periodontitis were higher 

among smokers in the study population at the bivariate level, the association moved towards 

null when adjusted for other variables in the multivariable analysis. The results of this study 

are in conformity with the findings from a rural Sri Lankan population (Amarasena et al., 

2002). However, the observations from the current study are in contrast to other studies 

conducted in developing countries which have shown an association between smoking and 

periodontal disease (Do et al., 2003; Mohamed and Janakiram, 2013). In western populations 

with good oral hygiene, tobacco smoking has been observed as a risk factor in cross-sectional 

studies (Ismail et al., 1983; Bergström et al., 1991; Do et al., 2008) and supported by 

longitudinal studies (Beck et al., 1995). Lack of association observed in this study could be 

due to low prevalence of smoking and the habit being reported only by males. Moreover, 

there are possibilities of inaccuracies in the reporting of smoking histories (Peto, 1992). 

Another possibility is that smoking was uncommon in the rural communities because chewing 

was preferred to smoking. Chewing tobacco with quid was more of a cultural practice in the 

farming community, and among fishermen chewing was a more convenient way of using 

tobacco than smoking whilst fishing. An additional factor to be considered is that the present 

study population was entirely rural whereas the studies by Mohamed and Janakiram (2013) 

and Do et al. (2003) included both urban and rural people. Although smoking was not a risk 

indicator for periodontal disease in this population, its role as a risk factor for periodontal 

disease cannot be ruled out.  
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5.5.6 Alcohol and periodontitis 

In the rural populations, the proportion of people consuming alcohol was ten-fold higher in 

the fishing compared to the farming population. Nearly 40% of the fishing community 

reported alcohol consumption compared to 4% of the farming population. Those in the fishing 

community also had lower SES compared to the farmers, and they perceived their occupation 

as being more stressful. This perhaps could be a reason for the high prevalence of alcohol 

consumption by these people. Further, alcohol consumption among men was acceptable in the 

fishing community. Alcohol was associated with the prevalence, extent and severity of 

periodontal disease at a bivariate level, but was not associated with periodontal disease at a 

multivariable level. This could be due to the fact that most women did not report consumption 

of alcohol, as this was not acceptable in rural Indian society. Furthermore, the proportion of 

alcohol consumers in the farming community was very low as consuming alcohol is regarded 

as a social taboo in that community. Age stratified analyses found that the proportion of 

alcohol consumers who had periodontal disease was higher (46.7%) in the 35-44 year age 

group compared to 18.2% in the 45-54 year age group. The findings indicate that alcohol is a 

risk indicator for periodontal disease in the middle-aged group. Though alcohol was not found 

to be a very strong risk indicator in the rural population, the findings from bivariate analyses 

underscore the relationship of alcohol with prevalence, extent, and severity of periodontal 

disease. Other studies have found that alcohol consumption is associated with periodontal 

disease (Tezal et al., 2001; Pitiphat et al., 2003). Although a biological plausibility is 

suggested, some researchers believe that it is excessive alcohol consumption coupled with 

poor oral hygiene which is responsible for this association (Sakki et al., 1995). Further studies 

are needed to explore this association. 

Early behavioural interventions may be beneficial in helping these rural populations to 

cultivate a healthier lifestyle. 
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5.5.7 Clustering of risk indicators for periodontitis 

Clustering of risk factors refers to the co-occurrence of two or more risk factors in an 

individual. It is important to study clustering, because when two or more risk indicators are 

present in an individual, the risk indicators could exert a combined effect to increase the risk 

for diseases. In this cross-sectional study, the aim was to assess clustering of common risk 

indicators of periodontal disease such as smoking, chewing, alcohol and plaque. Over 68% of 

the population did not show clustering of the above risk indicators and nearly 13% of the rural 

population showed clustering for three or four risk indicators. Age, sex and SES were strongly 

related with clustering. People aged 45-54 years, males, those with lower education, and low 

income groups had higher odds for clustering of two risk indicators and much greater odds for 

clustering of three or four indicators compared to those aged 35-44 years, females, with 

higher education, and higher income groups. The reason for males showing more clustering 

could be due to the higher prevalence of habits among males compared to females. Oral 

health compromising behaviour have been shown to cluster in adults (Singh et al., 2013). 

Poortinga (2007) found multiple risk factors present among people, who were economically 

inactive and of lower social class, and that clustering of risk factors was more common among 

women than men, which is contrary to the present study. The present cross-sectional study is 

unable to determine the causes for clustering. Other studies have assessed clustering of risk 

factors pertaining to general health and risky oral health behaviours among adults and 

adolescents (Park et al., 2010; Silva et al., 2012). 

The current study found that clustering of habits and poor oral hygiene were associated with 

periodontal disease. Clustering of risk indicators showed a stronger association with 

periodontitis in the study population. To the best of researcher’s knowledge no published 

studies have been reported regarding the clustering of risk indicators for periodontal disease. 

The present study suggests that the risk indicators are not randomly distributed in the rural 
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population but occur in combination. Furthermore, epidemiological studies to assess the 

clustering of risk factors for oral diseases are necessary. The information obtained in this 

study and others shows that the co-occurrence of these indicators can affect both oral and 

general health and could be tackled using the common risk factor approach. The findings 

could also help in developing appropriate preventive and intervention strategies in high risk 

rural populations for improving health. 

5.6 Risk indicators of tooth loss 

In the present study, 17.9% of the population had at least six teeth missing. The prevalence of 

tooth loss (≥ 6 teeth) was higher (28%) in the farming compared to fishing populations 

(11.1%). Tooth loss observed in this rural population was related to various risk indicators 

such as age, education, dental visits and periodontal disease. Age, poor oral hygiene and 

dental disease have been implicated as risk factors for tooth loss (Burt et al., 1990). 

Age was significantly associated with tooth loss and 27% of tooth loss was attributable to age 

in this population. Higher odds for losing multiple teeth with an increase in age could be due 

to the cumulative effect of dental disease over a lifetime. The findings of the present study are 

similar to other studies which have shown age to be significantly related to tooth loss 

(Hamasha et al., 2000; Chatrchaiwiwatana, 2007).  

A higher proportion of females had lost ≥6 teeth compared to males in both communities. Sex 

was not a significant risk indicator after adjusting for age, SES, oral health behaviour, habits 

and periodontal disease. It is known that women are more diligent in seeking dental care than 

men and have better health orientated behaviour (Rise and Helöe, 1978). However, in this 

study population it may be that most of the rural women, who were housewives with more 

flexible time than the working men, visited a dentist more frequently, and this may have 



 

  
161 

 
  

resulted in greater tooth extractions. The reasons for tooth loss in this rural Indian population 

showed some similarities with a study conducted of an isolated community in Brazil (Corraini 

et al., 2009). 

Education was another significant risk indicator for tooth loss in the rural population. People 

with education up to secondary level were more likely (PR = 1.88 [95% CI = 1.21-2.93]) to 

have lost teeth compared to people who had completed post-secondary education. The PAF 

for low education was 9%. Tooth loss has been attributed to low education, low income and 

lack of professional care (Oliver and Brown, 1993). In the study population, per capita 

income was positively associated with tooth loss. It was also observed that a higher 

proportion of farming people, having a relatively higher income, visited a dentist. Low 

income was associated with 22% less tooth loss in the rural people. Gilbert et al. (2003) 

reported that African-Americans and low SES people did not enter the dental care system, but 

when they did they were more likely to get their teeth extracted due to the severity of disease 

on presentation. Drawing an analogy from the previous study, it could be possible that low 

income people rarely made dental visits and hence, retained more teeth which could include 

even the non-functional teeth. Such people received professional care only when it was really 

needed.  

Oral diseases such as periodontal disease and dental caries are the major causes for tooth 

mortality. The results of this study showed that moderate-severe periodontal disease was a 

significant risk indicator for tooth loss. In earlier studies conducted among Sri Lankan tea 

workers, where nearly all of them had poor oral hygiene, the rate of periodontal destruction 

determined the rate of tooth loss (Löe et al., 1978; Löe et al., 1986). Research on an isolated 

Brazilian population found that periodontal attachment loss of ≥ 7mm was associated with 

tooth loss of ≥ 8 teeth (Corraini et al., 2009). Findings from a Jordanian study suggest that 
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tooth loss was attributable to lack of preventative and professional care (Hamasha et al., 

2000).  

In the present study, although people visited a dentist, it was more because of a need which 

reflected the disease level rather than regular dental attendance. Dental visiting was 

significantly related to tooth loss in the rural population. People in rural areas mainly visited a 

dentist when there was an urgent need for pain relief, and when they did receive care it was in 

the form of dental extraction. Other reasons for tooth loss could be that people in rural areas 

had difficulty in accessing dental care and were not keen on making multiple visits to a dentist 

for conservative treatment, and for this reason ended up getting their teeth extracted. 

Moreover, dentists practising in rural and small town areas may have differing practice 

philosophies, limited resources and expertise in providing advanced dental treatment, and this 

could be another reason why more people in these rural areas received extractions. 

The confounding by age, sex, health behaviour, social support and socioeconomic conditions 

could over or underestimate the association of dental visiting with tooth loss. Use of PS helps 

in reducing this bias by creating a pseudo-population in the dataset in which each individual 

has a predicted probability of dental visiting which is dependent on the confounders. Later, 

the inverse of the PS, also known as ‘inverse probability weight’, when used as weights in the 

multivariable model helped in removing the confounding bias and providing the unbiased 

effect of dental visiting on tooth loss. The models using PS showed that the effect of dental 

visiting on tooth loss was greater (PR = 3.22 in Table 4.49) than the association seen in a 

multivariable model (PR = 2.8 in Table 4.48) in which PS was not used.  

In addition to oral diseases, various factors such as age, sex, SES, care seeking behaviour 

impact on tooth loss. Dental caries was not included in the model as it was understood that 

people with dental caries and periodontal disease visited a dentist for treatment. Moreover, the 
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intention was to determine the association of periodontal disease with tooth loss. Nearly 15% 

of tooth loss was attributable to periodontal disease in the study population. 

Habits like tobacco and alcohol coupled with poor oral hygiene can contribute to tooth loss. 

However, in the present study, proportions of people with smoking and alcohol habits were 

low but a relatively high percentage (24.1%) of people chewed tobacco. Smoking and tobacco 

habits showed a significant relationship with tooth loss in the rural population. People who 

smoked, chewed tobacco and consumed alcohol were mainly from the lower income strata 

that did not seek dental care, and this could be a possible reason for these people retaining a 

greater percentage of teeth compared to people with higher income who visited a dentist. The 

proportion of teeth lost in tobacco chewers were lower (18.2%) compared to 31.2% in non-

tobacco chewers. Further, people in the lower-income strata may not have sought dental care 

for extraction of root stumps or grossly decayed teeth and also the healthy volunteer bias i.e. 

people with more missing teeth not participating in the study (Chatrchaiwiwatana, 2007) 

might have caused an underestimation of the burden of tooth loss and the need for oral care in 

the population. 

5.7 Implications of study findings 

5.7.1 Research implications  

The present study focused on two rural Indian communities. Although the fishing and farming 

communities varied in their life-style, both groups had similar levels of periodontal disease. 

This was a cross-sectional study that identified risk indicators for prevalence, extent, and 

severity of periodontal disease in the study population. PAF was estimated to provide 

information on the impact of risk indicators on periodontal disease in the population. 

However, this was calculated from a cross-sectional study. Further research is required to 

address the reasons for the increased burden of periodontal disease in these rural populations. 
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This could be done by conducting prospective studies for which the baseline data could be 

obtained from the present study. Furthermore, evaluation of risk factors for oral disease in 

rural Indian populations is essential in estimating the PAF for risk factors, based on the 

incidence of disease, that could assist in disease prevention. The present study assessed the 

clustering of risk indicators, but future research could also focus on the causes for clustering 

of these risk indicators. Moreover, the prevalence, extent, and severity concept used in this 

study could help in monitoring the incidence of attachment loss and progression of 

periodontal disease in the rural population.  

In the study population, plaque was found to be a strong risk indicator for periodontal disease. 

But, plaque accumulation was a non-specific measure. Future, microbiological studies could 

help in identification of specific pathogenic bacteria related to periodontal disease sites in 

these populations. Further, studies on genetic variations in these rural communities could also 

contribute further information on the disease susceptibility in different rural populations. 

Research to evaluate the effectiveness of interventional programs to improve oral hygiene 

could be undertaken in these populations. 

In this population tobacco chewing was found to be a risk indicator for periodontal disease. 

Future investigations on the content and consumption of tobacco products in the population 

may yield results which could help in gathering evidence on type and duration of SLT use on 

oral health in the rural areas. 

The prevalence of tooth loss was higher in the farming than the fishing population. Dental 

visiting was found to be the most important factor associated with tooth loss. The relative 

contribution of patterns of dental visiting, practice philosophy of rural dentists, access to 

dental care and affordability to tooth loss, in these communities, necessitates future research.  
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Exploration of the impact of periodontal disease and tooth loss on the quality of life in rural 

people needs consideration. Nutrition and its influence on oral health needs to be explored in 

these rural communities. Oral health research in rural areas should be prioritised considering 

the fact that a large majority of the Indian population reside in rural areas, have limited access 

to health care facilities, behave in ways detrimental to oral health and bear a high burden of 

periodontal disease and tooth loss. 

5.7.2 Implications for population oral health  

The study findings provided the evidence for undertaking public health initiatives to reduce 

the burden of oral diseases among the rural population in India. 

5.7.2.1 Implications for adopting a behavioural approach 

The rural population had a high prevalence of periodontal disease and tooth loss and a high 

frequency of generalised periodontal disease. Periodontal disease, tooth loss and other chronic 

diseases exhibit a social gradient and share risk factors such as tobacco, alcohol and hygiene 

in common. An integrated approach such as the common risk factor approach, which targets 

risk factors common to oral and general health, should be a priority.  

Following identification of risk factors or risk indicators, their quantification is necessary, and 

estimated as the PAF. It is the proportion of disease that would be reduced if the exposure was 

brought down to the alternative level. It also helps in guiding policy-makers planning for 

community-based health programs. Over 90% of the population in both communities used 

toothbrushes for cleaning their teeth. Yet, substantial plaque levels were observed in a greater 

proportion of the rural population (59%). Plaque was a significant risk indicator for 

periodontal destruction. It contributed to 26% of prevalence and 29% of generalised 

periodontal disease. Therefore, by controlling plaque the prevalence would be reduced by 17-

33% and the extent would be limited by 21-36%. Over half of the population brushed once 
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daily but it is now known that the effectiveness of tooth brushing is much more important 

than the frequency of cleaning (Pilot, 1981). Most dental professionals in India stress the need 

for twice daily tooth cleaning but do not stress the importance of effective plaque removal and 

the use of appropriate toothbrushes. In the present study, though the rural populations used a 

toothbrush, they were hard bristled which were inexpensive and costing as little as 15 

Australian cents per toothbrush. The use of hard bristled toothbrushes may mean that people 

were less likely to clean near the periodontium to avoid trauma to the tissues. Considering the 

above-mentioned factors, the importance of effective self-care and oral hygiene practices 

should be emphasised.  

The habits such as tobacco use and alcohol consumption were more common in the fishing 

compared to the farming community. However, proportions of people who chewed tobacco 

were similar in both fishing and farming communities. Prevalence of periodontal disease 

could be reduced by 3-8% if the people of the rural community did not chew tobacco. This 

would also reduce the severity of attachment loss. Smoking, tobacco chewing, and 

consumption of excessive alcohol, could act synergistically to exert harmful effects, on 

general health as well as oral health. The present study population may not be aware of the 

harmful effects of tobacco chewing which could result in oral pre-malignant and malignant 

lesions (Gupta and Ray, 2003; IARC, 2004). Further, a greater proportion of this study 

population used beedies compared to cigarettes. Though cigarette packs have pictorial 

warnings regarding the hazardous effects of smoking, this is not so on most beedi packs 

which are manufactured locally and sold in rural areas. It is also important that the cultivation 

and sale of tobacco-related products should be regulated. The farming population who 

cultivated the areca nut also had ready access to tobacco. Additionally, intervention programs 

for tobacco and alcohol cessation could improve overall health in the future. 
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Dietary practices of these rural populations showed that over 70% of people in the fishing 

community consumed vegetables at least twice or more per week. Fruit consumption of two 

or more days per week was reported by 53% of the total population. However, people in these 

communities consumed a single variety of fruit or vegetable on most days. The vegetables 

and fruits eaten were the inexpensive ones with relatively lower nutritional value. The fishing 

population consumed fish (mackerel and sardines) on a regular basis. Though the study 

population showed no signs of under-nourishment, it is uncertain if they received a well-

balanced diet. The benefits of receiving a healthy balanced diet rich in vitamins should be 

promoted. Healthy food initiatives should also be made available in rural areas with co-

operative societies being set up to help people in these rural communities. The government of 

India provides some subsidised commodities like rice, grains, lentils, and kerosene for 

cooking through co-operative societies. Fresh fruits and vegetables and essential medicines, 

oral rinses, good quality tooth brushes and fluoridated toothpastes should be included in the 

subsidised program. However, rural populations have less access to cooperative societies. 

Health programs in India tend to compartmentalise health initiatives, for example the oral 

cavity is considered as a separate and less important entity. This can often send conflicting 

messages to the rural public. The findings of the present study emphasise the need for 

adoption of a common risk factor approach (Sheiham and Watt, 2000) over the conventional 

health education approach since the conventional approach fails to take into account the social 

determinants of health (Kay and Locker, 1996; Kay and Locker, 1998). 

5.7.2.2 Implications for reducing social inequalities 

Health education is usually stereotypic and requires impractical changes in routine which is 

difficult in these rural populations (Sheiham, 2006). Behavioural changes are seldom 

permanent. The recommended action may conflict with the attitude and beliefs of the rural 
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population. The information provided may not be sufficient to make healthy choices for 

people in these communities. Lifestyle interventions which do not address the social 

determinants of health may not be helpful in reducing the oral health inequalities (Sheiham, 

2000). There were social disparities in tooth loss, prevalence, and extent of periodontal 

disease in the study population. 

Education was also an important risk indicator in the study population and contributed to15-

18% periodontal disease and 9% tooth loss. Higher educational attainment beyond the 

secondary level could reduce the burden of periodontal disease from 3-30% and tooth loss 

from 3-12%. However, trying to bring about a change in behaviour in the rural communities 

is difficult as education is linked with occupation and income. Moreover, people in these 

communities usually follow the family trade. Policy makers could emphasise the need for 

school education which could be instrumental in bringing about behavioural changes in the 

population. Also, the educational advancement of women has been shown to improve health 

care-seeking behaviours and outcomes (Babalola, 2014). In the present study, it was observed 

that over 61% of the population had poor material circumstances. Type of housing was one of 

the variables included for assessing material circumstances. Further, it was observed that 

people in the fishing community lived in small houses with many family members. The 

sanitary condition of these houses was poor. Over 69% of people in the fishing community 

had low-middle per capita income. Poor quality of housing can adversely affect the general 

and mental health conditions (Taske et al., 2005). Housing refurbishment programs, and 

providing proper sanitary conditions with tap water facilities can help in the development of 

awareness in these rural populations and aid in cultivating appropriate oral hygiene practices 

(Watt and Petersen, 2012) as well as improving general health. 

People in the study population visited a dentist mainly for urgent treatment and rarely for 

preventative procedures. The reasons were related to cost, access and more pressing priorities 
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than oral health. About 50% of the tooth loss (i.e., losing six teeth or more) could be 

attributed to dental visiting. The health authorities could contribute by providing mobile 

dental clinics at community health centres and dentists could be involved in providing care to 

these rural populations. Health authorities in co-ordination with dental schools could plan 

preventive and curative programs. Community and primary health care workers could be 

trained to provide information regarding the importance and maintenance of oral health to the 

rural people (Training the trainer approach) (Raj et al., 2013). Health authorities, apex bodies 

and policy makers could coordinate and make it mandatory for graduating dentists to serve 

the rural areas for a specified period to ensure better allocation of personnel and utilisation of 

services in rural areas, and to help in reducing oral health inequalities.  

A strategic framework that might be adopted to improve overall health in these rural 

communities should focus on the underlying determinants of health and avoiding a victim 

blaming approach, and encourage community participation which could help to address the 

health inequalities by working in coordination with various disciplines (Sheiham and Watt, 

2000).  

5.8 Conclusions 

1. The present study has shown the burden of oral disease to be high in an Indian rural 

population.  

2. Prevalence, extent, and severity of periodontal disease was similar in fishing and 

farming communities, whereas tooth loss was greater in the farming than fishing 

community. 

3. Sociodemographic factors, poor oral hygiene, tobacco and alcohol were the main risk 

indicators attributable to periodontal disease. 
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4. Demographic factors such as age, income, problem-oriented dental visits and 

periodontal disease were directly associated, while education was inversely associated 

with tooth loss.  

5. Age was a non-modifiable factor and attributed to16% of the prevalence of 

periodontitis and 27% of tooth loss (≥ 6 teeth). Hence, preventive and intervention 

programs should be initiated at early ages. 

6. About 50% of the tooth loss in the communities was attributable to dental visiting.  

7. The risk indicators of periodontal disease demonstrated co-occurrence. It is imperative 

for public health professionals to adopt a common risk factor approach to improve the 

oral health of these rural populations. 

8. Though it may not be exactly possible to generalise the findings of the present study, 

there is an exigent need to reduce the oral health inequalities in rural India. 

9. The health authorities in India could take necessary steps to monitor the burden of oral 

disease existing in rural populations on a more regular basis. Provision of preventive 

dental care is necessary.  
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Appendix 5. List of variables, data type and categorisation 
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List of variables, type of data and categorisation and codes 

Sl 

No 

Variables Data 

type 

Categories  Coding 

1. Age (years) Cat  35-44 

45-54 

0 

1 

2.  Education Cat Secondary/less = Uneducated +Primary + secondary 

Post-secondary= Pre-university + Diploma/ 

Graduation + Post graduation 

1 

0 

3. Income Cat Low-middle= Poor + lower-middle + upper-middle 

High=High + upper high 

1 

0 

4.  Material 

circumstances 

Cat  Poor = Greater than mean (0.75) 

Better= Lesser than or equal to mean  

1 

0 

5.  Vegetable 

consumption 

Cat ≤ one day/week= not regular consumption + 1 

day/week 

≥ two days/week= 2days/week + alternate days + 

every day 

1 

0 

6.  Fruit 

consumption 

Cat ≤ one day/week= not regular consumption + 1 

day/week 

≥ two days/week= 2days/week + alternate days + 

every day 

1 

0 

7. Tooth 

cleaning 

frequency 

Cat  ≤ once/day= 1 time/day + less than 1 time/day 

≥twice/day= More than 2 times/day + 2 times/day 

1 

0 

8.  Tooth 

cleaning 

method 

Cat Tooth brush 

Others= Fingers + twigs 

0 

1 

9. Fluoridated 

toothpaste 

use 

Cat  Yes 

No 

0 

1 

10. Dental visit Cat  Yes= Ever visited dentist 

No= Never visited dentist 

0 

1 

11. Smoking Cat  Yes= Smoking 1 cigarette/beedi per day for one year 

No= Non-smokers/occasionally 

1 

0 

12. Smoking 

status 

Cat  Current= Presently smoking + quit less than 1 year 

ago 

Former= Quit smoking more than 1 year ago 

Never= Non-smokers/ occasionally 

2 

1 

0 

13. Pack years Con  No of packs smoked/day X no of years smoked - 

14. Tobacco 

chewing 

Cat  Yes= Chewing regularly 

No= Non-chewers/occasionally 

1 

0 

15. Smoking 

status 

Cat  Current= Presently chewing + quit less than 1 year 

ago 

Former= Quit chewing more than 1 year ago 

Never= Non-chewers/ occasionally 

2 

1 

0 
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Cat= Categorical Con=Continuous 

 

 

16.  Units of 

tobacco 

chewed 

Con No. of units chewed/day - 

17.  Alcohol Cat Yes=Ever consumed alcohol  

No= Never consumed alcohol 

1 

0 

18. Stress 

experienced 

in last two 

years 

Cat  No stress= None of the time 

Some/ little= Some/little of the time 

All/most= Most/all of the time 

0 

1 

2 

19.  Family 

support 

Cat Yes= >mean (5.7) 

No=≤mean  

0 

1 

20. Social 

support from 

others 

Cat  Yes 

No 

0 

1 

21. Diabetes Cat Yes= Diagnosed with diabetes 

No= Not diagnosed with diabetes 

1 

0 

22. Clustering of 

risk 

indicators 

periodontitis 

Cat 3 or 4 risk indicators 

2 risk indicators 

No or 1 risk indicator present 

2 

1 

0 

23.  Plaque 

accumulation 

Cat No –minimal=Score 0 or 1 in all sextants 

Moderate-heavy= Score 2 or 3 in a least one sextant 

0 

1 

24.  Periodontal 

disease case 

definition 

Cat None-mild= No mild, moderate or severe 

periodontitis + ≥2 interproximal sites with CAL ≥3 

mm, and ≥2 interproximal sites with pocket depth ≥ 4 

mm (not on same tooth) or one site with pocket depth 

≥5 mm 

Moderate-severe= ≥ 2 interproximal sites with 

(CAL) ≥ 4mm (not on the same tooth) or ≥ 2 

interproximal sites with pocket depth ≥ 5mm (not on 

the same tooth) + ≥ 2 interproximal sites with CAL ≥ 

6mm (not on same tooth) and ≥ 1 interproximal site 

with pocket depth ≥ 5mm 

0 

 

 

 

1 

25.  Extent of 

periodontal 

disease 

Cat Localised=≤ 30% of sites with CAL ≥ 2mm  

Generalised=>30% of the sites with CAL ≥ 2mm 

0 

1 

26.  Severity of 

periodontal 

disease 

Con Mean CAL of sites with ≥ 2mm attachment loss - 

27 Tooth loss Cat <6= 0-5 missing teeth 

≥6= 6 or more missing teeth 

0 

1 
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