CHARACTERIZING THE ORAL HEALTH STATUS OF LOW-INCOME ADULTS IN
VANCOUVER’S DOWNTOWN EASTSIDE

by
KEITH PAK-HEI HAU

B.Sc. Simon Fraser University, 2011

A THESIS SUBMITTED IN PARTIAL FULFILMENT OF
THE REQUIREMENTS FOR THE DEGREE OF

MASTER OF SCIENCE
in
THE FACULTY OF GRADUATE AND POSTDOCTORAL STUDIES
(Craniofacial Science)

THE UNIVERSITY OF BRITISH COLUMBIA
(Vancouver)

March 2014

© KEITH PAK-HEI HAU, 2014

Abstract
Low-income residents from the Vancouver’s Downtown Eastside (DTES) are known
to be medically underserved, but little is known about their oral health (OH) status. The
objectives of this study are to: 1) determine OH characteristics (clinical and subjective)
of low-income adults in this community; 2) identify explanatory factors for their OH
status.
Material and Methods: Screening clinics were set up in the DTES. Eligibility criteria
were adults 19 years of age or over and residence in the DTES for the preceding 3
months. Data were collected through questionnaires and clinical examinations.
Results: Among the 356 screened participants, most were males, middle-aged, less
educated, and living with low-income (≤$20,000/year). Alcohol and tobacco
consumption was common. About 80% had dental coverage, mostly publicily funded
benefits (94%). Fifty (14%) participants were edentulous. Dentate participants (n=306),
on average, had 3.8 decayed (Dt), 8.6 missing (Mt), 4.9 filled (Ft), 17.2 DMF teeth, and
a care index (CI) of 41.5%. Many (86%) perceived a dental need. Although more
participants with dental insurance had a dental visit within the past 12 months, there
were no differences in OH indices between those with or without dental insurance. After
adjusting gender and recruitment site, social (barriers to care & length of DTES
residence), behavioural (brush/floss), and personal (HCV/methadone) factors were
identifiable explanatory factors for the CI level.
Conclusion: DTES low-income have poor oral health status and many perceive a
need for dental care. We identified several factors that may affect their levels of dental
care; however, this community may inherited more complicated social issues. Further
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investigations to truly understand their challenges and needs are required for a better
oral health promotion in this community.
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1 Introduction
1.1 Importance of Oral Health
Oral health (OH) is an integral component of overall health and is essential to
general well-being. This interrelationship is exemplified by the associations between
poor oral health status and cardiovascular disease, diabetes, other chronic conditions
[1-3]. OH also has an influence on mental health and social well-being [4]. It can affect
the facial appearance and the ability to function and/or enjoy daily activities such as
eating, talking and socializing. Oral diseases such as dental caries, periodontal
diseases and oral cancer remain a global problem affecting both developed and
developing countries.

1.2 Oral Health and General Health
Studies have linked periodontal disease and poor oral hygiene with a number of
general health conditions including cardiovascular disease, diabetes and respiratory
disorders [5, 6]. Periodontal disease is a group of diseases and conditions affecting the
supporting structures of the teeth [7]. This condition develops from a combination of
factors: pathogenic bacteria and micro-organisms accumulated in dental plaques,
dysregulated host immune response, and environmental factors facilitating disease
progression [8, 9]. As the infection progresses, the gingival pocket deepens creating
alveolar attachment loss, chronic inflammation, bone necrosis and alveolar bone loss
[7]. One of the difficulties with periodontitis is the pathogen’s ability to induce immuneescape and trigger pro-inflammatory cascades resulting in the production of cytokines
specifically tumor necrosis factor alpha and interleukin 1 [7, 10]. The secretion of these
1

cytokines, in addition to toxins and endotoxins, plays a role outside the oral cavity such
as atherosclerotic lesion development, insulin resistance and tissue degradation [11,
12]. In a case-control study, periodontal pocket depth and alveolar bone loss were
significantly associated with coronary heart disease (CHD) and stroke [12]. After
adjustment for age and possible confounding factors, their analysis indicated that
individuals with mean alveolar bone loss of over 40% had 2.7 times higher incidence of
CHD. These results were confirmed by longitudinal studies and meta-analysis of
different studies indicating that periodontal disease is associated with a greater increase
in CHD incidence [13, 14]
Moreover, poor oral hygiene has been shown to be associated with respiratory
conditions such as chronic obstructive pulmonary disease, emphysema and pneumonia
[13, 15, 16]. Some evidence suggests that some pathogenic bacteria are housed in the
oral cavity and oropharynx and enter the airways through aspiration. Consequently,
failure to eradicate these bacteria can result in infection and destruction of tissues in the
pulmonary airways [17]. Respiratory infections are prominent amongst patients in longterm care (LTC) facilities, patients under intensive care, and those with physical
impairment. The inability to maintain proper oral hygiene, combined with compromised
immune status, may lead to colonization by respiratory pathogens [18, 19].
Furthermore, in a large randomized trial in LTC facilities, residents with oral care
intervention had a significantly lower prevalence of fever, pneumonia and death
compared to those without oral care treatment [20]. These results suggest the
importance of oral hygiene care in decreasing pneumonia related mortality in LTC
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facilities. It is also estimated that oral hygiene treatment can prevent one in 10 cases of
pneumonia related deaths amongst a dependent elderly population [6].

1.2.1 Oral Health, Social Well-Being and Mental Wellness
Oral health can affect self image and one’s ability to socialize [21, 22]. Dental decay
has been associated with individuals reporting pain, physical discomfort, difficulty
communicating, and dissatisfaction with teeth [4]. Among middle-aged adults, the
prevalence of missing teeth has been linked to a poor perception of appearance [23].
These individuals who indicated a poor perception of their teeth also had a significantly
lower morale, life satisfaction and perceived stress when researchers controlled for
quality of life factors compared to those with a good perceived dental status. However,
measuring the social impact of dental aesthetics can be challenging. It is often
subjective in nature and many variables such as personality, teeth colour, and degree of
malalignment can have an influence on how individuals perceive their teeth [21, 22].

1.2.2 Oral Health and Oral Cancer
Oral cancer, one of the most serious consequences of poor OH, has high morbidity
and mortality especially when detected at a late stage [24]. Although the association
between OH status and oral cancer development remains undetermined, there is ample
evidence that poor dental health, i.e., poor oral hygiene and dentition status and chronic
periodontitis may be risk factors [25-27]. After controlling for alcohol and tobacco
consumption, patients with “inadequate dentitions” had an elevated risk for oral cancer
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[28]. For those heavy smokers and drinkers, poor dentition had an increased relative
risk of 7.68 for oral cancer, compared to 1.91 for those with “adequate dentitions” [28].
The National Health and Nutrition Examination Survey (NHANES III) reported that
individuals with periodontal disease (indicated by clinical attachment loss over 1.5 mm)
had a 4.57-fold risk for oral cancer and a 1.57-fold risk for having a precancerous lesion
after adjusting for age, gender, race/ethnicity, education, tobacco, alcohol and
occupational hazard [27]. This risk was strongly associated with current tobacco usage
among those with periodontal disease (21.76-fold elevated risk vs. 1.63-fold risk for
“never smokers”). Many possible hypotheses have been suggested; however, further
studies are needed to provide stronger evidence on the relationship between dental
health and oral cancer.

1.3 Factors Contributing to Oral Health
1.3.1 Demographics
1.3.1.1 Age
The effects of aging generally have a negative impact on oral health. A recent
Canadian survey showed the number of decayed, missing and filled teeth (DMFT) for
older adult groups was more than double that of younger adult groups (DMFT: Age 6079 = 15.67; Age 20-39 = 6.85). Older adults also had a considerably higher number of
missing teeth (number of remaining teeth: Age 60-79 = 19.43; Age 20-39 = 27.12; [29]).
As a result of the missing teeth, many older adults had dentures to restore their ability to
chew. However, dentures are associated with denture stomatitis, allergy to denture
materials and other mucosal change [30, 31]. Current literature suggests a great oral
4

health deficit among the elderly population [32, 33]. The natural biology of the aging
process such as tissue degeneration [34], poorer nutrient uptake [35], as well as the
prevalence of systemic diseases and effects of medications [36] may provide partial
explanation for this deficit.
In general, elderly Canadians (60-79 years old) have the lowest reported visits for
routine dental care among all age groups [37]., Seniors may have limited access to
dental care. The cost of services is a problem as 53.2% of Canadian seniors do not
have dental insurance and only 8.2% have limited public coverage [37]. In addition to
finances, older adults in LTC facilities have physical challenges to obtaining dental care,
poor levels of oral hygiene, and may have inadequate levels of dental care provided to
them by their institutions [33, 38, 39].

1.3.1.2 Gender
Gender may have implications for oral health. Data from the CHMS indicates that
females have more visits for routine dental care or treatment (76.6% vs. 71.9%) and
demonstrate better brushing (80.9% vs. 65.9%) and flossing practice (36.2% vs. 20.3%)
compared to males [37]. When evaluating dentition status, females have a higher
lifetime dental caries prevalence (DMFT: 11.25 vs. 10.9) and more filled teeth (Ft: 8.54
vs. 7.34) while males have a higher percentage of untreated coronal caries (Dt/DMF
7.1% vs.4.0%). No major gender differences have been observed in periodontal status.
In general, females experience higher perceived stress, poorer self-rated health and
different lifestyle behaviours compared to their male counterparts [40, 41]. Females also
engage in more preventive oral health behaviors compared to males [42].
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1.3.1.3 Ethnicity
Ethnicity may be an important factor explaining oral health disparities. In the U.S.,
ethnic minorities have a higher prevalence of poor self-rated oral health status [43], a
higher need for dental treatment [44], a higher prevalence of dental caries and a poorer
periodontal status [45] when compared to their native-born counterparts. Despite the
high prevalence of oral health problems, ethnic minorities are also less likely to have
dental insurance [46], less regular dental care [47], and only symptomatic dental visits
[48]. When controlling for socioeconomic status (SES), it has been observed that
individuals who immigrated at an older age had a higher prevalence of dental caries, a
higher periodontal index and a greater need for oral health care when compared to
younger immigrants [49]. In addition, the findings from a U.S. National survey indicated
that English fluency largely explains the ethnic disparities in health care utilization
among medically insured Hispanic, non-Hispanic and African Americans [50]. Thus
ethnic minorities face additional challenges in accessing dental care related to language
and cultural differences.

1.3.2 Lifestyle Factors and Behaviours
1.3.2.1 Tobacco
Smoking has a major influence on oral health including the development of
periodontal disease [51] and oral cancer [52]. Chronic consumption of tobacco has also
been shown to suppress the immune response [53], delay wound healing [54] and
enhance progression of oral disease [55]. In a longitudinal study, current smokers had a
2.4-fold increase in risk of tooth loss in males and 3.4-fold risk in females when
6

compared to non-smokers [56]. When participants have completely stopped smoking, a
significant reduction in the risk of tooth loss was observed compared to those who
continued smoking [56, 57]. In a clinical study using age-stratified random samples,
smokers had a significantly poorer periodontal status measured by higher periodontal
attachment loss, deeper periodontal pockets, and greater bone loss compared to nonsmokers [58]. Severity of periodontal conditions and risk of periodontitis increased in a
dose-response manner with amount of cigarettes consumed daily [59]. Although the
molecular relationships between tobacco use and periodontal disease remain unknown
[60], studies involving the host response and vascular affects of tobacco use provide
insights that possible biological mechanism exists [61, 62].
Tobacco consumption has been associated with dental caries [58, 63]. The
mechanism is not clear but the NHANES III data suggest this association may due to
increased sugar intake among tobacco users [64].

Tobacco and Oral Cancer
Tobacco consumption is a well established risk factor for oral cancer as well as
cancers of the other major organs [65]. Its effect is dose-dependent [65, 66].
Furthermore, tobacco consumption plays a significant role in oral cancer recurrence
[67]. There are 69 identified carcinogens in tobacco smoke [68] and 28 in smokeless
tobacco [69]. These carcinogens have a strong capability to promote changes that
result in cancer development [70-72].

7

1.3.2.2 Alcohol
Alcohol consumption has been associated with an increased risk for periodontal
disease after adjusting for possible confounders such as age, smoking, diabetes, bodymass index, and physical activity [73, 74]. One study indicated that men with a usual
alcohol daily intake of 0.1g-4.9g/day (4.9g: about a third of a bottle of beer) have a
relative risk of 1.24 for periodontal disease [73]. Another study demonstrated alcohol
increased periodontal risk in a dose-dependent manner as odds ratios were 1.22, 1.39,
1.54 and 1.67 among individuals consuming 5, 10, 15 and over 20 drinks per week
respectively [74]. Alcohol consumption has several biological impacts that could explain
its effect on periodontal health. First, alcohol consumption may impair neutrophil
function and also decrease the production of inflammatory cytokines that contribute to
proliferation and penetration of periodontal pathogens [75, 76]. As well, alcohol
consumption may have a direct effect on the oral mucosa and increase tissue
permeability to toxins [77-79]. These biological effects have further implications on oral
health and oral cancer risks especially when combined with smoking.
Although there is only limited evidence supporting a relationship between alcohol
consumption, missing teeth and poor oral health, a large body of literature has
documented an association between chronic alcoholism and dental erosion [80-82]. The
mechanism is believed to be the increased gastric acid regurgitation that is associated
with alcoholic gastritis. However, it is difficult to calculate the level of alcohol
consumption as individuals may be sporadic drinkers or have different consumption
levels throughout their lifetime. As well, many factors affect self-reported data. These
issues need to be considered when evaluating alcohol consumption data.
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Alcohol and Oral Cancer
Alcohol consumption is an independent risk factor for the development of cancers of
the upper alimentary tract, including the oral cavity [83, 84]. An increased daily
consumption of alcohol has a dose-response relationship with an increasing relative risk
of up to 6.2 (for over 6 drinks per day) for oral cancer when adjusted for age and
smoking [85]. A number of carcinogenic compounds such as nitrosamine, aflatoxins,
arsenic, and benzene have been found in different types of alcoholic beverages [83,
86]. In addition, chronic alcohol consumption is linked to occurrence of liver diseases
and immune suppression that can have implications for carcinogenesis [87-89].

Synergistic Effect of Tobacco and Alcohol on Oral Cancer
Early studies showed heavy smoking (40 or more cigarettes a day for over 20 years)
was associated with a 7.4-fold increase in oral cancer risk and heavy drinking, (over 30
drinks per week), a 5.8-fold increase in oral cancer risk [65]. For individuals who are
both heavy smokers and drinkers, there was a 38-fold risk for oral cancer when
compared to nonsmokers and nondrinkers. This synergistic effect may be attributed to
an increase in permeability of carcinogens across the oral mucosa from alcohol
exposure [79].

9

1.3.3 General Health
1.3.3.1 Infectious Conditions
Human Immunodeficiency Virus (HIV) Infection
The immune system plays an important role in the prevention and resolution of
disease [90, 91]. HIV infection with the accompanying suppression of the host’s defense
system can increase the risk of developing of oral diseases, including oral cancer [9294]. HIV seropositive patients with decreasing CD4 T-cell counts have been found to
have oral candidiasis (149.5 CD4 T-cells/mm3), oral hairy leukoplakia (143.3 CD4 Tcells/mm3), and Kaposi’s sarcoma (66.6 CD4 T-cells/mm3) [95]. The impact of
immunosuppression has significant implications on the development of oral cancer as
standard incidence rates were over three times higher among the HIV-infected
population (36.9 per 100 000) compared to the general population (11.7 per 100 000)
[96].

Hepatitis C Viral (HCV) Infection
HCV-associated morbidities constitute a variety of conditions that are manifested
outside the liver. Oral mucosal conditions associated with HCV, such as oral lichen
planus (OLP) and salivary gland disorders have been well documented in the literature
[97, 98]. Both conditions have an impact on oral health. OLP can often cause oral pain,
and subsequently, compromised oral function and hygiene; salivary gland disorders can
lead to dry mouth [97, 99, 100]. Saliva plays a significant role in oral health as it
facilitates digestion, lubricates oral tissues, and importantly, secrets antimicrobial agents
that protect the oral tissues [101, 102]. Xerostomia (dry mouth syndrome) is significantly
10

associated with development of dental caries in cancer patients receiving radiation
treatment [103, 104]. However, few studies have investigated the direct impact and
pathogenesis of HCV on dental health [105]. Further research in this area is needed.

1.3.3.2 Human Papillomavirus (HPV) Infection and Oral Cancer
HPV, a large group of viruses with oncogenic subtypes, is associated with cancers in
the cervical and other genital areas [106]. There is increasing evidence on the
association of HPV with oropharyngeal and oral cancer. HPV can induce benign to
malignant conditions of the oral mucosal surfaces such as warts, condylomas and
papillomas [107]. In oral cancer, polymerase chain reactions have found the viral
subtypes HPV16 and HPV18 to be the most prevalent among HPV-positive oral and
oropharyngeal cases [108]. In a multicentre clinical study, detection of antibodies
against HPV proteins (L1, E6 and E7) was associated with a 1.5-fold increased risk for
oral cavity cancer, 3.5-fold increased risk for oropharyngeal cancer and 2.0-fold
increased risk for both oral and oropharyngeal cancer [109]. Transmission of HPV
infection to the oral cavity may be a result of the practice of oral sex [109, 110]. Highrisk HPV infection was found to be more prevalent among oral cancer patients with six
or more oral sex partners than those who did not practice oral sex [110].

1.3.3.3 Diabetes
An overwhelming amount of research supports oral health risks associated with
diabetes. Diabetes is a condition characterized by abnormal carbohydrate, fat and
protein metabolism that stems from a deficiency in insulin secretion (type 1), increase in
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insulin resistance (type 2) or insulin resistance effect leading to temporary glucose
elevation during pregnancy (gestational). Both types can lead to a variety of metabolic
abnormalities that increase risk to periodontitis [111]. These abnormalities include
changes in tissue vasculature, gingival crevicular fluid, connective tissue metabolism,
subgingival microflora as well as changes to host immunological and inflammatory
response [2, 112]. The national US survey data (NHANES) showed that prevalence of
diabetes among individuals with periodontitis was two-fold greater compared to
individuals without periodontitis [112, 113]. Furthermore, tooth loss and edentulism,
which can be a result of periodontal disease, were also found to be associated with
diabetic status [114]. Other studies have also suggested the possible association of
diabetes with salivary dysfunction, increased susceptibility to oral infections and oral
mucosal diseases [2, 115].

1.3.4 Diet and Nutrition Status
Adequate nutritional intake is essential for maintenance of oral health and the
prevention of disease. Furthermore, the association between refined dietary
carbohydrates and prevalence of dental caries is well documented. A high consumption
of sucrose leads to increased proportions of cariogenic bacteria in the dental biofilm
[116, 117]. Metabolism of sugar by biofilm leads to production of lactic acid and
demineralization of the tooth enamel i.e., dental caries [118]. Furthermore, poor oral
health has a significant impact on nutrient intake. Studies assessing food intake and
oral health, demonstrate that a decreased number of functional units of teeth (teeth
opposing natural or prosthetic tooth) is associated with the avoidance of certain types of
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food such as stringy, crunchy, and dry solid foods [119]. Food avoidance is also
common among edentulous individuals who are reported to have lower consumption of
dietary fiber and a lower fruit and vegetable intake than people with teeth [120, 121].
Individuals with removable partial dentures, full dentures or a poorly maintained
dentition report poorer nutrient intake than individuals with intact dentition [122].
Ultimately, nutrition plays a vital role in oral health and may also be affected when our
oral health is compromised.

1.3.5 Oral Hygiene Behaviour
Personal oral hygiene practice plays an important role in maintaining good oral
health. Dental caries and periodontal diseases are related to accumulations of dental
plaque. Regular tooth brushing with fluoride toothpaste removes dental plaque and
residual food particles, encourages remineralization of the enamel, and reduces the
risks of dental decay and infection. Routine flossing has shown to be effective in the
prevention of periodontal disease however not dental caries [123]. In addition to
adequate oral hygiene practices, routine care by a dental professional is also essential
to maintain good oral health [124]. Accumulation of dental plaque can lead to the
development of halitosis, gingivitis and periodontal disorder [7, 118, 125]. Lifestyle
behaviours such as tobacco and alcohol use further hamper oral health by contributing
to the development of periodontal disease [51].
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1.3.6 Access to Dental Care
Access to dental care can be a significant contributing factor to oral health. Access
to care is defined as the degree of fit between the clients who wishes to access health
care and the health system [126]. A number of factors influence an individual’s ability to
access care: education, income level, personal beliefs and health status [127]. These
factors which may act as barriers in access to dental care and may have a significant
impact on oral health are most common amongst low income and other vulnerable
populations [29, 128]. However, barriers to care have different “meanings”. For those of
low income, barriers are mostly due to costs while for those of higher income it is the
inability to afford higher-cost treatment [129]. Interestingly, barriers to care are
experienced even when cost issues have been removed [130, 131], which suggests that
improving affordability of dental care is only one part of promoting access to dental care.

Dental Fear
Dental anxiety is a well known condition. Individuals develop a fear of dental
treatment that may have considerable impact on their dental care utilization and oral
health [132, 133]. This condition can be attributed to unpleasant or painful experiences
with dental treatment during childhood [134], inheriting attitudes from others who are
dentally anxious [135] or components of other psychological conditions such as
claustrophobia, fear of pain or needles [136]. Individuals with dental anxiety are more
likely to miss, cancel or avoid a dental appointment due to their anxiety compared to
those without dental fear [133]. This situation suggests a need for adequate therapy or
specialized treatment options for these individuals [133, 137]. Dental anxiety is also
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present amongst individuals with cognitive and/or mental impairments [138]. In addition,
such individuals also face other hurdles to oral health as many have inadequate oral
hygiene habits and loss of cognitive and motor control to provide self care [139, 140].
Furthermore, treating patients with dental anxiety can be difficult and presents a
challenge for clinicians.

1.3.7 Socioeconomic Status (SES)
SES is a measure of an individual’s social position in society based on a
combination of their income, education level and occupation [141]. Low SES has been
associated with poor oral health, lack of access to care and higher risks of mortality
[128, 142]. Routine oral and oropharyngeal screening among high risk populations and
access to regular dental care facilitate the early-stage detection of oral cancer, thus
reducing oral cancer mortality [24, 143, 144]. However, access to dental services, a
challenge for those of low SES, may influence the stage of diagnosis and subsequently
disease survival. In addition, the number of professionals who offer oral and
orpharyngeal cancer screening and effective alcohol and tobacco prevention counseling
are few [145, 146].
Income level is a predictor of oral health. The prevalence of oral disease, such as
dental caries, periodontal disease, tooth loss and a poor perception of oral health status
are significantly higher amongst low income individuals [147-149]. Dental care follows a
private practice model and treatment can be costly [150, 151]. In Canada, individuals
with low income have the highest prevalence of untreated dental decay as well as the
lowest utilization of dental care [29]. Oral health disparities exist among those with low-
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incomes even when private dental care benefits are available [129-131]. In a telephone
survey, Locker et al. found that 37% of low-income respondents with private dental
insurance coverage still reported financial barriers to dental care. This observation
highlights the complexities of addressing oral health care amongst those with low
income [152, 153].
Education level is associated with SES and these two variables have distinct
impacts on health outcomes [148, 153]. To illustrate this impact, the relationship
between socioeconomic characteristics and oral health status among US urban adults
was examined. Interestingly, the results showed that poor oral hygiene, tooth loss and
periodontal disease were more closely associated with lower education level than lowincome, while tooth decay ratio and restorative care levels were more strongly
associated with low-income [148]. The authors suggested that a higher economic status
may mean a greater ability to purchase dental care whereas higher education level
indicates a greater knowledge and awareness of need for dental care [148]. A more
recent larger, randomized, and age-stratified study from Sweden also demonstrated that
lower education was significantly associated with a higher prevalence of edentulism and
greater tooth loss compared to those with higher levels of education [147]. One
complexity with assessing education levels and oral health is that education is often
correlated with other measures of SES, such as income and social class. Furthermore,
health disparities may be attributed to earlier life events such as childhood poverty and
illness [153, 154]. Thus it is difficult to determine how socio-demographic measures
influences health especially because many studies have focused only on the current
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status of the participants [155]. Large scale, longitudinal studies are needed to
determine their impacts on oral health status.

SES and Oral Cancer
The prevalence of oral cancer and development of oral premalignant lesions are
inversely related to SES [156-158]. When compared to individuals with high SES, the
odds of developing oral cancer were 1.85 for those with low education levels, 1.84 for
those of low occupational class and 2.41 for those of low-income [157]. Mortality rates
are also significantly higher as well as 5-year survival for individuals living in poorer
areas compared to higher income areas [159]. It is clear that individuals with low SES
face significant health and oral health disparities.

1.4 Oral Health of Low-income Communities
Low-income and socially marginalized communities have a number of issues
affecting their oral health [160, 161]. Many factors likely contribute to the poorer health
status of marginalized communities such as social determinants and influences on
health behaviours, duration of low-income status, or lack of services available [45, 162].

1.4.1 Public Insurance and Its Limitations
A variety of different government funded health programs provide some dental
benefits for low-income Canadians. Although individuals are entitled to a variety of basic
dental care services, responses from a randomized telephone survey in Ontario
revealed that individuals insured on public programs still have significant financial
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barriers to dental care and are less likely to have visited a dentist within the past year
[129]. From the patient’s perspective, this inability may stem from the limited coverage
of dental services in these programs. In British Columbia (BC), the Ministry of Social
Development (MSD) provides limited dental coverage for individuals on income
assistance and individuals with disabilities1. In a report on improving access to dental
services for low-income BC adults, problems with public dental benefits provided by the
Ministry include the uncertainty about what procedures are covered, the delayed
payments to the practitioners as well as the limited funding for preventive care and
restorative treatments [163]. These observations were consistent with reports from other
Canadian studies. Semi-structured interviews among welfare recipients in Montréal
revealed that discontinuation of treatment can be attributed to the dental services that
are not covered by welfare [164]. Furthermore, even for the dental services covered by
the Ministry, there are substantial discrepancies in the cost-per-service between the fee
guide established by the MSD and the fee guide established by the provincial dental
associations such as the British Columbia Dental Association (BCDA) and the British
Columbia Dental Hygienist Association (BCDHA). In surveys and semi-constructed
interviews, practicing dentists frequently express objections to the discrepancies
between the Ministry and BCDA fee guides. This difference in reimbursement presents
a challenge for private dental offices to provide care to this population. The users of this
limited range of services are often required to pay for the fee discrepancies, a cost that
they cannot afford. In summary, due to the limited range of services covered and

1

Ministry of Social Development and Social Innovation: Dental Program – Person with Disabilities
[Online]: http://www.eia.gov.bc.ca/factsheets/2005/dental.htm [2014, January]
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administrative delays, practicing dental professionals frequently are not enthusiastic to
treat those on income assistance [165, 166].
Another public dental insurance program is the Non-Insured Health Benefits (NIHB)
specific to Aboriginal Canadians. The NIHB is a federally funded program that provides
a range of medical and social services such as dental and pharmaceutical coverage for
eligible Aboriginals recognized by the Indian Act [167]. However, the eligibility for these
services are stringent as NIHB expenses operate under a fixed financial ceiling and
reimbursements can be variable [168, 169]. This creates a challenge for private dental
clinics due to the complicated approval process, inconsistencies in reimbursements,
and the administrative burden needed to provide dental care for NIHB recipients.
As a result, private dental practices are less than welcoming to patients on NIHB or
other publicly funded dental programs. Less than 10 percent of patients in private
practices are publicly insured [166, 170]. In addition, about one third of private practices
have actually reduced the amount of publicly insured patients [166]. When asked about
the difficulties treating patient from publicly funded programs, many dental care
professionals highlight the abundance of missed appointments, poor patient
cooperation, and patients inability to pay fee discrepancies between insurance coverage
and provincial fee guides [165]. Furthermore, low-income patients utilizing public
insurance programs often feels stigmatized when going to private dental offices. They
are unable to find a dentist who accommodates to their need [165].
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1.4.2 Oral Screening Program
Screening is the method of detecting treatable disease in an at-risk population by
the least invasive, economic, efficient and acceptable manner to the patient while
minimizing false-positives and maximizing true positivity in detection [171]. For oral
cancer, screening has demonstrated to be effective in detecting early stage cancers. In
a 9-year follow up oral cancer screening trial using clustered randomization, a
significant number of oral cancer cases (41%) in the screening groups were early-stage
(stage I or II) cancers and had an improved 5-year survival rate compared to controls
[143]. These findings indicate the importance of routine cancer screening for disease
prevention. The U.S. Preventive Services Task Force and the Canadian Task Force on
Preventive Health Care recommend routine (annual) oral cancer screening among
individuals in high-risk groups [172].
Another consideration when implementing a screening program is the cost. With
the limited health-care resources it is important to identify the most cost-effective
approach for screening. Targeted oral cancer screening among high-risk individuals
through visual white light examination has been shown to be cost effective and
implementable in low and middle income countries [173, 174]. Analyzing the data from a
9 year follow-up study, the estimated costs for oral screening by visual inspection were
US$ 6 per person [175]. The incremental costs per life year saved were US$835 for all
screened individuals and US$ 156 for high risks individual indicating that visual
examination for oral cancer in high risk groups is cost-effective [175]. In a multiplescreening approach for the general population conducted in Taiwan, the incremental
costs per life year saved were estimated to be US$667 (100% attendance) and $608
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(70% attendance) for both neoplastic and non-neoplastic conditions [176]. This novel
approach was able to demonstrate cost-effectiveness when oral cancer screening was
integrated with screening for four other neoplasms (breast, cervical, colorectal and liver)
as well as three non-neoplastic conditions (diabetes, hypertension and elevated
cholesterol) [177]. More importantly, a high compliance rate (100%) in this program was
also achieved when patients were referred for subsequent clinical diagnosis or biopsy
with abnormal findings. Further cost reduction was also achieved since the multiple
screening approach was able to produce a greater yield in overall neoplastic disease,
reduce the duplication of resource expenditure (patient recruitment and baseline
information collection) as well as ensuring convenience for patients by reducing
repeated follow-ups for patients with multiple disease [177]. Similar program to triage
patient with oral health needs may be a consideration to improve oral health in lowincome communities.

1.4.3 Vancouver’s Downtown Eastside (DTES)
The DTES is one of Vancouver’s oldest neighborhoods with a rich and diverse
history and culture. It is a neighborhood of approximately 18,000 residents
characterized by poverty, a high crime rate, excessive use of tobacco, alcohol and
intravenous drug use [178-180]. The social complexities of the DTES are a result of the
availability of drugs, inexpensive housing and prostitution, further complicated by the
limited employment opportunities in the neighborhood [180-182].
Despite a large number of structural redevelopments (DTES revitalization project)
and health interventions, DTES residents continue to have barriers to accessing care
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and this demonstrate high health needs. Previous studies conducted on adherence to
HIV anti-retroviral therapy in the DTES have indicated that homelessness was
independently associated with a lower likelihood of achieving viral suppression after
initial treatment [183]. The series of medical challenges in this community include high
levels of active tuberculosis and high prevalence of pneumonia, HIV and HCV infections
[182, 184, 185]. This astonishing prevalence of acute disease is exemplified by high
rates of hospitalization as emergency room visits from the DTES are over 1.5 fold
higher than those from the general Vancouver region [178, 180, 186].
The high prevalence of serious medical conditions, poverty and risk behaviours have
a significant impact on oral health. Among a screened sample of 200 residents, a high
percentage of oral lesions (61%) was observed with 16% of the sample displaying
clinical leukoplakia, 26% traumatic ulcers, 11% infections and 8% other lesion types
[179]. However, no data are available regarding the oral health status or the barriers to
accessing dental care among the adult residents living in this community.

1.5 How to Assess Oral Health Status: Surveys and techniques
Basic oral health surveys provide a method for collecting information regarding the
oral health status as well as the treatment needs of a population [187]. These basic
surveys often employ questionnaires as well as a clinical examination. A questionnaire
is a series of carefully constructed questions designed to obtain information on a subject
from a respondent [188]. Designing a questionnaire is a rigorous systematic process as
it is the central tool in the collection of data. A well-designed questionnaire should: 1)
collect data efficiently with a minimum number of errors and inconsistencies; 2) be
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respondent friendly and interviewer friendly; and 3) lead to an overall reduction in cost
and time associated with data collection [188]. Importantly, when the results of the
questionnaire are compared with other surveys, the questions must be similar to the
comparison survey. This allows direct comparison of questions which cover the same
topic or issue, context, and meaning [188]. In the following sections, the advantages
and disadvantages of commonly used means to administer surveys, oral health
measurements and available large oral health surveys will be discussed.

1.5.1 Types of Questionnaire Administration
1.5.1.1 Mail Survey
One method of survey administration is by directly mailing the questionnaire to the
participants to be self completed and returned. This method is the least costly method to
distribute the questionnaire to a wide audience; the respondent completes it in their own
time. In addition, this approach can reach a large geographical area and avoids
confrontation when surveying sensitive topics. However, compared to other methods,
this survey methodology can be inefficient and is often restricted to simple questions. It
is also difficult to delve into complex problems as respondents are unable to ask and
clarify questions regarding the survey. In a study about gender differences in dental
pain and pain control, out of the 5061 mailed surveys, 3055 were returned and only
2609 (52%) contained complete data for evaluation [189]. Furthermore, respondents
were limited to choosing responses from a Likert scale (strongly agree, agree, disagree
and strongly disagree), potentially limiting certain opportunities for further investigations.
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Lastly, this type of survey is often sensitive to non-response bias as well as generally
poor response rate.

1.5.1.2 Telephone Interview
Another technique to reach a large audience is by a telephone interview with a
trained interviewer making telephone calls to households in a defined geographical
area. This approach allows for respondents to understand the survey and also flexibility
for the interviewers, as they do not need to be in the same location as the respondents
during questionnaire administration. Compared to mail surveys, telephone interviews
are likely to yield a higher response rate from participants. However, this method is also
subject to non-response bias and has sampling limitations since this approach is unable
to reach individuals without telephones or individuals that are not listed in telephone
registries. Additionally, people have the ability to screen calls to choose not to answer
the call and participants who answer in the middle of the workday may be less likely to
answer a long survey.

1.5.1.3 Personal Interview
Administering questionnaires through personal interview is often the most reliable
method of acquiring accurate results and cooperation from participants. Calibrated
interviewers are able to probe for in-depth answers, observe visual cues, develop
rapport and gain trust from the respondents as well as administer a variety of questions,
especially for those requiring visual identifications from respondents [190]. However,
personal interviews are costly and require a large amount of coordination since
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interviewers have to be located near the respondents and subject recruitment can be
difficult. In addition, an adequate sampling methodology is required.

1.5.2 Oral Health Measurements
Oral health, as defined by the Canadian Dental Association, is a broad
multidimensional definition that includes physical, mental and social well-being2 .
Traditionally oral health has been assessed through a clinical approach using indices
such as the DMFT and Russell’s Periodontal Index [191-193]. However these indices do
not provide information regarding the functions of the oral cavity and perceived
symptoms such as pain, discomfort and aesthetics [194, 195]. To measure such
symptoms, a comprehensive oral health assessment should also include “socio-dental
indicators” which incorporate social, behavioural and subjective indicators to measure
how oral disease affects normal function [194, 196-198].

1.5.2.1 Subjective Measures
Collecting information on subjective measures of oral health often relies on the use
of questionnaires and focus group discussions. These subjective parameters can be
measured directly or through a variety of specifically designed questionnaires and
indices like the Oral Health Index Profile [199] and the Oral Health Index [200]. Although
these measures have demonstrated effectiveness, subjective measures of oral health
have been found to have poor correlations with clinical measures [201-203].

2

Canadian Dental Association, Your Oral Health [Online]: http://www.cda-adc.ca/en/oral_health/index.asp
[2013, December]
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Inconclusive associations between subjective and clinical oral health data may be a
result of the relationships between health and disease. Disease may not necessarily
impact health status and poor health may not have a pathological origin [204, 205].
Another explanation of this discrepancy is that health and disease relationships are
complex and are influenced by a multitude of factors that are often difficult to address in
clinical practice. One example is differences in oral health priorities. Among the
homeless, meeting basic needs such as food, secure housing, health problems and
support for addiction priority can take precedence over oral health [206, 207]. Thus
individuals living under these circumstances view oral health as a luxury and their
perceptions of “good” oral health will different compared to the general public [165].

1.5.2.2 Clinical Measures
An oral examination yields a substantial amount of information about the individual’s
teeth and the surrounding tissues and structures. These clinical data can be grouped to
describe information regarding the dentition, the periodontiom and oral hygiene status.
Total number of decayed (Dt), missing (Mt) and filled (Ft) teeth, the DMFT index, is the
most common measurement used for an individual’s history of caries [193]. This index
is also used for the” decay ratio” (Dt/DMFT) and the Care Index (CI, Ft/DMFT),which
defines the extent of restorative services/treatment an individual has received in his or
her lifetime.[187, 208]. However, a limitation of the DMFT index are that it is not clear if
the Dt and Mt are a result of dental caries, trauma, periodontal disease or other reasons
[209].
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Periodontal health is commonly assessed by measuring gingival bleeding, calculus
and periodontal pockets [187]. These measurements are done by probing the depth of
the periodontal pockets and measuring attachment loss with a periodontal probe
(clinical attachment loss), sounding (transgingival probing) or radiographic imaging to
determine the amount of bone loss in the affected and surrounding teeth [210, 211].
However, some of these methods are costly e.g. radiographic imaging to incorporate
into a screening program and require significant time and effort [212, 213].

1.5.3 Published National Surveys
1.5.3.1 Canadian Health Measures Survey (CHMS)
In 2003, Statistics Canada began a direct measures health survey in order to
address an inadequacy of Canada’s health information system i.e. lack of current
national oral health data. Between March 2007 and February 2009 the CHMS collected
data from a random sample of approximately 6,000 Canadians aged 6-79 in 15
communities across Canada [29]. This survey was a significant milestone in Canadian
oral health research because since 1972 there were no current, nation-wide, clinical
data regarding the oral health status of Canadians. The CHMS survey was conducted in
two phases: the first phase was a personal interview collecting information regarding
demographics, socioeconomic characteristics, lifestyle behaviours, health care
utilization and medical history. The second phase consisted of participants visiting a
mobile examination centre to allow the collection of direct clinical data of health status,
physical fitness and oral health [29].

27

Results suggest that the overall oral health of Canadians is good; 84% reported
good or excellent oral health. About three of every four Canadians (74.3%) accessed
dental care within the past year [29]. However, it is also apparent that there were
significant oral health inequalities across different income groups (Table 1-1).

Table 1-1: Differences in insurance status, self perceived oral health and dental care
utilization across income groups from the CHMS.
Variable (all ages)

High Income

Middle Income

Low-income

Number (N)

2,343

1,685

1,214

Private Insurance

78.2%

60.3%

32.5%

Public Insurance

2.0%

3.2%

17.7%

No insurance
19.8%
36.5%
49.8%
Self reported poor oral
10.9%
16.5%
24.6%
health
Visited dental
professional within
84.5%
70.8%
58.0%
past year for checkups/treatment
Avoided visiting dental
professional within
8.8%
19.5%
34.5%
past year due to cost
Adapted from the Canadian Health Measures Survey (Health Canada, 2010b)

Inequalities in oral health status are indicated by the poorer oral health indicators in
the low-income group (Table 1-2). Although the mean number of DMFT is similar
across income groups, lower income groups have higher proportions of Dt and Mt and
lower proportions of Ft compared to the high-income group. Furthermore, the percent of
individuals with no teeth (edentulous) and percent having 1 or more soft tissue lesions is
higher among lower income groups. The Oral Health Component of the CHMS has
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provided an overview of the oral health status of Canadians. These results will play a
significant role for further research in understanding the disparities in oral health and
access to care in Canada.

Table 1-2: Oral health indicators across income levels from the CHMS.
Variable (age 20-79)

High Income

Middle Income

Low-income

DMFT
Dt/DMFT

10.92
3.0 %

10.48
6.9 %

10.40
9.3 %

Mt/DMFT

15.3 %

21.6 %

28.2 %

Ft/DMFT

81.7 %

71.6 %

62.5 %

Percent Edentulous
3.2 %
8.5 %
10.9 %
Prevalence of soft
tissue lesions (1 or
8.6 %
13.3 %
16 %
more lesions)
Adapted from the Canadian Health Measures Survey (Health Canada, 2010b)

1.5.3.2 Other National Surveys: How does Canadians’ oral health compare?
Other published national or population-based surveys reporting on OH status include
the (1999-2004) U.S. NHANES and the (2004-2006) Australia National Survey of Adult
Oral Health (NSAOH). These surveys utilize variable age categories making direct
comparisons difficult. In the NHANES, oral health data is captured for individuals, age 2
years or older (adults: age 20-64) while the NSAOH collected data for individuals above
15 years of age [37, 214, 215]. Further limitations to the comparison of these surveys
include differences in data collection. The NSAOH utilized a combination of telephone
interviews and clinical examination [214] while both the CHMS and the NHANES
employed personal interviews and clinical examination [37, 215].
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When comparing the prevalence of edentulism in all ages, findings were similar for
Canada (6.4%, age 20-79) and Australia (6.4% for age ≥15) while NHANES reported
3.8% for U.S. adults (age 20-64) (Table 1-3). According to the results, Canadian have
the highest prevalence of coronal tooth decay (DMFT > 0; CHMS: 95.9%, NHANES:
91.6% NHANES, NSAOH: 90.1%) and edentulism (CHMS: 6.4%, NHANES: 3.8%,
NSAOH: 6.4%), whereas the total caries experience (mean DMFT) was highest in
Australia (12.8) compared to Canada (10.92) and U.S. (10.33). Lastly, a larger percent
of Canadians (71.6%) had utilized dental care services within the past year compared to
the U.S. (59.9%) and Australia (59.4%).

Table 1-3: Oral health characteristics and dental care utilization by country
CHMS
(age 20-79)

NHANES
(age 20-64)

NSAOH
(age ≥15)

Age group

20-79

20-64

>15

Mean DMFT

10.92

10.33

12.8

95.9 %

91.6 %

90.1 %

Variable

Percent with DMFT > 0

Percent Edentulous
6.4 %
3.8%
6.4 %
Percent visited a dental
professional within the
71.6 %
59.9 %
59.4 %
past year
*Adapted from Health Canada, 2010b; Slade et al, 2007; U.S. Department of Health
and Human Services 2007
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2 Research Questions
Low SES has a significant impact on oral health. Vancouver’s DTES is one of the
oldest and poorest communities in British Columbia with 53% of its residents living with
low-income and complex life styles. Previous studies indicate residents in this
community practice high-risk behaviours and have a high prevalence of oral cancer. No
published information exists regarding oral health status of low-income adults living in
the DTES. Thus some research questions for adult residents of the DTES are:
1)

What is their oral health status and what factors explain their oral health
status?

2)

What are their self-perceived oral health needs?

3)

How frequently are oral care services used?

4)

Are there any differences in oral health status between residents with and
without publicly funded dental benefits?

5)

What are their perceived challenges to accessing dental services?
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3 Objectives
The overall goal is to enable design of strategies to improve oral health of lowincome adults living in Vancouver’s DTES through the characterization of the oral health
status.
The objectives of this study are:
1. To determine oral health characteristics (clinical and subjective) of low income
adults in the DTES community
2. To examine the utilization of dental care services and challenges in accessing
dental services.
3. To identify explanatory factors for their oral health status
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4 Methods
Participants were recruited through clinics from the Oppenheimer area of the DTES.
Eligibility criteria include age (19 year or greater) and residence in the DTES for the
previous 3 months. A set of survey questionnaires was used to collected data in
demographics, risk behaviours, perceived dental health, dental health utilization, and
clinical medical history and oral health status. The study was approved by the University
of British Columbia Research Ethics Board (H10-02598). A copy of the consent form is
in Appendix A.

4.1 Participant Recruitment
In order to increase accrual, there were two types of screening clinics: mobile and
fixed site screening clinics. The clinics in the Oppenheimer area of the DTES allowed us
to target areas best representing the low-income residents of the DTES. The sample
was not a random sample but a volunteer sample.

4.1.1 Mobile Screening Clinics
The Oppenheimer area is the most populated out of the six regions within DTES,
with approximately 6,268 residents and 70% (4,394) of the residents are low income as
defined by Statistics Canada [180]. Three main gathering centres were identified in the
DTES specifically within the Oppenheimer area (Figure 4-1). We established mobile
screening clinics at these centres to recruit participants for our study.
In promoting recruitment for screening clinics, information articles and posters,
designed by a community artist, were placed in the centres one week prior to screening
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day. Registration took place prior to each screening day with the assistance of the peer
leader of each centre. The names of the recruited participants were crosschecked with
the database prior to screening to prevent duplicate representation from the same
participant. The screening consisted of an interview by a calibrated interviewer, an
examination by a dental clinician, and an oral mucosal examination by an oral
pathologist. Participants received an incentive package (a set of one toothbrush, tooth
paste and oral cancer information pamphlet) along with a 5-dollar honorarium after the
completion of screening to compensate for their time.

4.1.2 Fixed Site Screening Clinics
The Portland Community Dental Clinic is a UBC-affiliated, reduced-cost community
dental clinic (Figure 4-1). Our team has been providing free oral cancer screening to the
dental patients of this clinic biweekly on Tuesday mornings. In order to recruit more
participants for the study, beginning in October 2010 we also invited dental patients at
the Portland Community Dental Clinic to participate. We used the same eligibility
criteria, approaches, and surveys as those in the mobile clinics.
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Figure 4-1: Map of the Vancouver’s Downtown Eastside communities and the
location of screening clinics. 3 mobile screening clinics located at main gathering
centres (red dots: 1. the Women’s Centre, 2. the Vancouver Native Health Society, and
3. the LifeSkills Centre) and one fixed site screening clinic (blue star: Portland
Community Dental Clinic).
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4.2 Survey Design and Instrumentation
A set of structured survey questionnaires was designed with questions adapted from
the CHMS and was categorized into five modules for collecting information on
participant’s demographics, risk behaviours, dental health history, health care utilization,
and clinical examination for medical history and oral health status (Appendix B). The
survey was constructed using TeleForm© software (Cardiff Software, San Diego, CA,
USA), which allows for a user-controlled and semi-automated data capturing directly
into an Microsoft Access® database (Microsoft, Redmond, WA, USA). The survey had
been reviewed and approved by community peer leaders of the DTES Community
Health Advisory Committee. Interviewers were trained and calibrated to administer the
survey through small group teaching and practicing sessions held prior to screening
clinics. The interview process in general took about 20 to 30 minutes to administer all 5
modules for each participant. Each of the five modules is described in details in the
following sections.

4.2.1 The Demographic Module
The demographic module (Appendix B.1) collected participant’s gender, date of
birth, ethnicity, marital status, housing status, employment status, education level,
income level, income assistance programs, and duration of residency in the DTES.
Aboriginal participants were also asked to specify their Aboriginal group, Aboriginal
status, Indian band membership, and fluency in an Aboriginal language. These
questions were designed based on the 2001 Aboriginal Peoples Survey [216].
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Low Income Measurement
When assessing annual family income, participants chose from specific income
brackets (less than 6,000; 6,000-12,000; 12,001-20,000; 20,001-30,000; greater than
40,000; don’t know). To better define their low-income status, we applied the Low
Income Cut-Offs (LICOs) from Statistics Canada. The LICOs are based on the Family
Expenditure Survey which describes what a family spend on food, shelter and clothing
compared to the average family in Canada [217]. This value is also adjusted for inflation
and the differences in the trends in food, shelter and clothing expenditures over time
among Canadians.
The LICOs are the most established and widely recognized approach for
determining low-income [217] and are also used in publicly available government
documents on the DTES [180]. Low-income status of the participants was defined by
number of people living in the household and their annual income level. Accounting for
the income brackets in the questionnaire, those who lived alone with annual income
level $20,000 CAD or less per year before tax were defined as the “low-income”. This
value, determined by the LICO, describes low-income for those living alone in a large
census metropolitan area (500,000 inhabitants or more) such as Vancouver. Among
those living with others or with family, low-income status was determined accordingly by
the number of members in the household and annual household income level (see
Table 4-1). Two participants in the study with annual income over $20,000 CAD were
categorized as the low income after accounting for their household size.
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Table 4-1: LICO 2010 cut-offs before tax values

4.2.2 The Risk Behaviour Module
The Risk Behaviour Module (Appendix B.2) assessed participant’s risk behaviors as
defined by any history of tobacco and alcohol consumption, recreational drug use, oral
sex practices, and any previous diagnosis of sexually transmitted diseases.
Recreational drug use was defined as any injection or non-injection use of crack,
cocaine, heroin, crystal methamphetamine, marijuana or any other illicit drugs [218].
The total amount of consumption for tobacco (cigarettes, cigars, and tobacco pipes)
was calculated using tobacco equivalents, where one cigar equals four cigarettes, and
one pipe equals two cigarettes [219]. Current smokers were classified as those who
consumed tobacco on a daily basis, or those who had not permanently stopped
smoking and were unable to provide their average consumption. Former smokers were
those who had permanently stopped smoking for at least one year. Cumulative tobacco
was expressed in “pack-years” where one pack-year is defined as consuming one pack
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of cigarettes every day for one year. Heavy smokers was defined as having a smoking
history of 20 or more pack-years [220].
Similarly, the total amount of consumption of alcohol (beer, wine or liquor use) was
calculated by the use of alcohol equivalents where one drink (one alcohol unit) equals
330 ml of beer, 150 ml of wine, or 30 ml of liquor [221]. Cumulative alcohol intake was
expressed as “drink-years” which was calculated by the number of years consuming
alcohol multiplied by the average number of drinks consumed per week [222]. Heavy
drinkers were those with a cumulative consumption of over 200 drink-years.
High-risk HPV risk was evaluated by assessing participant’s history of oral sex
activity and the number of oral sex partners of males or females in their lifetime. A
participant was considered at high risk for HPV infection if they had 6 or more oral sex
partners in their lifetime [110].

4.2.3 General and Dental Health Module
The general and dental health module (Appendix B.3) examined the participant’s
perceived dental health status, perceived oral health issues, reported oral hygiene
behaviours and oral cancer awareness. Perceived general health status and perceived
dental health status was measured on the ordinal scale of “Excellent”, “Good”, “Fair”,
“Poor” or “Don’t know”. Associated problems with oral health were addressed by asking
if the participants experienced any discomfort eating or drinking, persistent pain in the
oral cavity, or perceived social problems related to their oral health issues within the
past month. Participant’s perceived oral health issues were measured by what bothered
them most about their mouth or teeth and the reasons for these issues.
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Additionally, participant’s oral hygiene behaviour was assessed by reported
frequency of tooth brushing and flossing within the past month. Participants’ oral cancer
awareness was evaluated by asking whether they are aware of the existence of oral
cancer, and whether they had previously participated in an oral cancer screening event.
A description of an oral cancer examination was given to confirm if they had previously
experienced any oral cancer screening.

4.2.4 General and Dental Health Care Utilization Module
The general and dental health care utilization module (Appendix B.4) assessed the
use and frequency of visits within the last six months to health services providers such
as medical doctors, nurses, social workers, or other health professionals. The use of
dental services was assessed by frequency of visits within the last six months and the
time of the participant’s last dental visit. Participants were also asked to recall the type
of dental care they had received at their last dental visit. The types of dental care was
categorized into treatment services (e.g., extractions, fillings, crowns or dentures),
maintenance/prevention care (e.g. dental hygiene and cleaning) and others services. In
order to understand the types of dental support these participants received, information
was gathered on dental insurance types including employees or private insurance,
NIHB and provincial dental benefits. In order to understand their participation in health
screening, we asked about their screening experience within the past 5 years, including
mammogram, lung X-ray, PSA blood screening for prostate cancer, oral cancer
screening, pap smear for cervical cancer, colonoscopy and rectal examination.
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If the participant indicated barriers to accessing dental care, further questions were
asked to determine the type of barriers, including distance, time, direct cost, indirect
cost, denied insurance approval, on medical problems. For those with a perceived
medical barrier to dental care, participants were asked if they had any physical or
personal health limitations to dental care or on fear of dental treatment. Of those with a
cost barrier to dental care, participants were asked if these cost issue were a result of
competing priorities, not enough insurance coverage, difficult application process for
dental benefits, unable to afford to lose working hours, need child care support or other
money related issue(s). Lastly, participants were asked what dental care services they
felt that they currently need. This included prevention treatment, restorative work for
dental cavity, extractions, temporomadibular joint disorder, fixed prosthodontics,
removable dentures, and endodontics.

4.2.5 Clinical Examination Module for Medical History and Oral Health
Status
The Clinical Examination Module (Appendix B.5) collected participant’s medical
history, current use of medications and the results from the clinical oral examination on
soft tissue and dentition. Participant’s hospitalization history, medical conditions,
previous biopsy history, drug allergies, and family history of mouth, head or neck cancer
were also assessed.
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Clinical Examination for Oral Health Status
The oral mucosal examination was conducted under both white light and a handheld
fluorescence visualization device, the VELScope® (LED Dental Inc., White Rock,
Canada) [223]. Participant’s clinical conditions were recorded and clinical lesions were
classified into trauma, infection, inflammation, oral pre-cancers and other lesions.
When an oral condition that required further assessment or attention was identified, a
referral to the fixed site clinic was arranged.
Dental examination was conducted through visual inspection of the participant’s
teeth and the surrounding tooth structures. We have also documented their dental
conditions by taking intraoral images. Tooth conditions were recorded during the time of
screening and later confirmed by reviewing these clinical images. Tooth conditions were
classified into sound, decayed, missing, or filled teeth according to the methods and
definitions proposed by the World Health Organization and the CHMS Dental module
[29, 187].
A “decayed” tooth was defined as presence of a carious lesion in a pit or fissure or
on a smooth tooth surface that has an unmistakable cavity. A “filled” tooth was defined
as presence of a permanent restoration or crown (of any materials or combination of
materials) with no caries anywhere on the crown surfaces. If a filled tooth had one or
more decayed areas, it was categorized as “filled and decayed”. However, when
determining the dental indices (DMFT, DMT and Ft/DMFT), all “filled and decayed” teeth
were counted as decayed [224]. A tooth is classified as a “retained root” when the
crown had been completely destroyed by caries and only the root remained [29]. All root
tips were counted as “decayed” when determining the dental indices.
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A tooth was considered “missing” when the tooth had been extracted for caries,
trauma or any other reasons or when it was not present at the time of examination.
Individuals were considered “edentate” if they did not have a tooth in both upper and
lower jaws. The presence of at least one tooth in the upper or lower jaws was equated
with being dentate. A full set of teeth was defined as 28 teeth; third molars were also
evaluated during the clinical examination but excluded from analysis.
A tooth was considered as “missing but filled” when presented with a fixed
prosthetics such as bridges, implants or dentures. In the case where a bridge was
present, the abutments were considered as “filled” whereas the edentulous areas
covered by the bridge, the pontics, will be considered “missing but filled”. For dentures
(complete and partial), teeth that were originally recorded as missing were then
considered as “missing but filled” according to the anatomical site of the missing teeth
(upper or lower jaw) and also by the type of denture (complete or partial) and the area
where the dentures were fitted (Upper or lower jaws). In the case of partial dentures,
any teeth that were considered missing in the area (upper or lower jaws) covered by the
partial denture were considered as “missing but filled”. This criterion was also applied
for the usage of complete dentures among dentate or edentulous participants. When
determining dental indices (DMFT and DMT), a tooth that was “missing but filled” was
considered as “missing” but as “filled” for Care Index (CI). Lastly, a tooth was
considered “sound” when it is present with no signs of decay or filling. Clinical images
were taken during the time of examination was later reviewed to confirm with clinical
recordings.
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4.3 Statistical Analysis
The design of the study is cross-sectional. For objectives 1 and 2, to describe their
oral health characteristics, utilization of dental services, perceived needs and
challenges in accessing services, results were tabulated according to the total number
reported (N) and percent of the sample for categorical variables. Continuous data was
described by the mean and its 95% confidence interval. When comparing sub-groups
e.g., insured vs. non-insured participants, the Chi-squared test was used to compare
categorical data and student t-test with Welch’s correction was used for continuous
data.
For objective 3, to identify dependent variables that explains oral health status, we
focused on the evaluating the CI as the outcome measure. CI is the ratio of Ft to total
DMF teeth [208]. Considering the use of dentures and fixed prosthetics as “filled”, the
care index in this context describes the extent of treatment of oral health problems and
conversely, the level of dental treatment needed. This index is important as it indicates
the level of dental care received and needed for these participants. Limitations of this
index included the actual reason for missing teeth may be unknown, e.g., teeth
extracted for orthodontic treatment.
The first step of the analysis was to consider what variables to include in the
analysis. Due to the number and the nature of variables collected and the sample size,
we used a step-by-step process to identify clinically relevant and statistically important
explanatory variables for the CI. This enables us to maintain the statistical power of the
analysis and also to eliminate the chance of a type 1 error given the large number of
variables. This process is detailed in the following sections.
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4.3.1 Variable Selection
The survey contained a total of 60 questions (see Appendix B) and a total of 157
variables were derived including 56 outcome measures. Based on the clinical relevancy
judged by an Oral Pathology Specialist, a list of 36 variables was generated (See
Appendix C). These were used for linear regression analysis to identify potential
explanatory variables for the CI (see next section).

4.3.2 Regression Analysis of Care Index (CI)
The selected variables were analyzed using linear regression models to determine
their association with the CI. The frequency distribution of the CI for both dentates and
edentates (Fig. 4-2) indicates the data was not normally distributed. This presents a
problem for linear regression analysis as one of the assumptions is that the data should
be normally distributed. In order make the data more normally distributed, an arcsine
transformation was applied to the data (p'=arcsin[ p]; Fig. 4-3).
The edentates (N=50) and those with 0 DMFT (N=4) were excluded for analysis. For
the edentates, they can have only 3 levels of CI: 0 (no dentures), 50% (having either
Upper Complete Denture: UCD, or Lower Complete Denture: LCD, only) and 100%
(having both UCD and LCD). This is different from others as the level of CI was
continuous and can range from 0 to 100%. Additionally, the health outcome of these
patients indicated the different needs for dental service. Thus, these cases were
removed for analysis. For those dentate with 0 DMFT, we cannot calculate CI. A total of
302 cases were left for analysis.
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Bivariate linear regression analysis was conducted to determine the association
between the selected variables and CI and a backward selection method of all 36
selected variables was used in the multivariate linear regression analysis.
Figure 4-2: Untransformed, frequency distribution of CI (Ft/DMFT) for both
dentates and edentates.
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Figure 4-3: Frequency distribution of CI (Ft/DMFT) for both dentates and
edentates after arcsine transformation.

Figure 4-4: Frequency distribution of CI (Ft/DMFT) for dentates excluding 4 cases
with 0 DMFT after arcsine transformation.
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4.4 Internal Validity and Reliability of the Survey
To examine the internal validity of the survey, several questions were placed in the
survey to test for intra-questionnaire reliability. Six pairs of questions, each measuring
one of the variables listed on Table 4-2, were used to determine Krippendorff’s alpha (α)
as a measure of agreement, where α of 1 indicated complete agreement and α of -1
indicated complete disagreement. The Krippendorff’s α (1 – observed disagreement
divided by disagreement by chance) was used given its advantages in managing
missing data and sensitivity with small sample size [225]. The intra-questionnaire
reliability was measured for all participants (N=356).
Among the participants who were screened twice in the study (N=7), the data
collected on the first screening date was used for data analysis while the data collected
on the subsequent screening date was used to measure test-retest reliability, i.e., interquestionnaire reliability. For test-retest reliability, the set of 36 variables for the
regression analysis was used to determine the α value.
For the internal validity, the Krippendorff’s α ranged from 0.746 to 1.0 and the
average value was α=0.868 (see Table 4-2). The Krippendorff’s α ranged from 0.07 to
1.0 with an average value of 0.635 for the inter-questionnaire reliability.
Table 4-2: Intra-questionnaire reliability measured by Krippendorff's α
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5 Results
5.1 Participants
A total of 403 individuals participated in the study. From the mobile clinics, 223
participants were recruited at eight screening sessions from October 2010 to April 2012.
Among these, 22 participants were excluded from analysis: 12 due to short length of
DTES residency; 7 did not complete the entire screening process, either the survey or
clinical examination; and 3 were screened twice (the first screening was included for
analysis and the second screening was used for internal control only). This left a total of
201 participants (90%) from the mobile sites.
For the fixed site clinics, 209 dental patients were approached and invited for the
study from October 2010 to April 2013. Among these, 29 (14%) patients declined to
participate in the study. An additional 25 were excluded from the analysis. Similar
reasons were identified as those in mobile clinics: 15 due to short length of DTES
residency; 6 did not complete the entire screening process, either the survey or clinical
examination; and 4 were screened twice (the first screening was included for analysis
and the second screening was used for internal control only). This left a total of 155
eligible participants from the fixed site clinics. With the combination of mobile and fixed
site clinics, a total of 356 eligible participants were included for analysis.
The participants from the fixed site clinic were seeking dental care at the time of
recruitment and those from the mobile sites were “ users” of the community centres, i.e.,
did not attend for dental needs. In the multivariate analysis, the recruitment site (mobile
vs. fixed site) is an independent variable explaining oral health outcomes. The
differences between mobile and fixed site clinics are discussed in the following sections.
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5.2 Demographics
Demographic information collected is listed in Table 5-1. The adult participants were
mostly male (68%) and middle-aged (age 45-65: 64%; average age: 50.5±11 yrs.). They
were largely unemployed (84%), had less than grade 12 education (52%), low-income
(79%), and on income assistance (92%). When household information was examined
(Table 5-2), most were not married (59%) and lived alone (86%) in single room
occupancy accommodations (SRO, 49%) or other transient residence (8%). Over half
the participants (51%) had been living in the DTES for 8 years or longer.
Comparing the fixed site and mobile clinics, participants at the mobile clinics were
significantly younger (age ≤44: 35% vs. 21%; P=0.003) and more likely to be Aboriginal
(60% vs. 13%; P<0.0001). On the other hand, participants from the fixed site clinic were
better educated (≥ Grade 12, 57% vs. 40%; P<0.001) than those from the mobile. More
participants from the fixed site clinics lived in houses or apartments rather than in
unstable housing (SRO or Transient, 45% vs. 66%, P<0.0001).
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Table 5-1: Demographic information
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Table 5-2: Household information of DTES residency
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5.3 Risk Behaviours and Related Medical Conditions
The participants’ risk behaviours and medical conditions are summarized in Table 53. Tobacco consumption was high as 300 (84%) were ever-smokers. Among those,
249 (70%) were current smokers and 52 (15%) were former smokers. Almost half
started smoking regularly at an early age (age<14; N=140, 47%) and one third (N=117,
33%) had a 20 pack-years or more smoking history. Alcohol consumption was common
as half of the participants were current drinkers (N=180, 51%) and most had a high
cumulative alcohol intake (≥200 drink-years; N=176, 49%). Many were at high risk for
HPV infection as 142 (40%) participants had 6 or more oral sex partners.
Many (76%) had a history of recreational drug use; two thirds were current users
(N=236) while ten percent (N=35) were former users (see Table 5-4). There was a high
prevalence of immune compromised status as 68 (19%) reported having HIV infection
and 117 (45%) had HCV infection. Among these, 45 (13%) had both HIV and HCV
infection. Additionally, Hepatitis B viral (HBV) infection was reported among 21 (6%)
participants. Among the participants, 27 (8%) reported a family history of mouth or head
or neck cancer. Over half of the participants (52%) had never heard of oral cancer.
When comparing the fixed site and mobile clinics, significantly more participants
from the fixed site were ever drinkers and heavy smokers (Table 5-3). HPV risk was
significantly higher in the fixed site participants (≥6 oral sex partners; 50% vs. 32%;
P=0.0005). Participants from the mobile clinics had had significantly higher HIV-HCV
co-infection (19% vs. 5%; P<0.0001) or were recreational drug users (current and past
users: 80% vs. 72%, P=0.05).
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Table 5-3: Risk behaviours
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Table 5-4: Recreational drug use and medical conditions
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5.4 General and Dental Health
Over half of the participants perceived their general health status to be “excellent” or
“good” (N=189, 53%, see Table 5-5). When asked about their perceived oral health
status, only 55 (15%) answered “excellent” or “good”; whereas 294 (83%) answered
“fair” or “poor”. Strikingly, over three-quarters (N=269, 76%) reported having at least one
oral health issue, including problems: eating (N=118, 44%), aesthetics (N=86, 32%), or
talking (N=13, 5%). When asked about oral problems within the past 30 days, 62% had
experienced problems, including discomfort eating or drinking (52%), persistent pain
(43%), and difficulties socializing (16%).
When examining the differences between those from mobile and fixed sites,
significantly more participants from the fixed site clinic had oral health issues (83% vs.
70%; P=0.005) and discomfort eating or drinking (59% vs. 47%; P=0.04).
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Table 5-5: Perceived health status and oral health problems
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5.5 Perceived Dental Care Barriers and Perceived Dental Needs
A vast majority had at least one dental need (N=306, 86%) of which restorative care
(N=119, 39%), dentures (N=116, 38%), prevention services (N=102, 33%) and surgery
for teeth extractions (N=88, 29%) were most commonly reported (Table 5-6).
Perceived barriers to dental care reported by 137 participants (38%, see Table 5-6)
were either cost related (N=109, 80%), access related (N=67, 49%) or other competing
priorities (N=13, 9%). Cost barriers were mainly “not enough insurance” coverage
(N=81, 78%).
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Table 5-6: Perceived dental needs and perceived barriers to dental care
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5.6 Dental Health Status
Fifty (14%) participants were completely edentulous. Among the edentates, less
than one-third (N=17, 34%) had both complete upper and lower dentures in place, while
7 participants (14%) only had upper complete dentures and, surprisingly, 26 (52%) had
no dentures at all (Table 5-7).
Examining the dentate participants (N=306), the Dt (mean ± standard deviation) was
3.8 ± 0.5, Mt was 8.6 ± 0.8 and Ft was 4.9 ± 0.5 (see Table 5-8). The total DMFT was
17.2 ± 0.8 while DMT was 11.68 ±1.0 and the average CI was 41.5 ± 31.3 %.
Participants from the mobile site had significantly lower Ft and higher Dt, DMT and
DMFT (see Table 5-8). The CI was significantly higher among the participants from the
fixed site (51.1% vs. 34.2%; P<0.0001).
For dentates, 41% (N=125) reported brushing their teeth at least twice a day or
more, and 36% (N=109) reported that they flossed. Significantly more participants from
the fixed site reported using dental floss compared to those from the mobile site (43%
vs. 31% P=0.03; Table 5-9).
Of all 356 participants, 28% (N=101) had an oral mucosal lesion upon clinical
examination (see Table 5-10). The locations of the oral lesions were mainly on the
tongue (N=53, 52%) or buccal mucosa (N=23, 23%). Most of these lesions were a result
of trauma (N=64, 63%) and/or infections (N=28, 28%). Lesions due to inflammation
(N=10, 10%) and “others” (N=8, 8%) were less frequent. Four cases were possible oral
premalignant lesions requiring further investigation. Interestingly, those from the fixed
site had significantly more oral mucosal lesion (34% vs. 24%; P=0.04) than the mobile
participants.
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Table 5-7: Edentulism and dentures use

Table 5-8: Unadjusted oral health indices and CI of DTES sample

61

Table 5-9: Oral health habits

Table 5-10: Prevalence of oral mucosal lesion among the DTES sample

62

5.7 Dental Insurance Type, Dental Care Utilization and Oral Health
Status
Many of the participants had dental insurance (N=284, 80%, Table 5-11) that was
primarily from publicly funded programs (N=268, 94%), either provincial (N=173, 65%)
or federal (NIHB: N=95, 35%).No significant differences were detected in dental health
indices between those with dental benefits and those without benefits (see Table 5-12).
When evaluating the difference in dental health indices among those covered by
different publicly funded programs (NIHB vs. Welfare), participants with NIHB coverage
had significantly higher Dt compared to those with welfare coverage (4.5±1.1 vs.
3.2±0.7, P=0.02, Table 5-12).
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Table 5-11: Available dental coverage and usage of health care services
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Table 5-12: Oral health status among: insured vs. non-insured and welfare vs. NIHB
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Table 5-13: Available dental coverage and usage of health care services
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Table 5-14: Oral health status among those with a recent dental visit (less than 1 year)
compared to those who visited a dentist over 1 year ago.

When examining their previous experience in participating various screening
programs, the majority (N=234, 66%) had previously participated in at least one health
screening programs, primarily for the lung x-ray screening (62%). Screening frequency
for other organ sites were low and oral mucosal was among the lowest (Table 513).When we asked about the usage of type of health care services within past 6
months, the majority visited a medical doctor at least once (N=298, 84%), while 188
(53%) had a dental visit and 139 (39%) had nurse visit.
Of the 218 (61%) reported visiting a dentist within the past 12 months, most were for
treatment (N=277, 78%) rather than maintenance services (N=75, 21%) (Table 5-11).
Oral health status among those who visited a dentist within the past 12 months was
significantly different compared to those who visited a dentist over 1 year ago (see
Table 5-14). Dentate participants with a recent dental visit had lower number of Dt (2.9
± 0.5 vs. 5.4 ± 0.1; P<0.0001) and DMT (11.0 ± 1.1 vs. 13.1 ± 1.7; P=0.04) as well as a
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higher number of Ft (5.5±0.6 vs. 3.8±0.7; P<0.0004). The CI was also higher for those
with a recent dental visit (46.6% vs.33.8%; P=0.0003).
A visit to a dentist within the past 12 months was significantly associated with having
dental insurance coverage (65.5% vs. 48.2%; P < 0.05, see Figure 5-1). For those
without dental insurance, many had at least one barrier to dental care (60.7% vs.
33.5%) and reported cost to be an issue (53.6% vs. 23.9%; P<0.05). However, there
was no difference in the perceived need for dental care between insured and
noninsured participants (87% vs. 82%). Furthermore, there was no association between
having barriers to dental care and having a dental visit within the past 12 months. There
were significantly more participants on Provincial benefits (welfare) than those with
Federal benefits (NIHB) who had a dental visit within the past 12 months (55.8% vs.
71.1%; P < 0.05, see Figure 5-2). There was no significant difference in perceived cost
issue or perceived dental treatment needs between those on Provincial and Federal
benefits.
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Figure 5-1: Differences in dental visit, barriers to care and treatment needs among
participants with and without dental insurance. P value determined by Chi-squared
test where * P<0.05.

Figure 5-2: Differences in dental visit, barriers to care and treatment needs among
participants with NIHB and welfare coverage. P value determined by Chi-squared
Test where * P<0.05
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5.8 Identified Explanatory Variables for Care Index
5.8.1 Bivariate Analysis
Results from the bivariate analysis are shown in Table 5-15 to 5-19. For each
variable, there are categories, called levels. The reference level, indicated in brackets,
serves as a baseline and is used for other levels of the variable to compare to. The
outcome measure was the arcsine transformed CI. The estimate and standard errors for
each level with the are indicated and the P values are coded (see the footnote at the
bottom of each table). For example, the variable “Age”: ≤45 is the reference level and
46-55 years and >55 years are the categories or levels in this variable and are used to
estimate if one of the level comparing to the reference level can explain the association
of CI.
Analysis on the demographic variables (Table 5-15) showed those living in the
DTES for more than 8 years and those from the mobile site were significantly and
inversely associated with CI. Interestingly, income level and employment were not
significantly associated with CI.
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Table 5-15: Bivariate analysis of demographic variables for CI

Table 5-16: Bivariate analysis of risk factors variables for CI
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When examining risk factors (Table 5-16), ever drinkers (both heavy and non-heavy)
were significantly and positively associated with CI when compared to never drinkers.
The use of marijuana, crack or cocaine, heroin and methadone were all inversely
associated to CI compared to never users. Interestingly tobacco or combination of
tobacco and alcohol consumption was not significantly associated with CI.
When examining medical history, infection with HBV, HCV and/or HIV were inversely
associated with CI compared to those without these infections (Table 5-17).

Table 5-17: Bivariate analysis of medical history for CI
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Bivariate analysis of dental insurance and dental care usage (Table 5-18) showed a
distant history of visiting a dentist (never or over five years ago) was inversely
associated with CI compared to a visit within 12 months. Those who received preventive
dental services had significantly higher level of CI than those who did not have a dental
visit within 12 months. No difference of CI levels was observed between those with or
without dental insurance, or among various types of dental insurance.
Table 5-18: Bivariate analysis of dental insurance and dental care usage for CI
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For oral hygiene habits (Table 5-19), brushing at least two times a day or flossing
was positively associated with CI compared to those who never brushing or flossing.
Interestingly, the presences of barriers to dental care was not significantly associated
with CI.
Table 5-19: Bivariate analysis of barriers to dental care and oral hygiene for CI
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5.8.2 Multivariate Analysis
Table 5-20 shows the results of backward selection multivariate linear logistic
regression analysis with the arcsine adjustment of CI (section 4.3.2). Variables
significantly associated with CI were: gender, longer DTES residency (>8 years), the
place of recruitment, presence of any barrier to dental care, methadone use, HCV
infection, and brushing and flossing habits. The multiple R-squared value was 0.278,
meaning the final model was able to explain 27.8% of the variation in CI.

Table 5-20: Multivariate analysis of identified candidate variables for CI
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6 Discussion
This is the first study to gather comprehensive information about the oral health
status of low-income adults living in Vancouver’s DTES. The findings indicate relatively
poor oral health status in this community and this is consistent with previous studies
conducted amongst other similar high risk groups [226-228].

6.1 Poor Oral Health Status of Low-Income Adults in The DTES
Clinical findings showed that the oral health status of these DTES residents was
poor and they had a high need for dental care. For the average participant, over half
(61%) of their dentition had been affected by dental caries and only 42% (CI) of the
existing dental problems had been restored. When compared to the Canadian lowincome population, the DTES participants had higher DMFT (17.2 vs. 10.4) with double
the Dt (3.8 vs.1.0) and Mt (8.6 vs. 2.9), lower CI (41.5% vs. 62.5%), and higher
prevalence of oral mucosal lesion (28% vs. 16%) [29]. Severity of oral disease was
similar to welfare recipients from California [228] and a homeless group in Toronto
[226].
Our clinical findings were reflective of the perceived oral health status by the
participants. Quality of life was also affected: 52% had discomfort eating or drinking and
43% had persistent pain in their mouth. About one-third of reported oral health issues
was linked to aesthetics which is consistent with the welfare group in Montreal [229]..
Given the number of Aboriginal participants in the study, comparisons can be made
to the 2011 First Nations Oral Health Survey (FNOS). Compared to the FNOS adults
group, who were living on reserves, the DTES Aboriginal adults had poorer dental
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health: higher DMFT (18.1 vs. 13.7) and lower Ft (4.7 vs. 7.6) [230]. Furthermore, the
DTES’ Aboriginals had at least doubled the prevalence of Dt (4.7 vs. 1.8) and Mt (8.6
vs. 4.3). The difference in the oral health status in these two groups may arise from
differences in socioeconomic factors as the FNOS group had less low-income (37.0%
vs. 71.6%) and were more educated (fewer did not have a high-school diploma; 39.9%
vs. 68.1%). More FNOS participants were also currently working (47.2% vs. 13.4%),
which may indicate more financial resources for dental care. The DTES Aboriginals
represent a unique group of Aboriginals living in an urban area, not on reserve, and face
different social and economic issues. Moreover, the transient nature of the DTES lowincome community may also affect access to dental care as a result of the predetermination process to acquire approval for treatment.

6.2 Missing Teeth Is a Concern
The prevalence of missing teeth is a concern. When comparing the mean number of
Mt, the DTES group (8.9 ±0.8) was high compared to similar communities [226, 228];
about 14% were completely edentulous; 25% of the dentate had 14 or more Mt (partly
edentulous). This finding may have arisen from a history of unrecoverable tooth
conditions i.e. severe tooth decay, or lack of available restorative treatment options.
Extraction may have been the only solution for those severely decayed teeth. Many
participants appeared to be in transition from dentate to edentate status. Nearly threequarters (72%) of the completely edentulous did not have a full set of complete
dentures. Although it is possible that some may reject denture use [229, 231], welfare
recipients have viewed the use of dentures as a means to restore their image and self
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confidence, important issues for the DTES participants This finding underscores the
need for denture service in the community. Interestingly, most of the DTES participants
have the funding for dentures as welfare recipients are entitled to new dentures once
every 5 years3, and once every 8 years for those with NIHB [167]. This prompts one to
ask questions such as whether there are any difficulties in accessing their resources,
what are the competing priorities, and whether there are other underlying problems
affecting denture use. More participants who were edentulous or partly edentulous
experienced barriers to dental care as a result of access and cost related issues. A
qualitative inquiry may help explore the possible barriers to denture services.

6.3 Factors Explaining Poor CI
Some variables were identified that partially explained the poor Care Index (CI) in
this community, including presence of barriers to dental care, recruitment site, oral
hygiene behaviours, longer DTES residency, current methadone users, HCV infection,
and male gender.
Despite the availability of public dental coverage and reduced cost dental clinics in
the community, barriers to dental care, as identified by the participants, are still an
issue. Further analysis indicated that cost was a significant issue contributing to poorer
CI. However, it is not known whether the lack of financial resources results from the
need to maintain other lifestyle choices (i.e. recreational drug use, tobacco and alcohol
consumption, etc.) or if the public coverage is inadequate to serve the dental needs of

3

Ministry of Social Development and Social Innovation: Dental Program – Person with Disabilities
[Online]: http://www.eia.gov.bc.ca/factsheets/2005/dental.htm [2014, January]
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this population. Interestingly, having barriers to dental care was not associated with the
length of time since their last dental visit. It is likely their benefits covered dental
emergency treatments but may have been insufficient for further extensive treatments.
However, “barriers” to care are complex and may include issues not included in the
research e.g., fear.
In our results, females had a higher CI. Women usually have better oral health
awareness and demonstrate better dental care than men [42, 232]. It is not surprising
that among homeless adults, men were found to have significantly higher DMFT and
MT when compared to women [226]. This finding indicates a need to promote oral
health awareness amongst males in the DTES.
Participants from fixed site clinics had a higher CI comparing to those from mobile
clinics. This may due to the differences in their characteristics and lifestyle behaviours.
Fixed site participants tend to be less ever drug users, more educated, and not in
unstable housing. Furthermore, given their presence at the dental clinic, they were likely
to have oral health problems. These differences suggest a greater need for oral health
awareness and more resources for dental care.
Length of residency, greater than 8 years, in the DTES was significantly associated
with poorer levels of CI. Further analysis showed those who lived in the DTES for more
than 8 years had significantly higher Mt compared to less than 8 years. A longer
residency in the DTES community indicates a length period of low-income status with
few opportunities for extensive and expensive dental care. A longer duration of lowincome status can also have significant implications for physical health in general [154].
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Methadone users had a lower CI. For heroin addictions, methadone is a common
form of treatment [233 , 234]. Exposure to methadone has been linked to dental
diseases [160]. However, the associations with poor oral health status may be
secondary to the dry mouth that is secondary to smoking and HCV infection [235-237].
In our study, methadone users had a high prevalence of smoking (96%) and had HCV
infection (80%). Furthermore, 80% of methadone users in our study were still using
recreational drugs. Poorer CI may also be a result of limited resources and/or
competitive priorities in life for dental care in maintaining their addictions. Additionally,
methadone use may be an indicator of chronicity of illicit drug use, hence it may signify
the importance of one or more types of illicit drug use to oral health. More detail data
collection on the type and duration of each drug may be important in understanding the
relationship to oral health status. Last but not least administration of methadone with a
sugar-based syrup to overcome its bitterness can impose an increased risk for dental
decay [238]. The administration of methadone in a tablet form has been considered
[239]. But given the risk for abuse and illegal distribution, the liquid form of methadone
remains the major form of medication in the DTES. Perhaps oral health promotion
program as part of the Methadone program may help improve oral health in this
community.
The relationship of HCV infection to poorer CI remains unclear. Although HCV
infection may lead to dry mouth (see section 1.2.3.1), its relationship to CI in this
community is unclear as there is currently no evidence of any direct biological relation
between HCV status and dental diseases. Further research in HCV infection and dental
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diseases might help to explain this association and, subsequently, to improve oral
health.

6.4 No Impact on Oral Health Status of Publicly Funded Dental
Programs
The majority of participants had at least one oral health issue and needed at least
one dental care service. Interestingly, their need for services was the same regardless
of having or not having dental care coverage; a finding observed in other studies [226].
We suspect that the available dental coverage is underutilized and oral health is simply
not a priority. The latter assumption was supported by our data as less than half of the
DTES participants brushed their teeth twice a day, lower than the CHMS low income
group (66.5%) [29]. In addition, the majority of the dental visits were for treatment and
only a small portion for preventive services. As to the former, it is difficult to determine
whether dental coverage was underutilized or if their current dental coverage was
inadequate. Many of the DTES participants are eligible for basic dental care for
restorative, surgical and preventive services as MSD provides individuals with
disabilities in up to $1000 CAD every 2 years for these services4. As well, a reduced
cost dental clinic is available which provides dental services only for these residents.
However, we have seen that only a small portion of the participants claimed their
benefits for preventive services. A consideration is to increase coverage and/or
encourage the use of preventive services.

4

Ministry of Social Development and Social Innovation: Dental Program – Person with Disabilities
[Online]: http://www.eia.gov.bc.ca/factsheets/2005/dental.htm [2014, January]
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6.5 Dental Care Usage and Oral Health
Similar to the Canadian low-income population, over 60 percent of the DTES
participants visited a dentist within the past year [29]. However, this was lower than the
national average for all Canadians. Those who visited a dentist recently had better oral
health outcomes than those who had not visited a dentist for more than a year.
Interestingly, the majority of dental visits were for treatment services, likely driven by
oral health problems. Symptom-driven dental visits have been reported to be common
among welfare-recipients as they often seek professional’s help only when their dentally
related symptoms become unbearable [164, 170]. This could be a significant problem
for both the patients and health services since late-stage dental diseases require more
extensive procedures and higher cost to treat. As a result, it has been reported that
welfare recipients often feel powerless in improving their dental health status, opting for
extractions and use of dentures to address their dental problems [229]. Hence, given
the need for tooth replacement in our participants, it is critical to emphasize the need for
preventive services and affordable treatment options as alternatives to extraction.
Therefore, the previous suggestion for promoting denture service in the DTES needs to
be carefully planned as it could potentially promote the extractions and denture use as
the only treatment option. One strategy may include an oral health education program to
teach oral health maintenance strategies are essential for the benefits of these
individuals.
Many participants practice high-risk behaviours (recreational drug use; tobacco and
alcohol use) along with poor preventive oral health behaviours. Thus, the initial step to
promote oral health should include strategies to advocate for tobacco cessation and
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drug rehabilitation programs [240, 241]. It is also important to emphasize the importance
of good nutrition and oral health. However, given the complexity of nutrition in the DTES
(i.e., variation of food services, Further research into the nutrition level of the DTES
residents and an effective delivery of oral health promotion is necessary.

6.6 Social Determinants and Oral Health in DTES
Our participants are at low SES with many unemployed and on social assistance.
Research in a similar population found individuals often panhandled to meet basic
necessities such as food, shelter and addictive behaviours [242]. The lack of basic
resources may affect their access to dental care as low income Canadians with
competing needs are more likely to have a ‘distant’ dental visit [48]. Given their lack of
resources, it is probable that the demands to meet basic needs i.e. food, secure shelter,
etc. could outweigh their oral health needs, resulting in poor self-care and consequently,
poor oral health.
The individual’s environment i.e., housing conditions and their local community, may
also affect their health and oral health status [45, 243]. Low-income individuals living in
poorer communities have significantly poorer dental status than those of low-income
living in more affluent locales [244]. In addition, others noted those living in SRO
housing in the DTES were more likely to incur other health risks including HIV infection,
illicit drug use and risk of physical violence [245]. Our results support the impact of local
environment on oral health: the inverse association between the length of time living in
DTES and CI. Initiatives to improve the low-income housing conditions are currently
ongoing in the DTES [246]. There are also a number of public care services that
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addresses food, housing, medical and addiction needs within this community5. In
addition, mental health status, a significant burden in this community, may be linked
with concurrent tobacco and illicit drug use and, subsequently, poor oral health [247,
248].
These additional social determinants are complicated and are difficult to address
within the scope of this research. Further investigations through qualitative methods
may facilitate the identification of other social determinants that may affect the oral
health of this population. This information may be important not only in reducing oral
health disparities but also enabling the design of strategies to improve their health and
social conditions [161, 206].

6.7 Limitations and Challenges
This study has limitations. One is the potential selection bias and representativeness
of participants. The previous geographic definition of the DTES community included
postal code areas of V5A and V5B. However, as a result of the government led
redevelopments (the DTES revitalization program6 and the 2010 Olympics) and new
business, many changes has occurred in this community [249]. Many of the low-income
adults still remain around the Oppenheimer area where we set up our screening clinics,
both mobile and fixed [180]. Thus, the mobile screening clinic enabled us to target areas
best representing the low-income residents within the DTES. The mobile screening
clinics were set up at the community’s main gathering centres to allow us to recruit a
5

Resources and services in the Downtown East Side, Vancouver [Online]:
http://vancouver.ca/files/cov/resources-in-downtown-eastside.pdf [2014 January]
6
Downtown Eastside Local Area Plan [Online]: http://vancouver.ca/home-property-development/dteslocal-area-plan.aspx [2014, January]
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good number of participants in one clinic. Although there were differences in
participant’s characteristics from fixed and mobile sites, these differences were
accounted for in the multivariate analysis. The same inclusion criteria were used so
combining data from both sites increases the sample size and, therefore, increased the
power of the statistical analysis. According to our results, we did capture the low-income
residents who lived in less stable residences (SRO or other transient living). However,
we were unable to reach those with mental health issues or with terminal diseases,
This is a cross-sectional study design which has limited our ability to explain oral
health outcomes. Although the length of DTES’ residency (over 8 years) was associated
with poor oral health outcomes, we did not know whether if the individual incurred poor
oral health before or after living in this neighbourhood. This disadvantage using cross
sectional design also applied to the data related to the insurance status and its impact
to the oral health status. Longitudinal prospective studies will provide better
understanding of these issues and their impact to oral health status. As a next step, we
plan to compare the results with those from the Canadian low income group from the
CHMS.
Another limitation is the depth of the survey questions, which has limited our ability
to collect comprehensive information about the underlying barriers to accessing dental
care, nutritional status and the social conditions that may influence oral health.
However, this is the first study to assess the oral health status in this community. In
order to recruit more participants, with the consideration of time restraint and the
characteristics of the DTES residents, we chose a survey-type questionnaire to collect
as much as data within a reasonable time frame. DTES residents tend to be impatient
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and easily agitated. This has limited the time and attention that the interviewers have
from some of the participants. In addition, many residents have no fixed address. The
difficulty of tracking patients with incomplete data collection for further investigation has
precluded using some of the data. As a next step, qualitative research using face-toface interviews or focus group discussion with targeted questions on utilization, nutrition
and social influences will compliment this study.
Lastly, the linear regression analysis only accounted for 27.8% of the variation in CI
level. This suggests a large variation that cannot be explained by the identified variables
after multivariate analysis. This might be due to the number of variables analyzed and
the sample size. Additionally, the use of arcsine transformation for the CI made the
results from linear regression difficult to interpret [250]. The value of the coefficient
estimates is expressed in terms of the arcsined square root of the variable compared to
the reference variable. However, the advantage using this technique is necessary to
normalize the data for analysis.
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7 Conclusion
These low-income DTES residents have poor oral health and demonstrate a
significant need for dental care. The high prevalence of tobacco consumption,
recreational drug use, alcohol intake and poor levels of personal oral health care
present a considerable risk to their oral health as well as a challenge for management of
their oral conditions. Despite the prevalence of publicly funded dental care benefits and
the availability of reduced-cost dental clinics, the use of dental care services was lower
than the national average. In addition, financial cost was the main reported barrier to
dental care but many reported a need for dental treatment. This presents an interesting
problem as it is not known whether if these already available resources for dental care
are inadequate to meet their oral health needs or if oral health is being neglected in this
group.
The high prevalence of missing teeth is an immediate concern for health care
providers as well as the lack of full complete dentures amongst the edentates. This
highlights the need for denture services in this population. However, further research on
both the patient and the health provider perspectives regarding the barriers to acquiring
dentures is needed in order to initialize accessible denture services. Concurrently, an
oral health promotion strategy is needed to advocate for the use of oral preventive
services and improve personal hygiene behaviours. This also can discourage the use of
extractions and dentures as a solution for their oral health problem. Furthermore,
additional research is needed to further investigate the oral health effects of methadone
use and HCV infection.
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Poor social conditions and mental health issues, an ongoing problem in this
community, significantly impact oral health. To fully address their oral health, extending
initiatives beyond the boundaries of the dental clinic to consider improvements to
socioeconomic status and mental health services may be needed. This represents an
emerging challenge for dental care professionals to adopt a multidisciplinary approach
in order to address the oral health issues of the DTES residents.
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Appendix B. Survey
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Appendix C. Variable Selection List
Module+
Demographics#
#
#
#
#
#
#
#
#
#
#
#
#
Risk#Factor#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

Variables+(N=101)+
Site#
Gender#
Age#
Heritage#
LiveWith#
Housing#
MaritialStatus#
WorkingStatus#
No#Insurance#
income#
time#in#DTES#
Language#
Education#
Cig#years#
Cigs#Total#
PackYear#
SmokerLevel#
SmokeStatus#
CigaretteEver#
CigsStartAge#
CigsStopAge#
CigsDaily#
CigarEver#
CigarStartAge#
CigarStopAge#
CigarDaily#
Cigar#years#
PipeEver#
PipeStartAge#
PipeStopAge#
PipeDaily#
pipe#years#
SmokeStartAge#
MarijuanaEver#
MarijuanaStartAge#
MarijuanaStopAge#
Marijuana#Years#
ChewTobaccooEver#

Selected+Variables+(N=36)+
Site#
Age#
Gender#
Heritage#
Education#
Live#Alone#
Working#
income#
time#in#DTES#
#
#
#
#
Smoke#level#
Pack#year#
Smoke#start#age#
Drink#level#
Drink#Start#Age#
Smoke#and#drink#
Marijuana#Ever#
Narcotic#Status#
Crack#Cocaine#
Crystal#Meth#
Heroin#
Methadone#
HIV#
Diabetes#
Hep.B#
Hep.C#
HIVHepC#
#
#
#
#
#
#
#
#
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#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
Dental#Health#
#
#
#
#
#
#
#
#
#
#
#

ChewTobaccoStartAge#
ChewTobacoStopAge#
NarcoticStatus#
CrackCocaineEver#
CrackCocaineStartage#
CrackCocaineStopAge#
CrackYears#
CrystalMethEver#
CrystalMethStartAge#
CrystalMethStopAge#
Crystal#Years#
HeroinEver#
heroinStartAge#
heroinStopAge#
Heroin#Years#
DrinkStatus#
DrinkLevel#
cumulative#alcohol#
Methadone#
HPV#Risk#
Oral#sex#
StdDx#
Hep#C#
Hep#B#
HIV#
HIVHepC#
TB#
Diabetes#
Heart#Problem#
PrecievedHealth#
PrecievedOralHealth#
Eatingdiscomfort#
MouthPain#
SocialProblemWithMouth##
Floss#Habit#
MouthBother#
OralCancerAwarness#
OralCancerExam#
OralCancerTest#
RecDentVisit#
PrevCancerDx#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
Brush#Habit#
Floss#Habit#
#
#
#
#
#
#
#
#
#
#
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#
Health#Care#Utilization#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

Brush#Habit####
FluShot#
Fdoc_Sur_op#
Nurse#
DentistHygienist#
SocialWorker#
Phy_abo_other#
OvernightHospital#
LastDentalVisit#
Tx#
Mat#
Ot#
DentalIns#
HealthCareNeedDenied#
Insurance#type#
noneofaboveScreening#
ProblemDentalCare#
Cost#Barrier#
Access#Barrier#
Priorities#Barrier#
No#dental#cost#issue#
No#Treatment#

#
Last#dental#service#
Recent#dental#visit#
Dental#Insurance#
Insurance#type#
ProblemDentalCare#
Cost#barrier#
Access#barrier#
Priorities#barrier#
#
#
#
#
#
#
#
#
#
#
#
#
#
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