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Abstract

Introduction
Tooth preservation in adults and children is one of the Healthy
People 2020 goals for oral health. Although the overall preval-
ence of tooth loss has been declining in the United States, substan-
tial racial/ethnic differences in preventable tooth loss persist as a
public health problem. We examined the strength of the associ-
ation of health risk factors and tooth loss in Hawai‘i.

Methods
We used data from the Hawai‘i Behavioral Risk Factor Surveil-
lance System survey collected from 2011 through 2014. Parti-
cipant responses were included if they self-identified as Native
Hawaiian, white, Japanese, or Filipino. Differences in excess tooth
loss (6 or more teeth) and known risk factors (demographics, dia-
betes, and dental visits) were analyzed by using univariate ana-
lyses and adjusted stepwise, logistic regression models.

Results
We identified oral health inequity among the 4 ethnic groups stud-
ied; among the groups, Native Hawaiians had the largest propor-
tion of excess tooth loss. The univariate analyses found differ-
ences in the strength of these associations among the 4 racial/eth-
nic groups. The stepwise analyses found that the associations of
excess tooth loss and race/ethnicity were not significant after ad-
justing for demographics, diabetes status, and dental visits.

Conclusion
Findings suggest a need for programs and policies that improve
access to oral health care in Hawai‘i for those with low levels of
income and education and those with diabetes.

Introduction
The US Healthy People 2020 includes objective OH-4: reduce the
proportion of adults who have ever had a permanent tooth extrac-
ted because of dental caries or periodontal disease (1). Healthy
People 2020 also sets age-specific goals for adults aged 45 to 64
years (OH-4.1: reduce the proportion of adults aged 45 to 64 years
who have ever had a permanent tooth extracted because of dental
caries or periodontal disease) and for adults aged 65 to 74 years
(OH-4.2, reduce the proportion of adults aged 65 to 74 years who
have lost all of their natural teeth). The overall prevalence of tooth
loss and edentulism had been declining in the United States from
1972 to 2008, and it has begun to improve (2–4). However, the
improvement in dental health has not been shared equally across
the United States, with substantial differences among racial/ethnic
populations at highest risk (3,5). Tooth loss is a sensitive indicator
of overall  dental health and access to dental care (6),  and oral
health  in  general  is  correlated with overall  health  status.  Oral
health is also associated with other disproportionately poor health
outcomes  in  minority  populations,  such  as  diabetes  mellitus
(7–10), and is often affected by other sociodemographic factors
such as unemployment (11). Hence, understanding the relation-
ship of excess tooth loss in the context of other risk factors is crit-
ical to reversing poor dental health among high-risk minority pop-
ulations.

Previous studies have documented associations between tooth loss
and demographic status (2,12,13), dental care access (9,14,15),
and diabetes (16–19). However, few studies have looked into these
factors together and by racial/ethnic groups, particularly among
Native Hawaiians and other Pacific Islanders. A first step toward
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improving oral health among Native Hawaiians and other Pacific
Islanders is the identification of racial/ethnic tooth loss prevalence
and its relationship to systemic diseases. This study begins to fill
this oral health information gap. We examined the differences in
the occurrence of tooth loss among whites, Filipinos, Japanese,
and Native Hawaiians. Thus, the purpose of this study was to ex-
amine the association of excess tooth loss with sociodemographic
and health risk factors across 4 racial and ethnic populations in
Hawai‘i.

Methods
Tooth loss and dental visit questionnaires appear on the Behavior-
al Risk Factor Surveillance System (BRFSS) survey for 2012 and
2014. The survey participants were from Hawai‘i and were inter-
viewed from 2011 through 2014. BRFSS is conducted yearly by
the Centers for Disease Control and Prevention to assess a nation-
ally representative sample of noninstitutionalized adults. The study
data were provided by the Hawai‘i Department of Health, which
collects more detailed information on Hawaiian ethnicities than is
available nationally. The study was designed to understand risk
factors (demographic and health factors) by ethnicity for having
lost 6 or more teeth. Participants were included if they responded
to the Hawai‘i BRFSS oral health survey from 2011 through 2014
and self-identified as white, Japanese, Filipino, or Native Hawaii-
an,  restricted to those aged 25 years or  older.  (Because of  the
sample size, the 4 ethnic groups were included in this analysis.)
The data provided by the Hawai‘i Department of Health did not
distinguish Hispanic and non-Hispanic whites. The University of
Hawai‘i institutional review board reviewed this study and gran-
ted an exemption from review.

Excess tooth loss was defined as removal of 6 or more teeth, based
on the persons’ response to a question asking how many perman-
ent teeth have been removed. Answer selections were none, 1 to 5,
6 or more but not all, and all. The answers regarding tooth loss of
none and 1 to 5 lost teeth were combined in the analyses. The ana-
lyses included both demographic variables (eg, age, income level,
marital status, and education) and health characteristics (eg, dia-
betes, body mass index [BMI]) as possible predictors of having
lost 6 or more teeth. Predictors of tooth loss were clustered ac-
cording to the following: 1) demographic variables — age, sex,
race/ethnicity,  education,  marital  status,  income level,  having
health insurance, and residence by metropolitan statistical area;
and 2) health characteristic variables — having had a dental visit
in the past year, diabetes status (eg, not having diabetes, having
prediabetes, and having diabetes), and BMI. BMI (calculated as
weight in kilograms divided by height in meters squared [kg/m2])
was clinically defined as normal (18.5 to 24.9), overweight (25.0
to  29.9),  and obese  (≥30).  Underweight  participants  were  ex-

cluded (n = 827). Race and ethnicity were determined by self-re-
port using a standardized approach for designating multiracial in-
dividuals used by the Hawai‘i State Department of Health (20).
Having diabetes was self-reported in response to a question ask-
ing participants if a doctor had ever told them they had diabetes.

For  descriptive  analyses,  the  percentages  of  demographic  and
health characteristics are summarized by race/ethnicity. Analyses
with having lost more than 6 teeth as the outcome employed lo-
gistic regression models. Separate models were initially fit for the
4 ethnicities in the study. Predictor variables initially were ana-
lyzed in separate univariate models for the 4 ethnicities in the
study. Subsequently, stepwise, multivariable models were fit that
included all of the study participants. The stepwise approach was
chosen to understand the effects of extending the regression mod-
els on the strengths of the associations of the predictors with tooth
loss. The first step examined associations of demographic factors
with having lost 6 or more teeth. A second step added diabetes, a
disease for which there are disparities in prevalence by ethnicity in
Hawai‘i, to the model. The final step added having had a dental
visit in the past year, to assess the effect of professional dental
care. Results of the logistic regression models were reported as
odds ratios with 95% confidence intervals. P values were determ-
ined by Wald tests. All analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Inc) and included the stratification and
weight variables that account for the complex survey design of the
BRFSS survey. Significance was set at P < .05.

Results
A total of 13,371 adults were surveyed from 2011 through 2014,
with 49% white, 27% Japanese, 12% Filipino, and 11% Native
Hawaiian (Table 1). Comparisons between racial/ethnic groups
found that a greater percentage of Native Hawaiians were younger
(58.4% were aged 25–54 y), were never married (23.6%), repor-
ted annual income of less than $25,000 (30.3%), lived in rural
areas (40.4%),  had diabetes (14.7%),  and were obese (45.5%)
compared with whites. Filipino participants were also younger
(57.6% were aged 25–54 y) and had a higher prevalence of dia-
betes than other participants. Nearly 94% of all participants repor-
ted that they have health insurance. Slightly fewer (89.8%) Native
Hawaiians  reported  that  they  have  health  insurance.  Native
Hawaiians and Filipinos had the lowest percentages of dental vis-
its, 61.3% and 69.3%, respectively, compared with whites and Ja-
panese at 77.4% and 81.9%, respectively. All nonwhite groups had
a higher percentage of excess tooth loss compared with whites.
Native Hawaiians had the largest proportion (16.2%) of excess
tooth loss, followed by Filipinos (13.1%), Japanese (11.6%), and
whites (10.9%).
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In the total study population (Table 2), excess tooth loss was signi-
ficantly associated with age, education, income, and divorced/sep-
arated or widowed marital status. Presence of prediabetes or dia-
betes as well as not having had a dental visit were also signific-
antly associated with excess tooth loss. The risk factors that were
consistently associated with excess tooth loss across all 4 racial/
ethnic groups were older age, low education, low income, and no
dental visits (unadjusted). Using a stepwise analytical approach
(Table 3) to develop a parsimonious model (inclusion of age, in-
come, education, diabetes status, dental visit, and race/ethnicity),
we found older age, lower income, and lower education as well as
diagnosis of diabetes (but not prediabetes) and no dental visits in
the past year were significantly associated with excess tooth loss,
after adjusting for all variables in the regression model. Racial/eth-
nic differences compared with whites were no longer significant.

Discussion
This study provides confirmatory and new data about tooth loss in
Hawai‘i. First, the data confirm the association between tooth loss
and demographic and health risk factors among multiple racial/
ethnic populations in Hawai‘i, one of the most demographically
diverse states. The demographic factors associated with excess
tooth loss (older age, lower education attainment, and lower in-
come)  are  consistent  with  findings  in  the  existing  literature
(2,12,13). Presence of diabetes (16–19) and lack of a dental visit
in the past year (9,14,15) were also significantly associated with
excess tooth loss, despite more than 90% of the participants hav-
ing  health  insurance  coverage.  Second,  before  accounting  for
demographic and health risk factors, Native Hawaiians had the
highest prevalence of tooth loss among the racial/ethnic groups ex-
amined.

More specifically, we found that the association between loss of 6
or more teeth and race/ethnicity was not significant after adjusting
for demographic variables, diabetes status, and dental visits. Pub-
lic health policy and programs aimed at improving low income
and education, reducing diabetes prevalence, and increasing dent-
al visits are likely to benefit all racial/ethnic groups. The Ameri-
can Dental Association reports that the number one reason for not
visiting a dentist more frequently (among those without a visit in
the last 12 months) is cost (59%), followed by “afraid of dentist”
(22%), and “inconvenient location or time” (19%) (21). If indeed
access to dental care is a barrier to preventive dental services, then
public health officials  may want to consider  the possibility of
health policies to improve affordability and access at convenient
locations to the highest risk populations (eg, low income, older
age).

Strengths of this study include a large sample size (>13,000) of a
diverse, multiethnic population. However, the proportion of Nat-
ive  Hawaiians  and  Filipinos  was  less  than  25%  of  the  study
sample. Limitations of this study are the use of cross-sectional
data and the recall  bias of participants inherent in this type of
study design.

An  unexpected  finding  of  this  study  was  lack  of  association
between  excess  tooth  loss  and  BMI  among  Japanese,  Native
Hawaiians, and Filipino adults. Studies have suggested increased
risk  for  tooth  loss  among  obese  people  (22,23)  and  different
“healthy weight” cut-offs for different racial/ethnic groups (24).
We used the same “healthy weight” cut-off across all racial/ethnic
groups.

Hawai‘i received an “F” on 4 sequential (2010, 2011, 2012, and
2014) Pew Trusts reports on oral health, which assessed 50 states
(25–28). In the 2010 and 2011 reports, 8 policy benchmarks were
used (25,26): 1) Share of high-risk schools with sealant programs;
2) Hygienists can place sealants without dentist’s prior exam; 3)
Share of residents on fluoridated community water supplies; 4)
Share of Medicaid-enrolled children getting dental care; 5) Share
of dentists’ median retail fees reimbursed by Medicaid; 6) Pays
medical providers for early preventive dental health care; 7) Au-
thorizes new primary care dental providers; and 8) Tracks data on
children’s dental health. In the 2010 report, Hawai‘i met 2 of the 8
benchmarks: 2 and 4. In the 2011 report, Hawai‘i met only 1 of the
8 benchmarks: benchmark 4. In 2013, the state of Hawai‘i ob-
tained funding through a Centers for Disease Control and Preven-
tion cooperative agreement to build basic oral health capacity. In
2015, the Hawai‘i State Department of Health conducted an oral
health survey among third-grade children (29). The survey report
found that “In Hawaii, low-income, Micronesian, Native Hawaii-
an, Other Pacific Islander and Filipino children have poorer oral
health outcomes [than white and Japanese children],” and said
“The findings presented in this report support the need for cultur-
ally appropriate community-based prevention programs, screen-
ing and referral services, and restorative dental care to improve the
oral health of Hawaii’s children.” Though oral health disparities
have been identified and some isolated community-based preven-
tion programs exist, actions should be taken to address oral health
disparities systematically.

Before adjusting for socioeconomics, diabetes, and dental visits,
all nonwhite groups had a higher percentage of excess tooth loss
compared with whites. Native Hawaiians had the largest portion of
excess tooth loss. After adjusting for socioeconomics, diabetes,
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and dental visits, the associations disappeared in all groups. This
suggests there may be common programs and health policies that
improve oral health equity for all low-socioeconomic populations
and diabetes patients to prevent excess tooth loss (eg, community-
based care).

The ethnic/racial differences in strength of associations between
tooth loss and demographic and socioeconomic variables,  dia-
betes status, and dental visits found in the unadjusted model may
be due to the distinct culture that each ethnic group possesses.
(Race is associated with biology, whereas ethnicity is associated
with culture.) Culture refers to the cumulative deposit of know-
ledge, experience, beliefs, values, attitudes, meanings, hierarchies,
religion, notions of time, roles, spatial relations, concepts of the
universe, and material objects and possessions acquired by a group
of  people  in  the  course  of  generations  through individual  and
group striving (30). Therefore, culturally appropriate tooth loss
prevention needs to include both generic components for all racial/
ethnic populations and be customized for specific populations.
Further, this cultural diversity suggests that future health equity
studies should simultaneously focus on increasing our cultural un-
derstanding.

This study filled a research gap by examining individual contribu-
tions of known factors among 4 different racial/ethnic groups. It
found that the strength of associations between the loss of 6 or
more teeth and demographic variables, diabetes status, and dental
visits varied among white, Japanese, Filipino, and Native Hawaii-
an participants. It found that the association between the loss of 6
or more teeth and race/ethnicity was not significant after adjusting
for demographic variables, diabetes status, and dental visits. It also
revealed health inequity among the 4 ethnic groups; a greater pro-
portion of Native Hawaiians, indigenous people of Hawai‘i, had
loss of 6 or more teeth than the other compared ethnic groups in
Hawai‘i. The findings suggest a need for programs and policies
that would improve access to oral health care in Hawai‘i for resid-
ents with low levels of income and education, those with low dent-
al care utilization, and those with diabetes.
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Tables

Table 1. Demographic Characteristics, by Race/Ethnicity, From the Hawai‘i Behavioral Risk Factor Surveillance System Population, 2011–2014

Characteristic White (n = 6,569), %
Japanese

(n = 3,641), %
Native Hawaiian
(n = 1,506), % Filipino (n = 1,655), % Total (n = 13,371), %

Sex

Female 49.5 55.5 53.0 54.7 52.8

Male 50.5 44.5 47.0 45.3 47.2

Age group, y

25–54 43.8 31.1 58.4 57.6 44.1

55–64 24.6 23.3 18.3 20.8 22.8

≥65 31.6 45.6 23.3 21.6 33.2

Education

High school diploma or less 29.9 29.8 58.7 49.0 36.7

Some college 33.0 35.3 26.3 34.7 33.3

College graduate 37.1 34.9 15.0 16.4 29.9

Marital status

Never married 12.6 18.0 23.6 13.3 15.7

Married or partner 66.9 59.4 53.1 71.8 64.0

Divorced/separated 11.6 8.8 13.1 5.7 9.7

Widowed 8.9 13.8 10.3 9.2 10.7

Annual income, $

≤24,999 17.2 13.6 30.3 26.6 19.3

25,000–49,999 22.2 28.1 28.0 35.2 27.2

50,000–74,999 18.2 19.4 16.3 14.3 17.6

≥75,000 42.5 38.9 25.4 23.9 35.9

Insurance

Yes 94.0 96.4 89.8 91.6 93.8

No 6.0 3.6 10.2 8.4 6.2

Metropolitan statistical area group

City center 29.5 42.9 25.1 28.6 33.1

Outside city center 25.3 36.2 34.5 38.3 32.4

Not in metropolitan statistical
area

45.2 20.9 40.4 33.0 34.5

Dental visit in past year

Yes 77.4 81.9 61.3 69.3 75.6

No 22.6 18.1 38.7 30.7 24.4

Diabetes status

No diabetes 81.9 67.2 71.1 70.9 73.9

Prediabetes 10.9 19.1 14.1 14.4 14.6

a Calculated as weight in kilograms divided by height in meters squared (kg/m2).
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(continued)

Table 1. Demographic Characteristics, by Race/Ethnicity, From the Hawai‘i Behavioral Risk Factor Surveillance System Population, 2011–2014

Characteristic White (n = 6,569), %
Japanese

(n = 3,641), %
Native Hawaiian
(n = 1,506), % Filipino (n = 1,655), % Total (n = 13,371), %

Diabetes 7.2 13.8 14.7 14.8 11.6

Body mass index (kg/m2)a

Normal weight (18.5–24.9) 41.7 48.3 21.2 41.4 41.5

Overweight (25.0–29.9) 36.4 36.5 33.2 36.5 36.1

Obese (≥30) 21.9 15.2 45.5 22.1 22.4
a Calculated as weight in kilograms divided by height in meters squared (kg/m2).
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Table 2. Associations by Race/Ethnicity of Demographic and Health Characteristics With Having Lost 6 or More Teeth, Hawai‘i Behavioral Risk Factor Surveillance
System Population, 2011–2014a

Characteristic

OR (95% CI)

White Japanese Native Hawaiian Filipino Total

Sex

Female 1 [Reference]

Male 1.3 (0.9–1.8) 1.4 (0.9–2.1) 0.7 (0.4–1.5) 0.8 (0.4–1.6) 1.1 (0.9–1.4)

Age group, y

25–54 1 [Reference]

55–64 3.7 (1.8–7.6) 2.0 (0.5–7.9) 3.0 (1.1–7.2) 2.4 (1.0–6.2) 2.6 (1.6–4.2)

≥65 8.7 (4.4–17.1) 8.1 (2.3–28.4) 6.8 (2.7–17.0) 4.0 (1.8–8.8) 5.5 (3.6–8.5)

Education

High school diploma or less 4.5 (3.0–6.8) 6.2 (3.6–10.7) 3.4 (1.6–7.5) 3.3 (1.6–7.2) 4.8 (3.6–6.6)

Some college 1.9 (1.3–2.9) 2.5 (1.5–4.2) 1.9 (0.8–4.6) 1.3 (0.5–3.2) 2.0 (1.5–2.8)

College graduate 1 [Reference]

Marital status

Never married 1 [Reference]

Married or partner 1.5 (0.8–2.8) 0.8 (0.4–1.6) 2.1 (0.9–5.1) 3.4 (1.1–10.6) 1.3 (0.8–2.0)

Divorced/separated 2.6 (1.3–5.2) 0.7 (0.3–1.8) 5.1 (1.5–17.7) 5.0 (1.2–20.4) 1.9 (1.1–3.3)

Widowed 4.9 (2.4–10.0) 1.4 (0.6–3.0) 18.7 (6.3–54.9) 7.5 (2.1–27.2) 3.5 (2.1–5.9)

Annual income, $

≤24,999 6.5 (3.9–10.7) 7.1 (3.6–14.2) 4.4 (1.3–15.5) 4.7 (1.3–17.4) 6.0 (4.0–9.0)

25,000–49,999 4.1 (2.4–7.0) 3.3 (1.9–5.6) 2.5 (0.7–8.6) 2.7 (0.7–10.8) 3.3 (2.3–4.9)

50,000–74,999 1.8 (1.1–3.2) 2.4 (1.3–4.6) 1.7 (0.5–6.5) 2.3 (0.5–9.9) 2.2 (1.4–3.3)

≥75,000 1 [Reference]

Insurance

Yes 1 [Reference]

No 0.5 (0.3–1.1) 1.2 (0.2–8.1) 0.3 (0.1–1.3) 0.5 (0.2–1.5) 0.6 (0.3–1.5)

Metropolitan statistical area group

City center 1 [Reference]

Outside city center 1.4 (0.8–2.4) 0.8 (0.5–1.5) 0.9 (0.3–2.5) 1.1 (0.4–3.0) 1.0 (0.7–1.5)

Not in metropolitan statistical
area

1.6 (1.1–2.3) 1.1 (0.7–1.6) 0.8 (0.4–1.6) 1.2 (0.6–2.4) 1.1 (0.9–1.5)

Dental visit in past year

Yes 1 [Reference]

No 3.1 (2.2–4.5) 2.0 (1.3–3.2) 2.9 (1.5–5.7) 2.2 (1.1–4.2) 2.5 (1.9–3.2)

Diabetes status

No diabetes 1 [Reference]

Prediabetes 2.1 (1.3–3.4) 1.0 (0.6–1.7) 2.9 (1.1–7.6) 1.1 (0.5–2.6) 1.5 (1.1–2.0)

Abbreviations: CI, confidence interval; OR, odds ratio.
a Analyses are unadjusted except for the total population, whose analysis was adjusted for ethnicity.
b Calculated as weight in kilograms divided by height in meters squared (kg/m2).
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(continued)

Table 2. Associations by Race/Ethnicity of Demographic and Health Characteristics With Having Lost 6 or More Teeth, Hawai‘i Behavioral Risk Factor Surveillance
System Population, 2011–2014a

Characteristic

OR (95% CI)

White Japanese Native Hawaiian Filipino Total

Diabetes 4.2 (2.5–7.3) 1.4 (0.8–2.3) 3.9 (1.7–8.9) 2.5 (1.1–5.6) 2.4 (1.7–3.3)

Body mass index (kg/m2)b

Normal weight (18.5–4.9) 1 [Reference]

Overweight (25.0–29.9) 0.9 (0.6–1.3) 1.1 (0.7–1.7) 0.5 (0.2–1.3) 0.7 (0.4–1.1) 0.9 (0.6–1.2)

Obese (≥30) 1.7 (1.1–2.7) 0.9 (0.5–1.7) 0.5 (0.2–1.2) 0.5 (0.2–1.6) 0.9 (0.7–1.3)

Abbreviations: CI, confidence interval; OR, odds ratio.
a Analyses are unadjusted except for the total population, whose analysis was adjusted for ethnicity.
b Calculated as weight in kilograms divided by height in meters squared (kg/m2).
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Table 3. Stepwise Multivariable Models for Excessive Tooth Loss (6 or More Teeth) in Adults, Hawai‘i Behavioral Risk Factor Surveillance System Population,
2011–2014

Characteristic Odds Ratio (95% Confidence Interval) P Valuea

Age group, y

25–54 1 [Reference]

55–64 2.58 (1.57–4.25) <.001

≥65 5.47 (3.41–8.79) <.001

Annual income, $

≤24,999 2.42 (1.49–3.92) <.001

25,000–49,999 1.83 (1.20–2.78) .005

50,000–74,999 1.51 (0.97–2.35) .07

≥75,000 1 [Reference]

Education

High school diploma or less 2.62 (1.88–3.66) <.001

Some college 1.51 (1.07–2.11) .02

College graduate 1 [Reference]

Diabetes status

No diabetes 1 [Reference]

Prediabetes 1.15 (0.80–1.65) .46

Diabetes 1.64 (1.15–2.35) .007

Dental visit in past year

Yes 1 [Reference]

No 2.29 (1.67–3.13) <.001

Race/ethnicity

White 1 [Reference]

Japanese 1.24 (0.90–1.72) .19

Native Hawaiian 1.39 (0.92–2.12) .12

Filipino 1.34 (0.86–2.06) .19
a Determined by Wald tests.
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