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The complex interplay among oral health,
systemic inflammation, and health outcomes
precludes straightforward explanations as to
their relationships.1 Nonetheless, there is in-
creasing recognition by oral health profes-
sionals of the need to assess their patients for
general health conditions that may affect oral
health or complicate treatment plans.2 Fur-
thermore, access to quality dental care is an
equity issue, because racial/ethnic minorities,
underserved populations, and Medicaid bene-
ficiaries (those who are poor or disabled) face
substantial barriers that require flexibility and
ingenuity to overcome.3

Understanding the developmental processes
of dental diseases and their socioeconomic
patterns across the life course is crucial in
determining optimal times for interventions to
better limit the population health burden and
reduce socioeconomic inequalities in oral
health and health care.4 We believe that social
disparities in health and health care are par-
ticularly evident in the mouth, even as they are
inextricably tied to other systems of the body,5

and that it is never too early or too late in life to
intervene to improve health and well-being.6

The community-based ElderSmile clinical
program of the Columbia University College of
Dental Medicine represents an innovative ap-
proach to screening and providing treatment to
older adults with complex needs, regardless of
their ability to pay for services.7 Rather than
viewing public health dentistry as a subfield of
dentistry in interdisciplinary initiatives such as
this one, oral public health is more broadly
conceptualized as the intersection of 3 do-
mains: dentistry, medicine, and public health
(Figure 1).

Previous research has sought to identify
causal pathways between general and oral
health, as well as between poor oral health and
mortality.8 For instance, it has been theorized
that chronic oral infections caused by peri-
odontal disease and the resultant presence of

inflammatory markers may lead to the onset of
hypertension and stroke.9,10 Further, a number
of recent studies have identified relationships
between chronic health conditions, such as
diabetes and heart disease, and increased
numbers of missing teeth in adults.11---14 Few
programs have integrated general and oral
health screening and provided follow-up social,
medical, and dental services for underserved
older adults in community-based settings that
are both accessible and affordable.

A notable exception to this rule is the
ElderSmile program. In November 2010, the
focus of this initiative was expanded to include
general health, that is, community-based edu-
cation and screening for diabetes and hyper-
tension were added to the oral health activities
that remain its core functions.15 Importantly,
data collection is ongoing, which permits the
assessment of relationships between oral and
general health, and progress in achieving
health equity for its largely racial/ethnic mi-
nority, socioeconomically disadvantaged older
adult participants over time. Our study had 2
objectives: (1) to examine the relationships

between general health conditions (diabetes
and hypertension) and missing teeth in the
ElderSmile population, and (2) to determine if
an ordinal logistic regression model that used 3
response categories for missing teeth (edentu-
lous or 28 missing teeth of a total of 28 teeth,
excluding third molars; limited functional ca-
pacity or 9---27 missing teeth; and functional
dentition or 0---8 missing teeth) provided more
information while retaining ease of interpreta-
tion compared with a binary logistic regression
model that used 2 response categories (eden-
tulous and dentate).

METHODS

Data were from the ElderSmile clinical
program, which at the time of this study
(November 2010---June 2012) consisted of 51
prevention centers located at senior centers
and other locations where older adults gather
in the socioeconomically disadvantaged areas
of Harlem and Washington Heights/Inwood
communities of northern Manhattan in New
York, New York.15 Descriptions of this
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community-based program, which was targeted
to racial/ethnic minority older adults,7,15

reported previously on oral health outcomes
for this underserved population,16 including
determinants of self-reported oral health.17

Exploratory spatial analyses based upon pro-
gram intake information that argued for place-
based interventions18,19 are available elsewhere.

Study Design and Measures

Our study was cross-sectional in design and
restricted to the 556 adults aged 50 years and

older at the time of screening who consented to
be clinically examined by a dentist and un-
dergo primary care testing for diabetes and
hypertension by program staff. Self-reported
sociodemographic characteristics and infor-
mation about health and health care were
provided by ElderSmile participants, who
took part in community-based oral health
and primary care education and completed
a screening questionnaire in either English
or Spanish, according to their language
preferences.

Older adults were enrolled in the ElderSmile
program after participating in oral and general
health promotion activities and being exam-
ined by 1 of the ElderSmile dentists. After the
screening dentist reviewed the results of the
oral health examination with each patient,
patients had the option of being referred to 1
of 3 ElderSmile community-based treatment
centers (if there was no dental home) or to their
own dentist.16 Program staff conduct chairside
glycosylated hemoglobin A1c (HbA1c) and
blood pressure (BP) screening (both systolic BP
[SBP] and diastolic BP [DBP]) on ElderSmile
participants who consented to undergo test-
ing.15 Program staff then made referrals, when
indicated, on an individual basis to community-
based treatment centers (if there was no med-
ical home) or to patients’ own primary care
providers.

Our primary outcome measure of interest
was the presence or absence of teeth as de-
termined by an ElderSmile dentist based upon
a complete dentition of 28 teeth. Third molars
were excluded from the analysis because they
are often missing because of reasons other than
dental caries or other oral diseases. Edentulism
was defined as having no natural permanent
teeth in the mouth or 28 missing teeth.20

Because having 20 teeth is considered neces-
sary for functional dentition,21,22 participants
with 0 to 8 missing teeth were considered to
have functional dentition, and participants with
9 to 27 missing teeth were considered to have
limited functional capacity.

Our 2 determinants of primary interest were
diabetes and hypertension. These conditions
were assessed in 2 ways: by self-report (as yes
or no responses to the following questions,
“Have you ever been told by a physician that
you have diabetes or high blood sugar?” and
“Have you ever been told by a physician that
you have hypertension or high blood pres-
sure?”) and by chairside measurement of
HbA1c (for diabetes) and BP (for hypertension).
For ElderSmile participants who were never
diagnosed with diabetes, HbA1c values less
than 5.7% were considered to be in the normal
range, values between 5.7% and 6.4% were
considered to be in the prediabetes range, and
values of 6.5% or more were considered to be
in the diabetes range. For those participants
with physician-diagnosed diabetes, HbA1c

values of 7.0% or more were considered to be
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FIGURE 1—The evolution of public health dentistry as a subfield of dentistry, to oral public

health as the intersection of 3 broad domains—dentistry, medicine, and public health.

TABLE 1—Sociodemographic, Health, and Health Care Characteristics of Participants by

Dentate Status: ElderSmile Program; New York, NY; 2010–2012

Characteristic Overall, No.a (%) Dentate, No.a (%) Edentulous, No.a (%) Pb

Gender .98

Female 409 (74.9) 313 (74.9) 96 (75.0)

Male 137 (25.1) 105 (25.1) 32 (25.0)

Race/ethnicity .56

Hispanic 349 (65.7) 262 (65.3) 87 (66.9)

Non-Hispanic White 38 (7.2) 29 (7.2) 9 (6.9)

Non-Hispanic Black 131 (24.7) 98 (24.4) 33 (25.4)

Other 13 (2.4) 12 (3.0) 1 (0.8)

Age, y < .01

< 65 95 (17.9) 82 (20.45) 13 (10.1)

65–74 201 (37.9) 162 (40.40) 39 (30.2)

‡ 75 234 (44.2) 157 (39.15) 77 (59.7)

Primary language .21

English 278 (51.8) 221 (53.9) 57 (44.9)

Spanish 244 (45.4) 178 (43.4) 66 (52.0)

Other 15 (2.8) 11 (2.7) 4 (3.1)

Continued

RESEARCH AND PRACTICE

S460 | Research and Practice | Peer Reviewed | Northridge et al. American Journal of Public Health | Supplement 3, 2015, Vol 105, No. S3



evidence of poor glycemic control.23 For those
participants with or without physician-diagnosed
hypertension, the cutpoints were as follows: for
normal values, SBP less than 120 millimeters of

mercury and DBP less than 80 millimeters
of mercury; for prehypertension values, SBP of
120 to 139 millimeters of mercury or DBP
of 80 to 89 millimeters of mercury; and for

high BP values, SBP of 140 millimeters of
mercury or greater or DBP of 90 millimeters
of mercury or greater.24

The covariates of interest were obtained
by self-report and consisted of the following
sociodemographic, health, and health care
characteristics (along with their attendant cat-
egorizations or measurement scales): gender
(female, male); race/ethnicity (Hispanic, non-
Hispanic White, non-Hispanic Black, other);
age (in years); primary language (English,
Spanish, other); place of birth (mainland United
States, Puerto Rico, Dominican Republic,
other); highest level of education completed
(primary school, high school, some college or
more); tobacco smoking status (never smoked,
former smoker, current smoker); health insur-
ance coverage (yes or no), Medicaid coverage
(yes or no), and dental insurance coverage (yes
or no); time since last visited a medical doctor
(< 1 year, 1---3 years, > 3 years), time since last
visited a dentist (< 1 year, 1---3 years, > 3
years); and self-rated oral health (excellent,
good, fair, poor).

Data Analysis

We computed means, medians, SDs (for
normally distributed variables), and interquar-
tile ranges (for non-normally distributed vari-
ables) for continuous variables, whereas we
computed counts and percentages for categor-
ical variables.22 In addition to descriptive
statistics, we conducted the v2 test for the
differences between dentate and edentulous
participants for categorical variables.25

We conducted 2 sets of logistic regression
models (both bivariable and multivariable): the
first was a binary response model with eden-
tulous (yes or no) as the outcome variable; and
the second was an ordinal logit model with 3
ordered response categories for number of
missing teeth (edentulous or 28 missing teeth,
limited functional capacity or 9---27 missing
teeth, and functional dentition or 0---8 missing
teeth). We included age (in years), Medicaid
coverage (yes or no), self-reported diabetes (yes
or no), self-reported hypertension (yes or no),
and an interaction term between self-reported
diabetes and self-reported hypertension in the
final multivariable models as important pre-
dictors for the number of missing teeth. All
analyses were conducted in SAS version 9.1
(SAS Institute, Cary, NC).26

TABLE 1—Continued

Place of birth .41

Mainland United States 188 (35.7) 146 (36.2) 42 (34.2)

Puerto Rico 136 (25.9) 104 (25.8) 32 (26.0)

Dominican Republic 111 (21.1) 89 (22.1) 22 (17.9)

Other 91 (17.3) 64 (15.9) 27 (22.0)

Highest education .05

Primary 219 (48.0) 167 (46.6) 52 (53.1)

High school 130 (28.5) 98 (27.4) 32 (32.6)

Some college or more 107 (23.5) 93 (26.0) 14 (14.3)

Smoking status .09

Never smoked 219 (58.7) 162 (56.2) 57 (67.1)

Former smoker 109 (29.2) 86 (29.9) 23 (27.1)

Current smoker 45 (12.1) 40 (13.9) 5 (5.9)

Health insurance .13

Yes 512 (95.2) 386 (94.4) 126 (97.7)

No 26 (4.8) 23 (5.6) 3 (2.3)

Medicaid < .01

Yes 290 (64.2) 200 (59.9) 90 (76.3)

No 162 (35.8) 134 (40.1) 28 (23.7)

Dental insurance .761

Yes 326 (68.5) 248 (68.1) 78 (69.6)

No 150 (31.5) 116 (31.9) 34 (30.4)

Time since last visit to a doctor, y .52

< 1 424 (83.8) 327 (83.8) 97 (83.6)

1–3 56 (11.1) 41 (10.5) 15 (12.9)

> 3 26 (5.1) 22 (5.7) 4 (3.5)

Time since last visit to a dentist, y .25

< 1 244 (50.5) 194 (52.6) 50 (43.9)

1–3 138 (28.6) 100 (27.1) 38 (33.3)

> 3 101 (20.9) 75 (20.4) 26 (22.8)

Self-rated oral health < .01

Excellent 40 (8.5) 23 (6.3) 17 (16.0)

Good 143 (30.4) 109 (29.9) 34 (32.1)

Fair 206 (43.7) 163 (44.7) 43 (40.6)

Poor 82 (17.4) 70 (19.2) 12 (11.3)

Self-reported diabetes .06

Yes 192 (41.3) 153 (43.7) 39 (33.9)

No 273 (58.7) 197 (56.3) 76 (66.1)

Self-reported hypertension .92

Yes 297 (67.5) 223 (67.4) 74 (67.9)

No 143 (32.5) 108 (32.6) 35 (32.1)

Total 556 425 131

aNumbers may vary across characteristics because of missing values.
bP values correspond to the testing of differences between dentate and edentulous participants using the v2 test.
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RESULTS

The characteristics of ElderSmile program
participants—overall and by dentate status—is
available in Table 1. The distribution of the
number of missing teeth among ElderSmile
program participants is provided in Figure 2;
the distribution was not normal. Almost one
quarter (23.6%) of the population was eden-
tulous, and less than one third (32.6%) had
functional dentition.

Nearly three quarters of the participants
were women (74.9%), and approximately
two-thirds (65.7%) were Hispanic. Only about
one-half (51.8%) identified English as their
primary language, and almost as many (45.4%)
identified Spanish as their primary language.
With regard to meaningful differences between
edentulous and dentate program participants,

edentulous program participants tended to be
older, were less likely to have attended college,
were more likely to be covered by Medicaid,
and were more likely to consider themselves to
have excellent self-rated oral health than their
dentate counterparts.

We then examined unadjusted and adjusted
binary responses (edentulous, dentate) and
ordinal logit models for missing teeth (edentu-
lous, limited functional capacity, and functional
dentition), with self-reported diabetes and self-
reported hypertension as the predictors of
primary interest (see data available as a sup-
plement to the online version of this article at
http://www.ajph.org). Consistent with the
findings in Table 1, neither self-reported di-
abetes nor self-reported hypertension alone
was an important predictor of edentulism or
more missing teeth in any of the models

examined. The multivariable models were
consistent, in that both older age and Medicaid
coverage were important covariates when
self-reported diabetes and self-reported hyper-
tension were included, along with an interac-
tion term between self-reported diabetes and
self-reported hypertension. As shown in Table
2, the score test for the proportional odds
assumption suggested that this assumption was
valid (P=0.55) for the present data, meaning
that the levels of missing teeth had a natural
ordering; it was apt to use an ordinal logit
model for this outcome.26 Because the 95%
confidence intervals were, in every instance,
tighter around the estimates in the ordinal logit
model than in the binary response model, the
results for the unadjusted and adjusted ordinal
logit models are presented in Table 3 and
Table 4, respectively.

Note. The number of missing teeth was categorized according to the level of functionality of the dentition: functional dentition (0-8 missing teeth), limited functional capacity (9-27 missing teeth),

and edentulous (28 missing teeth). The sample size was n = 556 participants. The mean number of missing teeth was 15 (median = 14; interquartile range = 18).

FIGURE 2—Distribution of the number of missing teeth among ElderSmile program participants (third molars excluded): New York, NY;

2010–2012.
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To better understand the findings of effect
modification between self-reported diabetes
and self-reported hypertension, we examined
the distributions of missing teeth in 4 groups of
ElderSmile program participants (see data
available as a supplement to the online version
of this article at http://www.ajph.org), as de-
fined by their self-reported diabetes (yes or no)
and self-reported hypertension status (yes or
no). Again, none of these distributions was
normal. The lowest median for missing teeth
(i.e., median = 11) was observed in participants
whose self-reported diabetes status was yes,
and whose self-reported hypertension status

was no, even though there were few partici-
pants in this group (n = 36). In this group, there
were fewer edentulous participants than in
the other 3 groups. The highest median for
missing teeth (median = 17) was observed in
participants whose self-reported diabetes status
was no, and whose self-reported hypertension
status was no, but the interquartile range
(IQR=23) was relatively large, indicating more
spread in this distribution than for the group
whose self-reported diabetes status was yes
and self-reported hypertension status was yes
(median = 16; IQR=18). These nuances re-
garding the distributions were better captured
in an ordinal logistic regression model that
used 3 response categories for missing teeth
(edentulous or 28 missing teeth of a total of
28 teeth, excluding third molars; limited func-
tional capacity or 9---27 missing teeth; and
functional dentition or 0---8 missing teeth) com-
pared with a binary logistic regression model
that used 2 response categories (edentulous and
dentate), while retaining ease of interpretation.

DISCUSSION

With regard to the first objective of our
study, that is, examining the relationships be-
tween general health conditions (diabetes
and hypertension) and missing teeth in the
ElderSmile population, our results depended in
part upon whether self-reported or chairside
measurements for diabetes and hypertension
were used. When we examined HbA1c and BP
values (both DBP and SBP) and missing teeth,
we found no relationships. This was perhaps
best explained by the fact that sizable pro-
portions of ElderSmile participants had self-
reported diabetes (41.3%) or self-reported
hypertension (67.5%) (Table 1). Earlier find-
ings from this population included (1) among
ElderSmile participants with no previous di-
agnosis by a physician of diabetes or hyper-
tension, 7.8% and 42.2% had HbA1c levels
in the diabetes range and prediabetes range,
and 24.6% and 37.7% had BP readings in
the hypertension range and prehypertension
range, respectively15; and (2) among Elder-
Smile participants with a previous diagnosis by
a physician of diabetes or hypertension, 38.3%
had HbA1c levels in the out-of-control range,
and 37.8% and 39.8% had BP levels in the
hypertension range and prehypertension

range, respectively.15 (Note, however, that the
BP guidelines for hypertensive adults in the
general population aged 60 years and older
were recently raised to a treatment goal of
SBP<150 mm Hg and DBP<90 mm Hg.27)

By contrast, we did find effect modification
for self-reported diabetes and self-reported
hypertension with regard to the level of missing
teeth in the ElderSmile population. That is, the
relationship between self-reported hyperten-
sion and missing teeth depended upon whether
the participant also had self-reported diabetes.
This was especially evident in Table 4, in which
the adjusted odds ratio for having both self-
reported hypertension and self-reported diabetes
in the ordinal logit model for level of missing
teeth was 3.20 (95% confidence interval =1.35,
7.11), whereas neither self-reported diabetes nor
self-reported hypertension alone was an impor-
tant determinant of the level of missing teeth
(Table 3).

In other words, in a population of under-
served racial/ethnic minority older adults, their
access to and quality of medical and dental care
and preventive resources (e.g., nutrition and
physical activity) helped to determine the di-
agnosis and treatment of primary care sensitive
conditions (e.g., diabetes and hypertension) and
oral health outcomes (e.g., missing teeth). Thus,
it is important to embrace an oral public health
approach (Figure 1) to ensure that all 3 do-
mains are considered in the community-based
care of older adults, namely, dentistry (lifetime
accumulation of numbers of missing teeth),
medicine (timely screening and ongoing care of
primary care sensitive conditions), and public
health (community-based amenities such as
health screenings at senior centers and support
for access to neighborhood follow-up treatment
services for identified concerns).

With regard to the second objective of our
study, an ordinal logistic regression model that
used 3 response categories for missing teeth
(edentulous or 28 missing teeth of a total of 28
teeth, excluding third molars; limited functional
capacity or 9---27 missing teeth; and functional
dentition or 0---8 missing teeth) provided more
information while retaining ease of interpreta-
tion compared with a binary logistic regression
model that used 2 response categories (eden-
tulous and dentate). A recent report that ana-
lyzed data from the US National Health and
Nutrition Examination Survey to understand

TABLE 3—Unadjusted Odds Ratios and

95% Confidence Intervals for

Univariable Ordinal Logit Models for

Associations Among Sociodemographic,

Health Insurance, and Health

Characteristics and Number of

Missing Teeth, Using 3 Response

Categories: ElderSmile Program;

New York, NY; 2010–2012

Characteristic OR (95% CI)

Age (‡ 5 y) 1.29 (1.18, 1.41)

Medicaid (yes vs no) 2.09 (1.45, 3.01)

Diabetes (yes vs no) 0.90 (0.64, 1.27)

Hypertension (yes vs no) 1.23 (0.85, 1.78)

Note. CI = confidence interval; OR = odds ratio.

TABLE 2—Response Profile for Number

of Missing Teeth of a Total 28 Teeth,

Excluding Third Molars: ElderSmile

Program; New York, NY; 2010–2012

Ordered Value

Missing

Teeth No.a (%b)

3 = edentulous 28 131 (23.6)

2 = limited functional capacity 9–27 244 (43.9)

1 = functional dentition 0–8 181 (32.6)

Note. Total number of respondents = 556. The score
test for the proportional odds assumption suggests
that this assumption is valid (P = .55) for the current
data, v2 = 3.9910; df = 5; Pr > v2 = 0.5507.
aNumbers may vary across models because of missing
values for included characteristics.
bPercent does not sum to 100% because of rounding.
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the association between diabetes and tooth loss
used a binary logistic regression model to
examine edentulism (as per this study), but then
used a linear regression model to examine the
number of missing teeth among dentate par-
ticipants only.20 By contrast, the ordinal logistic
regression model we used allowed for consid-
eration of the entire study population in 1
model (both edentulous and dentate partici-
pants), while taking into account the non-
normal distribution of missing teeth among
ElderSmile participants.

Strengths and Limitations

The strengths of our study were that it was
part of the larger ElderSmile program at the
Columbia University College of Dental Medi-
cine. This context permitted the leveraging of
resources in the form of faculty and students
to assist in dental screenings and health pro-
motion activities, and better ensured high
participation rates for the involved community
partners, because of the ongoing relationships
between the college and the administrators and
staff at the involved senior centers.

Our study limitations were that the assessments
reported were restricted by the field nature of
the study. Furthermore, older adults who were
home-bound or institutionalized were not in-
cluded in the study. Finally, because of logistical
constraints, not all older adults who might have
otherwise been willing to be screened for HbA1c

were accommodated when the primary care
activities were initially implemented.

Future Needs

Advances in public health, medicine, and
dentistry have led to increased life spans for
populations worldwide, but also to greater
inequities between those with and without
means. As people age, chronic noncommuni-
cable diseases become more prevalent,14,28 and
numbers of missing teeth may begin to accu-
mulate, absent quality dental care.13 In a sum-
mary way, the number of missing teeth in one’s
mouth reflects that person’s economic and
health history over the life course,29 because
higher numbers of missing teeth are related to
socioeconomic position, health behaviors, and
intelligence.8,30,31 Loss of teeth may lead to
pain and difficulty chewing, decreased con-
sumption of fruits and vegetables, lower intake
of key nutrients, and ultimately, unintentional
weight loss,32 or in some cases, weight gain and
obesity.33

Using US national data for older adults,
Griffin et al.21 found racial/ethnic and income
disparities in untreated dental disease and oral
health---related quality of life. On the basis of
these findings, they argued that public health
priorities ought to include better integrating
oral health into medical care, implementing
community programs to promote healthy be-
haviors and improve access to preventive
services, developing a comprehensive strategy
to address the oral health needs of the home-
bound and long-term care residents, and
assessing the feasibility of ensuring a safety net
that covers preventive and basic restorative

services to eliminate pain and infection. Be-
cause of the potential for screening and referral
of urban racial/ethnic minority adults in
community-based settings, ElderSmile might
prove to be a place-based model for improving
access to care, especially if policies to support
the integration of public health, medical, and
dental services (Figure 1) are realized. j
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