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ABSTRACT
Objectives: To investigate the association between
diabetes mellitus and missing teeth in Hispanic/Latino
adults from diverse heritage groups who reside in the
USA.
Research design and methods: The Hispanic
Community Health Study/Study of Latinos (HCHS/SOL)
is a multicenter, population-based study of 18–
74 years old who underwent a physical and oral
examination (n=15 945). Glycemic status was
categorized as diabetes, impaired, or normal, based on
medication use, and American Diabetes Association
criteria for fasting glucose and glycosylated
hemoglobin (HbA1c). HbA1c<7% indicated good
glycemic control, and HbA1c>7% indicated
uncontrolled diabetes. We estimated ORs and 95% CIs
for missing >9 teeth and being edentulous (missing all
natural teeth), after adjustment for age, income,
education, Hispanic background, study site/center,
nativity, last dental visit, health insurance, diet quality,
cigarette smoking, obesity, periodontitis, and C reactive
protein.
Results: Persons with uncontrolled diabetes had a
significant increased likelihood of missing >9 teeth and
being edentulous as compared with persons with
normal glycemic status (adjusted OR=1.92, 95% CI
1.44 to 2.55 and adjusted OR=1.73, 95% CI 1.22 to
2.46, respectively). The association appeared to be
stronger at younger ages (18–44 years old; p for
interaction <0.0001). However, we found no
associations of either impaired glycemia or controlled
diabetes with tooth loss in adjusted models.
Conclusions: Dentists should be aware of their
Hispanic patients’ diabetes status and whether or not
they are well controlled, because these may affect tooth
loss and impair oral function, which can lead to poor
nutrition and complications of diabetes.

INTRODUCTION
Diabetes is the seventh leading cause of
death in the USA1 and is associated with
serious oral and systemic health complica-
tions, including periodontal disease, which
can lead to tooth loss.2 Moreover, diabetes is

especially prevalent among racial/ethnic
minorities, including Hispanics, who are cur-
rently the largest ethnic minority in the USA,
with a population of more than 54 million.3

Findings from the 2003–2006 National
Health and Nutrition Examination Survey
(NHANES) indicated the prevalence of diag-
nosed diabetes for Mexican-Americans was
higher than that of non-Hispanic whites for
all age groups.4 A second NHANES analysis
(1988–2012) found nearly half of Hispanics
with diabetes had undiagnosed diabetes.5 A
previous analysis from the Hispanic
Community Health Study/Study of Latinos
(HCHS/SOL) reported that both diabetes
and prediabetes are disproportionately high
when compared with US national figures and
that their prevalence was heterogeneous
across Hispanic backgrounds.6

Limited but emerging evidence suggests a
relationship between diabetes and tooth loss.
Tooth loss is typically an indicator of cumula-
tive oral disease burden and access to dental
care. A recent analysis using NHANES data
found that adults with diabetes aged 50 years
and older had higher numbers of missing
teeth and were more likely to be edentulous
than their counterparts without diabetes.7

Key messages

▪ Relative to participants with normal glucose tol-
erance, participants with uncontrolled diabetes
had a higher likelihood of both missing nine or
more teeth and edentulism.

▪ No associations were found of either impaired
glycemia or controlled diabetes with tooth loss
in adjusted models.

▪ Age, nativity status, income, cigarette smoking,
and less healthful eating were associated with
higher mean numbers of missing teeth in men
and women, and current insurance status was
associated with higher mean numbers of
missing teeth in women.
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These findings are consistent with those based on data
from the Behavioral Risk Factor Surveillance System
(BRFSS) where a strong relationship was found between
self-reported diabetes and missing teeth in adults aged
18–44 years.8 In a second analysis from the BRFSS,
adults with diabetes reported a lower quality of life and
higher numbers of missing teeth than adults without
diabetes.9

Missing multiple teeth may lead to inadequate nutri-
tional intake, which is concerning in adults with dia-
betes, because healthful eating in combination with
other factors such as physical activity is important in
maintaining glucose control. According to the American
Diabetes Association (ADA), nutrition therapy is an inte-
gral component of the management of diabetes, because
it helps to treat the disease by modifying intake of nutri-
ents and whole foods. The overall goal of nutrition
therapy is to create an individualized eating plan for
patients in an effort to lower their glucose and blood
pressure, and to help reduce their risk for systemic
issues, such as coronary heart disease and stroke.10 To
date, however, no study has examined the association
between diabetes and missing teeth in a population-
based sample of US Hispanics.
Hispanics have a disproportionately higher prevalence

of diagnosed and undiagnosed diabetes at younger ages
compared with other ethnic groups.11 Lack of access to
health insurance and preventive services in the Hispanic
population may accentuate the association between dia-
betes and poor oral health.12 In a cross-sectional sample
of community-dwelling impoverished older adults in
northern Manhattan, findings were that Hispanic adults
and non-Hispanic blacks had a higher prevalence of
missing teeth compared with non-Hispanic whites, and
that this relationship was strengthened with increasing
age and lower levels of educational attainment.13

Moreover, a recent report of adults aged 25–44 years
found that the prevalence of tooth loss was higher in
Hispanics as compared with non-Hispanic whites, indi-
cating that this disparity may also begin in young adult-
hood.14 Hence, we sought to investigate how diabetes
relates to cumulative tooth loss in Hispanic populations
across age group and by gender.

RESEARCH DESIGN AND METHODS
Study population
The HCHS/SOL is a community-based prospective
cohort study of 16 415 self-identified Hispanic/Latino
persons aged 18–74 years at screening from randomly
selected households in four US field centers (Chicago,
Illinois; Miami, Florida; Bronx, New York; San Diego,
California, USA). The aims of the study were to describe
the risk factors, prevalence and incidence of chronic dis-
eases in Hispanics from diverse national/regional back-
grounds, of which the largest represented groups were
Mexicans, Puerto Ricans, Cubans, Dominicans, Central
Americans, and South Americans. Detailed information

regarding the sampling design and cohort selection is
available elsewhere.15 Study visits included medical
history, oral examinations, medication inventory, fasting
morning blood draw, and demographic and behavioral
questionnaires. The analytic sample comprised 15 965
(n=15 132 dentate, n=833 edentate) participants with
complete data regarding missing teeth and diabetes
(97% of those enrolled). Institutional Review Board
approval was obtained at each participating institution,
and all participants provided written consent.

Missing teeth
Trained and calibrated dental examiners (n=13 across
all four study sites) performed a comprehensive oral
examination for dental caries and periodontal disease
using full-mouth assessments. The examiners deter-
mined tooth status by means of visual examination of all
teeth present except third molars,16 for a total count of
28 teeth. If a tooth was missing, the examiner made a
determination, after discussion with the participant, of
the reason for the tooth’s absence, such as trauma, peri-
odontal disease, caries or orthodontic treatment. In the
analyses presented here, we counted teeth that were
determined missing due to periodontal disease or caries,
but did not count teeth that were missing due to
trauma, orthodontic treatment, or other reasons. The
specific outcomes for missing teeth used in the analysis
were tooth loss ≥9 teeth and total edentulism16 (missing
28 teeth, not including wisdom teeth). We defined
impaired oral function as missing 9 or more teeth,
because adequate oral functioning has been defined as
having 20 or more teeth, which equates to missing 8 or
fewer teeth (not including third molars).17

Diabetes (glycemic status)
Using the ADA guidelines, glycemic status was used to
categorize participants into three groups: diabetes,
impaired or normal glucose tolerance.18 This definition
was derived by taking into account fasting blood glucose
levels and glycosylated hemoglobin (HbA1c) percen-
tages from the ADA definition18 with the addition of
antidiabetes medications.
Individuals with diabetes were defined as those with

HbA1c≥6.5% or fasting time >8 h and fasting glucose
>126 mg/dL or fasting time <8 h and fasting glucose
>200 mg/dL. Individuals with impaired glucose toler-
ance were defined as those with an HbA1c of 5.7–6.4%
or fasting time >8 h and fasting glucose of 100–125 mg/
dL. Individuals with normal glucose tolerance were
defined as those with HbA1c <5.7% and fasting glucose
<100 mg/dL. In addition, among individuals with dia-
betes, we used HbA1c<7% to indicate controlled dia-
betes and HbA1c>7% to indicate uncontrolled
diabetes.18

Covariates
Bilingual interviewers administered structured question-
naires in English and Spanish at the baseline
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evaluation.15 Self-reported nativity status was included as
a covariate in the analyses, with US-born defined as
birthplace within the 50 states or Washington, DC.
Other sociodemographic characteristics included as cov-
ariates were age (18–44, 45–64, and 65–74); gender;
household income ranging among <$10 000, $10 000–
$20 000, $20 001–$40 000, $40 001–$75 000, and >
$75,000. Educational attainment was characterized as
<high school, high school or equivalent, or >high school
education. Current health insurance was categorized as
none, private, or Medicaid. Hispanic background
(Mexican, Puerto Rican, Cuban, Dominican, Central
American, South American, other/mixed), and field
center site were also included as covariates.
Behavioral covariates included smoking status

(current, former, never), and physical activity level. To
ascertain physical activity, we administered a modified
WHO Global Physical Activity Questionnaire19 to obtain
estimates of moderate/vigorous levels of activity from
work-related, transportation, and recreational domains.
Participants were classified as physically active if they
engaged in ≥150 min/week of moderate intensity activ-
ity, ≥75 min/week of vigorous intensity activity, or an
equivalent combination of activity, as recommended by
the 2008 US physical activity guidelines for adults.20 We
characterized healthy eating using the Alternative
Healthy Eating Index-2010 (HEI-2010), which is a score
comprised of key dietary requirements, including those
for total fruit, total vegetable, and sodium intake. Scores
of the HEI-2010 are assigned based on intake levels of
dietary requirements. We categorized scores into quin-
tiles, with the highest quintile indicating the healthiest
eaters and the lowest quintile containing the least
healthy eaters.21 Additionally, we adjusted for decayed
and filled teeth, using the decayed, missing and filled
teeth (DMFT) index,22 periodontal disease, using the
Centers for Disease Control and Prevention (CDC)/
American Academy of Periodontology (AAP) periodon-
tal disease classification23 (disease status characterized as
none, mild, moderate, or severe) and C reactive protein
(CRP)24 categorized as <3.0 mg/dL and ≥3.0 mg/dL
according to clinical criteria25 to indicate systemic
inflammation. Finally, we included information regard-
ing time since the last dental visit (<1, 1–4, and >4 years
ago)26 and obesity, which was characterized into four
groups according to body mass index (BMI) (under-
weight, normal, overweight, or obese).

Statistical analysis
In descriptive analyses, we estimated mean numbers of
missing teeth in relation to participant characteristics for
dentate participants using predicted marginal means
and 95% CIs based on Taylor series linearization from
log-linear models.27 To examine associations between
diabetes and tooth loss, we estimated ORs and 95% CI
of having nine or more missing teeth in dentate partici-
pants using logistic regression models adjusting for age,
sex, Hispanic background group, study site, nativity

status, income, education, last dental visit, current
health insurance status, alternative healthy eating index,
cigarette smoking, obesity, chronic periodontitis, CRP
levels, and percent decay and filled teeth. In secondary
analyses, we estimated ORs and 95% CIs of being eden-
tulous in relation to diabetes status. In exploratory ana-
lyses, we stratified models by Hispanic background
group to evaluate whether associations between diabetes
and missing teeth differed across Hispanic backgrounds
(analysis available on request).
In addition, we tested for statistical interaction of dia-

betes with missing teeth by sex and age group (18–44,
45–65, 65+) in separate logistic regression models using
interaction terms (ie, diabetes×sex; diabetes×age group)
and adjusted for age, Hispanic background group, study
site, nativity status, income, education, number of dental
visits, current health insurance status, alternative healthy
eating index, cigarette smoking, and obesity. A statistic-
ally significant interaction between diabetes and age
group was not found, so stratified analyses were not
shown. All tests were two-sided and statistical significance
was defined as p<0.05. All analyses accounted for
complex survey design using SUDAAN V.11.0 (RTI,
Research Triangle Park, North Carolina, USA).

RESULTS
Tooth loss by patient characteristics
Figure 1 presents the distribution of missing teeth in
the study population among participants; teeth missing
for other reasons than disease were not included (ie,
trauma, orthodontics). Note that the figure is un-
weighted and that the distribution is not normal, with
most participants missing either few (1–5) or all of their
28 teeth (mean=5.6, median=2).
Table 1 presents age-adjusted mean numbers of

missing teeth for specified levels of participant

Figure 1 Distribution of missing teeth in Hispanic

Community Health Study/Study of Latinos (HCHS/SOL). Note:

(1) teeth lost for reasons other than disease (ie, trauma,

orthodontic, other) were not counted. (2) Histogram depicting

missing teeth from disease was unweighted.
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Table 1 Age-adjusted means (95% CI) of missing teeth across participant characteristics in dentate persons

Participant

characteristics

Overall Men Women

Unweighted

n

Weighted mean

(95% CI) number

of missing teeth

from disease

Unweighted

n

Weighted mean

(95% CI) number

of missing teeth

from disease

Unweighted

n

Weighted mean

(95% CI) number

of missing teeth

from disease

Hispanic background group

Mexican 6239 2.1 (2.0 to 2.2) 2367 1.7 (1.5 to 1.9) 3872 2.5 (2.3 to 2.6)

Mixed/other 468 3.2 (2.2 to 4.6) 209 2.3 (1.7 to 3.0) 259 4.0 (2.4 to 6.8)

Central American 1616 3.7 (3.4 to 3.9) 646 3.0 (2.7 to 3.4) 970 4.2 (3.9 to 4.6)

Puerto Rican 2407 3.8 (3.6 to 4.0) 1016 3.4 (3.2 to 3.7) 1391 4.1 (3.8 to 4.5)

Dominican 1337 4.1 (3.8 to 4.5) 471 3.8 (3.4 to 4.3) 866 4.4 (4.0 to 4.8)

South American 990 4.2 (3.8 to 4.6) 410 3.9 (3.4 to 4.4) 580 4.5 (4.0 to 5.0)

Cuban 2042 4.5 (4.2 to 4.7) 957 4.1 (3.8 to 4.4) 1085 4.9 (4.5 to 5.2)

Nativity status

US born 2684 2.5 (2.2 to 2.7) 1192 2.3 (1.9 to 2.6) 1492 2.7 (2.3 to 3.0)

Foreign born

(10+ years in

USA)

8843 3.4 (3.2 to 3.6) 3489 3.0 (2.8 to 3.2) 5354 3.7 (3.4 to 4.0)

Foreign born

(<10 years in

USA)

3486 3.9 (3.7 to 4.2) 1363 3.5 (3.1 to 3.8) 2123 4.3 (4.0 to 4.7)

Age group (not age-adjusted)

18–44 6422 1.3 (1.2 to 1.4) 2786 1.2 (1.1 to 1.3) 3636 1.5 (1.4 to 1.6)

45–64 7638 5.9 (5.7 to 6.3) 2898 5.6 (5.3 to 5.9) 4740 6.2 (5.8 to 6.7)

65–74 1072 10.3 (9.7 to 11.0) 405 9.5 (8.6 to 10.5) 667 10.9 (10.1 to 11)

Annual household income

<$10 000 2055 4.1 (3.8 to 4.4) 651 3.8 (3.4 to 4.2) 1404 4.3 (3.9 to 4.7)

$10 000–$20 000 4495 3.7 (3.6 to 4.0) 1686 3.4 (3.1 to 3.7) 2809 4.1 (3.8 to 4.3)

$20 001–$40 000 4758 3.2 (2.9 to 3.4) 2074 2.8 (2.6 to 3.1) 2684 3.5 (3.2 to 3.9)

$40 001–$75 000 1924 2.5 (2.3 to 2.8) 942 2.4 (2.1 to 2.7) 982 2.7 (2.3 to 3.2)

>$75 000 622 1.5 (1.2 to 1.9) 352 1.6 (1.2 to 2.0) 270 1.4 (1.1 to 1.8)

Education

<HS 5573 3.7 (3.5 to 3.9) 2205 3.2 (3.0 to 3.5) 3368 4.1 (3.8 to 4.4)

HS or equivalent 3908 3.7 (3.5 to 4.0) 1721 3.3 (3.0 to 3.5) 2187 4.2 (3.8 to 4.7)

>HS 5614 2.9 (2.8 to 3.2) 2150 2.7 (2.4 to 2.9) 3464 3.2 (3.0 to 3.5)

Current insurance

Medicaid 7494 3.6 (3.3 to 3.8) 3170 3.2 (3.0 to 3.5) 4324 3.9 (3.6 to 4.1)

None 2824 4.1 (3.8 to 4.4) 900 3.6 (3.3 to 3.9) 1924 4.5 (4.1 to 4.9)

Other 4679 2.7 (2.5 to 2.9) 1957 2.4 (2.2 to 2.6) 2722 3.0 (2.7 to 3.2)

Last dental visit

<1 year ago 7688 3.4 (3.2 to 3.6) 2748 3.0 (2.8 to 3.2) 4940 3.7 (3.4 to 4.0)

1 to <4 years ago 5168 3.4 (3.2 to 3.7) 2108 3.1 (2.8 to 3.3) 3060 3.8 (3.5 to 4.1)

4 or more years

ago

2247 3.6 (3.3 to 3.9) 1224 3.1 (2.8 to 3.4) 1023 4.2 (3.8 to 4.7)

Obesity*

Underweight

(BMI<18.5)

118 4.3 (3.1 to 5.9) 47 4.4 (3.4 to 5.8) 71 4.1 (2.3 to 7.1)

Normal weight

(BMI=18.5 to <25)

2948 3.3 (3.0 to 3.5) 1207 3.4 (3.1 to 3.8) 1741 3.1 (2.8 to 3.4)

Overweight

(BMI=25 to <30)

5650 3.3 (3.1 to 3.5) 2547 2.8 (2.6 to 3.1) 3103 3.7 (3.5 to 4.0)

Obese (BMI=30+) 6375 3.6 (3.4 to 3.8) 2269 3.0 (2.8 to 3.3) 4106 4.0 (3.7 to 4.3)

Cigarette smoking

Never 9359 3.1 (2.9 to 3.3) 2994 2.6 (2.4 to 2.8) 6365 3.4 (3.2 to 3.7)

Former 2954 3.3 (3.1 to 3.6) 1572 2.7 (2.5 to 3.0) 1382 4.2 (3.8 to 4.5)

Current 2788 4.7 (4.4 to 5.0) 1503 4.4 (4.1 to 4.7) 1285 5.1 (4.6 to 5.6)

Alternative Healthy Eating Index 2010

Lowest fifth† 2668 4.5 (4.2 to 4.9) 941 4.1 (3.7 to 4.6) 2027 4.8 (4.3 to 5.3)

Second fifth 2949 4.1 (3.8 to 4.4) 1175 4.0 (3.7 to 4.3) 1774 4.3 (3.9 to 4.7)

Continued
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characteristics in dentate persons, both overall and sep-
arately for men and women. Patterns of tooth loss are
consistent across categories within participant character-
istics for men and women, yet women generally exhibit
higher mean missing teeth than men. Associations were
evident for nativity status, age group, and annual house-
hold income, with higher mean numbers of missing
teeth for foreign-born versus US-born, older versus
younger, and lower versus higher annual household
income participants. Women enrolled in Medicaid have
higher mean numbers of missing teeth than those with
none or other health insurance, yet this relationship was
not found in men, relatively fewer of whom were
Medicaid enrollees.
Both overall and for men and women separately, there

is a strong gradient of mean missing teeth across
smoking status, with never-smokers having 3.1 mean
missing teeth and current smokers having 4.7 mean
numbers of missing teeth. No consistent trend in the
mean number of missing teeth was evident by the parti-
cipants. This study also elucidated the fact that in this
population, compared with persons with normal glucose
tolerance, diabetes status (controlled and uncontrolled)
defined BMI levels, although underweight participants
tended to have the highest numbers of missing teeth.
Healthy eating pattern was related to fewer numbers of
mean missing teeth. The difference for participants in
the healthiest eating index quintile compared with parti-
cipants in the unhealthiest eating quintile is more than
2 fewer mean number of missing teeth, as people in the
unhealthiest quintile (the lowest fifth) have 4.5 mean
missing teeth and those in the highest quintile have 2.2
mean numbers of missing teeth.

Associations of diabetes status with tooth loss
Table 2 presents associations of diabetes and tooth loss
in the overall study population and by gender. Overall,
individuals with diabetes were significantly more likely to
have >9 missing teeth than those without diabetes
(model 1; adjusted OR=1.40, 95% CI 1.12 to 1.76).
Among persons with diabetes, those with uncontrolled
diabetes had significantly higher odds of having >9
missing teeth than those without diabetes (model 1;

adjusted OR=1.92, 95% CI 1.44 to 2.55). Similar patterns
of these associations were observed in men and in
women. However, there were no associations between
impaired glycemic status (prediabetes) or controlled
diabetes with missing teeth. Additionally, we found that
neither duration of diabetes nor level of diabetes
control changed our overall findings (see online supple-
mentary table S1).
While adjustment for chronic periodontitis and CRP

did not change any of the effect estimates, control for
percentage of decayed and filled teeth attenuated all
observed associations by an appreciable amount in the
overall population (table 2, model 2). These attenua-
tions were more pronounced in women than in men.
Sensitivity analyses showed that the percentage of filled
teeth rather than percentage of decayed teeth was the
driver of these observed attenuations (data not shown).
When complete tooth loss (edentulism) was considered
as the outcome (table 3), we similarly observed a higher
likelihood of being edentulous odds in persons with
uncontrolled diabetes as compared with those without
diabetes in the fully adjusted model (adjusted OR 1.73;
95% CI 1.22 to 2.46). This association was similar in
men and women.
In exploratory analyses, we tested for interaction of

diabetes and missing teeth by age (see online supple-
mentary table S2). Overall, we found that the relation-
ship of diabetes with missing teeth was stronger at
younger ages (p for interaction <0.0001; in men:
p=0.0013, in women: p=0.0462). We also tested for inter-
action by Hispanic heritage groups and found no evi-
dence that the associations varied significantly by
Hispanic background (data available on request).

CONCLUSIONS
Summary of findings
This analysis represents the first to examine the relation-
ship between diabetes and tooth loss in persons from
diverse Hispanic background groups using data from
HCHS/SOL. The principal finding of this study is that
relative to participants with normal glucose tolerance,
participants with uncontrolled diabetes had a higher

Table 1 Continued

Participant

characteristics

Overall Men Women

Unweighted

n

Weighted mean

(95% CI) number

of missing teeth

from disease

Unweighted

n

Weighted mean

(95% CI) number

of missing teeth

from disease

Unweighted

n

Weighted mean

(95% CI) number

of missing teeth

from disease

Third fifth 2979 3.6 (3.4 to 3.8) 1183 3.3 (3.0 to 3.6) 1796 3.9 (3.6 to 4.2)

Fourth fifth 3040 3.0 (2.8 to 3.2) 1203 2.7 (2.5 to 3.0) 1837 3.3 (3.0 to 3.5)

Highest fifth‡ 3047 2.2 (2.0 to 2.4) 1515 1.9 (1.7 to 2.1) 1532 2.6 (2.3 to 2.9)

*Based on WHO criteria.
†Lowest fifth corresponds to least healthy diet.
‡Highest fifth corresponds to healthiest diet.
BMI, body mass index; HS, high school.
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likelihood of both missing nine or more teeth and eden-
tulism. The findings persisted after adjustment for an
array of potential confounders including socioeconomic
status, number of dental visits and health behaviors.
These findings are similar to those from a prospective
population-based study in Germany, where uncontrolled
diabetes was associated with increased mean periodontal
attachment loss and an increased risk of future tooth
loss compared with normal glycemic status.28 Our
finding that uncontrolled diabetes was associated with
edentulism is consistent with an analysis of 2003–2004
NHANES data, in which persons with diabetes had a
greater likelihood of being edentulous, compared with
those without diabetes.7

A positive relationship exists between glucose impair-
ment and mean numbers of missing teeth. That is, com-
pared with persons with normal glucose tolerance,
persons with impaired glucose tolerance and diabetes
had higher mean numbers of missing teeth.7 In our
study population, age, nativity status, income, cigarette
smoking, and less healthful eating were associated with
higher mean numbers of missing teeth in men and
women, and current insurance status was associated with
higher mean numbers of missing teeth in women. A
population-based study in Germany reported an overall

positive association between type 2 diabetes and number
of missing teeth, which was stronger in women than in
men.29

Elevated CRP levels have been found to be associated
with tooth loss and advanced periodontal disease,30 yet
in our sample, adjustments for CRP did not attenuate
the relationships. Since chronic periodontitis and dental
caries are leading causes of tooth loss, we adjusted for
these conditions in the analyses. Mechanistic studies
have found that diabetes leads to an exacerbated inflam-
matory response in the periodontium, which impairs
healing and repair to the related periodontal structures
and results in enhanced destruction. Moreover, the rela-
tionship between periodontal disease and diabetes is
bidirectional. Thus, not only can diabetes enhance peri-
odontal destruction and inhibit repair, but periodontal
disease can also contribute to impaired glycemic
status.31 32 To test for this potential pathway between dia-
betes and periodontal disease, we adjusted for chronic
periodontitis in the multivariable models, but the effect
estimates were unchanged.
Our finding that the percentage of filled teeth attenu-

ated the associations between impaired glycemic status
and tooth loss and edentulism in women suggests a pos-
sible treatment effect; that is, women are more likely to

Table 2 Associations of tooth loss with diabetes status stratified by gender

Unweighted

N

Weighted mean

(95% CI) number

of missing teeth*

ORs (95% CI) for having 9+ missing teeth

N cases Model 1† Model 2‡

Overall§

Normal 6479 3.2 (3.0 to 3.5) 646 1.00 (referent) 1.00 (referent)

Prediabetes 5842 3.4 (3.2 to 3.6) 1167 1.13 (0.96 to 1.34) 1.06 (0.89 to 1.26)

Diabetes 2792 3.6 (3.3 to 3.9) 820 1.40 (1.12 to 1.76) 1.18 (0.94 to 1.49)

Controlled (HbA1c<7%) 1468 3.3 (3.0 to 3.5) 415 1.07 (0.82 to 1.38) 0.97 (0.74 to 1.28)

Uncontrolled (HbA1c≥7%) 1324 4.0 (3.6 to 4.5) 405 1.92 (1.44 to 2.55) 1.49 (1.11 to 1.99)

Total 15 113 2633

Men

Normal 2530 2.9 (2.6 to 3.2) 212 1.00 (referent) 1.00 (referent)

Prediabetes 2476 3.1 (2.8 to 3.3) 417 1.11 (0.85 to 1.46) 1.07 (0.81 to 1.42)

Diabetes 1078 3.1 (2.8 to 3.4) 276 1.40 (0.97 to 2.00) 1.33 (0.92 to 1.92)

Controlled (HbA1c<7%) 512 2.7 (2.4 to 3.1) 121 0.97 (0.65 to 1.44) 0.99 (0.66 to 1.49)

Uncontrolled (HbA1c≥7%) 566 3.5 (3.1 to 3.9) 155 1.98 (1.26 to 3.12) 1.76 (1.12 to 2.78)

Total 6084 905

Women

Normal 3949 3.5 (3.3 to 3.8) 434 1.00 (referent) 1.00 (referent)

Prediabetes 3366 3.8 (3.5 to 4.0) 750 1.13 (0.90 to 1.41) 1.03 (0.82 to 1.29)

Diabetes 1714 4.1 (3.7 to 4.5) 544 1.41 (1.06 to 1.89) 1.07 (0.78 to 1.45)

Controlled (HbA1c<7%) 956 3.7 (3.4 to 4.1) 294 1.14 (0.82 to 1.60) 0.93 (0.64 to 1.34)

Uncontrolled (HbA1c≥7%) 758 4.5 (3.9 to 5.3) 250 1.87 (1.29 to 2.70) 1.29 (0.89 to 1.87)

Total 9029 1728

*Means adjusted for age.
†Model 1 adjusted for age, Hispanic background, study site/center, nativity status, income, and education, adjusted number of dental visits
and current health insurance status, alternative healthy eating index, cigarette smoking, and obesity, chronic periodontitis (CDC/AAP case
definition: none, mild, moderate, severe).
‡Model 2 adjusted for age, Hispanic background, study site/center, nativity status, income, and education, adjusted number of dental visits
and current health insurance status, alternative healthy eating index, cigarette smoking, and obesity, chronic periodontitis (CDC/AAP case
definition: none, mild, moderate, severe), and percentage (%) of decayed and filled teeth.
§ORs were further adjusted for gender.
HbA1c, glycosylated hemoglobin.
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seek dental care than men, and young women tend to
have better dental hygiene habits than young men.33 34

In anthropological studies, women have been found to
have higher rates of dental caries and tooth loss35 36;
thus, gender differences in oral health could be due to
biological or dietary reasons in addition to a treatment
effect.
In our analysis, we aimed to evaluate differences in

the relationship between diabetes and missing teeth by
Hispanic/Latino heritage groups in HCHS/SOL. A pre-
vious report examining the prevalence of cardiovascular
disease (CVD) risk factors in HCHS/SOL found signifi-
cant variations in risk factor prevalence among heteroge-
neous Hispanic background groups in HCHS/SOL, with
a particularly elevated risk for CVD in Puerto Ricans.37

In contrast, in our study, we did not find marked differ-
ences among Hispanic background groups in mean
numbers of missing teeth or edentulism.
Not since the early 1980s when the Hispanic Health

and Nutrition Examination Survey (HHANES) aimed to
provide a baseline for chronic conditions in Hispanic
Americans has a population-based study collected and
evaluated data from Hispanic background groups on
such a large scale. HHANES was both an informative
and comprehensive baseline, but its data collection was
limited to Mexican-Americans, Puerto Ricans, and
Cuban-Americans.38 The HCHS/SOL study population
also includes Dominican-Americans, Central and South
Americans as well as Mexican-Americans, Puerto Ricans,
and Cuban-Americans, which is a major strength of this

analysis. Moreover, HCHS/SOL uses a hybrid design,
which incorporates probability sampling within prese-
lected heterogeneous locations. Compared with surveil-
lance systems such as the BRFSS that use a self-report
definition of diabetes, HCHS/SOL uses the ADA defin-
ition of diabetes status involving clinical measures, which
allows for careful assessment of glycemic status.18 One
limitation of this analysis is that it is cross-sectional;
hence, whether diabetes preceded the tooth loss, or vice
versa, cannot be determined. Another potential limita-
tion is that teeth missing from orthodontic treatment or
trauma may also have had underlying dental problems.
Finally, we were unable to distinguish between type 1
and type 2 diabetes mellitus in this data set, so we were
unable to analyze the data based on type of diabetes.
In conclusion, we found that diabetes is related to

tooth loss in Hispanics/Latinos overall, which is a rela-
tionship that has not been previously examined in such
a large sample size of Hispanics/Latinos. This study also
elucidated the fact that in this population, compared
with persons with normal glucose tolerance, uncon-
trolled diabetes was related to higher mean numbers of
missing teeth. Moreover, uncontrolled diabetes is a
driver for tooth loss >9 teeth, which is an indicator of
functional dentition.39 This analysis suggests that dentists
should be aware of their Hispanic7 10 patients’ diabetes
status and whether or not they are well controlled,
because it could impact tooth loss and impair oral func-
tion, which can lead to poor nutrition and chronic com-
plications of diabetes.10

Table 3 Associations of being edentulous with diabetes stratified by gender

Unweighted

N N cases ORs* (95% CI) for being edentulous

Overall

Normal 6664 185 1.00 (referent)

Prediabetes 6177 335 1.00 (0.76 to 1.32)

Diabetes 1.52 (1.13 to 2.03)

Controlled (HbA1c<7%) 1611 143 1.3 (0.94 to 1.94)

Uncontrolled (HbA1c≥7%) 1491 167 1.73 (1.22 to 2.46)

Total 15 943 520

Men

Normal 2599 69 1.00 (referent)

Prediabetes 2614 138 1.07 (0.72 to 1.61)

Diabetes 1.66 (1.03 to 2.68)

Controlled (HbA1c<7%) 560 48 1.50 (0.81 to 2.79)

Uncontrolled (HbA1c≥7%) 624 58 1.86 (1.10 to 3.14)

Total 6397 402

Women

Normal 4065 116 1.00 (referent)

Prediabetes 3563 197 0.93 (0.64 to 1.34)

Diabetes

Controlled (HbA1c<7%) 1051 95 1.44 (1.03 to 2.02)

Uncontrolled (HbA1c≥7%) 867 109 1.29 (0.86 to 1.92)

Total 9546 517 1.67 (1.11 to 2.52)

*ORs adjusted for age, Hispanic background, study site/center, nativity status, income, and education, number of dental visits and current
health insurance status, alternative healthy eating index, cigarette smoking, and obesity.
HbA1c, glycosylated hemoglobin.
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