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OBJECTIVE

Diabetes is associated with poor oral health, but incremental expenditures for
dental care associated with diabetes in the U.S. are unknown.We aimed to quan-
tify these incremental expenditures per person and for the nation.

RESEARCH DESIGN AND METHODS

We analyzed data from 46,633 noninstitutionalized adults aged $18 years old
who participated in the 2016–2017 Medical Expenditure Panel Survey. We used
two-part models to estimate dental expenditures per person in total, by payment
source, and by dental service type, controlling for sociodemographic characteris-
tics, health status, and geographic variables. Incremental expenditure was the dif-
ference in predicted expenditure for dental care between adults with and
without diabetes. The total expenditure for the U.S. was the expenditure per per-
son multiplied by the estimated number of people with diabetes. Expenditures
were adjusted to 2017 USD.

RESULTS

The mean adjusted annual diabetes-associated incremental dental expenditure
was $77 per person and $1.9 billion for the nation. Of this incremental expendi-
ture, 51% ($40) and 39% ($30) were paid out of pocket and by private insurance,
69% ($53) of the incremental expenditure was for restorative/prosthetic/surgical
services, and adults with diabetes had lower expenditure for preventive services
than those without (incremental, �$7). Incremental expenditures were higher in
older adults, non-Hispanic Whites, and people with higher levels of income and
education.

CONCLUSIONS

Diabetes is associated with higher dental expenditures. These results fill a gap in
the estimates of total medical expenditures associated with diabetes in the U.S.
and highlight the importance of preventive dental care among people with
diabetes.

People with diabetes tend to have poorer oral health than those without the
disease (1,2), and persistent poor glycemic management is associated with an
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increased risk of periodontitis, gingivitis,
and alveolar bone loss (1,3–5). Peri-
odontal disease has been recognized as
the sixth most common complication of
diabetes (6), and the estimated risk of
periodontitis among people with diabe-
tes is three times that of those without
(4). Other oral manifestations of diabe-
tes include dental caries (i.e., cavities),
severe tooth loss, salivary dysfunction,
oral mucosal diseases, candidiasis, and
taste and neurosensory disorders (2,7).

Higher risk of dental disease in
people with diabetes may lead to higher
medical expenditures. On the other
hand, differences in socioeconomic sta-
tus and demographic composition be-
tween those with and without diabetes
may also lead to differences in the use
of dental care services. Little informa-
tion is available on how dental health
services and expenditures differ by dia-
betes status. Previous studies (8,9) have
found that people with diabetes were
less likely to see a dentist and receive
preventive dental services. Other factors
associated with less use of preventive
dental services include high out-of-pock-
et expenditures, inadequate oral health
knowledge, and poor oral health atti-
tudes (10–12). There have been no
studies to date on incremental service
use and expenditures associated with
overall dental care among people with
versus without diabetes in the U.S. As a
result, national estimated total medical
expenditures associated with diabetes
have not included this expenditure com-
ponent (13).

The objectives of this study were to
1) quantify annual dental expenditures
associated with diabetes per person
among noninstitutionalized adults in the
U.S., in total, by type of dental service
and by payment source; 2) examine dis-
parities among population subgroups;
and 3) estimate the total incremental
expenditure for dental care associated
with diabetes for the nation.

RESEARCH DESIGN AND METHODS

Data and Study Population
Data used in this study were obtained
from the Medical Expenditure Panel
Survey (MEPS). MEPS is a set of surveys
for families, individuals, medical pro-
viders, and employers aimed at provid-
ing nationally representative estimates
of health care use and expenditure,

payment sources, and health insurance
coverage in the U.S. noninstitutionalized
civilian population. MEPS has been used
extensively for estimating medical
expenditures associated with various
diseases, including diabetes, hyperten-
sion, and cardiovascular disease (14,15).
MEPS collects information on dental
care, including visits, expenditures, pay-
ment sources, and services types.

For our analysis, we used the full-
year consolidated data file and dental
visits file for the 2016 and 2017 MEPS.
Our study population included all
adults aged $18 years who participat-
ed in the survey. Diabetes was identi-
fied by the survey question, “Other
than during pregnancy, have you ever
been told by a doctor or other health
professional that you had diabetes or
sugar diabetes?”

Estimation of Dental Expenditure
Total dental expenditure included spend-
ing associated with dental services
from all providers including general
dentists, dental hygienists, dental tech-
nicians, dental surgeons, orthodont-
ists, endodontists, and periodontists.
Payment sources were grouped into
expenditures paid from out of pocket,
private insurance, and public/other
sources (e.g., Medicaid). Services types
were grouped into three categories:
preventive care (e.g., cleaning), restor-
ative/prosthetic/surgical services (e.g.,
periodontal surgery), and diagnostic/
other services (e.g., X-rays, multiple
dental services per dental care visit).

Because �65% of the study partici-
pants did not have dental services dur-
ing the survey year, we used two-part
models, which are commonly used for
analysis of health expenditure data that
contain a large proportion of zero ex-
penditure and that are highly skewed
with some large expenditures (16). In
the first part, we used a logit model to
estimate the probability of an individual
having had dental expenditures. In the
second part, among those who had
dental expenditures, we used a general-
ized linear model with a log link and
gamma distribution to estimate the
amount of dental expenditure. The Box-
Cox test was conducted to select the
link function and a modified Park test
was used to test the distribution family
(16). Models controlled for age, sex,

race/ethnicity, education level, marital
status, family annual income level (as a
percentage of the federal poverty level
[FPL]), current smoking status, dental in-
surance coverage, other diseases (heart
disease, stroke, diabetes-caused kidney
damage, and eye problems), and Census
region of residence. For insurance type,
if a person had private dental insurance
or had any dental expenses paid by pri-
vate insurance, they were coded as hav-
ing private dental coverage. Otherwise,
if a person had public coverage or had
any dental expenses paid by public in-
surance, they were coded as having
public dental coverage (17). We com-
bined estimates from the two parts of
the model to predict dental expendi-
tures for adults with and without diabe-
tes. The incremental dental expenditure
associated with diabetes was the differ-
ence between the predicted expendi-
tures between the two groups.

We conducted several subgroup anal-
yses to examine the disparity in dental
expenditures among them including age
(18–64 and $65 years), sex (male and
female), race/ethnicity (Hispanic, non-
Hispanic White, non-Hispanic Black, and
other), income (<100%, 100–199%,
200–399%, and $400% of FPL) and
education level (#high school and
>high school). We estimated the na-
tional expenditure for dental care as-
sociated with diabetes by multiplying
per capita incremental dental expendi-
ture by the national weighted number
of adults with diabetes. The number of
adults with diabetes was estimated
from MEPS, which excludes institu-
tionalized adults, women with gesta-
tional diabetes mellitus, and adults
with undiagnosed diabetes.

All expenditures were adjusted to
2017 USD with use of the Personal
Consumption Expenditure Health (PCE-
Health) deflator (18). All analyses in-
corporated sampling weights and ac-
counted for the complex survey design
of MEPS. Data were analyzed with Sta-
ta (version 14). P values <0.05 were
considered statistically significant.

RESULTS

Of the 46,633 adults included in our
analysis, 5,455 (11.7%) had diabetes.
In comparison with adults without dia-
betes, a larger proportion of those
with diabetes were older (aged $65
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years, 44.0% vs. 17.9%), male (50.4%
vs. 48.0%), and non-Hispanic Black
(15.1% vs. 11.5%); had lower educa-
tion level (#high school, 19.0% vs.
12.7%); and had lower family annual
income (#199% of FPL, 36.5% vs.
25.9%) (Table 1). People with diabetes
were more likely to have other dis-
eases (46.3% vs. 13.8%) and were less
likely to have dental insurance cover-
age (59.0% vs. 68.0%) than those with-
out diabetes.
The mean adjusted annual incremen-

tal dental expenditure associated with
diabetes was estimated at $77, mainly
attributable to incremental expendi-
tures for restorative/prosthetic/surgical
services ($53), followed by diagnostic/
other services ($31) (Table 2; unad-
justed results in Supplementary Table
1). Adults with diabetes had slightly
lower expenses for preventive services
than those without (incremental, �$7).
By payment source, incremental dental
expenditures were paid mainly out of
pocket ($40) followed by private insur-
ance ($30), with much less paid by pub-
lic dental coverage or others ($6).
Figure 1 shows the per capita dental

expenditure associated with diabetes by
population subgroup. Older adults ($65
years) had higher dental expenditures
than younger adults. Among older
adults, those with diabetes had $120
higher expenditure than those without
diabetes compared with $72 incremen-
tal among younger adults. Although
females had higher average dental ex-
penditures than males, incremental ex-
penditures associated with diabetes
were $74 for females and $80 for
males. Non-Hispanic Whites had the
highest dental expenditures, followed
by Hispanics. In comparison with those
without diabetes, non-Hispanic Whites
with diabetes had $97 incremental den-
tal expenditures and Hispanics had $79
incremental expenditures. Dental ex-
penditures increased with family in-
come. In all income groups above the
poverty level, however, people with dia-
betes had higher dental expenditures
than those without ($68 to $104 incre-
mental expenditures). Mirroring income,
higher education was also associated
with larger dental expenditures; incre-
mental expenditure associated with dia-
betes was $90 among those with more
than high school education and $57 for

those with high school education or
less.

We estimated that 25.2 million non-
institutionalized U.S. adults had diabe-
tes. At a $49 unadjusted incremental per
capita dental expenditure in people with
versus without diabetes (Supplementary
Table 1), nationwide, people with diabe-
tes spent $1.2 billion more on dental
care if they did not have diabetes (Table
3). The majority of this ($1.1 billion)
was for restorative/prosthetic/surgi-
cal dental services and was paid out
of pocket ($938 million). After adjust-
ment for sociodemographic character-
istics, health status, and geographic
variables, the estimated national den-
tal expenditure associated with diabe-
tes was $1.9 billion.

CONCLUSIONS

Although previous studies have docu-
mented that adults with diabetes are at
an increased risk of developing oral dis-
eases and thus may have a greater
need and higher expenditures for dental
care, the incremental expenditure of
dental care associated with diabetes
has not been estimated prior to our
study. Our results show that in 2016–
2017, adjusted per capita annual incre-
mental dental expenditure associated
with diabetes was �$77, mainly for re-
storative/prosthetic/surgical services,
and largely paid out of pocket by peo-
ple with diabetes and their families.
Nationwide, the estimated total ad-
justed dental expenditure associated
with diabetes was $1.9 billion. There
were disparities in diabetes-associated
incremental expenditures, with higher
incremental expenditures among older,
non-Hispanic White, wealthier, and
more educated people with diabetes.

The higher total medical expenditures
associated with dental care in adults
with diabetes is a result of a combina-
tion of factors. Consistent with prior
studies (8,9), we found that people with
diabetes were less likely than those
without to have a past year dental visit
(36.5% vs. 42.0%). However, among
those who had at least one visit, people
with diabetes had more dental visits
(2.43 vs. 2.16 annually) and spent more
per visit ($358 vs. $303) than those
without diabetes. Both more visits and
higher expenditure per visit may imply
that among those who access dental

care, dental problems in people with di-
abetes are more severe.

The mix of dental services provided
to adults with diabetes also suggests
that they may have severe dental treat-
ment needs. Of the three types of
dental services, the highest per capita
incremental expenditures ($53) were as-
sociated with restorative/prosthetic/
surgical services, while expenditures on
preventive services were lower. A previ-
ous study reported similar findings: peo-
ple with diabetes were more likely to
receive periodontal care and tooth ex-
tractions while being less likely to re-
ceive preventive dental services (9).
Other studies have found that people
with diabetes are more likely to receive
oral surgery and procedures to replace
missing teeth, e.g., implants—in line with
the established link between diabetes
and periodontitis and between periodon-
titis and tooth loss (19,20).

Increasing receipt of clinical preven-
tive dental services could reduce the se-
verity of dental treatment needs among
adults with diabetes. Fluorides are ef-
fective in preventing caries (21), and
one study suggested that periodontitis
was preventable with routine receipt of
preventive dental care (22). In addition,
good oral hygiene (e.g., brushing with
fluoride toothpaste) is effective in pre-
venting dental caries (23). Less use of
preventive dental services among peo-
ple with diabetes could be due to low
oral health literacy and financial bar-
riers. Previous studies found that many
people with diabetes were unaware of
the oral complications of diabetes and
the need for proper preventive care,
had limited oral health knowledge, and
had poor oral health attitudes (12,24).
One study found that dental care use
among people with diabetes, although
higher than the 36.5% reported in our
study, was still low—just over half
(54%) of people with diabetes had den-
tal visits in the last 12 months (12). Na-
tional data also indicate that diabetes is
associated with higher prevalence of
unmet treatment needs for dental car-
ies and periodontitis (25).

We also found that people with dia-
betes had greater financial barriers (i.e.,
lower household incomes and being
less likely to have dental insurance) to
receiving dental care than did people
without diabetes. Moreover, diabetes-
related incremental dental expenditure
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was mainly paid out of pocket. Dental
services are mostly provided by private
dentists and are financed separately
from medical services (26). One previ-
ous study found that in comparison
with payment sources for clinical serv-
ices, a much larger proportion of dental
services (41% vs. 9%) are paid out of
pocket by patients (27). Higher out-of-
pocket payment could also be a finan-
cial barrier to dental care for people
with diabetes. One study found that

compared with adults without diabetes,
those with diabetes were more likely to
identify cost as the main reason for
avoiding dental visits (24). It is impor-
tant to note that while state Medicaid
programs are an important component
of the medical safety net for many indi-
viduals, Medicaid dental benefits are
both limited and not available in all
states (11). Also, the traditional Medi-
care fee-for-service program does not
cover routine dental services (28).

Our results highlight the importance
of increasing oral health awareness
among people with diabetes, to encour-
age them to seek preventive dental
care and to engage in appropriate pre-
ventive behaviors, which could reduce
dental problems and alleviate incremen-
tal dental expenditures in the long-
term. For improvement of health care
outcomes, the American Diabetes Asso-
ciation recommends having a dentist as
part of the diabetes care team (29). In

Table 1—Characteristics of the study population by diabetes status

Total population (n = 46,633;
weighted n = 246,733,767)

With diabetes (n = 5,455;
weighted n = 25,233,079)k

Without diabetes (n = 41,178;
weighted n = 221,500,688) P‡

Age, years <0.0001
#44 45.67 (0.51) 11.32 (0.68) 49.58 (0.54)
45–64 33.79 (0.39) 44.73 (1.00) 32.54 (0.41)
$65 20.55 (0.40) 43.95 (1.02) 17.88 (0.41)

Sex 0.0142
Male 48.27 (0.27) 50.40 (0.90) 48.03 (0.29)
Female 51.73 (0.27) 49.60 (0.90) 51.97 (0.29)

Race/ethnicity <0.0001
Hispanic 16.04 (0.64) 16.14 (0.96) 16.03 (0.64)
Non-Hispanic White 63.19 (0.80) 60.16 (1.24) 63.53 (0.82)
Non-Hispanic Black 11.85 (0.51) 15.14 (0.82) 11.48 (0.50)
Non-Hispanic other 8.92 (0.43) 8.57 (0.83) 8.96 (0.42)

Education level <0.0001
Some or no high school 13.36 (0.34) 19.00 (0.91) 12.72 (0.34)
High school graduate 29.12 (0.44) 33.25 (1.16) 28.65 (0.46)
At least some college 57.52 (0.60) 47.75 (1.36) 58.63 (0.62)

Married 0.0017
No 47.84 (0.51) 44.62 (1.09) 48.21 (0.54)
Yes 52.16 (0.51) 55.38 (1.09) 51.79 (0.54)

Family annual income <0.0001
Poor (<100% FPL) 10.85 (0.30) 14.33 (0.65) 10.46 (0.30)
Low (100–199% FPL) 16.09 (0.32) 22.12 (0.79) 15.40 (0.34)
Middle (200–399% FPL) 28.78 (0.43) 28.20 (0.95) 28.85 (0.45)
High ($400% FPL) 44.28 (0.63) 35.35 (1.19) 45.29 (0.65)

Dental insurance <0.0001
Some private 53.60 (0.59) 39.53 (1.10) 55.20 (0.60)
Only public 13.51 (0.41) 19.44 (0.80) 12.84 (0.41)
Neither 32.89 (0.48) 41.03 (1.10) 31.96 (0.51)

Dental services use† 41.41 (0.51) 36.48 (0.96) 41.97 (0.51) <0.0001

Current smoker 0.9562
No 86.83 (0.34) 86.79 (0.76) 86.83 (0.36)
Yes 13.17 (0.34) 13.21 (0.76) 13.17 (0.36)

Other diseases§ <0.0001
No 82.89 (0.31) 53.68 (1.03) 86.21 (0.28)
Yes 17.11 (0.31) 46.32 (1.03) 13.79 (0.28)

Geographic region 0.0001
Northeast 17.80 (0.57) 15.86 (0.76) 18.03 (0.61)
Midwest 20.85 (0.66) 21.39 (1.09) 20.79 (0.71)
South 37.59 (0.73) 41.97 (1.23) 37.09 (0.76)
West 23.76 (0.57) 20.77 (1.02) 24.10 (0.76)

Data are weighted % (SE). †Have a past year dental visit. ‡x2 test was used to test the distribution difference of categories between individu-
als with and without diabetes. §Includes heart disease, stroke, diabetes-caused kidney damage, and eye problems. ||Diabetes was identified
by the survey question, “Other than during pregnancy, have you ever been told by a doctor or other health professional that you had diabe-
tes or sugar diabetes?” in MEPS Priority Conditions Enumeration (PE) Section. Also, MEPS only included noninstitutionalized adults.
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addition, interprofessional collaboration
between dentists and primary care pro-
viders might be considered. For exam-
ple, primary care providers could screen
for signs of early oral disease, provide
preventive dental care, and refer people
with treatment needs to the dentist
(30). The Smiles for Life oral health cur-
riculum has been developed to educate
primary care providers to integrate oral
health into their practice (31).
Our results on disparities in dental

care expenditure across subgroups were
consistent with findings from previous
studies. Reda et al. (32) found that indi-
viduals with less education or less

economic resources had less use of den-
tal services. Another study found that
low income was associated with a high-
er rate of dental problems and less use
of dental prostheses among people with
diabetes (33). Also, lower socioeconom-
ic status could contribute to the under-
use of recommended preventive care in
people with diabetes (34).

Previous studies reported that older
adults were more likely to use dental
care than younger adults (35). We
observed higher dental expenditures
among older adults, and incremental
diabetes-related dental expenditures
were higher among them. This could be

due to higher prevalence of dental dis-
ease and the need for more expensive
and complex dental procedures. Older
adults are more likely to have periodon-
tal disease (68% prevalence [36]) and to
have lost all their natural teeth (�20%
[37]). For older adults with diabetes,
these problems could worsen due to
poor glycemic management (38). With
the aging of the population in the U.S.
and the increased prevalence of both di-
abetes and oral diseases in older adults,
dental expenditures associated with dia-
betes among older adults could pose an
increasing financial burden on both indi-
viduals and the nation as a whole.

Table 2—Adjusted‡ per capita annual dental expenditures (SE) in individuals with and individuals without diabetes and
incremental expenditure associated with diabetes in 2017 USD

With diabetes Without diabetes Incremental expenditure§ P

Total 393.24 (24.12) 316.36 (9.17) 76.88 (25.67) 0.003

Dental service type*
Preventive 80.68 (1.62) 87.49 (1.32) –6.81 (2.72) 0.012
Restorative/prosthetic/surgical 201.52 (18.76) 148.21 (3.71) 53.31 (18.35) 0.004
Diagnostic/others 110.37 (14.63) 79.43 (3.64) 30.94 (14.31) 0.031

Payment source
Out of pocket 192.44 (16.25) 152.87 (6.87) 39.57 (15.28) 0.010
Private insurances 166.56 (14.15) 136.73 (3.03) 29.83 (13.87) 0.032
Public/others† 32.75 (2.62) 26.95 (1.32) 5.80 (2.76) 0.036

*Dental service type: preventive, includes cleaning, prophylaxis, polishing, fluoride treatment, and sealant application; restorative/prosthetic/
surgical, includes fillings, inlays, crowns, root canal, implants, bridges, dentures, oral surgery, and periodontal surgery; diagnostic, includes
consultation, X-rays, radiographs, or bitewings; others, includes unidentified dental services and multiple services in one dental visit.
†Payment source: public, includes Medicaid, Medicare, Veterans Administration/Civilian Health and Medical Program of the Department
of Veterans Affairs (CHAMPVA), TRICARE, other federal sources (including Indian Health Service, military treatment facilities, and other care
by the federal government), and other state and local sources (including community and neighborhood clinics, state and local health depart-
ments, and state programs other than Medicaid); others, include workers’ compensation and sources such as automobile, homeowners, and
liability insurance and other miscellaneous or unknown sources. ‡Two-part models were used for all estimations, with adjustment for sociode-
mographic characteristics, health status, and geographic variables. Interaction terms such as diabetes and age-group were included in the
models to control for the interaction effects. Total does not equal the sum of service types or sum of payment sources because of separate
regression estimates. §Two-part models predict the dental expenditures for all adults with and without diabetes—not just for adults with den-
tal visits. The incremental expenditure is the difference between the predicted expenditures of adults with diabetes and those of adults with-
out diabetes.

Figure 1—Estimated per capita dental expenditure (2017 USD) associated with diabetes among adults by population subgroup. Family annual in-
come: poor income (<100% FPL), low income (100–199% FPL), middle (Mid) income (200–399% FPL), and high income ($400% FPL). Age is pre-
sented as<65 or$65 years old. **Significant difference between people with and without diabetes at P = 0.05; *significant difference between
people with and without diabetes at P = 0.10.
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This study was subject to several
limitations. First, both per-person and
aggregated estimates are likely conser-
vative. MEPS does not include individ-
uals residing in nursing homes or other
institutions who may have higher den-
tal treatment needs (39) and who are
also more likely to be older, a risk fac-
tor for diabetes. Similarly, it did not in-
clude dental expenditures incurred by
individuals with undiagnosed diabetes:
�20% of people with diabetes (40).
Second, we conducted a cross-section-
al analysis and examined the associa-
tion between dental expenditure and
diabetes; thus, no causal relationship
should be assumed. Third, we did not
control for dental market conditions,
such as the number of providers per
capita in different geographic regions,
which can influence both dental serv-
ices use and expenditures. Fourth, we
were not able to distinguish types of
diabetes using the MEPS data. Both
type 1 and type 2 diabetes are associ-
ated with an increased risk of oral dis-
eases (2), and future studies may look
at whether diabetes-associated dental
expenditures differ by diabetes type.

To our knowledge, this is the first
study to examine incremental dental ex-
penditures associated with diabetes. Di-
abetes-associated incremental dental

expenditure was estimated to be $77
per person and $1.9 billion for the na-
tion. This incremental expenditure was
largely paid out of pocket and was
mainly for restorative/prosthetic/surgi-
cal services. Incremental expenditures
were higher among older adults, non-
Hispanic Whites, and patients with
higher levels of family income and edu-
cation. Our results fill this missing com-
ponent in the current estimates of total
medical expenditures associated with
diabetes in the U.S. and highlight the
importance of preventive dental care
among people with diabetes.
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