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Abstract
Introduction: As the relationship between periodontitis and type 2 diabetes (T2D) is bidirectional, oral hygiene and compliance
with regular dental visits are especially important for wellness in T2D patients. The United States (US) has been identified as a
high-income country with significant barriers to accessing healthcare due to cost issues and the necessity of enrolling in a health
insurance plan, but level of dental visit compliance and oral health outcomes among diagnosed T2D patients in the US are unknown.
The purpose of this analysis was to estimate the number of diagnosed diabetes patients in the US facing unmet need for oral health
services and suffering from poor oral health outcomes.
Materials and Methods: Data from the Behavioral Risk Factor Surveillance System (BRFSS), a nationally representative health
survey in the US, were used to estimate frequencies of the general population and of diagnosed T2D patients in the US who lacked a
health insurance plan, could not access care in the previous twelve months due to cost, had a most recent dental visit of longer than
one year before the survey, and had lost six or more teeth at the time of the survey.

Results: Approximately 370,000 diagnosed T2D patients were estimated to have been in the US in 2020. While only about 24,000
lacked health insurance and about 41,000 experienced cost barriers, over one third had a most recent dental visit of longer than a
year before the survey, and over one fourth had lost six or more teeth.

Discussion: While T2D patients in the US faced lower barriers to accessing health insurance and healthcare, over a third were out of
compliance with preventive dental care, and over one fourth were experiencing severe dental outcomes. These results highlight the
necessity to expand oral healthcare access to older patients, especially those with T2D, which could happen through an expansion
of public insurance plans to cover oral healthcare as well.

Introduction
The prevalence of type 2 diabetes (T2D) has been increasing
globally, and with it, the burden of suffering (Khan et al., 2020).
Using the Global Burden of Disease (GBD) database, researchers
estimated that the 2017 prevalence of T2D in the United States
(US) was close to 9%, with the burden of suffering estimated
at 1,046 disability-adjusted life years (DALYs) per 100,000 [1].
These estimates were similar to the rates seen in the same study
in European countries such as Germany and the United Kingdom
(UK) [1].
Access to care is especially important for T2D patients, who
face high risks of disability if their condition remains undiagnosed
and/or uncontrolled [2]. The US is different from European
countries in an important way, in that that there are significant
Copyright © All rights are reserved by Hoda M Abdellatif.

barriers to accessing healthcare in the US compared to European
countries as well as Canada. In a 2021 comparison of eleven highincome countries, researchers at the Commonwealth Fund ranked
the US last in access to care [3]. In the US, it has been observed by
many researchers that those diagnosed with T2D face high risk
of disability due to barriers to accessing care, such as not having
health insurance, or having health insurance but still facing cost
barriers, and that these barriers are promoters of disability in this
group [4-6].
Barriers to accessing care increase complications and
subsequent disability in diabetics because their condition
progresses more rapidly [6]. It is estimated that 1.8% of the global
population has a T2D-related lower-extremity complication [2]. In
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the US, 40% of women and 25% of men with T2D report a major
mobility disability, with a high proportion of those facing barriers
to working [5]. T2D patients also face risks of blindness due to
diabetic retinopathy, and optimally, should regularly undergo
preventive screening [7]. Unfortunately, due to barriers accessing
care in the US, a non-trivial proportion of diabetics go undiagnosed,
making them at even higher risk for disability resulting from
uncontrolled T2D [4].

Many articles discussing disability in diabetics neglect to
highlight the impact of barriers to accessing dental care, and the
importance of maintaining oral health in this patient group [4,5,810]. It has been established that T2D and periodontitis, or “gum
disease”, have a bidirectional relationship, in that they are both a
cause and result of each other [8]. Because control of periodontitis
also positively impacts control of T2D, good oral hygiene and
regular dental visits (at least once per year) are recommended
to preserve oral health and prevent tooth loss [9,11]. Yet, one
systematic review showed that T2D patients in general have limited
oral health knowledge and poor oral health behaviors, and another
showed that as quality-of-life (QoL) declined in T2D patients, so did
oral health-related QoL (OHRQoL) [11,12].
Further, in the US, a primary obstacle to accessing healthcare
exists through needing to enroll in a health insurance plan [13,14].
Medicare is a federally-administered public insurance plan that
covers US residents aged 65 and older, and Medicaid is a stateadministered (but federally-supported) health insurance plan
that covers indigent adults and children [15]. While virtually all
US adults aged 65 and over are enrolled in Medicare, and policy
changes have expanded Medicaid to cover a larger proportion of
the population, access to dental care still remains elusive in the
US, as dental insurance is rarely offered through these programs,
and must be purchased independently as a private plan [9,16]. As
a result, in the US population in general, there is a low compliance
with preventive dental care, and there are significant racialized and
socioeconomic disparities in oral healthcare access [9].
The Behavioral Risk Factor Surveillance System (BRFSS) is
an annual cross-sectional anonymous phone health survey done
by the US government (United States Centers for Disease Control
and Prevention, 2021b) [17]. Because the BRFSS uses multi-stage
representative sampling of the national US population, data from
the BRFSS are routinely used to quantify unmet need and access to
care barriers at the population [18,19]. The aim of this analysis was
to estimate the frequency of patients diagnosed with T2D in the US
facing unmet need for oral health services and suffering from poor
oral health outcomes.

Materials and Methods

This study represents a weighted, cross-sectional analysis of
the BRFSS 2020 dataset (United States Centers for Disease Control
and Prevention, 2021b) [17].
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Participants and Setting
The BRFSS 2020 dataset consists of 401,958 records, each
with a set of weighting variables to facilitate estimates of absolute
frequencies of individuals in the US nationally (United States
Centers for Disease Control and Prevention, 2021b) [17]. To
develop national estimates, all records were used in this analysis.

Variables

Seven variables of interest were selected: Two demographic
variables, two variables measuring barriers to access to care, two
variables associated with oral health, and a variable associated with
diagnosed T2D status. (No variables referring specifically to access
to dental insurance were asked in the 2020 core questions of the
BRFSS.)

The two demographic variables were sex (SEXVAR, categorized
into binary “female” and “male” categories), and age group (_AGE_G,
six categories, including adults age 18 to a maximum coded age of
90). The two variables measuring access to care barriers included
the answer of “no” to the question, “Do you have any kind of health
care coverage, including health insurance, prepaid plans such as
HMOs, or government plans such as Medicare, or Indian Health
Service?” (variable HLTHPLN1), and the answer of “yes” to the
question, “Was there a time in the past 12 months when you needed
to see a doctor but could not because of cost?” (variable MEDCOST),
as these variables have been used in other analyses to represent
barriers to access to care [13, 19,20].
The two variables associated with oral health were one oral
health access variable (answering that the last dental visit was
more than 12 months ago to the question, “Including all types of
dentists, such as orthodontists, oral surgeons, and all other dental
specialists, as well as dental hygienists, how long has it been since
you last visited a dentist or a dental clinic for any reason?”, variable
LASTDEN4), and one oral health outcomes variable (answering
“six or more” or “all” to the question, “Not including teeth lost for
injury or orthodontics, how many of your permanent teeth have
been removed because of tooth decay or gum disease?”, variable
RMVTETH4). T2D diagnostic status was determined through the
answer of “yes” to the question, “Has a doctor, nurse, or other health
professional ever told you that you had any of the following? (Ever
told) you had diabetes?” (variable DIABETE4).

Analytic Approach

First, the analytic dataset was prepared using R software
[21]. Next, the analytic file was uploaded to SAS OnDemand for
Academics (ODA) where it was analyzed using PROC SURVEYFREQ
as recommended by BRFSS (SAS OnDemand for Academics, n.d.;
United States Centers for Disease Control and Prevention, 2021a)
[22,23]. Weighted population percentage estimates with 95%
confidence intervals (CI) were calculated for the variables for the
entire US population, and for diagnosed diabetics specifically. These
percentages were applied to the population census total to estimate
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absolute frequencies. The total population estimate from the US
census in 2020 is 331,449,281 (United States Census Bureau, n.d.)
[24].

Results

The 401,958 records in the BRFSS 2020 dataset represented an
unweighted frequency of approximately 260 million US residents
(Table 1). In terms of representativeness of the US population in
the BRFSS, females were slightly overrepresented (51.29% vs
males 48.71%), as were individuals aged 65 and older at 21.92%
compared to the other age groups, which included less than 18% in
each. In terms of access to care, the analysis estimated that 12.31%
of the US population was not on a health insurance plan in 2020,
and 10.61% were not able to access care in the 12 months prior to

the survey due to cost barriers. In terms of oral health, the analysis
estimated that over a third of the US population (34.81%) reported
a most recent dental visit of longer than 12 months ago, and over
10% (13.28%) had lost six or more teeth.
Also in Table 1 are estimates specific to patients diagnosed with
T2D in the US. As can be seen in Figure 1, which provides a chart of
the estimated percentages, T2D patients make up a relatively small
percentage of the US population without health insurance (< 1%
compared to 12% non-diabetics) and not able to access care due to
cost (1% vs. 9% non-diabetics). On the other hand, approximately
one seventh of the US population with a most recent dental visit of
longer than 12 months ago are diabetic (5% diabetics vs. 30% nondiabetics), and over a fourth of the US population having lost six or
more teeth are diabetic (3% diabetics vs. 10% non-diabetics).

Table 1: Estimated Frequencies and Percentages of Individuals in the United States (US) Reporting Barriers to Accessing Medical and
Oral Healthcare by Diabetes Status. Although there are challenges overall with access to medical care in the US, only an estimated
41,000 diagnosed diabetics in the US go without health insurance. Of the estimated 35% of the US population with a most recent
dental visit longer than one year ago, diabetics make up almost 5%, and of the estimated 13% of the US population that has lost six
or more teeth, diabetics make up almost 4%.
All

Category

Sex

Age group

Level

Unweighted
Frequency

Weighted
Frequency

Weighted Percentage (95% Confidence Interval)

Unweighted
Frequency

Weighted
Frequency

Weighted Percentage (95%
Confidence
Interval)

Estimated Population Frequency
with 95% Confidence Interval
(in thousands)

All

401,958

260,408,470

100% (NA)

52,094

28,958,900

369 (361-376)

Female

218,016

133,561,082

51.29% (50.92%51.66%)

27,106

212,297

11.12%
(10.9%11.35%)

Male

183,942

126,847,388

24,988

225,069

187 (182-193)

Age 18 to
24

5.65% (5.48%5.81%)

25,652

31,393,114

295

38,871

44,382

45,225,090

925

62,834

51,971

42,621,840

2,741

99,836

Age 45 to
54

62,033

41,325,747

15.87% (15.6%16.14%)

6,744

137,705

1.83% (1.72%1.93%)

61 (57-64)

Age 55 to
64

78,089

42,757,627

16.42% (16.15%16.68%)

12,580

163,465

2.87% (2.75%2.99%)

95 (91-99)

Age 65 or
older

139,831

57,085,052

21.92% (21.65%22.19%)

28,809

189,700

4.97% (4.79%5.15%)

165 (159-171)

No

34,034

32,047,580

12.31% (12.04%12.58%)

2,672

100,218

0.71% (0.64%0.79%)

24 (21-26)

Age 25 to
34
Age 35 to
44

Current
health
insurance

Diabetics

48.71% (48.34%49.08%)
12.06% (11.78%12.33%)
17.37% (17.07%17.66%)
16.37% (16.09%16.65%)

5.48% (5.32%5.63%)

181 (176-187)

0.13% (0.11%0.16%)

4 (4-5)

0.37% (0.33%0.42%)

12 (11-14)

0.94% (0.87%1.02%)

31 (29-34)
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All

Diabetics

Weighted
Frequency

Weighted Percentage (95% Confidence Interval)

Unweighted
Frequency

Weighted
Frequency

Weighted Percentage (95%
Confidence
Interval)

Estimated Population Frequency
with 95% Confidence Interval
(in thousands)

Category

Level

Unweighted
Frequency

Barriers to
accessing
care

Needed to
see doctor
in last 12
months but
could not
due to cost

34,568

27,626,587

10.61% (10.38%10.84%)

4,686

114,779

1.23% (1.15%1.32%)

41 (38-44)

130,246

90,643,427

20,442

208,431

34,573,306

16,722

157,272

4.62% (4.47%4.78%)

153 (148-158)

66,651

34.81% (34.45%35.17%)

Last dental
visit
Tooth loss
status

Longer
than one
year ago

Lost six or
more teeth

13.28% (13.05%13.51%)

3.35% (3.23%3.46%)

111 (107-115)

Figure 1: Estimated Percentages of United States (US) Population with Barriers to Accessing Medical and Oral

Healthcare and Oral Health Outcomes: Diagnosed Diabetics vs. Non-diabetics. The figure shows how while diagnosed
diabetes patients make up a relatively small percentage of the US population reporting not being on a current health
insurance plan or not being able to see the doctor because of cost in the past 12 months, they make up a relatively
larger percentage of the US population that reports a most recent dental visit of longer than 12 months ago, and having
lost six or more teeth.

Figure 2: Estimated Frequency of Diabetics in the United States (US) with Barriers to Accessing Medical and Oral Healthcare.
Estimates based on the 2020 US population and weighted percentages from Table 1 are graphed (along with 95% confidence
intervals). Approximately 370,000 individuals are estimated to have been diagnosed with diabetes in the US. Among this
group, the most prevalent barrier to care was seen with oral healthcare, in that at least 150,000 US diabetics are estimated to
have not had a dental visit in the past 12 months, and over 100,000 have been estimated to have lost six or more teeth.
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As shown in Table 1, when weighted percentages were applied
to the US population in 2020, the frequency of diagnosed diabetics
in the US was estimated to be almost 370,000 (Figure 2). While there
were an estimated 181,000 female diagnosed diabetics compared
to 187,000 males in the US in 2020, over one third (165,000) fell
in the age category 65 years and over. While only about 24,000
of these patients lacked health insurance, and only 41,000 had
barriers accessing care in the past 12 months due to cost, over one
third (153,000) are estimated to have had a most recent dental
visit of longer than one year before taking the survey, and over one
fourth (111,000) are estimated to have lost six or more teeth at the
time of the survey.

Discussion

This analysis estimated that in 2020, the approximately
370,000 diagnosed T2D patients in the US were suffering from
disproportionate access to care barriers with respect to oral health,
in that while most had health plan coverage and did not face cost
barriers in accessing medical care, over one third were not up-todate on preventive dental visits, and over one fourth had lost six or
more teeth. Diabetics in the US often find themselves in the same
groups experiencing disparities in access to oral healthcare: lowincome, older age, uninsured, or members of a racialized minority or
rural population [9,10]. The findings in this analysis are consistent
with research that suggests that if dental benefits are simply added
to public insurance in the US, dental visit compliance improves and
patients experience fewer access barriers to oral [9, 16].

The results of this analysis highlight the necessity of considering
oral healthcare as a requirement in order to maintain wellness in
diabetics [12, 8]. While this study estimated that over a third of US
diagnosed diabetics are aged 65 and older and therefore likely on
Medicare, it also showed that diabetics make up a disproportionate
number of those going without dental care and experiencing
severe tooth loss. Simply extending dental benefits to diabetics on
Medicare would likely greatly improve these oral health numbers,
as it would likely increase the proportion of US diabetics engaging
in preventive oral health behaviors [12,9]. If that were to happen,
due to the bidirectional influence between oral health and overall
health in diabetics, the rate of diagnosed diabetics in the US where
the condition in controlled would likely increase [8].
Although the BRFSS is a dataset representative of the US
population, which represents a strength, there are important
limitations to this analysis. First, due to the wording of the survey
questions, this analysis could only focus on diagnosed diabetics, thus
biasing the analysis toward those who already have lowered barriers
to accessing care. Second, barriers to access to oral healthcare were
approximated through measures of visit compliance and tooth
loss outcomes; a more accurate measurement would have been
available if the BRFSS had asked a direct question about dental
insurance coverage. Finally, it is not clear what the absolute impact
would be of expanding dental coverage to all diabetics in the US, as

dental care can also be costly in the US, so insurance access may not
remove all barriers [10].

In conclusion, this analysis estimated that of the approximately
370,000 diagnosed diabetics in the US in 2020, over one third were
out of compliance with preventive dental visits, and over one fourth
had lost six or more teeth. As diabetics are at higher risk for poor
oral health outcomes, and regular oral hygiene is an important
part of bringing diabetes under control, these results highlight
the necessity of expanding access to oral healthcare to diabetics in
the US population in order to ensure their overall wellness, and to
reduce their risk of disability as they age.
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