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Introduction: Preventive dental services have been associated with improved
health outcomes. This study expands on previous observations by examining
the relationship between oral healthcare and healthcare outcomes and costs
in a publicly insured population with diabetes.

Methods: Utilization of dental services, healthcare outcomes and costs were
evaluated for New York State Medicaid members with a diagnosis of
diabetes mellitus (DM), ages 42 to 64, who were continuously enrolled
between July 1, 2012 and June 30, 2015. Utilization of dental services
focused on preventive dental care (PDC) and extractions and endodontic
treatment (both indicative of advanced dental infection). Data were analyzed
using regression models with propensity score weighting to control for
potential confounding.

Results: Receipt of PDC was associated with lower utilization rates and costs
compared to members who did not access dental services. The most
pronounced average cost difference was observed for inpatient admissions
at $823 per year for members who had at least one PDC without extraction
or endodontic treatment. Each additional PDC visit received was associated
with an 11% lower rate of inpatient admissions and lower average inpatient
costs by $407 per member. The need for a dental extraction or endodontic
therapy was associated with relatively higher rates and costs.

Conclusions: These findings demonstrate an association between PDC and
improved healthcare outcome rates and lower average costs among
members with DM and suggest a general health benefit associated with the
provision of preventive dental care for persons with DM.
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Introduction

Noncommunicable chronic diseases (NCDs) are the major
cause of morbidity and mortality across the globe (1). A
primary contributor to the onset and progression of NCDs is
systemic inflammation (2). Certain oral diseases, specifically
periodontitis and endodontic infections, are associated with
an intense local inflammatory response and have been
identified as risk factors for several NCDs (3-6). More than
50 such associations have been reported, with the strongest
observed for cardiovascular disease and diabetes mellitus (4, 7,
8). The mechanisms underlying these associations are related
primarily to oral infection eliciting a local, chronic host
inflammatory response with production of pro-inflammatory
cytokines and other mediators, which ultimately gain access to
the circulatory system and contribute to the systemic
inflammatory burden (9). In addition, Gram-negative bacteria
that characterize the periodontal microflora can gain access to
the circulation and contribute directly or indirectly to these
associations (10).

Preventive dental care, specifically periodontal therapy,
has been shown to reduce the incidence of dental disease
and improve oral health-related quality of life (11-13).
Further, treatment of periodontitis has been shown to
improve outcomes associated with NCDs, usually via
evaluation of surrogate markers for progression of disease,
diabetes
mellitus (DM) and endothelial function for cardiovascular

including glycated hemoglobin (HbAlc) for

disease (14, 15). Subsequently, population studies using
commercial insurance data have examined the effect of
dental
procedures that remove the precipitating dental biofilm, on

care, specifically  conservative  periodontal
healthcare costs and clinical outcomes (16). Here we
report for the first time on the relationship between the
use of specific dental services and emergency department
(ED) visits and costs, inpatient admissions (IP) and costs,
pharmacy costs and total adjusted healthcare costs, for
members with DM enrolled in the New York State (NYS)
Medicaid program.

The relationship of DM to oral disease has been extensively
studied. DM is the only recognized chronic disease that is
considered a risk factor for periodontitis, and periodontitis
has been associated with poor glycemic control in patients
with DM (17). Further,

associated with improved glycemic control (18). In addition,

treatment of periodontitis is

many other oral disorders have been associated with DM,
including increased tooth loss, Candida infection and dry
mouth (19). Considering the close relationship between oral
disease and DM, the aim of this study was to evaluate if
utilization of preventive dental care was associated with health
outcomes, including utilization and cost,
Medicaid members with DM.

among NYS
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Methods

A retrospective cohort analysis was conducted using NYS
Medicaid administrative claim and encounter data from July
1, 2012, to June 30, 2015. In the United States, there are two
large government-sponsored health insurance programs.
Medicare is federally funded and is primarily for persons 65
years of age and older. Coverage includes hospitalizations,
physician office visits and prescription medications. Medicaid
is a joint federal and state health insurance program for
persons with limited income. Individual states vary in terms
of eligibility requirements and what services are covered. This
is especially true for dental services. New York State has
relatively robust dental coverage.

The eligible population included adults 42-64 years of age
as of June 30, 2015, who remained enrolled in Medicaid
throughout the study period. Those dually eligible for
Medicare at any point in the study period were excluded as
Medicare claim and encounter data were not available to the
authors. Pregnant women and residents of nursing homes or
other institutionalized settings were also excluded. The 2015
cutoff was chosen due to the introduction of ICD-10 codes in
October of that year. The study protocol was submitted to the
NYS Department of Health Institutional Review Board which
determined the study did not qualify as research involving
human subjects.

Procedure codes for dental services from July 1, 2012, to
June 30, 2014, were used to assign members to dental
utilization groups. Members with DM that received any dental
care', any preventive dental care’ (PDC), preventive dental
care without an extraction and/or endodontic treatment’
(PDC without Ext/Endo), preventive dental care and an
extraction and/or endodontic treatment (PDC with Ext/Endo),
and an extraction and/or endodontic treatment without
dental (Ext/Endo without PDC) were
compared to members who did not receive dental services.

preventive care
Tooth extraction and endodontic treatment are surrogate
indicators of severe dental infection, affecting the oral
mucosal tissue as well as the alveolar bone in which the teeth
are housed. Assignment to the dental treatment groups was
not mutually exclusive.

Identified using Current Dental Terminology (CDT) codes

Preventive Dental care defined as having record of receiving
prophylaxis  (D1110), (D4910) or
procedures (D4341 or D4342)

Extraction and/or Endodontic Treatment defined as having received
endodontic procedures (D3310 - D3999), or extractions (D7140-
D7250)

maintenance non-surgical
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Outcomes in year 3 (July 1, 2014, to June 30, 2015) included
rate of all-cause ED visits, rate of all-cause IP, and the average
cost per member of (1) ED, (2) IP, (3) pharmacy, and (4)
adjusted total healthcare (total costs minus dental costs).
Costs were defined as the total amount paid across Medicaid
fee-for-service (FFS) and Medicaid managed care (MMC)
programs.

Demographic variables included age group; race/ethnicity;
sex; region of residence; type of Medicaid coverage program*
(MMC or FES); receipt of cash assistance from NYS; and
receipt of supplemental security income (SSI). Cash assistance
and SSI serve as proxies for socioeconomic status and
disability, respectively, pursuant to eligibility criteria. Other
covariates included the number of months of Medicaid
enrollment prior to July 1, 2012, eligibility for long-term care
(LTC)® services, obtainment of an annual well-visit® as a
proxy for medical engagement, attribution to a Patient
Centered Medical Home (PCMH) recognized by the National
Committee for Quality Assurance (NCQA®), enrollment in an
NYS Health Home, and underlying health status. PCMHs
provide coordinated and integrated care while those in Health
Homes have chronic and/or behavioral health needs. Both
groups may have better access to dental care and different
healthcare utilization and costs. Health status was based on
clinical risk group (CRG) assignments. Using the 3M™
Clinical Risk Grouping software, members were assigned to
CRGs based on their history of diagnoses, procedures, and
prescriptions (20). A member’s first available CRG assignment
during the study period was used for the adjustment.
Additionally, serious mental illness (SMI) was identified using
Episode Diagnostic Categories (EDCs) from 3M’s CRG
algorithms in combination with diagnosis codes, and
substance use disorders (SUD)’ were identified using
diagnostic and procedural code data. Members with DM were
also identified using EDCs for the study period®.

All-cause ED and IP rates were compared among dental
utilization groups using a multivariable negative binomial
regression model. ED, IP, and adjusted total costs were

Based on the majority of enrollment months, not continuous

enrollment

Evidence of eligibility for non-institutional LTC services, home

healthcare, ICF/DD services, or home- and community-based

services for 4 consecutive months during the study

& CPT codes: 99385, 99386, 99387, 99395, 99396, 99397

7" From the NYSDOH Medicaid Clinical Datamart based on qualification
for Identification of Alcohol and Other Drugs (IAD) HEDIS measure for
calendar years 2012, 2013, and 2014.

® Diabetes EDC codes and descriptions: 424, diabetes; 427, diabetes

juvenile onset; 428, diabetes with circulatory complication
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TABLE 1 Univariate demographics of members with diabetes mellitus.?

Demographics No. (%)
Total 123,023
Age, end of study

42-52 43,055 (35.0)

53-64 79,968 (65.0)
Race/ethnicity

White 25,348 (20.6)

Black 24,112 (19.6)

Hispanic 30,573 (24.9)

Other 27,820 (22.6)

Unknown 15,170 (12.3)
Sex

Male 54,290 (44.1)

Female 68,733 (55.9)
Region

Rest of state 34,542 (28.1)
NYC 88,481 (71.9)

Program
Fee-for-service 3,778 (3.1)

Managed care 119,245 (96.9)

Months enrolled prior to study

Mean (SD) 65 (27.1)
Clinical risk group

0-Healthy non-user 1,521 (1.2)

1-Healthy 2,813 (2.3)

2-Significant acute 644 (0.5)

3-Single minor chronic 1,438 (1.2)

4-Minor chronic in multiple organ systems 854 (0.7)

16,097 (13.1)
78,661 (63.9)
15,112 (12.3)

5-Single dominant or minor chronic
6-Chronic in multiple organ systems

7-Dominant chronic in 3+ organ systems

8-Dominant metastatic malignancies 959 (0.8)

9-Catastrophic conditions 4,924 (4.0)
Long-term care

No 118,741 (96.5)

Yes 4,282 (3.5)
Annual well visit

No 63,804 (51.9)

Yes 59,219 (48.1)
Serious mental illness

No 79,339 (64.5)

Yes 43,684 (35.5)
Substance use disorder

No 103,871 (84.4)

Yes 19,152 (15.6)
Cash assistance

No 74,744 (60.8)

Yes 48,279 (39.2)

(continued)
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TABLE 1 Continued

Demographics No. (%)

Supplemental security income
No 82,380 (67.0)
Yes 40,643 (33.0)
Patient-centered medical home
No 82,602 (67.1)
Yes 40,421 (32.9)
Health Home
No 116,395 (94.6)

Yes 6,628 (5.4)

?Data from July 1, 2012-June 30, 2015.

analyzed using a linear model. Pharmacy costs were examined
using a multivariable marginal zero-inflated Poisson model for
cohorts with a severe inflation at value 0. Otherwise,
pharmacy costs were examined with a multivariable negative
binomial regression model.

To minimize confounding, multivariable logistic regression
models were used to generate propensity scores for each
member within a dental utilization category based on the
independent variables found in Table 1. Variables were
selected using a stepwise approach and retained if significant
(p <0.05). Propensity scores were assigned to quartiles then
entered in models as an independent variable to adjust for the
associations between dental utilization category and outcomes.

In addition, year 3 outcomes were analyzed for a possible
inverse incremental association between the number of PDC
visits in the previous 2 years (the program allows a maximum
of 2 PDC visits in each year, for a maximum of 4 visits in the
first two years of the study). The inverse incremental association
for ED and IP rates was analyzed using a multivariable
negative binomial model while for costs for ED, IP, and
adjusted total healthcare a multivariable linear model was used.
For pharmacy costs, a multivariable normal distribution
regression model was applied. A p value of 0.05 was considered
statistically significant in all models. All analyses were conducted
using SAS version 9.4. This study followed RECORD guidelines
(https:/record-statement.org/checklist.php).

Results

A total cohort of 518,689 members met the inclusion
criteria. Of these, 123,023 had received a diagnosis of DM.
The majority of members with DM were aged 53-64, from a
diverse set of racial/ethnic groups, female, residents of NYC,
and enrolled in MMC (Table 1). Nearly two-thirds of
members were assigned to CRG 6, indicating chronic disease
in multiple organ systems.
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TABLE 2 Dental service categories for members with diabetes mellitus
in the first two years of study.

Dental Service Categories® No. (%)

Total 123,023
56,121 (45.6)
66,902 (54.4)

No dental care (
(
49,197 (73.5)
(
(

Any dental

Any preventive care

Preventive care without Ext/Endo services 32,646 (66.4)
Preventive care with Ext/Endo services 16,551 (33.6)

Ext/Endo services without preventive care 7,877 (11.8)

?Dental service categories are not mutually exclusive.

More than half of the members (54.7%) received dental care
in the first two years of the study (Table 2). Of those members
receiving dental care, 73.5% received at least one PDC service.
Approximately one-third of the members with a PDC also
received Ext/Endo during the first two years of observation.
Further, almost 12% received Ext/End without a PDC visit.

As indicated by the adjusted rate ratio (ARR), significantly
lower ED rates were found for cohorts with PDC (Table 3),
particularly among members who received PDC without Ext/
Endo (ARR =0.96). In contrast, those with Ext/Endo without
PDC had a significantly higher ED visit rate (ARR=1.13). All
dental service cohorts had significantly lower IP rates except
members who received Ext/Endo services without PDC where
no difference was observed compared to members who did
not receive dental care.

Adjusted average ED costs per member were significantly
higher for members with DM who received Ext/Endo without
PDC (Table 4). Lower adjusted average costs for IP
admissions were found for members who received any dental
care (—$590.67), any PDC (—$776.31), PDC without Ext/Endo
(—$823.02) and PDC with Ext/Endo (—$722.62) but not for
members who received Ext/Endo without PDC. Observed
average pharmacy cost differences, though significant, were
small for all dental service cohorts. Adjusted analyses also
found significantly lower total adjusted healthcare costs for
members with DM who received any dental care, any PDC,
and PDC without Ext/Endo, ranging from —$538.84 to —
$983.88 compared to members receiving no dental services.
No differences were seen among the Ext/Endo without PDC
cohort. For both IP and total adjusted healthcare average
costs, the lower costs were most pronounced for members
receiving PDC without Ext/Endo.

Incremental reductions in risks and cost associations were
observed for each additional PDC visit obtained in the first
two years of the study. Specifically, there was a significant 4%
lower ARR for ED and an even lower ARR (11%) for IP
(Table 5). Additional PDC visits received were associated with
small but significantly lower ED costs. On average, IP costs
were also lower for members with each additional PDC (—
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TABLE 3 All-cause ED visit and inpatient admission adjusted rate ratios
for members with diabetes mellitus.?

Outcome” ARR (95% CI)

Emergency department visits

Any dental 1.03 (1.02, 1.04)
Any preventive care 0.96 (0.94, 0.97)
Preventive care without Ext/Endo 0.93 (0.92, 0.95)
Preventive care with Ext/Endo 1.00 (0.98, 1.02)
Ext/Endo without preventive care 1.13 (1.10, 1.15)

Inpatient admissions

Any dental 0.89 (0.88, 0.91)
Any preventive care 0.82 (0.80, 0.84)
Preventive care without Ext/Endo 0.80 (0.77, 0.82)
Preventive care with Ext/Endo 0.85 (0.82, 0.88)
Ext/Endo without preventive care 1.00 (0.96, 1.04)

ARR, adjusted rate ratios; Cl, confidence interval.

20utcomes data from July 1, 2014 to June 30, 2015 (Study Year 3).
POutcomes for each dental service cohort were compared to members with
no dental care.

$407.58) as well as total adjusted healthcare cost (—$665.74).
There were no observed differences in pharmacy costs.

Discussion

A primary purpose of preventive dental care is to remove
the biofilm that elicits the inflammatory and immune
response that characterizes periodontal disease. Adherence to
a regular schedule of professional preventive care visits has
been associated with a reduction in the occurrence and
progression of periodontal disease and improved health
outcomes including a reduction in the risk of incident type 2
DM (21, 22). In addition, a study from Sweden followed
persons referred for periodontal treatment for a mean of 21.7
years and found that a poor response to retreatment was
associated with a 39% increased risk of developing DM (23).

This study examined the relationship between the utilization
of dental care services and healthcare outcomes and costs for
NYS Medicaid members with DM. The use of PDC was
associated with a lower risk of ED and IP, while extraction or
endodontic treatment, both indicative of an advanced dental
infection, were generally associated with higher ED/IP
utilization and healthcare costs among members with DM.
The beneficial effects of PDC were most pronounced for IP
which account for approximately two-thirds of the healthcare
costs for persons with NCDs (24).

We found lower ED/IP utilization and costs for members with
DM who received PDC compared to members with DM who did
not receive dental care, with greater reductions as the number of
preventive care visits increased. In an earlier publication from this
analysis, we observed improved healthcare outcomes in the entire
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TABLE 4 Adjusted differences (or adjusted relative risks) in average
cost per member with diabetes Mellitus by outcome.?

Outcome” Cost or ARR (95% CI)

Emergency department

Any dental

Any preventive care

Preventive care without Ext/Endo
Preventive care with Ext/Endo

Ext/Endo without preventive care

Inpatient admissions

Any dental

Any preventive care

Preventive care without Ext/Endo
Preventive care with Ext/Endo

Ext/Endo without preventive care

Pharmacy®

Any dental

Any preventive care

Preventive care without Ext/Endo
Preventive care with Ext/Endo

Ext/Endo without preventive care

Total adjusted healthcare

Any dental

Any preventive care

Preventive care without Ext/Endo
Preventive care with Ext/Endo

Ext/Endo without preventive care

$13.19 (—6.51, 32.88)
-$3.53 (—25.14, 18.06)
-$4.39 (—30.07, 21.29)
-$5.20 (—26.91, 16.51)
$31.27 (1.14, 61.40)

-$590.67 (—769.34, -412.00)
-$776.31 (—-964.97, -587.65)
-$823.02 (—1,035.80, -610.23)
-$722.62 (—1,011.96, -433.27)
-$326.91 (=730.23, 76.41)

2.77 (2.76, 2.78)
0.44 (0.43, 0.44)
0.30 (0.30, 0.31)
1.09 (1.07, 1.12)
1.10 (1.06, 1.14)

-$538.84 (—985.15, -92.53)
-$881.77 (—1,359.11, -404.42)
-$983.88 (—1,529.73, -438.02)
-$820.37 (—1,547.08, -93.66)
-$141.37 (—1,147.25, 864.51)

ARR, adjusted relative risk; Cl, confidence interval.

2Outcomes data from July 1, 2014 to June 30, 2015 (Study Year 3).
POutcomes for each dental service cohort were compared to members with
no dental care.

“Estimated adjusted relative risk associated with specified dental services
compared to no dental care using a multivariable marginal zero-inflated
Poisson or multivariable negative binomial regression model.

TABLE 5 Adjusted relative risk or average costs for each additional
preventive dental care visit received in the first two study years.?

Outcome Cost or ARR (95% CI)

Utilization adjusted relative risk

ED visits 0.96 (0.95, 0.97)
Inpatient admissions 0.89 (0.87, 0.90)
Average costs per member

ED visits -$13.06 (—22.02, -4.11)
Inpatient admissions -$407.58 (—488.02, -327.14)
Pharmacy $32.73 (—38.34, 103.79)

Total adjusted healthcare -$665.74 (—850.37, -481.11)

ARR, adjusted relative risk; Cl, confidence interval.
20Outcomes data from July 1, 2014 to June 30, 2015 (Study Year 3).

Medicaid population ages 42-64 years, albeit to a lesser degree
(25). As an example, the effect of an additional PDC visit was
associated with a reduction in the relative risk of 3% for an ED
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visit and a 9% reduction in IP. For members with DM, these
percentages were 4% and 11%, respectively, demonstrating a
larger percentage reduction in health benefits among members
with DM. A comparison between the entire cohort and
members with DM suggests that the improved outcomes
observed for the entire cohort may be driven by members with
NCDs who utilize preventive dental services. Therefore, a
targeted preventive dental benefit for individuals with DM is
one possible approach to improve health outcomes and reduce
healthcare costs in a high-risk population.

The relationship of non-surgical periodontal treatment to
health outcomes for persons with DM has been reported
previously. (26-28). Jeffcoat et al. found reductions in both
total cost and hospitalizations for persons with type 2 DM,
coronary artery disease, cerebral vascular disease, and
pregnancy conditions (but not rheumatoid arthritis), ranging
11% to 74% (26). Nasseh et al

relationship of periodontal therapy to both healthcare costs

from examined the
and utilization for patients with DM, finding reductions over
two years for total DM-related healthcare costs (—$408) and
total healthcare costs (—$1799) (27). Another study (21)
analyzed Dutch insurance data for the effect of periodontal
treatment on healthcare costs for persons with DM. Total
healthcare costs in the year following receipt of periodontal
services were significantly reduced as compared to costs
among those who did not receive such services.

While it is reasonable to postulate that individuals who receive
regular dental care may also lead healthy lifestyles, evidence also
indicates that removal of dental biofilm and non-surgical
periodontal therapy can also have important health benefits.
Studies have indicated that conservative periodontal therapy is
associated with a reduction in serum markers of inflammation
(29-31). Receipt of non-surgical periodontal therapy resulted in
a significant decrease in glycated hemoglobin, a surrogate
marker of progression of diabetes (32, 33).

In this study, we observed Medicaid members with DM who
required Ext/Endo without PDC services had increased
utilization and costs compared to those who did not receive
dental care. In adults, most tooth extractions are related
directly or indirectly to oral infection, including caries (46%),
periodontal disease (32%), failed endodontic treatment (7%)
and fracture of the tooth root (4%) (34). Similar findings
were reported in another study, where periodontal disease
and/or caries accounted for two-thirds of extractions of adult
teeth (35).

There are a number of strengths of this study. This is the
first report to evaluate these relationships for a large publicly
insured population with a heavy oral disease and systemic
disease burden. Furthermore, studies cited above (26-28)
adjusted for a limited number of potential confounders, while
this analysis allowed for adjustment for 15 epidemiologic,
and financial variables, and

demographic, healthcare

compared members with DM who did and did not receive
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dental care. In addition, unlike the studies cited above, here
the effect of surrogate markers of advanced oral infection
(tooth extraction and endodontic therapy) on health outcomes
was also considered. Further, our analysis identified an inverse
incremental association between PDC visits and both health
outcomes and costs.

There are limitations of this study, including the absence of
data regarding smoking habits, weight, and physical activity. In
addition, dental claims and encounter data do not contain
diagnostic codes to identify the nature of the oral disease.
Clinical dental services rely upon clinical procedure codes,
and while dental diagnostic codes to identify the nature of the
oral disease have been developed (36, 37), they are not widely
used or reported.

One practical consideration in this field of investigation is the
decision by several dental insurance companies to provide
enhanced preventive dental care visits to individuals with
certain chronic diseases including DM. This decision was based
on their data, similar to what is reported here, suggesting
improved health outcomes for insured individuals with one or
more chronic diseases who received preventive dental care (38).

Conclusions

The relationship between DM and oral diseases has been
extensively studied, and DM remains the only chronic disease
that is a risk factor for periodontitis (39, 40). This study and
(26-28) the
importance of interprofessional care, including oral healthcare,
for persons with DM (41).

Further, this study provides evidence to support the

similar studies noted earlier emphasize

inclusion of preventive dental care in a comprehensive
healthcare plan for adults, here demonstrated for persons with
DM. In addition to improving oral health and oral health-
related quality of life (42, 43), the provision of such services is
associated with reduced utilization of medical services and
reduced healthcare costs. At a time when achieving such
outcomes is a national concern, this finding offers a novel
approach for populations with a heavy disease burden.
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