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ABSTRACT

Introduction Periodontitis has been considered a sixth
complication of diabetes. The aim of this study was to
assess the impact of periodontal treatment on diabetes-
related healthcare costs in patients with diabetes.
Research design and methods A retrospective analysis
was done, exploiting unique and large-scale claims data
of a Dutch health insurance company. Data were extracted
for a cohort of adults who had been continuously insured
with additional dental coverage for the years 2012-2018.
Individuals with at least one diabetes-related treatment
claim in 2012 were included for analysis. A series of panel
data regression models with patient-level fixed effects
were estimated to assess the impact of periodontal
treatment on diabetes-related healthcare costs.

Results A total of 41598 individuals with diabetes (age
range 18—100 years; 45.7% female) were included in the
final analyses. The median diabetes-related healthcare
costs per patient in 2012 were €38.45 per quarter (IQR
€11.52—€263.14), including diagnoses, treatment,
medication and hospitalization costs. The fixed effect
models showed €12.03 (95% Cl —€15.77 to —€8.29)
lower diabetes-related healthcare costs per quarter of a
year following periodontal treatment compared with no
periodontal treatment.

Conclusions Periodontitis, a possible complication

of diabetes, should receive appropriate attention in
diabetes management. The findings of this study provide
corroborative evidence for reduced economic burdens due
to periodontal treatment in patients with diabetes.

INTRODUCTION

The incidence, prevalence, progression and
severity of periodontitis have been shown to
be higher in individuals with diabetes." The
prevalence of periodontitis in individuals
with diabetes is 2 to 3 times higher than in
individuals without diabetes.? * Moreover,
diabetes and periodontitis appear to have a
bi-directional relationship.*® Individuals with
diabetes are more likely to have more severe
periodontitis. Furthermore, individuals with
diabetes who also suffer from periodontitis,
exhibit more difficulties to stabilize metabolic
control, and they develop other diabetes
complications more frequently.! Partly
because of this, it was previously suggested to

! Stefan Listl,"? Adelina S Plachokova,®

Significance of this study

What is already known about this subject?

» Type 2 diabetes and periodontitis have a bi-
directional relationship.

» Treatment of periodontitis may lead to lower hemo-
globin A1c values in individuals with type 2 diabetes.

What are the new findings?

» Periodontal treatment may lead to a €12 reduction
of diabetes-related healthcare costs per patient per
quarter of the year.

» More advanced periodontal treatment may lead to
higher reductions in diabetes-related healthcare
costs.

» Mainly individuals on insulin therapy may benefit fi-
nancially from periodontal treatment.

How might these results change the focus of

research or clinical practice?

» These findings underscore the potential importance
of periodontal treatment in individuals with diabetes.

» They may support initiatives to promote additional
attention to the periodontal status of individuals with
diabetes and to raise more awareness for the bene-
fits of periodontal treatment.

consider periodontitis the sixth complication
of diabetes.’

Reviews of intervention studies show moder-
ately decreasing effect on HbAlc,””® although
others found contradictory results.” '° This
inconsistency may be explained by differ-
ences in the investigated periodontal treat-
ment and definition of periodontitis in the
primary studies.” ® If periodontal treatment
indeed lowers HbAlc levels, this could lead
to better glycemic control and fewer diabetes-
related complications. In turn, this could lead
to lower healthcare utilization, such as hospi-
talizations or emergency room visits, and
thereby a reduction in the healthcare costs.

The existing evidence on the impact of
periodontal treatment on healthcare costs
remains unclear. Two cost-effectiveness
studies using simulated data suggest that
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non-surgical periodontal treatment and lifetime mainte-
nance treatment may be cost saving, due to health bene-
fits attributable to HbAlc reductions in patients with type
2 diabetes.'" '* A recent review on periodontal treatment
and impact on healthcare costs in patients with diabetes
identified only three published studies, all from the
USA." One study suggested that overall healthcare costs
increased by US$19 per person per month,'* whereas
the other two studies showed that overall healthcare
costs decreased by US$75" and US$237'° following peri-
odontal treatment. Uncertainty remains on the impact
of periodontal treatment on diabetes costs, and there is
a paucity of empirical evidence from outside the USA,
certainly also for the Netherlands.

In the Netherlands, as well as the rest of the world, the
prevalence of diabetes has been increasing for years."”
As a consequence, the diabetes-related healthcare costs
have been increasing as well, from €807 million in 2005
to €1.55billion in 2015." If the suggested benefit of peri-
odontal treatment on diabetes-related outcomes is true,
this may be an efficient way to improve the health of
patients with diabetes, and reduce the healthcare costs.
We therefore aimed to assess whether periodontal treat-
ment has an influence on diabetes-related healthcare
costs in Dutch patients with diabetes. We hypothesized
that people with diabetes will have lower diabetes-related
healthcare costs following periodontal treatment.

METHODS

Retrospective  analyses were undertaken, exploiting
anonymized claimslevel administrative data spanning a
7year period from 2012 to 2018 from the Achmea Health
Database. The ‘Achmea Health Database’ is the private data-
base created by the insurance company Achmea for research

purposes.

Data source and population

Claims data were obtained from individuals (=18years) who
were continuously insured with additional dental coverage
from 2012 to 2018 at Achmea. Achmea provides a wide
range of health, life and non-ife insurances. In the Neth-
erlands, everyone is obliged to have healthcare insurance.
Dental healthcare costs are not part of the standard coverage
and should be additionally insured to be reimbursed. From
all the individuals, all reimbursement costs and number of
claims for periodontal treatment and diabetes-related health-
care were extracted per quarter of a year for the period of
2012-2018. Additionally, data on age (in 5-year categories),
gender and socioeconomic status (SES) were extracted. Due
to privacy regulations, these personal characteristics were
only extracted for 2012 and were therefore fixed variables for
the remainder of the follow-up. All individuals who received
at least one reimbursement for diabetesrelated healthcare
in 2012 were included in the study population. Thereafter,
all individuals who did not receive any additional reimburse-
ments for diabetesrelated healthcare in the remainder of
the study period (2013-2018), or without reimbursement for

glucose-lowering drugs in 2012 were excluded from analysis.
We assumed that these excluded individuals do not actually
have type 1 or 2 diabetes. As such, they did not fall within the
scope of this research.

Exposure of interest

We assumed that patients had periodontitis if they received
any periodontal treatment. In the Netherlands, the Dutch
Periodontal Screening Index (DPSI) is used to screen for
periodontitis. DPSI is an internationally validated index, and
individuals with DPSI scores 0, 1 and 2 are classified as having
no periodontitis (category A), those with DPSI score 3- as
having mild periodontitis (category B; periodontal pocket
depths of 4-5mm) and subjects with DPSI scores 3+ and 4 as
having severe periodontitis (category C; periodontal pockets
depths of 26mm in combination with clinical attachment
loss)."” Patients with DPSI category B and C proceed further
to comprehensive periodontal examination with periodontal
chart and radiographs, and are eligible for periodontal treat-
ment. For reimbursement, periodontal treatment codes are
used (see online supplemental etable 1). These codes are
based on the comprehensive periodontal examination and
stand for initial periodontal therapy, periodontal surgery,
supportive/maintenance periodontal therapy with different
durations of the follow-up sessions (ie, short, normal and
long), and treatment of periodontal complications, such
as periodontal abscess. For purposes of secondary anal-
yses, the periodontal treatment codes were classified into
intermediate and advanced periodontal treatment based
on the level of comprehensiveness of the treatment itself.
Intermediate periodontal treatment was defined as any
reimbursement for initial periodontal treatment, short term
and normal follow-up sessions. Advanced periodontal treat-
ment was defined as any reimbursement for periodontal
surgery, long follow-up sessions and treatment of periodontal
complications.

Outcome of interest

Diabetes-related healthcare costs were based on reimburse-
ment codes related to diabetes diagnosis, treatment, medi-
cation and hospitalizations (see online supplemental etable
2). Hospitalizations included codes related to inpatient
stays, outpatient visits related to diabetes and diabetic foot
or eye complications. For secondary analyses, three mutually
exclusive categories were created based on diabetes medica-
tion use in 2012: only metformin; other oral blood glucose-
lowering drugs (which may include use of metformin in
combination with other drugs) and insulin. These groups
are based on the medication treatment steps recommended
in Dutch diabetes guidelines.”

Statistical analysis

Descriptive statistics were used to describe the popula-
tion. Frequencies and percentages were reported for
categorical variables, and median and IQRs for the vari-
ables regarding healthcare costs. Wilcoxon rank-sum
test and x? test were used to assess differences between
people with and without any reimbursement for peri-
odontal treatment in 2012-2018.
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To assess the possible association between periodontal
treatment and total diabetes-related healthcare costs, a
regression model was performed. To control for unob-
served (time-invariant) individual characteristics, we
estimated a panel regression fixed effects model. Compu-
tationally, this was implemented via the Stata command
‘xtreg’. This model is based on individual, longitudinal
data.”! Periodontal treatment was the independent vari-
able. Once a person received any reimbursement for peri-
odontal treatment, the person was classified as receiving
periodontal treatment from the next quarter of a year on
for the remainder of the follow-up. The primary outcome
was total diabetes-related healthcare cost per quarter of
a year. In secondary analyses, periodontal treatment was
classified in intermediate and advanced treatment to
assess how this affected the total diabetes-related health-
care costs. P values <0.05 were considered to be statisti-
cally significant. All analyses were performed in Stata/
SE V.14.2.

Sensitivity analyses

Several sensitivity analyses were performed. First, models
with secondary outcome variables diabetes medication-
related healthcare costs and non-medication-related
healthcare costs were performed to assess if some costs
were more affected than others by periodontal treat-
ment. Second, the regression models were performed

separately for each diabetes medication category to assess
whether some patient groups were more affected than
others. Third, for the fixed effect regression models it
was determined whether the time lag between receiving
the first periodontal treatment reimbursement and the
coding of this variable had any influence. For this, the
time lag was expanded to two quarters (equals 6 months)
and four quarters (equals 1 year). Finally, the primary
fixed effect models were repeated for subsamples of
the population regarding age (<65 years vs >65 years),
gender (male vs female) and SES (very low-low vs neutral-
high-very high).

RESULTS

In total, 934704 adults were observed for the whole
period of 2012-2018. Of these, 43678 received a reim-
bursement for diabetes-related healthcare costs. After
exclusion of 1212 individuals with no diabetes-related
claims in the follow-up period of 2013-2018 and 868
individuals without claims for glucose-lowering drugs in
2012, a study population of 41598 individuals remained
(figure 1). Most individuals were in the 50-75 years age
categories in 2012 (70%), and 54% were men (table 1).
Median total diabetes-related healthcare costs per person
ranged from €38.45 to €59.17 per quarter between
2012 and 2018, and median periodontal treatment costs

Adults insured at Achmea 2012-2018: 934,704

No diabetes-related costs reimbursed
2012-2018: 891,026

h 4

43,678

Diabetes-related costs reimbursed 2012-2018:

Assumed no type 1 or type 2 diabetes:
- No diabetes-related costs
reimbursed after 2012:1,212

- No glucose-lowering drugs in 2012:
868

3

Total study population: 41,598

Figure 1

Flow chart of included and excluded people from the original sample.
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Table 1 Baseline characteristics of study population

People with periodontal

People without

periodontal treatment

Total study population treatment in 2012-2018 in 2012-2018
(n=41598) (n=8188) (n=33410) x2 p value
Gender, No. (%)
Men 22605 (54.3) 4721 (57.7) 17884 (53.5) <0.001
Women 18992 (45.7) 3467 (42.3) 15525 (46.5)
Unknown 1(0.0) 0(0.0) 1(0.0)
Age, No. (%), years
18-25 475 (1.1) 36 (0.4) 439 (1.3) <0.001
25-30 460 (1.1) 55 (0.7) 405 (1.2)
30-35 666 (1.6) 101 (1.2) 565 (1.7)
35-40 1139 (2.7) 212 (2.6) 927 (2.8)
40-45 2198 (5.3) 427 (5.2) 1771 (5.3)
45-50 3513 (8.5) 778 (9.5) 2735 (8.2)
50-55 4867 (11.7) 1152 (14.1) 3715 (11.1)
55-60 6120 (14.7) 1356 (16.6) 4764 (14.3)
60-65 6977 (16.8) 1518 (18.5) 5459 (16.3)
65-70 6752 (16.2) 1323 (16.2) 5429 (16.3)
70-75 4357 (10.5) 703 (8.6) 3654 (10.9)
75-80 2621 (6.3) 365 (4.5) 2256 (6.8)
80-85 1161 (2.8) 136 (1.7) 1025 (3.1)
85-90 263 (0.6) 22 (0.3) 241 (0.7)
90-95 28 (0.1) 3(0.0) 5(0.1)
95-100 1 (0.0 1(0.0) 0(0.0)
SES, No. (%)
Very low 9362 (22.5) 2141 (26.2) 7648 (21.6) <0.001
Low 10256 (24.7) 2249 (27.5) 7148 (24.0)
Moderate 3976 (9.6) 929 (11.4) 3047 (9.1)
High 8516 (20.5) 1368 (16.7) 8007 (21.4)
Very high 9070 (21.8) 1422 (17.4) 7221 (22.9)
Unknown 418 (1.0) 79 (1.0 339 (1.0)
Diabetes medication in 2012, No. (%)
Only metformin 14534 (34.9) 2985 (36.5) 11549 (34.6) 0.001
Other oral DM 13254 (31.9) 2605 (31.8) 10649 (31.9)
medicationt
Insulin 13810 (33.2) 2598 (31.7) 11212 (33.6)
Diabetes-related healthcare costs per patient per quarter, median (IQR), €
2012 38.45 (11.52-263.14) 33.14 (10.90-257.83) 40.22 (11.67-264.72) 0.003
2013 41.00 (11.64-267.60) 34.37 (11.13-267.79) 42.48 (11.78-267.50) 0.023
2014 44.42 (12.76-262.91) 38.17 (12.29-263.01) 46.04 (12.90-262.87) 0.016
2015 47.11 (13.10-228.39) 40.87 (12.36-227.87) 48.53 (13.27-228.44) 0.009
2016 59.17 (14.80-248.21) 50.47 (14.25-246.40) 61.57 (14.93-248.34) 0.040
2017 39.29 (4.88-225.60) 34.09 (4.86-230.04) 40.41 (4.89-224.56) 0.597
2018 46.58 (5.04-223.62) 40.08 (5.09-226.32) 47.89 (5.03-223.01) 0.773
Periodontal treatment costs per patient per quarter, median (IQR), €*
2012 29.74 (17.00-41.09) 29.74 (17.00-41.09) 0 (0.0-0.0) <0.001
Continued
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Table 1 Continued
People without
People with periodontal periodontal treatment

Total study population treatment in 2012-2018 in 2012-2018

(n=41598) (n=8188) (n=33410) 2 p value
2013 29.06 (15.39-41.04) 29.06 (15.39-41.04) 0 (0.0-0.0) <0.001
2014 31.94 (16.86-42.97) 31.94 (16.86-42.97) 0 (0.0-0.0) <0.001
2015 30.83 (16.25-43.60) 30.83 (16.25-43.60) 0 (0.0-0.0) <0.001
2016 30.13 (20.02-45.19) 30.13 (20.02-45.19) 0 (0.0-0.0) <0.001
2017 30.66 (20.37-45.98) 30.66 (20.37-45.98) 0 (0.0-0.0) <0.001
2018 31.50 (20.93-47.24) 31.50 (20.93-47.24) 0 (0.0-0.0) <0.001

*Periodontal treatment costs only for those with periodontal treatment.

TMay include metformin in combination with other oral blood glucose-lowering drugs.

DM, diabetes mellitus; NA, not applicable; SES, socioeconomic status.

per person ranged from €29.06 to €31.94 per quarter
between 2012 and 2018. Descriptive analysis between
people with reimbursement for periodontal treatment in
2012-2018 and those without showed significant differ-
ences for gender, age, SES, diabetes medication catego-
ries in 2012 and total diabetes-related healthcare costs for
all years between 2012 and 2016.

The fixed effects models showed a significant reduc-
tion in total diabetes-related costs of —€12.03 (95%
CI -€15.77 to —€8.29) (p<0.001) per quarter year in
patients after periodontal treatment compared with no
periodontal treatment (table 2, figure 2). Secondary
analyses showed larger reductions for the advanced peri-
odontal treatment group compared with the interme-
diate periodontal treatment group.

The first sensitivity analysis showed increased
medication-related healthcare costs and decreased non-
medication-related healthcare costs after periodontal
treatment, respectively €4.92 (95% CI €3.93 to €5.91)
(p<0.001) and —€16.95 (95% CI —€20.53 to —€13.37)
(p<0.001) per patient per quarter. The second sensitivity
analysis showed significantly increased total diabetes
healthcare costs for the ‘only metformin’ (€7.38 (95%
CI €4.38 to €10.37), p<0.001) and the ‘other blood
glucose-lowering drugs’ group (€13.56 (95% CI€8.51 to
€18.61), p<0.001), whereas significantly decreased costs
were found for the ‘insulin’ group (—€58.09 (95% CI

Table 2 Fixed effect regression analysis

Model Coefficient 95% CI P value
Any periodontal -€12.03 —€15.77 to —€8.29 <0.001
treatment

Intensity of periodontal treatment

Intermediate —€8.04 -€12.80to —€3.28 0.001
periodontal

treatment

Advanced -€16.06 -€21.01to <0.001
periodontal —€11.11

treatment

—€67.83 to —€48.35), p<0.001). Further sensitivity anal-
ysis showed that different time lags between receiving the
first periodontal treatment and coding of this variable
did not lead to relevant changes of the association. More
details on the results of the sensitivity analyses and the
analyses in subsamples of the study population can be
found in online supplemental etable 3 and etable 4.

DISCUSSION

The findings of this study suggest a significant reduc-
tion of around —€12 in the quarterly diabetes-related
healthcare costs per person following periodontal treat-
ment in individuals with assumed diabetes. Furthermore,
the findings indicate that more advanced periodontitis
treatment may result in higher benefits, the benefits are
mainly attributable to non-medication-related health-
care costs, and that different patient groups may benefit
differently from periodontal treatment.

The findings presented in this study are in line with
two previous claims data studies showing reductions in
(diabetes-related) healthcare costs for patients with
diabetes after receiving periodontal treatment,"” '°
although our results show smaller reductions. This may
be explained because of differences in study design or
context. The study by Nasseh et al'® focused on patients
with newly diagnosed diabetes, and the reported diabetes
healthcare costs were much higher than observed in
the current study. The study by Jeffcoat et al'® defined
periodontal treatment as receiving more than three
periodontal treatments compared with three or less peri-
odontal treatments as the control group. Both studies,
however, suggest lower diabetes-related healthcare costs
after periodontal treatment in patients with diabetes.
This was confirmed by a recent cost-effectiveness study
showing that providing periodontal treatment to patients
with type 2 diabetes would be cost saving.'?

Besides the overall finding that periodontal treatment
reduces overall diabetes-related healthcare costs, these
findings suggest that individuals receiving advanced
periodontal treatment benefit more than individuals

BMJ Open Diab Res Care 2020;8:€001666. doi:10.1136/bmjdrc-2020-001666
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Fixed effect regression models

Effect size [95%Cl]

Total diabetes-related costs —_— €-12.03 [€-15.77; €-8.29]
Intensity periodontal treatment
Intermediate —_— €-8.04 [€-12.8; €-3.28]
Advanced —_—-— €-16.06 [€-21.01; €-11.11]
€-50.00 €-40.00 €-30.00 €-20.00 €-10.00 €- €10.00 €20.00

Difference in healthcare costs per quarter of a year

Figure 2 Fixed effects regression models for periodontal treatment and total diabetes-related costs, including secondary

analyses for intensity of periodontal treatment.

receiving intermediate periodontal treatment. The dose-
response relation between periodontitis and diabetes may
play a role here.”” Possibly people receiving advanced
periodontal treatment have more severe periodontitis
and may benefit more from this treatment. More severe
periodontitis may have a greater impact on diabetes
status as well.

The overall reduction of diabetes-related costs through
periodontal treatment seems to be largely attributable to
patients receiving insulin but not to patients receiving
metformin or other oral blood glucose-lowering drugs.
It should be noted that the costs of metformin became
lower in 2017 and 2018, which partly explains the lower
diabetes costs overall in these years. According to Dutch
type 2 diabetes guidelines, insulin is the third and final
step in pharmacotherapy after metformin and sulfo-
nylurea derivatives.”” It may be that the effect of peri-
odontal treatment is dependent on diabetes severity,
that is patients with more severe diabetes (who receive
insulin medication) benefit more from periodontal treat-
ment compared with those with less severe diabetes (who
receive metformin or other oral blood glucose-lowering
drugs). However, itshould be mentioned that the diabetes
medication groups were based on medication reimburse-
ment claims in 2012. Patients can switch from medica-
tion regime, which was not controlled for in this study.
The observed effect of periodontal treatment resulting
in increased diabetes-related costs for patients receiving
metformin or other oral blood glucose-lowering drugs
may reflect adaptations in the diabetes management
regime.

Besides lowering HbAlc levels and financial benefits
of periodontal treatment in individuals with diabetes,””
periodontal treatment could also have additional bene-
fits. Severe periodontitis is linked to a higher risk of
diabetes complications,” and it might be hypothesized
that treatment of periodontitis and improving the peri-
odontal status may lead to a lower risk of these complica-
tions. A retrospective study in Taiwan found lower rates
of cardiovascular disease among individuals with diabetes
and advanced periodontal treatment compared with
those with non-advanced periodontal treatment.”* In
addition, periodontal treatment in patients with diabetes
has been associated with improved quality of life and
higher diabetes treatment satisfaction.”” ** Periodontal

treatment in individuals with diabetes may therefore be
beneficial on multiple outcomes.

The findings of this study support the integration of
medical and dental healthcare, especially in patients
with diabetes. The Dutch guidelines for type 2 diabetes
already suggest short oral health checks during the yearly
diabetes visit and recommends to advice patients with
diabetes to see the dentist twice a year.”’ The current
findings contribute to the evidence for these statements
and might even suggest to raise more awareness for peri-
odontitis as the sixth complication of diabetes. Vice versa,
the dentist could play an important role by assessing
diabetes risk in high-risk patients such as those with peri-
odontitis. Easy screening tools for diabetes exist, such as
the Finnish Diabetes Risk Score,27 and could be included
in standard patient evaluations.® Possibly, the develop-
ment and advancement of electronic decision support
systems might provide unique and novel opportunities
for integrated management of patients with diabetes and
periodontitis.*

The present study has some strong features to be
mentioned. First, it used a large database including all
insured individuals at one of the largest health insurers
in the Netherlands. In total, almost 1 million individuals
were included in the original sample, which is almost
6% of the total Dutch inhabitants. Then, we included
all individuals with assumed diabetes in 2012, giving us a
sample of over 40000 individuals with a follow-up period
of 7years. For these 7years, extensive data were available
regarding the number of claims and the reimbursements
for periodontitis-related and diabetes-related healthcare
costs. We were able to perform fixed effect models, which
corrected for confounding variables and accounted for
the longitudinal data.”'

Despite the extensiveness of the data, the nature of
the data was claims data. As such, we had no informa-
tion on the outcome of clinical measures, oral hygiene
or quality of life. However, claims data is usually very well
recorded, and therefore the influence of information
bias often observed for retrospective studies is limited.
Additionally, we had limited access to descriptive vari-
ables due to privacy regulations. By using fixed effects
models, we adjusted for unobserved heterogeneity to the
maximum extent possible with the data at hand. Further-
more, because dental care is not part of the social health
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insurance package for adults, dental care utilization is
only reimbursed and registered via the health insurers for
individuals who have opted for additional private dental
coverage. Therefore, our initial sample of 1 million indi-
viduals included only individuals with additional dental
coverage. While this may have affected the external
validity of our study through selection bias (ie, generaliz-
ability for the general Dutch population) to some extent,
our data source still warrants internal validity for a study
sample which represents about 1 million individuals.
The generalizability of the findings to other countries
however, can be seen as limited. Diabetes-related health-
care costs may differ substantially between countries,
although earlier studies in the USA found higher finan-
cial benefits after periodontal treatment in patients with
diabetes." °

In addition, the dental coverage has a maximum reim-
bursement ceiling per year. The maximum depends on
the type of dental coverage and ranges from €250 to
€1250 per year. People exceeding this boundary must pay
the additional costs out-of-pocket. Therefore, this study
may underestimate the claims for periodontitis. However,
individuals who received periodontal treatment once
were included in the treatment group always thereafter.
As such, we did not distinguish between individuals with
just a few periodontal treatments compared with those
with many periodontal treatments, and presumably more
severe periodontitis. Instead, we distinguished between
intermediate and advanced periodontal treatment. Since
the clinical status of the individuals included in this study
is unknown, it was uncertain whether people included in
the non-treated group experienced periodontitis. It can
be assumed that a large proportion did not have peri-
odontitis and would likely not benefit from cost savings
due to periodontal treatment. Therefore, our findings
may be considered to provide lower bound estimates of
actual effect sizes.

To overcome some of the limitations present in the
current study, a longitudinal, observational study may
be performed to assess the long-term effects of peri-
odontal treatment in patients with diabetes. In this case,
different outcomes should be assessed, including clin-
ical, financial as well as patient-reported outcomes. This
could confirm the results of the current and previous
studies regarding the different outcomes as a result of
periodontal treatment. Furthermore, such a study would
allow for assessment of this association in different severi-
ties of periodontitis as well as differences in HbAlc levels.
This would provide more information about the actual
relationship between periodontitis and diabetes. Possibly,
this information could justify insurance coverage for peri-
odontal treatment for individuals with diabetes, as well
as investments in adequate training for physicians and
dentists on integration and coordination of healthcare.

In summary, periodontal treatment in individuals with
assumed diabetes may potentially reduce diabetes-related
healthcare costs, in addition to improving HbAlc levels.
These findings underscore the potential importance of

periodontal treatment in individuals with diabetes. They
may support initiatives to promote additional attention
to the periodontal status of individuals with diabetes and
to raise more awareness for the benefits of periodontal
treatment. Future research is needed to assess the exact
financial benefits of adequate periodontal treatment in
patients with diabetes.

Acknowledgements The authors would like to thank Achmea for providing
access to the Achmea Health Database. The views presented here are those of the
authors and not necessarily those of Achmea.

Contributors KPJS conceived the study, conducted the data analysis, interpreted
the results, created the tables and figures and wrote the manuscript, incorporating
feedback and comments from all coauthors. OK assisted with data analysis,
interpretation of the results and reviewed the tables, figures and manuscript. ASP
assisted with data aggregation, and reviewed the tables, figures and manuscript.
0VdG provided the research data, assisted with the data aggregation and analysis
and reviewed the tables, figures and manuscript. SL conceived the study, assisted
with data analysis, interpretation of the results and reviewed the tables, figures
and manuscript. KPJS is the guarantor of this work and, as such, had full access
to all the data in the study, takes responsibility for the integrity of the data and
the accuracy of the data analysis and takes final responsibility for the decision to
submit for publication.

Funding This research was conducted as part of the ADVOCATE project (Added
Value for Oral Care). The ADVOCATE project has received funding from the
European Commission’s Horizon 2020 research and innovation program under
grant agreement 635183: http://advocateoralhealth.com.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval Given the use of anonymized data, medical ethical approval was
not required for this study according to the applicable rules and regulations.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. The ‘Achmea Health Database’
is the private database created by Achmea for research purposes. The authors
received access to an extract from that database as part of the ADVOCATE EU
project.

Supplemental material This content has been supplied by the author(s). It has

not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Kirsten P J Smits http://orcid.org/0000-0003-4327-1997

REFERENCES

1 Sanz M, Ceriello A, Buysschaert M, et al. Scientific evidence on the
links between periodontal diseases and diabetes: consensus report
and guidelines of the joint workshop on periodontal diseases and
diabetes by the International diabetes Federation and the European
Federation of Periodontology. J Clin Periodontol 2018;45:138-49.

2 Mealey BL, Ocampo GL. Diabetes mellitus and periodontal disease.
Periodontol 2000 2007;44:127-53.

3 Borgnakke WS. IDF Diabetes Atlas: Diabetes and oral health - A
two-way relationship of clinical importance. Diabetes Res Clin Pract
2019;157:107839.

BMJ Open Diab Res Care 2020;8:€001666. doi:10.1136/bmjdrc-2020-001666

"yBuAdoo Aq paloalold 1sanb Aq Zz0z ‘2 YoseA uo jwod wg-oip//:dny woly papeojumoqd 0Z0zZ 1900190 £2 U0 999T00-0202-21plWa/osTT 0T Se paysignd 1s1y :aued say qeig uado rINg


http://www.advocateoralhealth.com/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4327-1997
http://dx.doi.org/10.1111/jcpe.12808
http://dx.doi.org/10.1111/j.1600-0757.2006.00193.x
http://dx.doi.org/10.1016/j.diabres.2019.107839
http://drc.bmj.com/

Epidemiology/Health services research

4

10

11

12

13

14

15

16

Holmstrup P, Damgaard C, Olsen |, et al. Comorbidity of periodontal
disease: two sides of the same coin? an introduction for the
clinician. J Oral Microbiol 2017;9:1332710.

Kocher T, Kénig J, Borgnakke WS, et al. Periodontal complications
of hyperglycemia/diabetes mellitus: epidemiologic complexity and
clinical challenge. Periodontol 2000 2018;78:59-97.

Loe H. Periodontal disease. The sixth complication of diabetes
mellitus. Diabetes Care 1993;16:329-34.

Sabharwal A, Gomes-Filho IS, Stellrecht E, et al. Role of periodontal
therapy in management of common complex systemic diseases and
conditions: an update. Periodontol 2000 2018;78:212-26.

Faggion CM, Cullinan MP, Atieh M. An overview of systematic
reviews on the effectiveness of periodontal treatment to improve
glycaemic control. J Periodontal Res 2016;51:716-25.

Botero JE, Rodriguez C, Agudelo-Suarez AA. Periodontal treatment
and glycaemic control in patients with diabetes and periodontitis: an
umbrella review. Aust Dent J 2016;61:134-48.

Simpson TC, Weldon JC, Worthington HV, et al. Treatment of
periodontal disease for glycaemic control in people with diabetes
mellitus. Cochrane Database Syst Rev 2015;11:Cd004714.
Solowiej-Wedderburn J, Ide M, Pennington M. Cost-Effectiveness of
non-surgical periodontal therapy for patients with type 2 diabetes in
the UK. J Clin Periodontol 2017;44:700-7.

Choi SE, Sima C, Pandya A. Impact of treating oral disease on
preventing vascular diseases: a model-based cost-effectiveness
analysis of periodontal treatment among patients with type 2
diabetes. Diabetes Care 2020;43:563-71.

Elani HW, Simon L, Ticku S, et al. Does providing dental services
reduce overall health care costs?: a systematic review of the
literature. J Am Dent Assoc 2018;149:696-703.

Albert DA, Sadowsky D, Papapanou P, et al. An examination of
periodontal treatment and per member per month (PMPM) medical
costs in an insured population. BMC Health Serv Res 2006;6:103.
Nasseh K, Vujicic M, Glick M. The relationship between periodontal
interventions and healthcare costs and utilization. Evidence from

an integrated dental, medical, and pharmacy commercial claims
database. Health Econ 2017;26:519-27.

Jeffcoat MK, Jeffcoat RL, Gladowski PA, et al. Impact of periodontal
therapy on general health: evidence from insurance data for five
systemic conditions. Am J Prev Med 2014;47:166-74.

20

21

22

23

24

25

26

27

28

29

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
diabetes since 1980: a pooled analysis of 751 population-based
studies with 4.4 million participants. Lancet 2016;387:1513-30.
National Institute for Public Health and the Environment (RIVM).
Costs of diseases [Kosten van ziekten], 2015. Available: https://
www.volksgezondheidenzorg.info/kosten-van-ziekten [Accessed 25
Jul 2019].

Van der Velden U. The Dutch periodontal screening index

validation and its application in the Netherlands. J Clin Periodontol
2009;36:1018-24.

The Dutch College of General Practitioners (NHG). Practice guideline
diabetes Melllitus type 2, 2018.

Listl S, Jurges H, Watt RG. Causal inference from observational
data. Community Dent Oral Epidemiol 2016;44:409-15.

Chapple ILC, Genco R, working group 2 of the joint EFP/AAP
workshop. Diabetes and periodontal diseases: consensus report of
the joint EFP/AAP workshop on periodontitis and systemic diseases.
J Periodontol 2013;84:5S106-12.

Borgnakke WS, Ylostalo PV, Taylor GW, et al. Effect of periodontal
disease on diabetes: systematic review of epidemiologic
observational evidence. J Periodontol 2013;84:5135-52.

Peng C-H, Yang Y-S, Chan K-C, et al. Periodontal treatment and the
risks of cardiovascular disease in patients with type 2 diabetes: a
retrospective cohort study. Intern Med 2017;56:1015-21.

Mendez M, Melchiors Angst PD, Stadler AF, et al. Impacts of
supragingival and subgingival periodontal treatments on oral health-
related quality of life. Int J Dent Hyg 2017;15:135-41.

Mizuno H, Ekuni D, Maruyama T, et al. The effects of non-surgical
periodontal treatment on glycemic control, oxidative stress balance
and quality of life in patients with type 2 diabetes: a randomized
clinical trial. PLoS One 2017;12:e0188171.

Martin E, Ruf E, Landgraf R, et al. FINDRISK questionnaire
combined with HbA1c testing as a potential screening strategy for
undiagnosed diabetes in a healthy population. Horm Metab Res
2011;43:782-7.

Lindstrém J, Tuomilehto J. The diabetes risk score: a practical tool
to predict type 2 diabetes risk. Diabetes Care 2003;26:725-31.
Smits K, Kalmus O, Haux C, et al. Towards a decision support
system to better integrate primary and dental care. Int J Integr Care
2019;19:A479.

BMJ Open Diab Res Care 2020;8:€001666. doi:10.1136/bmjdrc-2020-001666

"yBuAdoo Aq paloalold 1sanb Aq Zz0z ‘2 YoseA uo jwod wg-oip//:dny woly papeojumoqd 0Z0zZ 1900190 £2 U0 999T00-0202-21plWa/osTT 0T Se paysignd 1s1y :aued say qeig uado rINg


http://dx.doi.org/10.1080/20002297.2017.1332710
http://dx.doi.org/10.1111/prd.12235
http://dx.doi.org/10.2337/diacare.16.1.329
http://dx.doi.org/10.1111/prd.12226
http://dx.doi.org/10.1111/jre.12358
http://dx.doi.org/10.1111/adj.12413
http://dx.doi.org/10.1111/jcpe.12746
http://dx.doi.org/10.2337/dc19-1201
http://dx.doi.org/10.1016/j.adaj.2018.03.023
http://dx.doi.org/10.1186/1472-6963-6-103
http://dx.doi.org/10.1002/hec.3316
http://dx.doi.org/10.1016/j.amepre.2014.04.001
http://dx.doi.org/10.1016/S0140-6736(16)00618-8
https://www.volksgezondheidenzorg.info/kosten-van-ziekten
https://www.volksgezondheidenzorg.info/kosten-van-ziekten
http://dx.doi.org/10.1111/j.1600-051X.2009.01495.x
http://dx.doi.org/10.1111/cdoe.12231
http://dx.doi.org/10.1902/jop.2013.1340011
http://dx.doi.org/10.1902/jop.2013.1340013
http://dx.doi.org/10.2169/internalmedicine.56.7322
http://dx.doi.org/10.1111/idh.12193
http://dx.doi.org/10.1371/journal.pone.0188171
http://dx.doi.org/10.1055/s-0031-1286333
http://dx.doi.org/10.2337/diacare.26.3.725
http://dx.doi.org/10.5334/ijic.s3479
http://drc.bmj.com/

	Effect of periodontal treatment on diabetes-­related healthcare costs: a retrospective study
	Abstract
	Introduction﻿﻿
	Methods
	Data source and population
	Exposure of interest
	Outcome of interest
	Statistical analysis
	Sensitivity analyses

	Results
	Discussion
	References


