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Periodontal therapy among 
patients with cardiovascular 
disease: exploring its association 
with lower medical spending

Morgan Santoro , Caroline McLeod , Lisa J. Heaton *, 
Hannah J. Cheung , John J. O’Malley , Madison Vinson , 
Rebecca A. Preston  and Eric P. Tranby 

CareQuest Institute for Oral Health, Boston, MA, United States

Introduction: Cardiovascular disease (CVD) and periodontal disease are prevalent 
chronic conditions that share common risk factors and may be linked through 
systemic inflammation. Emerging evidence suggests that individuals with peri-
odontal disease are more likely to be diagnosed with CVD, potentially influencing 
health care costs.
Methods: This study analyzed deidentified commercial insurance claims data 
from 192,500 United States (U. S.) adults aged 21–64 with CVD diagnoses 
between 2015 and 2022. Patients were categorized based on periodontal treat-
ment received in 2020–2021: none, 1–3 visits, or 4 + visits. Gamma regression 
and multinomial propensity score matching (PSM) models assessed associations 
between periodontal treatment and 2022 health care costs (overall, outpatient, 
inpatient, and prescription), controlling for demographic and clinical covariates. 
Reported percentage reductions and average treatment effect on treated (ATET) 
dollar difference reflect estimates derived from PSM-weighted models.
Results: Patients with four or more periodontal visits had significantly lower over-
all medical costs (9.6% reduction; ATET = −$1,960.39, 95% confidence interval 
(CI) = −$2,684.33, −$1,236.44, p < 0.005) and outpatient costs (5.3% reduction; 
ATET = −$599.09, 95% CI = −$1,019.34, −$178.84, p < 0.005) compared to those 
without treatment. Patients with 1–3 visits had an 8% reduction in prescrip-
tion costs (ATET = −$387.53, 95% CI = −$653.31, −$119.75, p < 0.005). Gamma 
regression analyses confirmed these associations after adjusting for confounders.
Conclusion: Findings suggest that periodontal treatment may be associated with 
lower health care costs among individuals with CVD, potentially attributed to 
reduced systemic inflammation. The cost differences were most pronounced 
with four or more periodontal visits, supporting risk-based recall strategies. These 
results underscore the relevance of integrating oral health into chronic disease 
management and indicate that greater access to periodontal care may be associ-
ated with economic and health benefits.
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Introduction

Cardiovascular diseases (CVDs) are a group of conditions with 
two categories, diseases of the heart and diseases of the blood vessels 
that supply blood to different parts of the human body (1). Heart 
diseases include but are not limited to coronary heart disease, rheu-
matic heart disease, congenital heart disease (2, 3), arrhythmia, peri-
cardial disease, and heart failure while blood vessel diseases include 
hypertension, cerebrovascular disease, peripheral artery disease, deep 
vein thrombosis/pulmonary embolism, and aortic disease. These 
conditions prevent adequate blood flow to the heart and brain and 
can subsequently lead to myocardial infarction (heart attack) and 
cerebrovascular accident (stroke).

In the United States (U. S.) nearly half (48.6%) of adults had some 
form of CVD between 2017 and 2020 (4) and it remains the leading 
cause of death (5). From 2021 to 2023, CVD was more common in 
older adults (ages 60+) than younger adults (ages 20–59) (3). Persons 
identifying as non-Hispanic Black were also more likely to report 
having CVD (61%) compared to those identifying as non-Hispanic 
white (48%), Hispanic (46%), or non-Hispanic Asian (44%) (3). 
Addressing certain risk factors like smoking, physical inactivity, poor 
nutrition/diet, poor sleep, excessive alcohol use, being overweight or 
obese, high cholesterol, diabetes, and high blood pressure can lower 
risks for developing CVDs and support management of the dis-
ease (4).

Like CVDs, periodontal disease is also a group of conditions 
that affect the periodontal tissues (gums and bone) that support 
the teeth (6). Gingivitis is inflammation limited to the gums and if 
left untreated, can progress into periodontitis which is character-
ized by destruction of bone surrounding the teeth and often tooth 
loss due to chronic inflammation (6). The inflammation seen in 
periodontal disease is caused by an imbalance (or dysbiosis) where 
harmful, or pathogenic, bacteria such as Porphyromonas gingivalis, 
Aggregatibacter actinomycetemcomitans, Tannerella forsythia, 
Eikenella corrodens, and Fusobacterium nucleatum overtake benefi-
cial bacteria in plaque biofilm, driving an inflammatory response 
by the body (7). This inflammatory response not only affects the 
mouth but can affect other parts of the body, such as the cardiovas-
cular system (8).

In the most recent prevalence estimate of periodontal disease col-
lected between 2009 and 2014 (9), 42.2% of adults 30 years or older 
had periodontitis, of which 34.4% was non-severe and 7.8% was 
severe (10). Periodontitis was most prevalent among men (50.2%), 
adults living below 100% of the federal poverty level (60.4%), current 
smokers (62.4%), and individuals who self-reported having diabetes 
(59.9%) (10). Additionally, periodontitis was most prevalent among 
adults identifying as Hispanic (63.5%) and non-Hispanic Black 
(59.1%), followed by non-Hispanic Asian (50%); periodontitis was 
least common among non-Hispanic white adults (40.8%) (11). 
Addressing certain risk factors, some of which are shared with CVD, 
like smoking, poor nutrition/diet, poor oral hygiene, stress and teeth 
grinding, being overweight or obese, diabetes, and autoimmune dis-
eases can lower risks for developing periodontal disease and support 
management of the disease (12).

General understanding of the links between CVD and periodon-
tal disease continue to develop. Pathogenic periodontal bacteria have 
been found in atherosclerotic plaque and arterial walls (13) and 
linked to subclinical atherosclerosis (14), coronary heart disease (15), 

coronary artery disease (16), peripheral artery disease (17), cerebro-
vascular disease (17), atrial fibrillation / atrial flutter (17), stroke (17), 
myocardial infarction (17), and hypertension (17). Studies have 
shown that adults with periodontitis face an increased risk of stroke 
(17) and ischemic heart disease, with the risk of stroke notably higher 
compared to individuals without the periodontitis (18, 19). These 
links likely result from pathogenic periodontal bacteria directly 
invading cardiovascular tissues or creating inflammatory pathways 
that indirectly affect the cardiovascular system (20). Additionally, 
those with severe periodontitis were more likely to have history of 
coronary artery disease and stroke than those with mild or moderate 
periodontitis (21). One prospective study found that adults were at 
greater risk of developing peripheral artery disease if they had a peri-
odontal disease diagnosis, prior periodontal treatment, or self-
reported tooth loss due to periodontal disease (22).

While recent Cochrane systematic reviews provide no conclu-
sive evidence of periodontal treatment on preventing CVD (23, 24), 
studies show links between reduced coronary heart disease inflam-
matory biomarkers with non-surgical periodontal treatment (25) 
and potential lower risk for CVD with toothbrushing twice a day for 
at least 2 min (26). Additionally, other evidence suggests that using 
statin drugs to treat atherosclerotic cardiovascular disease therapeu-
tically treated periodontal disease through their anti-inflammatory 
mechanisms (27). Finally, recent updates from the American Heart 
Association synthesize the clear contributions of periodontal dis-
ease to the chronic inflammation of atherosclerotic cardiovascular 
disease, and its treatment may help prevent and manage CVD (20).

CVD and periodontal disease place a significant financial strain 
on the healthcare system. By 2035, it is estimated that CVD will cost 
the U. S. $1.1 trillion in direct costs (e.g., cost of medical services) and 
indirect costs (e.g., lost work and productivity). This is double the 
2016 cost of $555 billion (28). The highest total CVD costs (direct 
and indirect) are expected among individuals aged 80 and older, sur-
passing costs associated with Alzheimer’s disease or diabetes (28). 
Working-age individuals (45–64) face the highest indirect costs from 
lost earnings and household productivity from premature death due 
to CVD (28). It is estimated that in 2018 alone, periodontal disease 
cost the U. S. health care system $3.49 billion in direct (periodontal 
care) and indirect costs (productivity loss, edentulism, dental caries 
(cavities)) (29).

Existing evidence, though mixed, suggests that treating peri-
odontal disease may help reduce medical costs and healthcare utiliza-
tion for individuals with CVD. One study found that patients with 
cerebrovascular disease and diabetes experienced 20–40% reductions 
in medical costs (inpatient and outpatient) and annual hospitaliza-
tions for up to 3 years following periodontal therapy compared to a 
control (30). Another study showed a decrease in inpatient costs but 
an increase in outpatient costs for coronary heart disease after peri-
odontal treatment (31). A third study suggests that utilizing a dental 
insurance benefit to support adherence with preventive dental care 
(including periodontal care) was associated with significant average 
yearly cost savings for patients with coronary artery disease (32). The 
aim of our study was to examine the relationship between health care 
costs (overall, outpatient, inpatient, and prescription) and periodon-
tal treatment. We hypothesized that adults age 21–64 with CVD who 
had at least one periodontal treatment will have lower health care 
related costs than adults age 21–64 with CVD who did not have peri-
odontal treatment.
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Methods

Study population

Data used in this study consisted of Merative deidentified com-
mercial insurance administrative claims data from 2015 through 2022. 
The data set contained integrated enrollment, outpatient and inpatient 
medical, prescription, and dental claims information from select com-
mercial insurance plans in all 50 states. Eligible claims for analysis 
were from adults aged 21 through 64 years who were continuously 
enrolled from 2018 to 2022.

Adults were included if they received a CVD-related diagnosis 
from 2015 through 2020 and continued to have CVD in 2021 and 
2022. A CVD-related diagnosis during that period was determined 
by the presence of an ICD-10 code within the I00-I99 range 
(Diseases of the Circulatory System; see subtypes in Appendix A) 
(33, 34). The WCG IRB reviewed and approved this study (ANP0008, 
May 2018).

Treatment and control groups

Patients were grouped into treatment and control groups based 
on dental claims data showing use of periodontal services from 
2020 to 2021 (Figure 1). Periodontal treatment was defined using 
CDT 2024: Current Dental Terminology codes D4000 through 
D4999 (see Appendix B) (35). Periodontal treatment was coded as 
yes if an adult with a CVD-related diagnosis had at least one peri-
odontal treatment visit from 2020 through 2021 (treatment group) 
and was coded as no if an adult with a CVD-related diagnosis did 
not have at least one periodontal treatment visit from 2020 
through 2021 (control group). A periodontal treatment visit was 
defined as any unique date of service where one or more periodon-
tal CDT codes were submitted per enrollee. We examined the 
impact of both number of periodontal visits (none, 1–3, 4 or more) 
and type of periodontal treatment (surgical, non-surgical, or 
both), to account for severity of periodontal disease, on health 
care costs.

Outcomes

The primary outcome measures of this study are overall medical 
costs, outpatient medical costs, inpatient medical costs, and outpatient 
prescription drug costs in 2022. These cost variables are the total 
amount paid to the provider through insurance and out-of-pocket 
costs. Overall medical costs represent the sum of outpatient and inpa-
tient medical costs as well as outpatient prescription drug costs. This 
study examines the associations of periodontal treatment with these 
cost-related outcomes.

Confounding variables

This study accounted for multiple confounding variables in the 
statistical model. These confounding variables included age (21 
through 64 years) as a continuous variable; sex (male or female); met-
ropolitan status (metro versus non-metro residence); and Elixhauser 
comorbidity score (no comorbidities, 1, 2, 3 or more) (36). 
Metropolitan status is derived from patients’ 5-digit ZIP codes 
mapped to the Metropolitan Statistical Areas (MSA) and subsequently 
collapsed into a binary indicator.

Statistical methods

Descriptive statistics were used to summarize the use of periodontal 
services by patients with a CVD-related diagnosis from 2020 through 
2021 as a proportion for number of periodontal visits (none, 1–3, 4 or 
more). We then summarized each of the outcomes and confounding 
variables according to use of periodontal services during 2020–2021 and 
insurance type. Two separate statistical models were run to examine the 
association between periodontal treatment in 2020–2021 and health 
care costs in 2022. Adults with CVD were divided by time recency of 
onset from the time from when costs were assessed in 2022.

Gamma regressions, a type of generalized linear model (GLM), 
were used to assess costs among utilizers for CVD patients with and 
without periodontal visits while controlling for age, sex, Elixhauser 
category, and metropolitan residence. For inpatient, outpatient, and 
prescription costs, zero costs reflect non-use of these health care ser-
vices rather than “low cost” (e.g., the minimal cost of a single prescrip-
tion or outpatient health care visit) and were therefore removed. 
Gamma regressions were chosen due to the right-skewed and strictly 
positive nature of the outcome variables. Gamma regressions estimate 
the mean of the skewed distribution, account for the non-constant 
variance, uses the link function to linearize the relationship, and fits 
the models using maximum likelihood estimation.

Propensity score matching (PSM) matches each patient in the 
treatment group to patient in the control group based on their pro-
pensity score. In other words, for each patient, the propensity score 
can be considered as the probability of receiving treatment (in this 
study, this is defined as having at least one or more periodontal visits). 
These PSM models predict total medical costs, total outpatient costs, 
total inpatient costs, and total prescription costs for all patients in the 
study, regardless of treatment or control group. All models controlled 
for age, sex, Elixhauser category, and metropolitan residence.

The periodontal visits variable was also broken out by no visits, 
one to three visits and four or more visits in 2020–21. Multinomial 
PSMs were run due to the treatment variable having more than two 
levels. In these models, weighting is conducted to adjust for confound-
ing across the multiple groups, estimate the average treatment effects 
(ATE), and handle unequal group sizes and probabilities. Each patient 
receives a weight based on the inverse of the probability of receiving 
the treatment they did receive. These models looked at all CVD 
patients predicting total medical costs, total outpatient costs, total 
inpatient costs, and total prescription costs. All models controlled for 
age, sex, Elixhauser category, and metropolitan residence.

Results

Table 1 presents the overall demographic characteristics of the 
sample as well as demographic characteristics stratified by number of 
periodontal treatments received (none, one to three, and four or 
more). Overall, 192,500 patients were identified as having at least one 
CVD diagnosis (mean age = 54.0 years [standard deviation (sd) = 8.0]; 
45.5% female); the most commonly reported type of CVD was “other” 
(27%), followed by arterial CVD (7.7%) and hypertensive CVD 
(6.2%). Most (81.5%) patients had no periodontal treatment; 10% had 
one to three treatments, and 8.5% had four or more. Most patients 
lived in non-metropolitan areas (88%), and 60% had a score of four or 
higher on the Elixhauser comorbidity scale.
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Figure 2 displays the cost distributions related to overall medical 
care, outpatient care, inpatient care, and prescriptions by number of 
periodontal treatments received (none, 1–3, 4 or more); Table 2 shows 
the mean (sd) costs (overall, outpatient, inpatient, prescription) by type 
of periodontal treatments (none; non-surgical only; surgical only; both 
non-surgical and surgical). Patients who received one to three peri-
odontal treatments were observed to have higher costs across three of 
four cost measures, compared to both those who received no treatment 
and those who received four or more treatments: overall health care 
costs [mean = $26,147 (sd = $65,597)], outpatient costs [mean = $13,836 
(sd = $35,156)], and inpatient costs [mean = $6,224 (sd = $42,483)]. 

Only prescription costs were lower for individuals with one to three 
periodontal visits compared to other individuals [mean = $6,077 
(sd = $22,843)]. Individuals with only surgical periodontal treatment 
had higher costs for overall medical care [mean = $26,362 
(sd = $54,074)] and outpatient care [mean = $15,221 (sd = $33,655)] 
compared to individuals without periodontal treatment, those with 
non-surgical periodontal treatment only, and those with a mix of non-
surgical and surgical treatment. Patients with no periodontal visits had 
higher inpatient costs [mean = $5,976 (sd = $37,809)] and prescription 
costs [mean = $6,332 (sd = $22,413)] than those with non-surgical, sur-
gical, or mixed periodontal treatments.

Initial Merative commercially 
insured sample, 2015-2022

N = 19,408,970

Individuals aged 20 or less, 65 or 
more excluded

N = 311,143

Continuously enrolled individuals 
aged 21-64 with CVD and total 
medical costs greater than $0 

N = 192,500

Individuals not continuously 
enrolled in commercial insurance 

during 2019-2022 excluded

N = 14,282,209

Individuals continuously enrolled 
from 2019-2022

N = 5,126,761

Individuals without a CVD-related 
diagnosis in 2015-2020 excluded

N = 4,230,565

Continuously enrolled individuals 
(2019-2022) with a CVD-related 

diagnosis in 2015-2020

N = 896,196

Individuals with a periodontal 
visit in 2020-2021                 

(control group)

Individuals without a periodontal visit 
in 2020-2021                    

(treatment group)
N = 156,896

Continuously enrolled individuals 
with CVD and total medical costs 

greater than $0

N = 503,643

Individuals with total medical 
costs of less than or equal to $0 

excluded
N = 392,553

N = 35,604

FIGURE 1

Flow diagram describing definition of final analytic sample.
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TABLE 1  Demographic characteristics of commercially-insured patients with CVD (n = 192,500), stratified by past use of periodontal services.

Overall Periodontal treatment

No periodontal 
treatment

1–3 periodontal 
visits

4 + periodontal visits

Total (N, %) 192,500 156,896 (81.5) 19,233 (10) 16,371 (8.5)

Age in years (mean, (SD)) 54.0 (8.0) 54.0 (8.0) 54.0 (8.0) 56.0 (7.0)

Gender (N, %)

 � Female 87,645 (45.5) 72,960 (46.5) 8,361 (43.5) 6,324 (38.6)

 � Male 104,855 (54.5) 83,936 (53.5) 10,872 (56.5) 10,047 (61.4)

Metropolitan residence

 � Metropolitan 23,471 (12.2) 20,935 (13.3) 1,403 (7.3) 1,133 (6.9)

 � Non-metropolitan 169,029 (87.8) 135,961 (86.7) 17,830 (92.7) 15,238 (93.1)

Elixhauser comorbidity score

 � 0–1 20,869 (10.8) 17,534 (11.2) 1,767 (9.2) 1,568 (9.6)

 � 2–3 56,086 (29.1) 45,863 (29.2) 5,300 (27.6) 4,923 (30.1)

 � 4 or more 115,545 (60.0) 93,499 (59.6) 12,166 (63.2) 9,880 (60.4)

CVD diagnosis type (N, %)

 � Hypertensive 11,993 (6.2) 9,529 (6.1) 1,347 (7.0) 1,117 (6.8)

 � Ischemic 21,769 (11) 17,487 (11) 2,212 (12) 2,070 (13)

 � Pulmonary 3,128 (1.6) 2,585 (1.6) 301 (1.6) 242 (1.5)

 � Other heart 51,721 (27) 43,116 (27) 4,740 (25) 3,865 (24)

 � Cerebrovascular 8,788 (4.6) 7,091 (4.5) 911 (4.7) 786 (4.8)

 � Arterial 14,753 (7.7) 11,952 (7.6) 1,503 (7.8) 1,298 (7.9)

 � Venous 1,811 (0.9) 1,519 (1.0) 161 (0.8) 131 (0.8)

SD, Standard deviation.

FIGURE 2

Cost distributions of overall medical, outpatient, inpatient, and prescription costs by past use of periodontal services. Error bars, Standard deviation.
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TABLE 3  Gamma regression analysis results predicting average overall medical, outpatient, inpatient, and prescription costs for patients with CVD who received periodontal treatment [exp (β), (95% 

confidence interval)].

Overall medical costs Outpatient costs Inpatient costs Prescription costs

Number of periodontal visits

None ref ref ref ref

1–3 visits 0.98 (0.95, 1.02) 1.00 (0.96, 1.04) 1.03 (0.95, 1.12) 0.94 (0.89, 0.99)*

4 or more visits 0.92 (0.88, 0.95)** 0.94 (0.90, 0.99)* 0.97 (0.88, 1.07) 0.96 (0.91, 1.02)

Age 1.00 (0.99, 1.00)** 1.0 (0.99, 1.00)** 0.99 (0.99, 0.99)** 1.00 (1.00, 1.00)*

Gender

 � Female ref ref ref ref

 � Male 0.99 (0.97, 1.02) 0.91 (0.89, 0.93)** 1.20 (1.14, 1.26)** 0.96 (0.93, 1.00)*

Metropolitan residence

 � Metropolitan ref ref ref ref

 � Non-metropolitan 1.01 (0.97, 1.04) 1.01 (0.97, 1.05) 1.03 (0.96, 1.11) 1.02 (0.97, 1.07)

Elixhauser comorbidity score

 � 0–1 ref ref ref ref

 � 2–3 1.23 (1.18, 1.28)** 1.11 (1.06, 1.16)** 0.96 (0.84, 1.09) 1.78 (1.68, 1.89)**

 � 4 or more 2.77 (2.67, 2.87)** 2.14 (2.06, 2.23)** 1.14 (1.01, 1.27) 4.66 (4.41, 4.93)**

Significance levels: * < 0.05; ** < 0.001.

Gamma regressions were used to assess all four types of health 
care costs for CVD patients with and without periodontal visits 
while controlling for confounding variables (Table 3). When con-
trolling for age, gender, metropolitan residential status, and 
Elixhauser comorbidities, individuals who had four or more peri-
odontal visits had significantly lower overall medical costs (β = 0.92, 
95% confidence interval (CI) = 0.88, 0.95, p < 0.001) and outpatient 
costs (β = 0.94, 95% CI = 0.90, 0.99, p < 0.001) compared to those 
without periodontal treatment. Those with one to three periodontal 
visits had significantly lower prescription costs (β = 0.94, 95% 
CI = 0.89, 0.99, p < 0.05) than individuals without periodontal 
treatment.

Table 4 shows results of the multinomial PSM analyses, estimating 
the average treatment effects on treated (ATET) for all four types of 
health care costs per patient based on previously receiving periodontal 
treatment when controlling for covariates (see Appendix C for bino-
mial PSM analysis results). Reported percentage reductions and ATET 
dollar differences reflect estimates derived from PSM-weighted 
models. For those with four or more periodontal treatments, com-
pared to those without any periodontal treatments, there was a 9.6% 
decrease in overall medical costs ($18,552 vs. $20,513; 
ATET = −$1960.39; 95% CI = −$2,684.33, −$1,236.44, p < 0.005), and 
a 5.3% decrease in outpatient costs ($10,733 vs. $11,332, 
ATET = −$599.09; 95% CI = −$1,019.34, −$178.84, p < 0.005). For 

TABLE 2  Mean (standard deviation) overall medical, inpatient, outpatient, and prescription costs for patients with CVD by type of periodontal treatment visits.

Standard deviation Overall 
N = 192,500

No periodontal 
visits

n = 156,922

Non-surgical 
only

n = 30,962

Surgical only
n = 2,576

Non-surgical 
and surgical
N = 2,040

p-value

Overall medical costs <0.001

Mean (SD) 25,784 (67,232) 25,966 (68,003) 24,933 (65,030) 26,362 (54,074) 23,894 (54,044)

Median (Q1, Q3) 8,658 (3,490, 22,513) 8,637 (3,434, 22,615) 8,715 (3,637, 21,947) 9,316 (4,345, 23,564) 8,446 (4,065, 21,405)

Outpatient costs <0.001

Mean (SD) 13,589 (41,052) 13,658 (42,357) 13,116 (34,753) 15,221 (33,655) 13,364 (35,417)

Median (Q1, Q3) 4,996 (2,191, 12,029) 4,946 (2,136, 12,052) 5,072 (2,375, 11,756) 6,449 (3,127, 13,838) 5,588 (2,864, 12,193)

Inpatient costs <0.001

Mean (SD) 5,897 (38,102) 5,976 (37,809) 5,627 (40,810) 5,000 (27,712) 5,067 (27,951)

Median (Q1, Q3) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)

Prescription costs <0.001

Mean (SD) 6,297 (22,624) 6,332 (22,413) 6,189 (24,156) 6,140 (20,142) 5,462 (17,050)

Median (Q1, Q3) 860 (225, 5,311) 868 (227, 5,312) 836 (219, 5,400) 794 (207, 4,849) 764 (200, 4,600)

SD, Standard deviation; all figures in US dollars.
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those with one to three periodontal treatments, compared to those 
without any periodontal treatments, there was an 8% decrease in pre-
scription costs ($4,429 vs. $4,816, ATET = −$387.53; 95% 
CI = −$653.31, −$119.75, p < 0.005). See Appendix D for results of 
the multinomial PSM analyses, estimating the ATET for all four types 
of health care costs per patient based on previously receiving peri-
odontal treatment when controlling for covariates, across different 
CVD diagnoses. Only two findings across different CVD diagnoses 
emerged as statistically significant: individuals with cerebrovascular 
CVD who had 1–3 periodontal visits had higher overall medical costs 
(ATET = $3,727; 95% CI = $763, $6,690, p < 0.005) and individuals 
with arterial CVD who had 1–3 periodontal visits had lower overall 
medical costs ATET = −$2,330 (95% CI = −$4,311, −$348, p < 0.005).

As shown in Table 5, the multinomial PSM procedure resulted in 
substantial improvement in baseline covariate balance across peri-
odontal treatment groups. All post-matching standardized mean dif-
ferences were <0.10, with most reduced to 0.00–0.02, indicating 
excellent balance on age, gender, metropolitan residence, and 
Elixhauser comorbidity categories (Appendices E,F). These diagnos-
tics support the validity of the matched sample and subsequent ATET 
estimates presented in Table 4.

Discussion

This study of patients with CVD found that patients with four or 
more periodontal visits in 2020–2021 had a 9.6% decrease in overall 
medical costs and a 5.3% decrease in outpatient costs in 2022 than 
those who did not have any periodontal visits. Compared to those 
without periodontal treatment, patients with one to three visits had an 
8% decrease in prescription costs. These findings align with prior 
observational studies using similar designs (continuous enrollment 
with annual follow on periods), which demonstrate reduced inpatient 
and outpatient health care costs following at least one periodontal 
treatment for adults (18+) diagnosed with cerebrovascular disease 
(28), as well as decreased total, inpatient, outpatient, and drug costs 
for individuals with coronary heart disease who received at least one 
periodontal service (29).

The observed reduction in commercial health care costs associ-
ated with some form and frequency of periodontal treatment may 
reflect shared underlying inflammatory processes common to both 
conditions. Periodontal disease is a chronic inflammatory condition 
of which treatment, including non-surgical therapy, diet and lifestyle 
changes, and pharmaceutical drugs are intended to reduce such local 
inflammation (37). Because inflammation is also a feature of CVD 

progression, these overlapping biological processes have prompted 
ongoing research into possible shared pathways (17–21). Our obser-
vational findings are consistent with this context, though they do not 
establish causation. While evidence on the direct impact of periodon-
tal treatment on CVD outcomes remains mixed (23, 24), our study 
adds to a growing body of research showing associations between 
periodontal care patterns and subsequent health care costs (indirect, 
inpatient, and outpatient) in adults with CVD (27, 28). These findings 
align with previous research indicating that non-surgical periodontal 
therapy has been associated with reductions in cardiovascular risk 
factors and inflammatory biomarkers (23, 24), reinforcing the poten-
tial value of periodontal care as part of broader strategies to control 
chronic disease and associated costs.

Most current studies that examine health care costs associated 
with periodontal treatment in adults with some form of CVD are 
based on whether participants received or did not receive at least one 
periodontal or preventive dental service (28–30). In contrast, our 
study analyzed health care costs for adults with some form of CVD 
who received periodontal treatment by more detailed frequency cat-
egories: none, 1–3, or 4 + periodontal services. A key finding of the 
current study is that a greater frequency of periodontal visits was asso-
ciated with lower costs, though the direction of this association cannot 
be inferred. Specifically, individuals who received four or more peri-
odontal treatments were observed to have significantly lower overall 
medical and outpatient costs, while those with one to three visits 

TABLE 4  Multinomial propensity score matching analysis results for average overall medical, outpatient, inpatient, and prescription costs for patients with CVD with by number of periodontal 

treatments [average treatment effect (standard error); 95% confidence interval].

Overall medical 
costs

Outpatient
costs

Inpatient
costs

Prescription costs

No periodontal visits ref ref ref ref

1–3 periodontal visits −434.32 (368.98)

−1,157.50, 288.87

−109.31 (214.21)

−529.15, 310.54

2,545.30 (2,214)

−1,618.71, 6,709.34

−386.53 (136.11)*

−653.31, −119.75

4 or more periodontal visits −1,960.39 (369.37)*

−2,684.33, −1,236.44

−599.09 (214.42)*

−1,019.34, −178.84

−27.3 (2,130.6)

−4,203.52, 4,148.93

−79.06 (136.24)

−346.08,187.97

Ref, Reference level; Significance levels: * < 0.005; model adjusted for age, gender, Elixhauser category, and metropolitan residence status.

TABLE 5  Standardized mean differences (SMD) for baseline covariates before and after 

multinomial propensity score matching for patients with CVD.

SMD
(Pre-Matching)

SMD
(Post-Matching)

Age 0.27 0.02

Gender

 � Female ref ref

 � Male 0.08 0.00

Metropolitan

 � Metropolitan ref ref

 � Non-metropolitan 0.06 0.00

Elixhauser comorbidity score

 � 0–1 0.02 0.00

 � 2–3 0.03 0.00

 � 4+ 0.40 0.00

ref, Reference level.
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experienced notably reduced prescription costs compared to individu-
als who received no periodontal care.

These results reinforce the American Academy of 
Periodontology’s (AAP) recommendations that treatment for chronic 
periodontitis should include non-surgical therapy, including initial 
scaling and root planing and use of chemotherapeutic agents when 
indicated (38, 39). Furthermore, the findings support AAP guidelines 
and other studies suggesting that the frequency of ongoing dental 
recall visits, ranging from every 3 to 24 months, should be tailored to 
individual risk factors such as health behaviors, systemic conditions 
like CVD, and the management of periodontal–systemic relation-
ships (40–42). Notably, a randomized controlled trial conducted in 
the United Kingdom found that a variable, risk-based recall interval 
was acceptable to both patients and providers, and showed no differ-
ence in clinical oral health outcomes, such as bleeding on probing, 
when compared to a fixed six-month recall schedule (43). Together, 
these findings highlight the potential relevance of personalized, risk-
based periodontal care as a strategy for improving both health and 
cost outcomes. Increasing health care engagement through adherence 
to routine periodontal care can be complemented by strategies that 
are associated with lower health care costs, such as addressing shared 
cardiovascular and periodontal disease risk factors (e.g., smoking, 
poor diet and nutrition, overweight or obesity) (4, 12) and designing 
insurance plans that prioritize prevention.

Findings from this study suggest that periodontal treatment – 
particularly when delivered consistently – may be associated with 
lower observed overall medical, outpatient, and prescription costs 
among adults age 21–64 with commercial insurance diagnosed with 
CVD. Study results emphasize the importance of integrating oral 
health care, primary care, cardiology, and other health professions 
to improve whole-patient care and potentially reduce CVD-related 
costs (44–46). Prior work suggests providing oral health education 
to hospitalized CVD patients has been linked to improvements in 
patients’ oral health and CVD-related outcomes such as fewer days 
with post-operative atrial fibrillation (47), suggesting hospital staff 
should be trained in oral health education and/or employ oral 
health care providers (e.g., dental hygienists) in hospital settings. 
This study also lays the groundwork for expanding this type of anal-
ysis beyond CVD to other chronic conditions. There is a growing 
body of research that establishes a link between periodontal treat-
ment and lower health care costs for individuals with diabetes (48–
52). Findings from this study and others support further 
investigation into the associations between periodontal treatment 
and health care costs in other chronic conditions, such as rheuma-
toid arthritis and some forms of dementia (53). Finally, these study 
results and others suggest that dental insurance coverage for preven-
tive care and periodontal treatment (particularly for at least 4 visits 
per year) could be cost-effective for the overall health care system 
in terms of reducing health care costs related to chronic conditions 
such as CVD and diabetes (54). Coverage policies among commer-
cial plans that incentivize regular dental visits and periodontal 
maintenance may be linked to long-term differences in costs by 
reducing the burden of CVD-related complications and associated 
healthcare utilization. While this study did not review cost savings 
for those with Medicaid insurance, expanding adult Medicaid cov-
erage for periodontal services should also be considered.

There were several limitations to this study. Over 80% of patients 
with CVD in this sample did not receive periodontal treatment. 
While there are no large-scale studies estimating how many adults in 

the United States receive periodontal treatment in a year, more than 
40% of adults aged 30 and above have periodontitis (9, 10), twice the 
number of individuals in this sample who received periodontal treat-
ment. This may limit the generalizability of conclusions drawn about 
patients receiving periodontal treatment in this sample. To have an 
adequate sample size, the analyses did not control for other comorbid 
conditions that may affect treatment costs for both periodontal dis-
ease and CVD, such as diabetes mellitus; future research should 
examine the association of health care costs and treatment for mul-
tiple comorbidities. This study observed that individuals who only 
had surgical periodontal treatment had higher overall medical and 
outpatient care costs than those with non-surgical or those with a mix 
of non-surgical and surgical periodontal treatment. The higher medi-
cal costs may be related to surgical periodontal interventions being 
generally more expensive than non-surgical treatment. Additionally, 
surgical periodontal treatment is typically indicated for those with 
more advanced diseased state where inflammation is more pro-
gressed and systemic. However, as dental diagnosis codes are not 
consistently available in claims data, it is not possible to determine 
the severity of patients’ periodontal disease. Though CVD is most 
common in older adults (ages 60+) (3) and the highest direct and 
indirect costs of CVD are among aged 80 and older (26), our analyses 
only included adults age 21–64 due to commercial claims data age 
limitations. Analyses controlled for age, gender, metropolitan resi-
dence, and Elixhauser comorbidities, but as other confounding vari-
ables such as socioeconomic status and access to dental care are not 
included in claims data, it was not possible to determine whether 
these factors played a role in the relationship between receiving peri-
odontal treatment and health care costs. Because claims do not cap-
ture key behavioral and socioeconomic determinants such as 
education, income, smoking status, and oral hygiene behaviors, 
residual confounding remains possible even after propensity score 
matching and regression adjustment, particularly given the limited 
covariate set. These unmeasured factors, such as race/ethnicity, 
income, education, may influence both the likelihood of receiving 
periodontal care and subsequent health care costs, limiting the gen-
eralizability of the findings. Due to the observational nature of this 
analysis, causational conclusions cannot be drawn. Finally, the large 
sample size may yield statistically significant results, but it is not pos-
sible to determine whether the results are clinically significant.

Future research directions

While evidence remains mixed regarding the role of periodontal 
treatment in the prevention and management of CVD, further 
research is needed to explore the causal pathways between periodon-
tal care and CVD outcomes. Although there is support for regular, 
risk-based dental recall visits tailored to individual health and life-
style factors, more longitudinal studies are necessary to compare the 
sustained impact of periodontal treatment versus prophylaxis recall 
visits in individuals without diagnosed periodontitis. Cost-
effectiveness modeling would also help determine the balance of 
reduced health care costs within the context of increased costs of 
periodontal treatment.

Notably, in the current study, 80% of participants with CVD did not 
receive periodontal care. This finding suggests that the observed reduc-
tions in health care costs associated with periodontal treatment could 
be even more pronounced with broader access, especially given the high 
estimated prevalence of periodontitis across the U. S. population. Future 
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research should prioritize strategies to expand access to and increase 
patient acceptance of periodontal care, while also exploring the poten-
tial cost savings that may result from greater utilization. Additionally, it 
is critical to investigate barriers to accessing periodontal treatment, par-
ticularly among high-risk populations including those with Medicaid 
insurance, who were not represented in this analysis. This will be espe-
cially critical for reducing the significant financial strain that CVD and 
periodontal disease place on the healthcare system.

Conclusion

This study found that patients with CVD who had four or more 
periodontal visits showed a significant decrease in overall medical costs 
and outpatient costs compared to those who did not have any peri-
odontal visits. Additionally, compared to those without periodontal 
treatment, patients with one to three periodontal visits showed a sig-
nificant decrease in prescription costs. Although surgical-only peri-
odontal treatment was not associated with reduced medical costs in 
this study, surgical treatment should be offered and provided as a treat-
ment for periodontal disease when clinically appropriate, nonetheless. 
These findings emphasize the importance of better understanding the 
oral-systemic connection between CVD and periodontal disease as 
well as developing interventions to improve oral and overall health 
outcomes and reduce health care costs.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by WCG 
Institutional Review Board. The studies were conducted in accordance 
with the local legislation and institutional requirements. Written 
informed consent for participation was not required from the partici-
pants or the participants’ legal guardians/next of kin in accordance 
with the national legislation and institutional requirements.

Author contributions

MS: Formal analysis, Data curation, Visualization, Writing  – 
review & editing, Conceptualization, Writing  – original draft, 
Investigation. CM: Writing – review & editing, Writing – original 
draft. LH: Writing – review & editing, Conceptualization, Writing – 
original draft, Visualization. HC: Writing  – review & editing, 
Writing  – original draft. JO’M: Formal analysis, Supervision, 
Conceptualization, Writing – review & editing, Writing – original 
draft, Methodology, Validation, Data curation. MV: Writing – review 
& editing, Writing – original draft, Data curation, Formal analysis. RP: 

Funding acquisition, Writing – review & editing, Project administra-
tion, Writing – original draft, Resources. ET: Funding acquisition, 
Writing – review & editing, Formal analysis, Software, Writing – origi-
nal draft, Data curation, Validation, Conceptualization, Investigation, 
Supervision, Methodology.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. The study was supported by CareQuest 
Institute for Oral Health provided full salary support for all 
co-authors.

Acknowledgments

The authors would like to sincerely thank Samir Soneji for his 
work on earlier analyses for this article.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2026.1741942/
full#supplementary-material

https://doi.org/10.3389/fpubh.2026.1741942
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1741942/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1741942/full#supplementary-material


Santoro et al.� 10.3389/fpubh.2026.1741942

Frontiers in Public Health 10 frontiersin.org

References
	1.	World Health Organization. Cardiovascular Diseases (CVDs). Geneva: World Health 
Organization (2023). Available online at: https://www.who.int/news-room/fact-sheets/
detail/cardiovascular-diseases-(cvds) (Accessed Sep 16, 2025).

	2.	Centers for Disease Control and Prevention. Heart Disease Facts and Statistics. Atlanta, 
GA: Centers for Disease Control and Prevention (2023). Available online at: https://www.
cdc.gov/heart-disease/data-research/facts-stats/index.html (Accessed Sep 16, 2025).

	3.	National Heart, Lung, and Blood Institute. Heart Disease Rates Data. Bethesda (MD): 
National Heart, Lung, and Blood Institute (2023). Available online at: https://www.nhlbi.
nih.gov/research/data/heart-disease-rates (Accessed Sep 16, 2025).

	4.	American Heart Association. Heart Disease and Stroke Statistics—2025 at-a-glance. 
Dallas, TX: American Heart Association; (2025). Available online at: https://www.heart.
org/-/media/PHD-Files-2/Science-News/2/2025-Heart-and-Stroke-Stat-Update/2025-
Statistics-At-A-Glance.pdf (Accessed Sep 16, 2025).

	5.	American Heart Association. Heart Disease and Stroke Statistics—2023 Update. Dallas, 
TX: American Heart Association; (2023). Available online at: https://professional.heart.
org/en/science-news/heart-disease-and-stroke-statistics-2023-update (Accessed Sep 
16, 2025).

	6.	Cleveland Clinic. Gum (Periodontal) Disease. Cleveland, OH: Cleveland Clinic (2023). 
Available online at: https://my.clevelandclinic.org/health/diseases/21482-gum-periodon-
tal-disease (Accessed Sep 16, 2025).

	7.	Abdulkareem AA, Al-Taweel FB, Al-Sharqi AJB, Gul SS, Sha A, Chapple ILC. Current 
concepts in the pathogenesis of periodontitis: from symbiosis to dysbiosis. J Oral 
Microbiol. (2023) 15:2197779. doi: 10.1080/20002297.2023.2197779

	8.	Carrizales-Sepúlveda EF, Ordaz-Farías A, Vera-Pineda R, Flores-Ramírez R. 
Periodontal disease, systemic inflammation and the risk of cardiovascular disease. Heart 
Lung Circ. (2018) 27:1327–34. doi: 10.1016/j.hlc.2018.05.102

	9.	Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA, Genco RJ. Periodontitis 
in US adults: National Health and nutrition examination survey 2009–2014. J Am Dent 
Assoc. (2018) 149:576–88.e6. doi: 10.1016/j.adaj.2018.04.023

	10.	 National Institute of Dental and Craniofacial Research. Periodontal Disease in Adults. 
Bethesda, MD: National Institute of Dental and Craniofacial Research (2023). Available 
online at: https://www.nidcr.nih.gov/research/data-statistics/periodontal-disease/adults 
(Accessed Sep 16, 2025).

	11.	 Eke PI, Dye BA, Wei L, Slade GD, Thornton-Evans GO, Borgnakke WS, et al. Update 
on prevalence of periodontitis in adults in the United States: NHANES 2009 to 2012. J 
Periodontol. (2015) 86:611–22. doi: 10.1902/jop.2015.140520

	12.	 Centers for Disease Control and Prevention. Gum (periodontal) Disease. Atlanta, GA: 
Centers for Disease Control and Prevention (2023). Available online at: https://www.cdc.
gov/oral-health/about/gum-periodontal-disease.html (Accessed Sep 16, 2025).

	13.	 Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco RJ. Identification of periodon-
tal pathogens in atheromatous plaques. J Periodontol. (2000) 71:1554–60. doi: 10.1902/
jop.2000.71.10.1554

	14.	 Beck JD, Eke P, Lin D, Madianos P, Couper D, Moss K, et al. Associations between IgG 
antibody to oral organisms and carotid intima–medial thickness in community-dwelling 
adults. Atherosclerosis. (2005) 183:342–8. doi: 10.1016/j.atherosclerosis.2005.03.017

	15.	 Pussinen PJ, Nyyssönen K, Alfthan G, Salonen R, Laukkanen JA, Salonen JT. Serum 
antibody levels to Actinobacillus actinomycetemcomitans predict the risk for coronary 
heart disease. Arterioscler Thromb Vasc Biol. (2005) 25:833–8. doi: 10.1161/01.
atv.0000157982.69663.59

	16.	 Soejima H, Oe Y, Nakayama H, Matsuo K, Fukunaga T, Sugamura K, et al. Periodontal 
status and Prevotella intermedia antibody in acute coronary syndrome. Int J Cardiol. 
(2009) 137:304–6. doi: 10.1016/j.ijcard.2008.05.057

	17.	 Arbildo-Vega HI, Cruzado-Oliva FH, Coronel-Zubiate FT, Meza-Málaga JM, Luján-
Valencia SA, Luján-Urviola E, et al. Periodontal disease and cardiovascular disease: 
umbrella review. BMC Oral Health. (2024) 24:1308. doi: 10.1186/s12903-024-04907-1

	18.	 Byun SH, Lee S, Kang SH, Choi HG, Hong SJ. Cross-sectional analysis of the associa-
tion between periodontitis and cardiovascular disease using the Korean genome and 
epidemiology study data. Int J Environ Res Public Health. (2020) 17:E5237. doi: 10.3390/
ijerph17145237

	19.	 Sfyroeras GS, Roussas N, Saleptsis VG, Argyriou C, Giannoukas AD. Association 
between periodontal disease and stroke. J Vasc Surg. (2012) 55:1178–84. doi: 10.1016/j.
jvs.2011.10.008

	20.	 Tran AH, Zaidi AH, Bolger AF, Del Brutto OH, Hegde R, Patton LL, et al. Periodontal 
disease and atherosclerotic cardiovascular disease: a scientific statement from the American 
Heart Association. Circulation. (2025) 153:1390. doi: 10.1161/CIR.0000000000001390

	21.	 Sumayin Ngamdu K, Mallawaarachchi I, Dunipace EA, Chuang LH, Jafri SH, Shah 
NR, et al. Association between periodontal disease and cardiovascular disease (from 
NHANES). Am J Cardiol. (2022) 178:163–8. doi: 10.1016/j.amjcard.2022.05.028

	22.	 Arsiwala LT, Mok Y, Yang C, Ishigami J, Selvin E, Beck JD, et al. Periodontal disease 
measures and risk of incident peripheral artery disease: the ARIC study. J Periodontol. 
(2022) 93:943–53. doi: 10.1002/JPER.21-0342

	23.	 Goyal L, Gupta S, Dewan M, Singla M. Is periodontal therapy an effective treatment 
modality for preventing or managing cardiovascular disease in patients with periodonti-
tis? Evid Based Dent. (2023) 24:32–4. doi: 10.1038/s41432-023-00868-6

	24.	 Ye Z, Cao Y, Miao C, Liu W, Dong L, Lv Z, et al. Periodontal therapy for primary or 
secondary prevention of cardiovascular disease in people with periodontitis. Cochrane 
Database Syst Rev. (2022) 10:CD009197. doi: 10.1002/14651858.cd009197.pub5

	25.	 Saquib Abullais S, Wykole Y, Abdul Khader M, Mohamed Shamsudeen S, Alanazi S, 
Ullah Khateeb S, et al. Estimation of serum C-reactive protein activity in periodontal health 
and disease and response to treatment. PeerJ. (2023) 11:e16495. doi: 10.7717/peerj.16495

	26.	American Heart Association. Bad Tooth Brushing Habits Tied to Higher Heart risk. 
Dallas, TX: American Heart Association (2018). Available online at: https://www.heart.
org/en/news/2018/11/07/bad-tooth-brushing-habits-tied-to-higher-heart-risk 
(Accessed Sep 16, 2025).

	27.	 Zardawi F, Gul S, Abdulkareem A, Sha A, Yates J. Association between periodontal 
disease and atherosclerotic cardiovascular diseases: revisited. Front Cardiovasc Med. 
(2021) 7:625579. doi: 10.3389/fcvm.2020.625579

	28.	 American Heart Association. Cardiovascular Disease: a Costly Burden for America—
Projections through 2035. Dallas, TX: American Heart Association (2023). Available 
online at: https://www.heart.org/-/media/Files/About-Us/Policy-Research/Fact-Sheets/
Public-Health-Advocacy/CVD-A-Costly-Burden-for-America-Projections-
Through-2035.pdf?sc_lang=en (Accessed March 10, 2026).

	29.	 Botelho J, Machado V, Leira Y, Proença L, Chambrone L, Mendes JJ. Economic 
burden of periodontitis in the United States and Europe: an updated estimation. J 
Periodontol. (2022) 93:373–9. doi: 10.1002/JPER.21-0111

	30.	 Jeffcoat MK, Jeffcoat RL, Gladowski PA, Bramson JB, Blum JJ. Impact of periodontal 
therapy on general health: evidence from insurance data for five systemic conditions. Am 
J Prev Med. (2014) 47:166–74. doi: 10.1016/j.amepre.2014.04.001

	31.	 Blaschke K, Hellmich M, Samel C, Listl S, Schubert I. Association between periodontal 
treatment and healthcare costs in patients with coronary heart disease: a cohort study 
based on German claims data. Dent J (Basel). (2022) 10:114. doi: 10.3390/dj10070133

	32.	 Borah BJ, Brotman SG, Dholakia R, Dvoroznak S, Jansen MT, Murphy EA, et al. 
Association between preventive dental care and healthcare cost for enrollees with diabetes 
or coronary artery disease. Compend Contin Educ Dent. (2022) 43:130–9.

	33.	 ICD. ICD-10 Codes I00–I99: Diseases of the Circulatory System. (2024). Available 
online at: https://www.icd10data.com (Accessed Sep 16, 2025).

	34.	 Joshy G, Korda R, Abhayaratna W, Soga K, Banks E. Categorising major cardiovas-
cular disease hospitalisations from routinely collected data. Public Health Res Pract. 
(2015) 25:e2531532. doi: 10.17061/phrp2531532

	35.	 American Dental Association. CDT 2024: Current Dental Terminology. Chicago, IL: 
American Dental Association (2023).

	36.	 AHRQ. Agency for Healthcare Research and Quality. Elixhauser Comorbidity Software 
(ICD-10-CM). Rockville, MD: AHRQ (2025).

	37.	 Martínez-García M, Hernández-Lemus E. Periodontal inflammation and systemic 
diseases: an overview. Front Physiol. (2021) 12:709438. doi: 10.3389/fphys.2021.709438

	38.	 Smiley CJ, Tracy SL, Abt E, Michalowicz BS, John MT, Gunsolley J, et al. Evidence-
based clinical practice guideline on the nonsurgical treatment of chronic periodontitis. J 
Am Dent Assoc. (2015) 146:525–35. doi: 10.1016/j.adaj.2015.01.026

	39.	 Teles R, Wang CY. Periodontal disease and atherosclerotic cardiovascular disease: 
does the evidence support an independent association? J Periodontol. (2011) 82:1256–69. 
doi: 10.1161/CIR.0b013e31825719f3

	40.	 Rudick CP, Lang MS, Miyamoto T. Determining recare intervals for periodontal 
maintenance. Dimens Dent Hyg. (2020) 18:30–3.

	41.	 American Academy of Periodontology. Parameter on periodontal maintenance. J 
Periodontol. (2000) 71:849–50. doi: 10.1902/jop.2000.71.5-S.849

	42.	 National Institute for Health and Care Excellence. Dental Recall: Recommendations 
(CG19). London: National Institute for Health and Care Excellence (2023). Available 
online at: https://www.nice.org.uk/guidance/cg19/chapter/Recommendations (Accessed 
Sep 16, 2025).

	43.	 Clarkson JE, Pitts NB, Fee PA, Goulao B, Boyers D, Ramsay CR, et al. Effectiveness 
of different dental recall strategies: the INTERVAL dental recalls randomized controlled 
trial. Br Dent J. (2021) 230:236–43. doi: 10.1038/s41415-021-2612-0

	44.	 Gesko DS, Rush WA, Durand EU. The oral-systemic link: an opportunity for collabo-
ration. Diabetes Spectr. (2011) 24:187–90.

	45.	 Sanchez P, Everett B, Salamonson Y, Ajwani S, Bhole S, Bishop J, et al. Oral health and 
cardiovascular care: perceptions of people with cardiovascular disease. PLoS One. (2017) 
12:e0181189. doi: 10.1371/journal.pone.0181189

	46.	 Ajwani S, George A, Everett B, Salamonson Y, Sanchez P. Oral healthcare and cardio-
vascular disease: a scoping review of current strategies and implications for nurses. J Clin 
Nurs. (2017) 32:E10–20. doi: 10.1097/JCN.0000000000000388

	47.	 Church LA, Robins L, Xu F, Qin L, Tran A, Wallace JP, et al. Oral health education 
strategies for patients living with cardiovascular disease within hospital settings: a scoping 
review. Front Public Health. (2024) 12:1389853. doi: 10.3389/fpubh.2024.1389853

	48.	 Sáenz-Ravello G, Castillo-Riquelme M, Cuadrado C, Gamonal J, Baeza M. Efficiency 
of periodontal treatment to improve type 2 diabetes mellitus outcomes: a systematic 
review and meta-analysis of economic evaluations. Community Dent Oral Epidemiol. 
(2025) 53:135–51. doi: 10.1111/cdoe.12999

https://doi.org/10.3389/fpubh.2026.1741942
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
https://www.nhlbi.nih.gov/research/data/heart-disease-rates
https://www.nhlbi.nih.gov/research/data/heart-disease-rates
https://www.heart.org/-/media/PHD-Files-2/Science-News/2/2025-Heart-and-Stroke-Stat-Update/2025-Statistics-At-A-Glance.pdf
https://www.heart.org/-/media/PHD-Files-2/Science-News/2/2025-Heart-and-Stroke-Stat-Update/2025-Statistics-At-A-Glance.pdf
https://www.heart.org/-/media/PHD-Files-2/Science-News/2/2025-Heart-and-Stroke-Stat-Update/2025-Statistics-At-A-Glance.pdf
https://professional.heart.org/en/science-news/heart-disease-and-stroke-statistics-2023-update
https://professional.heart.org/en/science-news/heart-disease-and-stroke-statistics-2023-update
https://my.clevelandclinic.org/health/diseases/21482-gum-periodontal-disease
https://my.clevelandclinic.org/health/diseases/21482-gum-periodontal-disease
https://doi.org/10.1080/20002297.2023.2197779
https://doi.org/10.1016/j.hlc.2018.05.102
https://doi.org/10.1016/j.adaj.2018.04.023
https://www.nidcr.nih.gov/research/data-statistics/periodontal-disease/adults
https://doi.org/10.1902/jop.2015.140520
https://www.cdc.gov/oral-health/about/gum-periodontal-disease.html
https://www.cdc.gov/oral-health/about/gum-periodontal-disease.html
https://doi.org/10.1902/jop.2000.71.10.1554
https://doi.org/10.1902/jop.2000.71.10.1554
https://doi.org/10.1016/j.atherosclerosis.2005.03.017
https://doi.org/10.1161/01.atv.0000157982.69663.59
https://doi.org/10.1161/01.atv.0000157982.69663.59
https://doi.org/10.1016/j.ijcard.2008.05.057
https://doi.org/10.1186/s12903-024-04907-1
https://doi.org/10.3390/ijerph17145237
https://doi.org/10.3390/ijerph17145237
https://doi.org/10.1016/j.jvs.2011.10.008
https://doi.org/10.1016/j.jvs.2011.10.008
https://doi.org/10.1161/CIR.0000000000001390
https://doi.org/10.1016/j.amjcard.2022.05.028
https://doi.org/10.1002/JPER.21-0342
https://doi.org/10.1038/s41432-023-00868-6
https://doi.org/10.1002/14651858.cd009197.pub5
https://doi.org/10.7717/peerj.16495
https://www.heart.org/en/news/2018/11/07/bad-tooth-brushing-habits-tied-to-higher-heart-risk
https://www.heart.org/en/news/2018/11/07/bad-tooth-brushing-habits-tied-to-higher-heart-risk
https://doi.org/10.3389/fcvm.2020.625579
https://www.heart.org/-/media/Files/About-Us/Policy-Research/Fact-Sheets/Public-Health-Advocacy/CVD-A-Costly-Burden-for-America-Projections-Through-2035.pdf?sc_lang=en
https://www.heart.org/-/media/Files/About-Us/Policy-Research/Fact-Sheets/Public-Health-Advocacy/CVD-A-Costly-Burden-for-America-Projections-Through-2035.pdf?sc_lang=en
https://www.heart.org/-/media/Files/About-Us/Policy-Research/Fact-Sheets/Public-Health-Advocacy/CVD-A-Costly-Burden-for-America-Projections-Through-2035.pdf?sc_lang=en
https://doi.org/10.1002/JPER.21-0111
https://doi.org/10.1016/j.amepre.2014.04.001
https://doi.org/10.3390/dj10070133
https://www.icd10data.com
https://doi.org/10.17061/phrp2531532
https://doi.org/10.3389/fphys.2021.709438
https://doi.org/10.1016/j.adaj.2015.01.026
https://doi.org/10.1161/CIR.0b013e31825719f3
https://doi.org/10.1902/jop.2000.71.5-S.849
https://www.nice.org.uk/guidance/cg19/chapter/Recommendations
https://doi.org/10.1038/s41415-021-2612-0
https://doi.org/10.1371/journal.pone.0181189
https://doi.org/10.1097/JCN.0000000000000388
https://doi.org/10.3389/fpubh.2024.1389853
https://doi.org/10.1111/cdoe.12999


Santoro et al.� 10.3389/fpubh.2026.1741942

Frontiers in Public Health 11 frontiersin.org

	49.	 Smits KPJ, Listl S, Plachokova AS, van der Galien O, Kalmus O. Effect of periodontal 
treatment on diabetes-related healthcare costs: a retrospective study. BMJ Open Diabetes 
Res Care. (2020) 8:e001478. doi: 10.1136/bmjdrc-2020-001666

	50.	 Shin JH, Takada D, Kunisawa S, Imanaka Y. Effects of periodontal management for 
patients with type 2 diabetes on healthcare expenditure and hospitalisation. J Clin 
Periodontol. (2021) 48:774–84. doi: 10.1111/jcpe.13441

	51.	Nasseh K, Vujicic M, Glick M. Relationship between periodontal interventions 
and healthcare costs and utilization. Health Econ. (2017) 26:519–27. doi: 10.1002/
hec.3316

	52.	 Thakkar-Samtani M, Heaton LJ, Kelly AL, Taylor SD, Vidone L, Tranby EP. 
Periodontal treatment associated with decreased diabetes mellitus–related treatment 
costs. J Am Dent Assoc. (2023) 154:283–92.e1. doi: 10.1016/j.adaj.2022.12.011

	53.	 D’Aiuto F, Suvan J, Siripaiboonpong N, Gatzoulis MA. The root of the matter: linking 
oral health to chronic disease prevention. Int J Cardiol Congenit Heart Dis. (2025) 
19:100574. doi: 10.1016/j.ijcchd.2025.100574

	54.	 Scannapieco FA, Lamster IB. Inclusion of dental services in Medicare to improve oral 
and general health for older Americans. Am J Med. (2024) 137:1184–9. doi: 10.1016/j.
amjmed.2024.08.004

https://doi.org/10.3389/fpubh.2026.1741942
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1136/bmjdrc-2020-001666
https://doi.org/10.1111/jcpe.13441
https://doi.org/10.1002/hec.3316
https://doi.org/10.1002/hec.3316
https://doi.org/10.1016/j.adaj.2022.12.011
https://doi.org/10.1016/j.ijcchd.2025.100574
https://doi.org/10.1016/j.amjmed.2024.08.004
https://doi.org/10.1016/j.amjmed.2024.08.004

	Periodontal therapy among patients with cardiovascular disease: exploring its association with lower medical spending
	Introduction
	Methods
	Study population
	Treatment and control groups
	Outcomes
	Confounding variables
	Statistical methods

	Results
	Discussion
	Future research directions

	Conclusion

	Acknowledgments
	References

