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Abstract 

Background:  

Poor oral health has been associated with worse outcomes among hospitalized 

patients, but access to oral healthcare services in the hospital setting is limited. It is 

unknown how a hospital admission affects oral health or subsequent dental utilization. 

Methods:  

This thesis is composed of two preliminary studies on the oral health status of patients 

with a hospital stay. In the first part of the thesis, all patients meeting inclusion criteria 

on the general medicine service of a tertiary care hospital were invited to participate in 

an oral evaluation by a licensed dental hygienist. Subjects were asked about their 

access to dental care and perceptions of their oral health. A dental hygienist conducted 

examinations including decayed, missing, and filled teeth (DMFT) and periodontal 

screening and recording (PSR) indices on a subset of subjects. 

 In the second part of this thesis, a retrospective analysis of insurance claims data from 

a national private insurer was conducted. Individuals were included if they were 

admitted to the hospital and had visited a dentist at least once in the year before 

admission. Total number of dental visits as well as CDT codes associated with these 

visits in the year before and after a hospital stay, patient demographics, and hospital 

admission diagnosis and length of stay were recorded. Differences in utilization before 

and after the hospital stay were calculated. 

Results:  

For part 1 of this thesis, The 105 subjects had a mean age of 69±13 and a median 

hemoglobin A1c of 7.5±2.1%. Rates of comorbidity and polypharmacy were high. Mean 
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DMFT was 23.0±7.3 with 10.1±7.3 missing teeth. 44% of subjects had a removable 

prosthesis. 68% of subjects had a PSR of 4 or greater in at least one sextant, indicating 

moderate periodontal disease. For part 2 of this thesis, 107,116 individuals met 

inclusion criteria. There were significantly fewer dental visits after admission, 1.92±1.80, 

compared to prior to admission, 1.58±1.74 (p<0.0001). There were significantly fewer 

procedures performed in the year after discharge (8.53±12.53 total CDT codes in the 

year before admission and 7.03±11.38 in the year after discharge, p<0.0001). Rates of 

diagnostic and restorative services delivered was higher after admission, while rates of 

periodontic, endodontic, oral surgery, and prosthodontic services decreased (overall 

Pearson’s 2 p<0.0001). 

Conclusions:  

Rates of missing teeth, removable prostheses, and periodontal inflammation were high 

among hospitalized patients with diabetes, but patients did not perceive their oral health 

to be poor. Patients are less likely to visit a dentist following a hospital stay, and are less 

likely to receive more invasive dental care if they do. Healthcare providers should be 

aware of the oral health risks of patients during hospitalization, and dentists should 

consider screening patients with diabetes for recent hospitalization.  
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Glossary of Abbreviations 

CDT – Code on Dental Procedures and Nomenclature 

DMFT –  Decayed, missing, and filled teeth index 

ICD9/ICD10 –  International Statistical Classification of Diseases and Related Health 

Problems, 9th and 10th editions 

INR – International Normalized Ratio 

OHRQoL – Oral Health-Related Quality of Life 

PSR –  Periodontal Screening and Recording System 

US –  United States 

VIF – Variance Inflation Factor 
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Introduction  

Despite the numerous connections between oral and systemic health, the dental 

healthcare system remains almost entirely separate from the medical system. While 

patients with severe oral disease may be hospitalized as a result of illness progression 

(1), few dentists are employed in the hospital setting and access to dental services for 

hospitalized patients is uncommon (2). In 2008, 50,000 oral-heath related 

hospitalization charges amounted to $1.218 billion in the United States (US); more than 

40% of those hospitalized had at least one comorbid condition (3). 

There are more than 5000 community hospitals in the US, with more than 34 

million overnight admissions every year (4). Although innovations in delivery models 

and programs to reduce unnecessary hospitalizations have reduced rates of hospital 

stays (5,6), an estimated 7.6% of Americans were admitted to the hospital overnight in 

2017 (7).  

Due to both shared risk factors for medical and dental disease, as well as the 

impact of acute illness on access to care, hospitalized patients have been found to have 

worse oral health than their community-dwelling peers (8). Poor oral health status 

among hospitalized patients has been associated with worse clinical outcomes, 

including mortality (9,10). In spite of this, oral health has been found to decline over the 

period of hospitalization, with increased dental plaque accumulation and higher rates of 

gingival inflammation over time during a hospital stay (11–13).  

While nursing-delivered oral care is now standard practice for mechanically 

ventilated patients in intensive care units due to its impact on rates of ventilator 

associated-pneumonia (2,14), outside the acute care setting, patients’ teeth are not 
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routinely cared for by nursing staff during inpatient stays, and patients may feel too 

unwell to perform routine oral hygiene without assistance (15,16). Hospitals are also a 

common location for denture loss (17).  

Dental providers make up only 1% of the hospital workforce (18), and access to 

dental treatment during a hospital stay is rare, though limited evidence suggests this 

may improve overall health and dental outcomes (19–21). In an effort to improve 

continuity of care and reduce readmissions, patients discharged from the hospital often 

have follow-up appointments scheduled before their discharge with numerous medical 

specialists involved in their care, as well as with their primary care physician (22). These 

efforts to coordinate care do not commonly include oral health professionals.  

Challenges in referring to dental providers from the outpatient and emergency 

department settings have been well-documented, and apply equally to inpatient 

providers (23,24). These barriers include different insurance structures, lack of dental 

facilities within health systems, and a lack of interoperable electronic health records that 

allow for shared documentation by dental and medical providers (25,26).  

While financial barriers remain the most common self-reported barrier to dental 

care (27). medical complexity can also interfere with patients’ ability to reach a dentist, 

whether because illness makes leaving the home more difficult, patients must balance 

alternative medical appointments with dental care, or because patients with physical or 

cognitive disabilities find dental care more difficult to obtain (16,28,29). The long-term 

impact of these barriers to dental care after acute illness have not been well described. 

Outcomes for individuals with diabetes are emblematic of these barriers between 

the medical and dental systems. Patients with diabetes comprise 20% of all 
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hospitalizations and are more likely to have longer and costlier stays compared to 

patients without diabetes (30). Additionally, a well-documented comorbidity common 

among patients with diabetes is periodontal disease, along with other stigmata of poor 

oral health (31). 

In spite of calls for increased collaboration between medical and dental providers 

to improve diabetes care (32), patients with diabetes are less likely to visit a dentist 

annually (28) and have a higher risk of tooth loss (33). Studies have previously 

demonstrated the relationship between periodontal disease and inflammatory markers 

associated with diabetes severity (34–36). Among patients with diabetes, periodontal 

intervention has been associated with improved oral health status and substantial 

reduction in total healthcare costs and rates of hospitalization (37,38). Inpatient hospital 

care accounts for 43% of the more than $176 billion spent annually to treat 

complications of diabetes (30,39). This costly and potentially preventable outcome may 

nonetheless represent an opportunity to connect patients with diabetes with oral health 

care services. 

This was a mixed-methods evaluation of the oral health of patients in the 

hospital. The purpose of the first part of the study was to demonstrate the feasibility of 

adding a dental hygienist to a hospital team to provide preventive dental treatment for 

patients in the hospital, and to conduct a baseline oral health needs assessment of a 

small group of hospitalized patients with Type II diabetes mellitus. The purpose of the 

second part of this study was to evaluate the change in rates of dental utilization and 

the types of dental care received before and after an inpatient hospital stay among 

beneficiaries of a major private insurer in the US. 
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Methods 

Part 1. Clinical Pilot and Screening Methods 

The study occurred at a 999-bed tertiary care hospital serving as a major referral 

center in Boston, Massachusetts. Patients were included if they were hospitalized on 

any of three general medicine wards within the hospital, were over age 18, and carried 

a diagnosis within the hospital’s electronic health record (Epic Systems, Wisconsin, 

United States) of type 2 diabetes. Exclusion criteria included meeting indications for 

antibiotic prophylaxis for the prevention of infectious endocarditis per American Dental 

Association/American Heart Association guidelines (40), anticoagulation to an 

international normalized ratio (INR) greater than 2.5 (41,42), a platelet count of less 

than 100,000, a history of prosthetic joint replacement in the last two years (43), or 

altered mental status. The patient’s medical team or nurse could also decline to enroll a 

patient in the study. Patients who were fully edentulous were asked if they had their 

dentures with them in the hospital but were otherwise excluded from subsequent data 

collection. Informed consent was obtained from all subjects. Human subjects research 

approval was obtained by the Partners Human Subjects Research Board 

(2016P001460/BWH). 

The dental hygienist was employed for between 8 and 15 hours each week for 7 

months to provide care on 3 medical floors, totaling 136 beds. Workflow is portrayed in 

Figure 1. Pre-screening for eligibility was conducted by the supervising physician. 

Following approval of the patient’s medical and nursing team, the dental hygienist 

introduced herself, obtained consent, and provided motivational interviewing, dental 

screening, and prophylaxis. The dental hygienist received a 3-hour one-on-one training 
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in motivational interviewing techniques with an internal medicine physician with 

experience teaching the topic to healthcare providers. The dental hygienist was 

evaluated through the use of multiple roleplays with direct feedback. During the 

intervention, the dental hygienist tailored her interviewing to patient-derived oral health 

goals and oral healthcare-seeking behavior (e.g. brushing teeth more often, making a 

dental appointment when discharged). All materials necessary for dental prophylaxis, 

including sterilized cassettes containing periodontal scalers and other necessary 

instruments, were kept on a rolling cart that was stored near the hospital floors (Figure 

2). Each cassette was unsealed at the subject’s bedside and was sterilized after use in 

the dental clinic’s autoclave, following all standard infection control procedures.  

Bedside suction, present in each patient room, was used to provide suction during the 

prophylaxis. Patients received a paper form describing the care they had received and 

any findings noted, as well as a list of local dental providers. Any urgent dental needs 

(such as abscesses, very mobile teeth, or acute pain) were conveyed verbally and in 

writing to the patient’s medical team, who could also call a consult from the oral and 

maxillofacial surgery or dental services of the hospital. As part of this pilot program, the 

dental hygienist’s services were offered free of charge. 

 Following each encounter, a note was entered in the patient’s electronic 

health record (Epic Systems, Wisconsin, United States). Each inpatient unit has several 

workrooms with computers available for staff, and the dental hygienist was able to use a 

personal hospital-provided login to record this encounter note, which described the care 

provided and included whether there were oral findings in need of urgent treatment. The 

note also stated that these findings had been conveyed to the medical team. Notes 
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were accessible from the same interface as all other notes from the patient’s hospital 

stay to all members of the patient’s care team. 

 Adverse event monitoring included both monthly retrospective chart 

review by a dentist and internal medicine physician and the ability of all patient care 

team members to report directly to the dental hygienist, dentist, or physician 

investigators. 

 All subjects were asked a series of questions intended to evaluate oral health-

related quality of life (OHRQoL). The three questions were selected to include a 

question on global oral health status, as well as the psychological dysfunction, 

psychological disability, and functional limitation domains of previously validated 

OHRQoL surveys (44). Responses were collected on a Likert scale. Participants were 

also asked about their most recent dental visit and the services provided at that time. 

Subjects were also asked about their perceived barriers to dental care and oral 

healthcare provided while in the hospital. Patients on one of the three wards were also 

selected for an oral evaluation. Periodontal probing depths were recorded using the 

Periodontal Screening and Recording (PSR) system, in which each tooth is probed at 6 

sites, and the deepest pocket in each sextant is recorded using a custom probe with 

codes 0-4, representing pocket depths of 0-3.5 mm, 3.5-5.5 mm, and greater than 5.5 

mm (45). Status of oral hard tissues were recorded using the decayed, missing, and 

filled teeth (DMFT) index. 

Patients who spoke a language other than English were administered the 

questionnaire through an in-person interpreter. The same dental hygienist evaluated all 

subjects.  
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Subject demographics, including age, gender, and ethnicity, were extracted from 

the electronic health record, along with medical co-morbidities, most recent blood 

pressure, blood glucose, and hemoglobin A1c percentage, and total number of 

prescribed medications.  

Descriptive statistics and statistical analyses were performed using IBM SPSS 

statistics version 25 (Armonk, NY: IBM Corp). Multiple linear regression and Student’s t-

tests were used for statistical comparison of secondary analyses with p<0.05 

considered significant. 

 

Part 2. Analysis of Claims Data 

This was a retrospective analysis of a large deidentified claims database, 

comprised of medical and dental claims for more than 65 million individuals receiving 

health insurance through an employer or through self-employment from 2008 until mid-

2019. Institutional review board exemption was obtained from the Harvard Medical 

School Human Subjects Review Board (IRB14-0171).  

 Members were included if they had an overnight inpatient hospital admission and 

at least one dental visit in the year prior to admission or the year after hospital 

discharge, and were enrolled in the insurance program throughout the same time 

period. Whether or not individuals had dental coverage as part of their insurance plan 

was not contained within the data set. Members were excluded if they were under age 

18 or over 90 at the time of admission, if they were admitted for a craniofacial condition 

or facial trauma as defined by admission International Classification of Disease 9th or 

10th edition (ICD9 or ICD10) code,(46) or if they were admitted for labor or childbirth, as 

defined by an admissions Major Diagnostic Category of 14. To ensure that being 
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physically in the hospital or other healthcare setting was not a barrier to dental 

utilization, we excluded members who had any subsequent readmissions in the 12 

months after discharge from the hospital. Patients with a length of hospital stay greater 

than 90 days were excluded, as were individuals with more than 300 CDT codes in the 

year before or after admission. 

 Patient gender, age on admission, region within the United States, primary 

admission ICD9 or ICD10 codes, and length of hospital stay were recorded. The total 

number of dental visits in the year prior to admission and the year after discharge were 

obtained, as well as the Code on Dental Procedures and Nomenclature Codes (CDT 

Codes) for services rendered.  

Analyses were conducted using the Stata statistical analysis package version 15 

(StataCorp, College Station, Texas, USA). Descriptive statistics were calculated. As the 

count data was not normally distributed, differences in total number of visits in the year 

before and after a hospital stay were compared using a paired Wilcoxon signed-rank 

test, as were total number of procedures completed before and after the hospital stay. 

Differences in the frequency of procedure type were evaluated using 2 tests.  

A logistic regression model for whether or not an individual received a preventive 

dental service in the year after hospital discharge, with age, gender, US region, length 

of hospital stay, whether the admission was for a surgical procedure or medical 

problem, number of dental visits in the year before admission, total number of CDT 

codes, total number of outpatient medical and dental visits in the year before admission, 

and whether or not an individual had a preventive dental procedure in the year before 
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admission as covariates. As part of model fitting, all covariates were tested for 

multicollinearity. P values less than 0.05 were considered significant.    



 15 

Results 

Part 1. Clinical Pilot and Screening Results 

Subjects were recruited from 3 general medicine wards with 136 beds and an 

average length of stay of 6.21 days. Eligible subjects were identified by preliminary 

chart review on a weekly basis from October 2016 to September 2017. Subjects’ 

medical and nursing teams were then approached for approval. The dental hygienist 

would then approach the patient for consent. A total of 105 subjects participated in the 

study, and 120 patients with type 2 diabetes were excluded. Twenty-one patients were 

completely edentulous. The remaining 84 patients were asked to complete the surveys 

about their oral health. As part of our enrollment approach, subjects on one of the 3 

general medicine services received an oral evaluation, while subjects on the other floors 

only completed surveys. Through this randomization procedure a total of nineteen 

subjects received an oral evaluation. Subject demographics are displayed in Table 1. 

Participants in the cohort as whole had a mean age of 69±13 and were predominantly 

male (57%) and white (51%). No significant differences in age, gender distribution or 

ethnicity were observed between subjects who received an oral evaluation and those 

who did not. 

In addition to type 2 diabetes, the most common comorbidities were hypertension 

(74%), congestive heart failure (23%), gastroesophageal reflux disease (16%), and 

depression (16%). The average blood pressure was 131±21 systolic and 68±11 

diastolic, the average blood glucose was 189±79, and the average hemoglobin A1c was 

7.5±2.1%. Subjects were taking an average of 16.3±6.7 medications. 36% of subjects 
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were administering insulin as part of their diabetes treatment. Subjects had an average 

of 12±7 comorbidities ranging from 2 to 40 concurrent medical conditions. 

Subjects were asked three oral health-related quality of life questions on a Likert 

scale ranging from 1 to 10, with 1 indicating “strongly agree” and 10 “strongly disagree.” 

A total of 86 subjects responded to these questions, displayed in Table 2. Subjects were 

slightly more likely to agree that their mouth and teeth were healthy (Median response 

4.0, interquartile range 6.0). Subjects disagreed that problems with their mouth and 

teeth made it difficult to eat, talk, or live their life (Median response 10.0, interquartile 

range 5.0), as well as that they were embarrassed by how their teeth looked (Median 

response 9.5, interquartile range 5.0). Patients with a removable prosthesis were not 

significantly more likely to report that their mouth was unhealthy, that they had problems 

with their mouth, or that they were embarrassed by their teeth. In a multiple linear 

regression analysis adjusting for age and gender, there was no significant association 

between hemoglobin A1c and agreement that mouth and teeth were healthy, problems 

with mouth and teeth, or embarrassment with how teeth looked (p=0.70, p=0.25, 

p=0.98, respectively for questions 1 through 3 in Table 2). 

Most patients reported having a dentist of record (59%). On average, it had been 

19±6 months since the subjects’ most recent dental visit. Subjects were asked why they 

were unable to visit a dentist (Table 3). The most common reason given was the cost of 

treatment (30%), followed by dental anxiety (25%), inability to travel to a dentist (14%), 

and that they were unable to find a dentist that accepted their insurance (12%).  

Oral health status is presented in Table 4. Subjects had an average DMFT of 

23.0±7.3, with an average of 1.6±1.9 decayed teeth, 10.1±7.3 missing teeth, and 
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9.5±5.8 filled teeth. The average PSR score across all sextants was 3.4±0.45. Average 

scores in sextant 4 and sextant 6 (bilateral mandibular molars) were highest, 3.4±0.5 

and 3.5±0.5, respectively, indicating attachment loss of greater than 4 mm. 68% of 

subjects had a PSR of 4 or greater in at least one sextant, indicating moderate 

periodontal disease. In a multiple linear regression correcting for age and gender, 

higher mean PSR score was not associated with higher hemoglobin A1c percentage 

(95% CI for coefficient -6.42 to 5.52, p=0.87). 

Most subjects (52%; N=43) had cleaned their teeth since they were hospitalized; 

2 of these subjects reported that a nurse had cleaned their teeth, 2 reported that a 

family member had cleaned their teeth, and the rest had cleaned their teeth themselves. 

Thirty-seven subjects (44%), including the 21 edentulous subjects, had a removable 

prosthesis; of these subjects, 29 had their dentures or partial dentures with them in the 

hospital, and 17 reported wearing their prosthesis during sleep. 

 

Part 2. Analysis of Claims Data 

A total of 107,116 individuals had at least one dental visit in the year before or 

after an inpatient admission. Patient characteristics are displayed in Table 1. The 

average age was 48.82±15.43 years and 50.61% were female (54,208 individuals). 

Most admissions were for surgical problems (65.38%), rather than medical problems 

(34.62%). The five most common admission diagnoses were osteoarthritis, appendicitis, 

obesity, depression, and leiomyoma of the uterus. The average hospital length of stay 

was 2.89±3.22 days, with a median of 2 days. 

 Dental utilization before and after hospital admission is displayed in Table 2. 

Individuals had a mean of 1.92±1.80 dental visits in the year prior to admission (95% CI 
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1.90-1.93) and 1.58±1.74 dental visits in the year following discharge from the hospital 

(95% CI 1.58-1.60). This difference was statistically significant, p<0.0001. The median 

number of visits before admission was 2 and the median after was 1. 34,915 individuals 

who had a dental visit before admission did not have a visit in the year after discharge 

(32.60% of sample), and 22,981 individuals had a dental visit in the year after 

discharge, but not the year before (21.45%).  

 There were a total of 375,304 CDT codes billed in the year before admission and 

354,568 in the year after discharge. There was a higher number of CDT codes billed per 

patient in the year prior to a hospital stay compared to the year after, 8.53±12.53 versus 

7.03±11.38 (95% CI 8.45-8.60 and 6.96-7.10, respectively, p<0.0001). The median 

number of codes was 5 in the year before admission and 4 in the year after. Excluding 

individuals without a dental visit, individuals with a dental visit in the year after leaving 

the hospital still had significantly fewer procedures, though the magnitude was not 

substantial, 10.85±13.21 versus 10.43±12.52 (95% CI 10.76-10.94 and 10.34-10.52, 

respectively, p<0.0001). Procedure category as denoted by CDT Code before and after 

admission is displayed in Table 3. Both before and after hospital admission, the most 

common CDT code categories were diagnostic, preventive, and restorative procedure 

codes. Categories of services provided were significantly different before and after a 

hospital stay, p<0.0001. However, overall rates of service types provided were generally 

similar, with changes of less than 1% of service frequency. The largest changes in rates 

of services provided were diagnostic procedures (50.59% of all codes before admission 

versus 50.94% of all codes after admission), restorative procedures (14.47% before 



 19 

admission and 14.72% after), periodontic procedures (5.16% before admission and 

4.95% after). 

 Results of the logistic regression with odds of having a dental visits in the year 

after a hospital stay as the dependent variable is displayed in table 4. Although all 

independent variables were significantly associated with the outcome, the overall fit of 

the model was poor, with a pseudo-R2 of 0.1068. 
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Discussion 

Rather than representing a period of decline in oral health, hospitals are 

positioned in a unique point of engagement with the community, as they are able to 

reach patients with high oral health need and difficulty reaching a dentist. In spite of this, 

only 1% of dentists work in a hospital setting (18) and nursing staff may have limited 

exposure to oral health concepts (47). Physicians receive minimal training in oral health 

during medical school and residency training (48). These knowledge deficits may result 

in improper management of oral problems by medical professionals; additionally, lack of 

access to dental professionals in the hospital setting may result in unresolved oral 

health needs that may cause patients to return to the emergency department or primary 

care setting when they are unable to ultimately access a dentist (18,24). Given the high 

rate of medical system utilization for untreated dental problems, this represents a 

significant needless expenditure for the health care system, as well as a health risk for 

patients: in 2008, 20 patients died after being hospitalized due to dental disease 

(1,49,50).   

Almost one half of subjects in the study had removable dental prostheses, and 

one fifth were completely edentulous, a higher rate than in the general United States 

population (51). Many of these respondents indicated that they did not remove their 

dentures for sleep. This may be associated with increased rates of pulmonary infection 

(52) which constitutes a high percentage of hospitalizations for patients over 65 (53). 

Nursing has embraced oral healthcare for patients who are being mechanically 

ventilated, with oral care leading to substantially reduced rates of pneumonias in these 

vulnerable patients (54). More intensive oral care, including dental prophylaxis, 
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periodontal disease treatment, and even tooth extraction in critically ill mechanically-

ventilated patients may further reduce pneumonia rates (55). However, given that only 

one fifth of subjects reported assistance with cleaning their mouths during 

hospitalization, this advance has not yet progressed to include patients who are not 

being mechanically ventilated.  

While the bi-directional relationship between diabetes and periodontal disease is 

well-documented, the use of periodontal therapy to improve glycemic control in patients 

with diabetes and periodontitis has yielded mixed results (56–58). These include 

decreased risk of increased insulin dosing to maintain glycemic control, even over a 

four-month study period, and overall improvement in hemoglobin A1c (HbA1c) levels 

following consistent periodontal treatment, with greatest gains made in those patients 

with greatest initial HbA1c levels (59). Of note, one multi-center randomized controlled 

trial found no significant benefit of periodontal treatment for people with diabetes; that 

study included individuals with a  mean hemoglobin A1c (7.48%) that is consistent with 

the average A1c we found among hospitalized patients with diabetes (7.5%) (57). 

Severity of periodontitis does appear to increase risk of complications of diabetes (60).  

More recent interventions have noted improvement in both periodontal health and 

HbA1c levels from non-surgical periodontal therapy such as scaling and root planing as 

well as from oral hygiene instruction alone in patients with diabetes (34). In light of these 

ongoing findings, the role of periodontal health in the reduction of systemic inflammation 

and improved outcomes in patients with diabetes continues to evolve. 

In spite of subject’s overall poor oral health status, most subjects indicated that 

they did not believe their oral health was particularly poor, nor that it represented a 
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limitation for them. This is consistent with previous studies that have found a lack of 

association between oral health status and oral health-related quality of life in patients 

with serious systemic illnesses (61–64). Subjects in our study may have been 

substantially burdened by medical illness that prevented them from focusing on their 

oral health concerns, even if their oral health was poor. Additionally, subjects may not 

have felt embarrassed by the appearance of their mouth and teeth while in the hospital 

because they were too ill.   

We only evaluated utilization rates in individuals who were not re-admitted to the 

hospital within the year, which encompasses most individuals who are hospitalized in 

the US (7). Even without repeat admissions to the hospital, however, individuals with 

chronic conditions may have higher barriers to dental care compared to those admitted 

to the hospital for an acute condition which subsequently resolves, such as an emergent 

surgical procedure (eg appendicitis). This is also suggested by studies finding lower 

rates of dental utilization and preventive service receipt among individuals with chronic 

conditions such as diabetes (65,66). Limited evidence suggests that such patients with 

medical illness may have lower overall healthcare costs if they receive dental care (67). 

In our clinical study, most patients hospitalized with diabetes did report having a 

dental home, but the average time since their last visit was greater than one year. 

Patients with systemic illnesses are more likely to visit a physician regularly than a 

dentist, a finding confirmed in this study (65). While both medical and dental providers 

have expressed enthusiasm for increased interdisciplinary practice, barriers to 

integration including insurance coverage, provider knowledge, and referral processes 

still restrict the ability of medical and dental providers to collaborate in caring for patients 
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(68–70). Our own experience introducing a dental hygienist into the hospital setting has 

been described elsewhere (20). In addition to more integrated forms of oral health care 

delivery in the medical setting, patients may benefit from merely being screened by 

medical providers about dental care access to address this gap. 

Study participants were most likely to report high cost as the reason they were 

unable to visit a dentist, consistent with adults in the general population (71). The 

second most common reason for avoiding a dental visit in this study was dental anxiety, 

reported by one fourth of respondents. This rate is higher than that detected among 

adults seeking dental care (72), which is unsurprising given patients with higher levels 

of dental anxiety are less likely to seek dental care until their dental disease is more 

advanced (73). Patients with visibly poor oral health status or decreased functional oral 

status are more likely to report rates of dental anxiety, in part due to fear of judgement 

as well as physical discomfort (74,75). Patients with dental anxiety may be more likely 

to present to medical providers with dental concerns (76). Providers caring for patients 

with recent hospitalization and/or with diabetes should be proactive in inquiring about 

dental anxiety in these patients as it may represent a substantial barrier to care.  

Our findings suggest that enhancing oral health care and counseling in the peri-

hospitalization period has the potential to positively impact dental utilization after an 

acute illness. There have been limited initiatives to integrate dental providers into 

inpatient medical teams (21,77,78), and dental care ranging from prophylaxis and 

scaling to tooth extraction has been safely delivered at the bedside (20,55). However, 

few of these programs have expanded beyond the pilot phase. 
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There are several possible avenues to improve oral health for patients during 

their admission to the hospital. First, nursing staff can be encouraged to provide oral 

hygiene for patients and to assist patients with removal of dental prostheses before 

sleep. Nursing leadership on oral hygiene has already become the standard of care in 

the intensive care unit, which represents a possible model for expansion to less acute 

settings (79). Employment of dentists as consultants in the hospital is another potential 

model for improved oral healthcare (18). Lastly, the discharge process, during which 

patients often have specialty appointments booked, could be an opportunity to connect 

patients with dental care in the community alongside other necessary medical care. 

Expanding oral health knowledge of hospital providers may also improve 

screening and referral of patients with unmet oral health need in the hospital, as health 

professions schools often feature few curriculum hours related to oral health (47,80). 

The increasing emphasis on interprofessional education (IPE), which is now an 

accreditation requirement for several health professions, including dentistry, presents an 

opportunity to increase exposure to oral health content.(81,82) As there is a paucity of 

literature on oral health within the hospital setting, the potential impact of training 

hospital providers is unknown. 

The rarity of interoperable medical and dental records also makes it more difficult 

to “close the loop” when referring patients with a hospital stay to dental care (25). 

Patients with complex medical histories and polypharmacy have a higher risk of error in 

report of current medications and health conditions, and are most likely to benefit from 

seamless transfer of their health information to a dental provider (83). Interoperable 

records can also allow medical teams to confirm successful receipt of dental care. While 
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some health systems have successfully implemented these models, most notably Epic’s 

Wisdom module in several sites(84) and the Marshfield Clinic’s health record (85), most 

dentists do not have access to patients’ medical records, and vice versa (25,86). 

Although diagnostic codes are standard across medical fields and are a 

prerequisite for reimbursement, dental reimbursement remains linked to procedure 

codes, and dental diagnostic terminology has not yet been widely adopted for 

reimbursement (87). Thus, while we are able to conclude that procedures delivered to 

patients in the year before and after a hospital stay are significantly different, it is 

unknown whether this reflects changes in oral disease patterns, or whether patients are 

deferring more invasive needed care (for example, extraction of a non-restorable tooth) 

due to competing priorities related to their acute illness episode, possibly including out-

of-pocket expenses.  

While having at least one preventive dental visit in the year before admission was 

the strongest predictor of subsequent post-discharge dental visits in our logistic 

regression model, the overall fit of the model was poor. While we attempted to include 

potential predictors relating to the hospital stay, such as length of stay and whether the 

admission was for a medical or surgical problem, as well as predictors pertaining to 

utilization and patient demographics, our findings suggest that other patient attributes 

primarily contribute to changes in dental utilization after a hospital stay. Given the 

known impact of finances on access to dental care, some of this variation may be 

related to rates of dental insurance coverage and income, which we were unable to 

evaluate in our sample and which can vary significantly even over a privately insured 

sample (27). 
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Limitations 
 

These studies have several notable limitations. Our data is only representative of 

patients presenting to a single tertiary-care medical center and had a very small sample 

size; the results may not be generalizable to other populations, especially as oral health 

access may be dramatically impacted by state- and local-level health policy trends (88). 

Our small sample size and lack of control group without diabetes (or outside the 

hospital) does not allow us to determine associations between oral health and 

hospitalization and/or diabetes status.  While the DMFT and PSR indices have been 

utilized in resource-limited settings for decades, they provide less information than 

complete evaluations, and we are unable to conclude which tooth surfaces are most 

likely to be decayed, which teeth are more likely to be missing, or other critical clinical 

indicators reported in larger studies (89). Lastly, all evaluation was completed by a 

licensed dental hygienist, rather than a dentist; however, our high rate of agreement 

between the dental hygienist and a dentist, as well as previous validation of dental 

hygienists’ assessment in the public health setting, suggest this may not strongly impact 

the conclusions of our study (90). 

Our insurance evaluation included only individuals with private insurance, a 

group who are at lower risk of poor oral health outcomes and edentulism (26,91). It is 

also possible that individuals in the sample could have had dental visits that were paid 

for out-of-pocket and were not billed to the insurer, which our data set could not capture. 

Our population was also younger than the average age of patients admitted to the 

hospital (5), as Medicare beneficiaries were represented in our sample only by 

individuals who subscribed to a Medicare Advantage plan through the insurer. While 
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Medicare funds the largest share of hospitalized adults, private insurers still funded 30% 

of all hospital stays in 2016, and thus our findings may nonetheless have implications 

for a substantial proportion of hospitalized individuals (92). As our inclusion criteria were 

patients with at least one dental visit before hospital admission, our sample did not 

include patients who did not have a dental visit in the year before but could have visited 

a dentist in the year after. The insurance database does not flag whether or not 

individuals had dental insurance, so we are unable to determine the impact of dental 

insurance status on utilization during the peri-hospitalization period.  

Conclusions 

 These two preliminary studies demonstrated high rates of missing teeth, 

removable prosthesis use, and periodontal inflammation among patients with diabetes 

hospitalized at a large tertiary-care medical center, and a significant decrease in dental 

utilization in the year after hospital admission in a larger national sample of privately 

insured individuals. Lack of access to dental hygiene while in the hospital, as 

demonstrated in our pilot data, may compound oral health risk in a medically complex 

population at high risk for poor oral health outcomes and facing substantial barriers to 

dental care. Patients with diabetes, who have a disease entity with known impact on 

both oral and systemic health, represent a population who may benefit most from 

medical and dental integration in this setting.  

These findings suggest the potential impact of enhanced oral health care during 

hospital admission, such as scheduling patients with dental appointments as part of 

their post-discharge follow-up care and ensuring ongoing oral hygiene during a hospital 

admission. Healthcare workers, including medical and nursing staff, should consider 
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patients’ oral health while they are hospitalized, and dentists should consider hospital 

admission or illness episodes as a risk factor for having unmet dental needs. 

Suggestions for Future Work 

Both of these preliminary studies evaluated specific populations: patients with 

Type II diabetes in our pilot, and patients with private insurance in our analysis of claims 

data. Further studies should work to validate these findings in the general population of 

hospitalized patients, through more robust clinical studies and the use of all-payer 

claims databases or national survey data. 

An additional consideration is the level of oral health knowledge within the 

hospital workforce. Most medical schools provide fewer than five curricular hours on 

oral health training, and nursing curricula may provide even less oral health education 

(47,93). It is still unknown whether hospital providers believe they have sufficient 

knowledge of oral health to provide prevention and treatment for dental problems that 

may arise during a hospital stay. We are currently conducting a survey of hospitalist, 

internal medicine residents, and floor nursing staff at a Boston-area hospital with 

funding from the Society of Hospital Medicine to better evaluate the need for enhanced 

oral health training to improve hospital care and coordination. 

Lastly, oral healthcare remains more costly and difficult to access for many 

patients, given the heterogeneity of dental insurance coverage and the frequent 

separation of the dental system from patients’ usual source of medical care. We are 

currently collaborating with a program at a Boston-area hospital to incorporate dental 

appointment booking into patients’ discharge process, and will evaluate the potential 

impact of this program on subsequent dental access.  
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Summary 

This thesis encompasses the first documented evaluation of the clinical oral 

health status of patients admitted to the medicine service of the hospital who have type 

II diabetes, and of the impact of a hospital stay on subsequent dental utilization using a 

national population of privately-insured individuals. Hospitalized patients with diabetes 

were found to have high rates of tooth loss and untreated dental disease, and were 

unlikely to have visited a dentist or to have received assistance with oral healthcare 

while in the hospital. Patients perceived the most prominent barrier to dental care as the 

cost of treatment, rather than their illness.  

The second component of this thesis supports these findings, showing that 

individuals with a hospital admission had lower rates of dental utilization in the year after 

a hospital stay than in the year before. Most of this variation in utilization was 

attributable to the larger number of individuals who did not visit a dentist in the year after 

a hospital stay. Future studies should further evaluate the impact of a hospital 

admission on both clinical oral health outcomes, as well as health services utilization. 

There are opportunities for hospitals to serve as focal points of oral healthcare service 

provision and coordination for this at-risk population. 
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Tables and Figures 

Table 1. Demographics and health status of subjects 

  
All Participants 
(N=84) 

Participants 
with Oral 
Examination 
(N=19) 

Average Age 69±12 69±19 

Sex of Participant    

Male 48 13 

Female 36 6  

Race/Ethnicity    

White 51 11 

Caucasian 10 3 

Black  5 1 

Other 4 4 

Average months 
since last Dental 
Visit  19±6 22.1±11.2 

Comorbidities*   

Hypertension 62 12 

Joint Pain or 
Abdominal Pain  21 7 

Congestive heart 
failure 19 3 

Gastroesophageal 
reflux disease 13 0 

Depression 13 1 

Obesity 12 0 

Cerebrovascular 
accident 11 0 

Atrial Fibrillation 10 2 

Chronic obstructive 
pulmonary disease 10 0 

Cancer 10 2 

Hypothyroid 10 2 

Osteoporosis 10 2 

Pulmonary 
Embolism 6 1 

Deep vein 
thrombosis 8 1 

Anxiety 8 2 

Chronic renal 
impairment 7 2 
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Neuropathy 5   

Pneumonia 4 2 

Dementia 3 1 

*Total number of comorbidities exceeds sample size as many subjects had greater than 

1 comorbidity. 
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Table 2. Respondent agreement with oral health-related statements 

N=84 

 
 
Oral Health Related 
Statements 

Median Response on Likert 
Scale (1 through 10)* 

Interquartile 
Range 

I agree that my mouth is healthy 4.0 6.0 

I disagree that the problems with 
my mouth and teeth make it 
difficult to eat, talk or live my life  

10.0 5.0 

I am embarrassed by the way 
my teeth look  

9.5 5.0 

 

*Questions 1 and 3 ask for agreement, with 10 being the most agreement. Question 2 

asks for disagreement, with 10 being the most disagreement. 
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Table 3. Subjects’ Reasons for Not Visiting a Dentist 
  

Reasons for not visiting a Dentist Respondents (n=84) 

Cost of Treatment 23 (30%) 

Dental Anxiety 19 (25%) 

Cannot find a ride to visit the Dentist 11 (14%) 

Insurance not accepted 9 (12%) 

Have a healthy mouth and do not find the need 
to visit their Dentist 7 (9%) 

No problems getting to a Dentist 7 (9%) 

Too sick to Travel 5 (6%) 

Have dentures and do not find the need to visit 
their Dentist  3 (4%) 
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Table 4. Oral Health Status of Subjects  
 

N=19 

DMFT Index Mean Minimum Maximum SD 

Decayed teeth 1.6 0 6 1.9 

Missing teeth 10.1 0 21 7.2 

Filled teeth 9.5 0 19 5.8 

Total 23.0 3 32 7.2 

Periodontal 
Screening and 
Recording 
Scores 

Sextant 
Number Mean  SD 

Sextant 1 3 1.5 

Sextant 2 2.8 1.3 

Sextant 3 2.9 1.4 

Sextant 4  3.4 0.5 

Sextant 5 2.9 1.9 

Sextant 6 3.5 0.5 

Average of all 
Sextants 3.4 0.45 

Patients with 
Prosthesis 37 (44% of respondents) 

Worn while 
hospitalized 

29 (78% of those with prosthesis) 

Worn while 
sleeping  

17 (46% of those with prosthesis) 
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Table 5. Characteristics of patients with at least 1 dental visit in the year prior to an 

inpatient hospital admission 

n=107,116 
 

  

Age 48.82±15.43 years 

Gender  

Female 54,208 (50.61%) 

Male 52,908 (49.39%) 

Hospital Length of Stay 2.89±3.22 days 

Type of Admission  

Medical 37,085 (34.62%) 

Surgical 70,031 (65.38%) 

Primary Admission Diagnosis Frequency 

Osteoarthritis 9.40% 

Appendicitis 7.17% 

Morbid obesity 6.47% 

Depression 6.16% 

Leiomyoma of uterus 4.37% 

Pneumonia 2.90% 

Cholelithiasis 2.26% 

Disc disorder 2.15% 

Sepsis 1.83% 

Cellulitis 1.56% 
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Table 6. Dental visits and procedures 12 months before and after a hospital stay 

n=107,116 
 

 Median Mean ± SD 95% CI p Value 

Visits per Patient    <0.0001* 

Before Admission 2 1.92±1.80 1.90, 1.93  

After Discharge 1 1.58±1.74 1.58, 1.60  

CDT Codes per Patient    <0.0001* 

Before Admission 5 8.53±12.53 8.45, 8.60  

After Discharge 4 7.03±11.38 6.96, 7.10  

CDT Codes per Patient, 
excluding patients without 
visits  

   <0.0001* 

Before Admission 5 10.85±13.21 10.76, 
10.94 

 

After Discharge 7 10.43±12.52 10.34, 
10.52 

 

*Asterix denotes statistical significance, p<0.05 by Wilcoxon signed-rank test. 
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Table 7. Categories of Dental Procedures Before and After Hospital Stay 

Category Codes Before 
Admission (%) 

Codes After Discharge (%) 

Diagnostic 189,875 (50.59%) 180,633 (50.94%) 

Preventive 72,835 (19.41%) 68,660 (19.36%) 

Restorative 54,300 (14.47%) 52,189 (14.72%) 

Periodontics 19,371 (5.16%) 17,556 (4.95%) 

Oral & Maxillofacial 
Surgery 

10,991 (2.93%) 10,165 (2.87%) 

Adjunctive General 
Services 

9,147 (2.44%) 8,245 (2.33%) 

Endodontics 6,621 (1.76%) 6,147 (1.73%) 

Orthodontics 4,435 (1.18%) 3,681 (1.04%) 

Prosthodontics, 
removable 

3,402 (0.91%) 3,072 (0.87%) 

Prosthodontics, fixed 2,261 (0.60%) 2,213 (0.62%) 

Implant Services 2,015 (0.54%) 1,964 (0.55%) 

Maxillofacial Prosthetics 52 (0.01%) 43 (0.01%) 

Total 375,304  354,568  

*p<0.0001 by Pearson’s 2 
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Table 8. Results of logistic regression predicting subsequent dental utilization after 

hospital discharge 

Independent Variable Odds 
Ratio 

95% Confidence 
Interval 

p value 

Female gender 1.031 1.003, 1.059 0.029* 

Age 0.999 0.998, 0.999 0.002* 

Length of hospital stay 1.000 0.997, 1.005 0.595 

Surgical admission 1.017 0.988, 1.047 0.244 

US Region    

Midwest 1.000 - - 

Northeast 0.938 0.895, 0.984 0.009* 

South 0.945 0.905, 0.987 0.011* 

West 0.900 0.857, 0.944 0.000* 

Total outpatient visits in year prior to 
admission, medical and dental 

0.9997 0.9995, 0.9999 
0.002* 

Total dental visits in year prior to 
admission 

0.984 0.975, 0.993 
<0.0001* 

Total CDT codes in year prior to 
admission 

0.994 0.993, 0.995 
<0.0001* 

Having a preventive visit in the year 
before hospital admission 

7.14 6.89, 7.39 
<0.0001* 

* Asterix denotes significance, p<0.05 
Pseudo-R2=0.1068 
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Appendices 

Appendix 1. Feasibility of integrating a dental hygienist into an inpatient medical team 

for patients with diabetes mellitus, in The Journal of Public Health Dentistry. 

This article, for which I am first-author, is listed in Works Cited as citation number 20.  
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Abstract

Patients who are hospitalized face a high risk of poor oral health and experience
a decline in oral hygiene over the course of hospitalization. Due to the docu-
mented links between diabetes and periodontal disease as well as the prevalence
of diabetes in the hospitalized population, patients with type 2 diabetes mellitus
were chosen as the population of interest for a pilot program of dental
hygienist-led care provision in the hospital. Inclusion criteria were established
by agreement of a dentist and physician. Nursing and medical staff were pro-
vided with multiple opportunities to learn about the dental hygienist’s role
throughout the pilot. The dental hygienist utilized a fully mobile dental unit and
bedside suction unit and followed all standard infection control procedures. This
intervention identified a number of suboptimal oral health practices among
patients and was perceived positively by patients and providers. No adverse
events occurred.

Introduction

Despite the numerous connections between oral and sys-
temic health, the dental health care system remains almost
entirely separate from the medical system. While patients
with severe oral disease may be hospitalized as a result of
illness progression (1), few dentists are employed in the
hospital setting and access to dental services for hospital-
ized patients is uncommon (2). Oral health status tends to
decline over patients’ hospital course (3).
While oral hygiene has become a standard of care for

patients who are mechanically ventilated, other hospital-
ized patients might also benefit from improved oral health
outreach during their stay (4). However, oral care provided
by nursing staff may be inadequate for these patients (5).
Almost 20 percent of all patients admitted to the hospital

have diabetes mellitus (6). Patients with diabetes mellitus are

at higher risk of tooth loss (7) and less likely to visit a dentist
(8). Given both oral and systemic health risks of periodontal
disease and the potential benefit of oral health-care services
for this population, patients with diabetes mellitus could ben-
efit substantially from oral care during hospitalization.

Previous attempts to integrate dental care into a hospital
team have focused on the critically ill population (4) or have
not incorporated clinical care due to administrative barriers
(9). This paper describes the integration of a dental hygien-
ist into the care teams of hospitalized patients with type
2 diabetes mellitus in a tertiary-care medical center.

Methods

This intervention occurred at a 999-bed tertiary-care hos-
pital in Boston, Massachusetts. Hospital care is already
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coordinated with numerous allied health professionals,
including occupational therapists and speech language
pathologists. The hospital also has affiliated dental and oral
and maxillofacial surgery departments and residency pro-
grams to facilitate prompt referral of patients with urgent
needs to dental treatment. The dental hygienist was an
employee of the dental clinic, which eliminated the need
for additional Health Information Portability and Account-
ability Act, hospital-specific, or electronic health record
training.
An internal medicine physician and dentist jointly deter-

mined inclusion and exclusion criteria for patients to be eli-
gible for the hygienist’s services. Patients over 18 years of
age with a diagnosis of type 2 diabetes mellitus were eligible
for inclusion. Exclusion criteria were determined based on
literature review and discussion with hospital leadership
and included a history of cardiac conditions for which anti-
biotic prophylaxis is indicated prior to dental treatment for
prevention of infectious endocarditis per American Dental
Association/American Heart Association guidelines, anti-
coagulation of an international normalized ratio greater
than 2.5, a platelet count of less than 100,000, a history of
prosthetic joint replacement in the last 2 years, altered men-
tal status, and complete edentulism. Medical teams could
decline dental treatment for any patient they believed would
not benefit from the service. Human subject research
approval was obtained by the Partners Human Subjects
Research Board (2016P001460/BWH).
The dental hygienist was employed for between 8 and

15 hours each week for 7 months to provide care on three
medical floors, totaling 136 beds. Workflow is portrayed in
Figure 1. Prescreening for eligibility was conducted by the
supervising physician. Following approval of the patient’s
medical and nursing team, the dental hygienist introduced
herself, obtained consent, and provided motivational inter-
viewing, dental screening, and prophylaxis. The dental hygien-
ist received a 3-hour one-on-one training in motivational

interviewing techniques with an internal medicine physician
with experience teaching the topic to health care providers.
The dental hygienist was evaluated through the use of multiple
role-plays with direct feedback. During the intervention,
the dental hygienist tailored her interviewing to patient-
derived oral health goals and oral health care-seeking
behavior (e.g., brushing teeth more often, making a dental
appointment when discharged). All materials needed for
dental prophylaxis, including sterilized cassettes containing
periodontal scalers and other necessary instruments, were
kept on a rolling cart that was stored near the hospital
floors (Figure 2). Each cassette was unsealed at the subject’s
bedside and was sterilized after use in the dental clinic’s
autoclave, following all standard infection control proce-
dures. Bedside suction, present in each patient room, was
used to provide suction during the prophylaxis. Patients
received a paper form describing the care they had received
and any findings noted, as well as a list of local dental pro-
viders. Any urgent dental needs (such as abscesses, very
mobile teeth, or acute pain) were conveyed verbally and in
writing to the patient’s medical team, who could also call a
consult from the oral and maxillofacial surgery or dental
services of the hospital. As part of this pilot program, the
dental hygienist’s services were offered free of charge.

Following each encounter, a note was entered in the
patient’s electronic health record (Epic Systems, Verona,
WI). Each inpatient unit has several workrooms with com-
puters available for staff, and the dental hygienist was able
to use a personal hospital-provided login to record this
encounter note, which described the care provided and
included whether there were oral findings in need of urgent
treatment. The note also stated that these findings had been
conveyed to the medical team. Notes were accessible from
the same interface as all other notes from the patient’s hos-
pital stay to all members of the patient’s care team.

Adverse event monitoring included both monthly retro-
spective chart review by a dentist and internal medicine

• MD collaborator 
conducts pre-
screening of 
patients with type 
2 diabetes and 
excludes patients 
who are medically 
unstable

Medical
collaboration

• Dental hygienist 
collects sterilized 
hygiene kits from 
dental clinic 
sterilization area 
and retrieves cart 
from storage on 
the hospital floor

Readying
supplies

• Dental hygienist 
approaches 
patient's 
assigned floor 
nurse to discuss 
readiness for 
dental evaluation 
and intervention

Nursing
collaboration

• Dental hygienist 
enters patient 
room, introduces 
self, obtains 
consent,  and 
provides 
motivational 
interviewing and 
dental prophylaxis

Direct patient
care • Any member of the 

patient team may 
contact the dental 
hygienist, dentist, 
or physician 
collaborator with 
adverse event 
concerns

Follow-up

Figure 1 Dental hygienist workflow.
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physician and the ability of all patient care team members
to report directly to the dental hygienist, dentist, or physi-
cian investigators.
Support from other patient care team members was

obtained at several levels during the intervention. Both
floor nursing directors and floor medical directors gave
approval to the care protocol during the human subjects
research board approval process. Introductory emails were
also sent to each floor’s nursing team and to all 180 resi-
dent physicians providing clinical care on a rotational basis
on the floors. Brief explanatory memos were posted on
each nursing team’s bulletin board for the duration of the

study. The dental hygienist introduced herself personally
to each patient’s nurse, who served as a liaison to the
patient prior to beginning treatment. The dental hygienist
also carried additional copies of the memo to provide
background and contact information for interested staff.

Outcomes and lessons learned

Over the course of the program, 484 patients met inclusion
criteria. Given logistical barriers (primarily patient avail-
ability), the dental hygienist interacted with 83 patients

Figure 2 The dental hygienist prepares a patient tray on the mobile hygiene cart. [Color figure can be viewed at wileyonlinelibrary.com]
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(17 percent) and provided dental prophylaxis to 23 patients.
Patient availability was largely limited by scheduling of diag-
nostic testing, medical rounding, or patients feeling unwell.
Patients ranged in age from 35 to 91 with a mean of
69 � 13 years. Patients were missing an average of 10 teeth,
and almost half (48 percent; N = 40) had not brushed their
teeth or had their teeth brushed during their hospitalization.
As has been observed elsewhere, nursing colleagues were

more comfortable when the dental hygienist performed
extraoral activities rather than intraoral clinical care (9).
For this reason, nursing teams were more quickly willing
to agree to the dental hygienist conducting motivational
interviewing sessions, rather than providing dental pro-
phylaxis. Personal rapport-building between floor nurses
and the dental hygienist, as well as the ability to observe
positive effects for patients after receiving treatment, such
as patients reporting improvement in their feelings of well-
being and satisfaction with the dental hygienist’s care, may
contribute to increased nursing comfort with clinical care
from the dental hygienist. During this pilot, nurses were
obligated to enter the patient’s room with the dental
hygienist to facilitate the encounter, which added an addi-
tional burden to the busy nursing staff. Eliminating this
step would likely improve efficiency for both parties,
increasing nurse approval for the program and allowing
the dental hygienist to care for more patients.
Over the course of the program, no adverse events

occurred. Once, an attending internal medicine physician
registered a complaint that a patient receiving rituximab
(an immunomodulator) had been provided dental prophy-
laxis, stating a concern for infectious endocarditis risk;
however, the provider was educated on the low risk of
complications and the potential benefit to the patient (10).
This event, which occurred near the conclusion of the
pilot, suggests the need for continued provider education
to improve acceptance of the dental hygienist’s role on the
hospital team.
Over the course of the intervention, our team developed

several best practices to allow for successful integration of
a dental hygienist. First, gain buy-in from leadership by
educating clinicians on the impact of oral health and the
safety of preventive dental treatment. This allowed us to
increase nursing willingness to facilitate the dental hygien-
ist’s work. Next, develop patient inclusion criteria through
dental and medical consensus, ensuring the selection of
patients who stand to benefit most from the dental hygien-
ist’s services and putting clinicians at ease that no adverse
events will occur. Third, educate care team on the role of
the dental hygienist through multiple media (i.e., email,
fliers, and in-person), and adapt messaging over time in
response to team member feedback. Fourth, it is critical to
ensure dental hygienist access to the electronic health
record and that all treatment is recorded and accessible to

the care team. Finally, develop a workflow that does not
interfere with other patient care activities (avoid times dur-
ing morning rounds; minimize interruption of nursing and
physician workflow).

Future steps include continuing to evaluate outcomes of
this intervention on patient oral health and overall health,
as well as analyzing the cost-effectiveness of integrating a
dental hygienist into the hospital team. As hospitalized
patients with diagnoses other than type 2 diabetes mellitus
have been noted to have unmet oral health needs in the
hospital, expansion of these services to all patients may
pose substantial benefit.

Conclusions

This intervention in which a dental hygienist provided
dental screening, prophylaxis, and motivational inter-
viewing to hospitalized patients with type 2 diabetes
mellitus shows that dental hygienists can safely and
effectively provide care in the hospital setting. Continued
education of nursing and medical staff, as well as
relationship-building with medical providers, administra-
tors, and leadership will serve to increase acceptance of
dental providers in the hospital. Both patients and the
health care system stand to benefit from the presence of
dental hygienists in this role.
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D I A B E T E S  S P E C T R U M  1

Type 2 diabetes affects health, 
oral health, and well-being. 
It also represents a significant 

burden on the health care system. 
Patients with diabetes comprise 20% 
of all hospitalizations and are more 
likely to have longer and costlier stays 
compared to patients without diabetes 
(1). Furthermore, the number of co-
morbidities in patients with diabetes 
is two times that of patients without 
diabetes, and the rates of hospitaliza-
tion for these patients are highest in 
zip codes with the lowest household 
incomes (1). One well-documented 
comorbidity common among patients 
with diabetes is periodontal disease, 

along with other stigmata of poor oral 
health (2).

In 2008, 50,000 oral health–
related hospitalization charges 
amounted to $1.218 billion in the 
United States; >40% of those hos-
pitalized had at least one comorbid 
condition such as diabetes (3). In 
the same year, 50,881 emergency 
department visits for dental problems 
occurred among patients ≥60 years of 
age, the population in which type 2 
diabetes is most prevalent (4).

Despite calls for increased collab-
oration between medical and dental 
providers to improve diabetes care (5), 
patients with diabetes are less likely to 
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■ ABSTRACT
Background. Diabetes is associated with poor oral health, as well as reduced 
access to dental care. A large percentage of patients hospitalized in the United 
States carry a diagnosis of diabetes; however, the oral health status of patients 
with diabetes who are hospitalized is unknown.

Methods. All patients meeting inclusion criteria on the general medicine 
service of a tertiary care hospital were invited to participate. Subjects were 
asked about their access to dental care and perceptions of their oral health. 
A dental hygienist conducted examinations, including decayed, missing, and 
filled teeth (DMFT) and periodontal screening and recording (PSR) indices 
on a subset of subjects.

Results. The 105 subjects had a mean age of 69 ± 13 years and a median 
A1C of 7.5 ± 2.1%. Rates of comorbidity and polypharmacy were high. The 
mean number of DMFT was 23.0 ± 7.3 with 10.1 ± 7.3 missing teeth. 44% 
of subjects had a removable prosthesis. Sixty-eight percent of subjects had a 
PSR index ≥4 in at least one sextant, indicating moderate periodontal disease.

Conclusion. Rates of missing teeth, removable prostheses, and periodon-
tal inflammation were high among hospitalized patients with diabetes, but 
patients did not perceive their oral health to be poor. Health care providers 
should be aware of the oral health risks of patients with diabetes during hos-
pitalization, and dentists should consider screening patients with diabetes for 
recent hospitalization. 
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visit a dentist annually (6) and have a 
higher risk of tooth loss (7). Studies 
have previously demonstrated the rela-
tionship between periodontal disease 
and inflammatory markers associated 
with diabetes severity (8–10). Among 
patients with diabetes, periodon-
tal intervention has been associated 
with improved oral health status and 
substantial reduction in total health 
care costs and rates of hospitaliza-
tion (11,12). Inpatient hospital care 
accounts for 43% of the >$176 billion 
spent annually to treat complications 
of diabetes (1,13). This costly and 
potentially preventable outcome may 
nonetheless represent an opportunity 
to connect patients with diabetes with 
oral health care services.

Previous studies have found 
poorer oral hygiene and oral health 
among hospitalized patients (14–16). 
Furthermore, oral health has been 
found to decrease over time during 
hospitalization (17,18). Although 
patients with type 2 diabetes have 
worse dental care access in the com-
munity, the oral health status of 
patients with type 2 diabetes who 
are hospitalized has not been well 
described, nor is it known how medi-
cal illness resulting in hospitalization 
may affect patients’ access to dental 
care (19). This observational study was 
undertaken to determine the base-
line oral health status and attitudes 
toward oral health of patients with a 
diagnosis of type 2 diabetes who were 
hospitalized in a major tertiary care 
medical center. These findings may 
suggest possible opportunities to 
improve oral health and access to den-
tal care for this vulnerable population.

Methods
The study occurred at a 999-bed ter-
tiary care hospital serving as a ma-
jor referral center in Boston, Mass. 
Patients were included if they were 
hospitalized on any of three general 
medicine wards within the hospital, 
were >18 years of age, and carried a 
diagnosis of type 2 diabetes within 
the hospital’s electronic health record 
(EHR) system (Epic Systems, Verona, 

Wisc.). Exclusion criteria included 
meeting indications for antibiotic 
prophylaxis for the prevention of in-
fectious endocarditis per American 
Dental Association/American Heart 
Association guidelines (20), antico-
agulation to an internal normalized 
ratio >2.5 (21,22), a platelet count of 
<100,000, a history of prosthetic joint 
replacement in the past 2 years (23), or 
altered mental status. Patients’ medi-
cal team or nurse could also decline to 
enroll a patient in the study. Patients 
who were fully edentulous were asked 
if they had their dentures with them 
in the hospital but were otherwise ex-
cluded from subsequent data collec-
tion. Informed consent was obtained 
from all subjects. Human subjects re-
search approval was obtained by the 
Partners Human Subjects Research 
Board (2016P001460/BWH).

All subjects were asked a series 
of questions intended to evaluate 
oral health–related quality of life 
(OHRQoL). The three questions 
were selected to include a question 
on global oral health status, as well 
as the psychological dysfunction, psy-
chological disability, and functional 
limitation domains of previously 
validated OHRQoL surveys (24). 
Responses were collected on a Likert 
scale. Participants were also asked 
about their most recent dental visit 
and the services provided at that time. 
Subjects were also asked about their 
perceived barriers to dental care and 
oral health care provided while in the 
hospital. As part of a randomized trial 
(ClinicalTrials.gov 2016P001460), 
target enrollment of 72 subjects 
was obtained through preliminary 
power calculations, assuming a 
20% increase in attitudes about oral 
health over time with an SD of 2 on 
a 10-point scale. Patients on one of 
the three wards were also selected for 
an oral evaluation. Periodontal prob-
ing depths were recorded using the 
periodontal screening and recording 
(PSR) system, in which each tooth 
is probed at six sites, and the deep-
est pocket in each sextant is recorded 
using a custom probe with codes 

0–4, representing pocket depths of 
<3.5 mm without gingival bleeding 
or swelling, >0 to 3.5 mm with gingi-
val bleeding but no swelling, >0 to 3.5 
mm with swelling and visible calculus 
adherent to the tooth surface, 3.5–5.5 
mm, and >5.5 mm, respectively (25). 
The status of oral hard tissues was 
recorded using the decayed, miss-
ing, and filled teeth (DMFT) index, 
which counts the number of teeth 
that have untreated decay, are miss-
ing, or have restorations within each 
subject’s mouth at the time of exam. 
Data were collected as part of a ran-
domized clinical trial with ongoing 
follow-up (ClinicalTrials.gov identi-
fier NCT02914743).

A registered dental hygienist 
administered all questionnaires and 
performed the oral evaluation of 
all subjects. Patients who spoke a 
language other than English were 
administered the questionnaire 
through an in-person interpreter. 
The same dental hygienist evaluated 
all subjects. 

Subject demographics, including 
age, sex, and ethnicity, were extracted 
from the EHR, along with medical 
comorbidities, most recent blood 
pressure, blood glucose, and A1C val-
ues, and total number of prescribed 
medications. 

Descriptive statistics and statistical 
analyses were performed using IBM 
SPSS statistics software version 25 
(IBM Corp., Armonk, N.Y.). Multiple 
linear regression and Student’s t tests  
were used for statistical comparison 
of secondary analyses with P <0.05 
considered significant.

Results
Subjects were recruited from three 
general medicine wards with 136 
beds and an average length of stay 
of 6.21 days. Eligible subjects were 
identified by preliminary chart re-
view on a weekly basis from October 
2016 to September 2017. Subjects’ 
medical and nursing teams were then 
approached for approval. The dental 
hygienist then approached patients 
for consent. A total of 105 subjects 
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participated in the study, and 120 po-
tential subjects with type 2 diabetes 
were excluded. Twenty-one patients 
were completely edentulous. The re-
maining 84 patients were asked to 
complete the surveys about their oral 
health. As part of our enrollment ap-
proach, subjects on one of the three 
general medicine services received an 
oral evaluation, whereas subjects on 
the other floors only completed sur-
veys. Through this randomization 
procedure, a total of 19 subjects re-

ceived an oral evaluation. Subject de-
mographics are displayed in Table 1. 
Participants in the cohort as whole 
had a mean age of 69 ± 13 years and 
were predominantly male (57%) and 
white (51%). No significant differenc-
es in age, sex distribution, or race/eth-
nicity were observed between subjects 
who received an oral evaluation and 
those who did not.

The most common comorbidities 
in these patients with type 2 diabetes 
were hypertension (74%), congestive 

heart failure (23%), gastroesophageal 
reflux disease (16%), and depression 
(16%). The mean blood pressure was 
131 ± 21 mmHg systolic and 68 ± 
11 mmHg diastolic, the mean blood 
glucose was 189 ± 79 mg/dL, and the 
mean A1C was 7.5 ± 2.1%. Subjects 
were taking an average of 16.3 ± 6.7 
medications., and 36% of subjects 
were administering insulin as part of 
their diabetes treatment. Subjects had 
a mean 12 ± 7 comorbidities ranging 

s i m o n e t  a l .

TABLE 1. Demographic Characteristics and General Health Status of Subjects
  All Participants  

(n = 84)
Participants With Oral 
Examination (n = 19)

Mean age, years (SD) 69 ± 12 69 ± 19

Sex 

Male

Female

48

36

13

6

Race/ethnicity, n

White

Caucasian

Black 

Other

51

10

5

4

11

3

1

4

Mean time since last dental visit, months (SD) 19 ± 6 22.1 ± 11.2

Comorbidities, n*

Hypertension

Joint pain or abdominal pain 

Congestive heart failure

Gastroesophageal reflux disease

Depression

Obesity

Cerebrovascular accident

Atrial fibrillation

Chronic obstructive pulmonary disease

Cancer

Hypothyroid

Osteoporosis

Pulmonary embolism

Deep vein thrombosis

Anxiety

Chronic renal impairment

Neuropathy

Pneumonia

Dementia

62

21

19

13

13

12

11

10

10

10

10

10

6

8

8

7

5

4

3

12

7

3

0

1

0

0

2

0

2

2

2

1

1

2

2

0

2

1

*Total number of comorbidities exceeds sample size because many subjects had more than one comorbidity.
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from 2 to 40 concurrent medical 
conditions.

Subjects were asked three 
OHRQoL questions on a Likert 
scale ranging from 1 to 10, with 1 
indicating “strongly agree” and 10 
“strongly disagree.” A total of 86 
subjects responded to these ques-
tions, as shown in Table 2. Subjects 
were slightly more likely to agree that 
their mouth and teeth were healthy 
(median response 4.0, interquartile 
range [IQR] 6.0). Subjects disagreed 
that problems with their mouth and 
teeth made it difficult to eat, talk, 
or live their life (median response 
10.0, IQR 5.0), as well as that they 
were embarrassed by how their teeth 
looked (median response 9.5, IQR 
5.0). Patients with a removable pros-
thesis were not significantly more 
likely to report that their mouth 
was unhealthy, that they had prob-
lems with their mouth, or that they 
were embarrassed by their teeth. In 
a multiple linear regression analysis 
adjusting for age and sex, there was no 
significant association between A1C 
and agreement that mouth and teeth 
were healthy, problems with mouth 
and teeth, or embarrassment about 
how teeth looked (P = 0.70, P = 0.25, 
and P = 0.98, respectively, for ques-
tions 1 through 3 in Table 2).

Most patients (59%) reported hav-
ing a dentist of record. On average, it 
had been 19 ± 6 months since the sub-
jects’ most recent dental visit. Subjects 
were asked why they were unable to 
visit a dentist (Table 3). The most 
common reason given was the cost of 
treatment (30%), followed by dental 
anxiety (25%), inability to travel to a 

dentist (14%), and inability to find a 
dentist that accepted their insurance 
(12%). 

Participants’ oral health status is 
presented in Table 4. Subjects had an 
average DMFT of 23.0 ± 7.3, with 
an average of 1.6 ± 1.9 decayed teeth, 
10.1 ± 7.3 missing teeth, and 9.5 ± 
5.8 filled teeth. The average PSR score 
across all sextants was 3.4 ± 0.45. 
Average scores in sextant 4 and sex-
tant 6 (bilateral mandibular molars) 
were highest, at 3.4 ± 0.5 and 3.5 ± 
0.5, respectively, indicating attach-
ment loss of >4 mm. Sixty-eight 
percent of subjects had a PSR score 
≥4 in at least one sextant, indicating 
moderate periodontal disease. In a 
multiple linear regression correcting 
for age and sex, higher mean PSR 
scores were not associated with higher 
A1C values (95% CI for coefficient 
–6.42 to 5.52, P = 0.87).

Most subjects (n = 43; 52%) had 
cleaned their teeth since they were 
hospitalized; two of these subjects 
reported that a nurse had cleaned 

their teeth, two reported that a fam-
ily member had cleaned their teeth, 
and the rest had cleaned their teeth 
themselves. Thirty-seven subjects 
(44%), including the 21 edentulous 
subjects, had a removable prosthesis; 
of these subjects, 29 had their den-
tures or partial dentures with them in 
the hospital, and 17 reported wearing 
their prosthesis during sleep.

Discussion
Both diabetes and hospitalization are 
known risk factors for poor oral hy-
giene, and this was confirmed by this 
study of hospitalized patients with di-
abetes (7,18). Subjects exhibited both 
acute manifestations of dental disease 
in the form of untreated caries and 
active periodontal disease, as well as 
signs of chronic dental problems such 
as missing an average of 10 teeth. 
Previous studies of oral health status 
in the hospitalized population have 
shown similarly high levels of active 
dental disease independent of diabetes 
status (17,26,27); this has also been 
replicated in the community setting 

TABLE 2. Respondent Agreement with OHRQoL Statements (n = 84)
OHRQoL Statements Median Response on 10-Point 

Likert Scale*
IQR

I agree that my mouth is healthy. 4.0 6.0

I disagree that the problems with my mouth and teeth make it diffi-
cult to eat, talk, or live my life. 

10.0 5.0

I am embarrassed by the way my teeth look. 9.5 5.0

*Questions 1 and 3 asked for agreement, with 10 indicating the greatest agreement. Question 2 asked for disagreement, 
with 10 indicating the greatest disagreement.

TABLE 3. Subjects’ Perceived Barriers to Visiting a Dentist  
(n = 84)

Respondents, n (%)

Cost of treatment 23 (30)

Dental anxiety 19 (25)

Cannot find a ride to visit the dentist 11 (14)

Insurance not accepted 9 (12)

Have a healthy mouth and do not feel the need to 
visit a dentist

7 (9)

No reported barriers to visiting to a dentist 7 (9)

Too sick to travel 5 (6)

Have dentures and do not feel the need to visit a 
dentist 

3 (4)
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(28). However, to our knowledge, 
this is the first observational study 
focusing specifically on hospitalized 
patients with diabetes.

Rather than hospitalizations rep-
resenting a period of decline in oral 
health, hospitals are positioned in a 
unique point of engagement with the 
community in that they are able to 
reach patients with high oral health 
need and difficulty accessing dental 
care. Despite this, only 1% of den-
tists work in a hospital setting (29), 
and nursing staff may have limited 
exposure to oral health concepts (30). 
Physicians receive minimal training in 
oral health during medical school and 
residency training (31). These knowl-
edge deficits may result in improper 
management of oral problems by 
medical professionals. Additionally, 
lack of access to dental profession-
als in the hospital setting may result 
in unresolved oral health needs that 
may cause patients to return to the 
emergency department or primary 
care setting when they are ultimately 
unable to access a dentist (29,32). 
Given the high rate of medical sys-

tem utilization for untreated dental 
problems, this situation represents a 
significant needless expenditure for 
the health care system, as well as a 
health risk for patients. In 2008, 20 
patients died after being hospitalized 
due to dental disease (4,33,34). 

Improved access to oral health 
services, and thus improved oral 
health, may be accomplished through 
increased integration of oral health 
into the medical system (35,36). From 
2014 to 2017, the U.S. Department of 
Health and Human Services imple-
mented an Oral Health Strategic 
Framework to accomplish this goal 
(37). Integration efforts have included 
changes to dental insurance struc-
tures, increased interoperability of 
electronic dental and medical records, 
and, importantly, the provision of oral 
health services in the medical setting 
(38–40).

These integration efforts may 
have the most impact for vulnerable 
populations who have the most diffi-
culty entering the parallel dental care 
system. Our study and others have 
found that patients with diabetes 

are less likely to meet Healthy People 
2020 goals of increased preventive 
dental care utilization, reduced rates 
of tooth extraction, and reduced rates 
of untreated decay (41). Given that a 
substantial proportion of respondents 
also noted they were unable to travel 
to a dentist due to their illness, oral 
health improvement from integration 
of dental care into the health system 
already used by these patients may 
present substantial benefits.

Almost half of the subjects in this 
study had removable dental prosthe-
ses, and one-fifth were completely 
edentulous, a higher rate than in the 
general U.S. population (42). Many 
of these respondents indicated that 
they did not remove their dentures for 
sleep. This practice may be associated 
with increased rates of pulmonary 
infection (43), which constitutes a 
high percentage of hospitalizations 
for patients >65 years of age (44).

Nursing has embraced oral health 
care for patients who are being 
mechanically ventilated, with oral 
care leading to substantially reduced 
rates of pneumonia in these vulnera-
ble patients (45). More intensive oral 
care, including dental prophylaxis, 
periodontal disease treatment, and 
even tooth extraction in critically ill, 
mechanically ventilated patients may 
further reduce pneumonia rates (46). 
However, given that only one-fifth 
of subjects reported assistance with 
cleaning their mouths during hospi-
talization, this advance has not yet 
progressed to include patients who 
are not being mechanically ventilated. 

Although the bidirectional rela-
tionship between diabetes and 
periodontal disease is well doc-
umented, the use of periodontal 
therapy to improve glycemic control 
in patients with diabetes and peri-
odontitis has yielded mixed results 
(47–49). These results have included 
decreased risk of increased insulin 
dosing to maintain glycemic control, 
even over a 4-month study period, 
and overall improvement in A1C 
levels after consistent periodontal 
treatment, with the greatest gains 

TABLE 4. Oral Health Status of Subjects
Mean Minimum Maximum SD

DMFT index, n

Decayed teeth

Missing teeth

Filled teeth

Total

1.6

10.1

9.5

23.0

0

0

0

3

6

21

19

32

1.9

7.2

5.8

7.2

Mean SD

PSR scores

Sextant 1

Sextant 2

Sextant 3

Sextant 4 

Sextant 5

Sextant 6

Total of all sextants

3

2.8

2.9

3.4

2.9

3.5

3.4

1.5

1.3

1.4

0.5

1.9

0.5

0.45

n %

Patients with prosthesis

Worn while hospitalized

Worn while sleeping 

37

29

17

44

78

46
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made in patients with the highest 
initial A1C levels (50). Of note, one 
multicenter, randomized controlled 
trial found no significant benefit of 
periodontal treatment for people with 
diabetes; that study included individ-
uals with a mean A1C (7.48%) that is 
consistent with the average A1C we 
found among hospitalized patients 
with diabetes (7.5%) (48).

Severity of periodontitis does 
appear to increase risks of compli-
cations of diabetes (51). More recent 
interventions have noted improve-
ment in both periodontal health 
and A1C levels from nonsurgical 
periodontal therapy such as scaling 
and root planning, as well as from 
oral hygiene instruction alone in 
patients with diabetes (8). In light of 
these recent findings, the role of peri-
odontal health in the reduction of 
systemic inflammation and improved 
outcomes in patients with diabetes 
continues to evolve.

In the present study, most patients 
hospitalized due to diabetes did report 
having a dental home, but the aver-
age time since their last visit was >1 
year. Patients with systemic illnesses 
are more likely to regularly visit a 
physician than a dentist, a finding 
confirmed in this study (52).

Although both medical and dental 
providers have expressed enthusiasm 
for increased interdisciplinary prac-
tice, barriers to integration, including 
insurance coverage, provider knowl-
edge, and referral processes, still 
restrict the ability of medical and 
dental providers to collaborate in 
caring for patients (53–55). Our 
own experience introducing a den-
tal hygienist into the hospital setting 
has been described elsewhere (56). In 
addition to more integrated forms of 
oral health care delivery in the medi-
cal setting, patients with diabetes may 
benefit from merely being screened by 
medical providers about dental care 
access to address this gap.

Study participants were most 
likely to report high cost as the rea-
son they were unable to visit a dentist, 
consistent with adults in the general 

population (57). The second most 
common reason for avoiding dental 
visits in this study was dental anxiety, 
reported by one-fourth of respon-
dents. This rate is higher than that 
detected among adults seeking dental 
care (58), which is unsurprising given 
patients with higher levels of dental 
anxiety are less likely to seek dental 
care until their dental disease is more 
advanced (59). Patients with visibly 
poor oral health status or decreased 
functional oral status are more likely 
to report rates of dental anxiety, in 
part due to fear of judgment as well as 
physical discomfort (60,61). Patients 
with dental anxiety may be more 
likely to present to medical providers 
with dental concerns (62). Providers 
caring for patients with recent hospi-
talization or with diabetes should be 
proactive in inquiring about dental 
anxiety in these patients because such 
anxiety may represent a substantial 
barrier to care. 

In spite of subjects’ overall poor 
oral health status, most indicated that 
they did not believe their oral health 
was particularly poor or that it rep-
resented a limitation for them. This 
is consistent with previous studies 
that have found a lack of associa-
tion between oral health status and 
OHRQoL in patients with serious sys-
temic illnesses (28,63–65). Subjects in 
our study may have been substantially 
burdened by medical illness that pre-
vented them from focusing on their 
oral health concerns, even if their oral 
health was poor. Additionally, sub-
jects may not have felt embarrassed 
by the appearance of their mouth and 
teeth while in the hospital because 
they were too ill. 

There are several possible avenues 
to improve oral health for patients 
during hospitalization. First, nursing 
staff can be encouraged to provide 
oral hygiene for patients and to assist 
patients with removal of dental pros-
theses before sleep. Nursing leadership 
on oral hygiene has already become 
the standard of care in intensive care 
units, which represents a possible 
model for expansion to less acute set-

tings (66). Employment of dentists as 
consultants in the hospital is another 
potential model for improved oral 
health care (29). Finally, the discharge 
process, during which patients often 
have specialty appointments booked, 
could be an opportunity to connect 
patients with dental care in the com-
munity alongside other necessary 
medical care.

Limitations
The is the first study to examine the 
oral health status, oral health care ac-
cess, and attitudes toward oral health 
of patients with type 2 diabetes who 
were hospitalized in a major tertiary 
care medical center. However, our 
study faced numerous limitations, and 
additional multi-institution studies 
should be done to validate the report-
ed findings.

Our data are only representative of 
patients presenting to a single tertiary 
care medical center, and our study 
had a very small sample size; thus, 
the results may not be generalizable to 
other populations, especially because 
oral health access may be dramati-
cally affected by state- and local-level 
health policy trends (67). Our small 
sample size and lack of control group 
without diabetes (or outside the hos-
pital) did not allow us to determine 
associations between oral health and 
hospitalization or diabetes status. 
Although the DMFT and PSR indi-
ces have been used in resource-limited 
settings for decades, they provide less 
information than complete evalua-
tions, and we were unable to conclude 
which tooth surfaces were most likely 
to be decayed, which teeth were more 
likely to be missing, or other critical 
clinical indicators reported in larger 
studies (68). Finally, all evaluations 
were completed by a licensed den-
tal hygienist rather than a dentist; 
however, our high rate of agreement 
between the dental hygienist and a 
dentist, as well as previous valida-
tion of dental hygienists’ assessment 
in the public health setting, suggest 
that this evaluation method may not 
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have strongly affected the conclusions 
of our study (69).

Conclusion
In this study of patients with diabe-
tes hospitalized at a large tertiary care 
medical center, subjects had high rates 
of missing teeth, removable prosthe-
sis use, and periodontal inflammation. 
Lack of access to dental hygiene while 
in the hospital may compound these 
conditions in this medically complex 
population at high risk for poor oral 
health outcomes and facing substan-
tial barriers to dental care. Patients 
with diabetes, who have a disease en-
tity with known impact on both oral 
and systemic health, represent a pop-
ulation who may benefit from med-
ical and dental integration. Health 
care workers, including medical and 
nursing staff, should consider patients’ 
oral health while they are hospitalized, 
and dental providers should screen pa-
tients for recent hospitalization as part 
of their medical assessment.
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