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Abstract

Background.—Reducing inappropriate antibiotic prescriptions (Rxs) is a major quality
improvement initiative in the United States. Tracking antibiotic prescribing trends is 1 method of
assessing improvement in antibiotic prescribing. The purpose of this study was to assess
longitudinal antibiotic prescribing practices among dental specialists.

Methods.—This was a retrospective ecological longitudinal trend study. The authors calculated
monthly systemic antibiotic Rx counts, and rates per 100,000 beneficiaries, from a pharmacy
benefits manager in the United States from 2013 through 2015. The authors calculated average
annual antibiotic Rx rates (AARs) for the 3-year study period. The authors used a quasi-Poisson
regression model to analyze antibiotic Rx trends. The authors quantified seasonal trends, when
present, via peak-to-trough ratios (PTTRs).

Results.—Dental specialists prescribed 2.4 million antibiotics to the cohort of 38 million
insurance beneficiaries during the 3-year study period (AAR = 2,086 Rxs per 100,000
beneficiaries). Oral and maxillofacial surgeons prescribed the most antibiotics (1,172,104 Rxs;
AAR = 1,018 Rxs per 100,000 beneficiaries), followed by periodontists (527,038 Rxs; AAR =457
Rxs per 100,000 beneficiaries), and endodontists (447,362 Rxs; AAR = 388 Rxs per 100,000
beneficiaries). Longitudinal antibiotic prescribing trends were stable among all dental specialties
in the regression models (P> .05). The authors observed substantial seasonal variation in
antibiotic Rxs in 2 specialties: pediatric dentistry (PTTR, 1.18; 95% confidence interval, 1.13 to
1.25) and orthodontics and dentofacial orthopedics (PTTR, 1.41; 95% confidence interval, 1.21 to
1.71), with the highest rates of antibiotic Rxs in the spring and winter.

Conclusions.—Antibiotic prescribing practices for dental specialists remained stable. The
authors observed seasonal trends in 2 specialties.

Practical Implications.—Public health efforts are needed improve antibiotic prescribing among
dental specialties.

Keywords

Dental public health; epidemiology; antimicrobials; antimicrobial resistance; bacteria; infectious
diseases

The systematic approach to improving antibiotic prescribing has been termed antibiotic (or
antimicrobial) stewardship. Antibiotic stewardship improves the safety and quality of patient
care, while reducing health care costs and combating the spread of antibiotic-resistant
infections.! The Centers for Disease Control and Prevention (CDC) has provided
implementation tool kits for antibiotic stewardship programs in hospital, clinic, and nursing
home settings.? Each tool kit recommends tracking and improving antibiotic use. Ideally,
this would be accomplished with a thorough evaluation of the appropriateness of each
antibiotic prescription (Rx). Realistically, many antibiotic stewardship programs focus on
evaluating antibiotic Rx trends over time for a subset of specific conditions or for commonly
prescribed antibiotics.

Tracking national antibiotic prescribing trends is 1 method used to determine whether
providers are improving antibiotic prescribing behavior over time. Overall antibiotic
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prescribing should decrease over time, given that the CDC estimates that 30% of outpatient
antibiotic Rxs are unnecessary.* However, it is unclear whether public health efforts to
improve antibiotic prescribing are affecting health care providers. Findings from 1 study
among all health care providers revealed modest reductions in overall antibiotic use over
time,> whereas findings from another revealed no change.® Tracking antibiotic prescribing
trends among all providers also can show some temporal trends. For example, overall
antibiotic prescribing rates are higher during winter months.>- This finding is thought to be
related to inappropriate antibiotic treatment of viral upper respiratory tract infections, which
are more common in the winter months.>-

Although dentists are responsible for approximately 10% of outpatient antibiotic Rxs, few
study investigators have evaluated antibiotic prescribing trends among dentists. Authors of 2
articles identified that general dentists prescribe several antibiotics that have no clear dental
indications or activity against dental pathogens.”-3 Authors of 1 longitudinal analysis
evaluated antibiotic Rx trends of general dentists and found that overall antibiotic
prescribing remained unchanged from 2013 through 2015.° However, investigators from
studies in Canada,'? Australia,!! and the Czech Republic!? reported increased dental
antibiotic prescribing.

To our knowledge, no study investigators have investigated longitudinal antibiotic
prescribing trends among US dental specialists. This investigation is important because
dental specialists, despite being a relatively small group of care providers, are responsible
for approximately 27% of dental antibiotic Rxs.® Our aim in this study was to characterize
longitudinal antibiotic prescribing patterns within a US national pharmacy benefits manager.

METHODS

We analyzed data on outpatient antibiotic Rxs written by dental specialists from January 1,
2013, through December 31, 2015. We obtained the data from Express Scripts Holding
Company (ESHC), the largest pharmacy benefits manager in the United States. The data
included the oral health care provider’s American Dental Association (ADA) recognized
specialty, his or her location, the prescribed antibiotic’s name and dose, and the number of
days’ antibiotic supply (treatment duration). We included data on antibiotic prescribing by
general dentists as a reference. We removed Rx claims for members with missing or
duplicate information because these are errors within the database. According to the
standard protocol within ESHC, we excluded reversed (unfilled) Rx claims from the
analysis. These Rxs are less than 4% of claims within the database. We also excluded topical
antibiotics, systemic or topical antifungals, antiparasitics, and antivirals. We combined
antibiotics with the same active ingredient but a different formulation (for example,
extended-release tablets). We included antimicrobials with antibacterial properties (for
example, methenamine).

We analyzed the count of antibiotics prescribed by all oral health care providers and
stratified the result according to dental specialty. We also obtained the number of Rxs and
the total number of beneficiaries in the database. We summed the number of Rxs in each
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provider category. We also calculated the average annual Rx (AAR) per provider and per
100,000 beneficiaries.

We used quasi-Poisson regression models by using the calendar month during the study
period (January 2013 through December 2015) as the independent variables to evaluate
antibiotic prescribing trends for each dental specialty; we considered P values less than .05
statistically significant. We explored locally weighted scatterplot smoothing regression
models to visualize nonlinear trends.

When we identified nonlinear trends in antibiotic prescribing, we assessed these trends by
fitting log-linear Poisson regression models to monthly data by using a method we have
described previously.® We then calculated the magnitude of seasonal variations via peak-to-
trough ratios (PTTRs), which are interpreted as a relative risk, with the trough month as the
reference level. This calculation provides additional flexibility in the patterns of seasonal
variation and helps adjust for secular trend bias. Christensen and colleagues!? have
published a detailed description of PTTRs. Furthermore, we stratified nonlinear overall
prescribing trends according to the antibiotic prescribed to explore which specific antibiotics
were driving the seasonal variation. We used the top 5 most commonly prescribed antibiotics
(amoxicillin, azithromycin, cephalexin, clindamycin, and penicillin) for stratified seasonal
analyses. We performed all analyses with software (R, Version 3.4.4, R Foundation for
Statistical Computing). Washington University’s Human Research Protection Office
approved this study.

Antibiotic use

Over the 3-year study period, dental specialists were responsible for more than 2.4 million
antibiotic Rxs (AAR, 2,086 Rx/100,000 beneficiaries) compared with more than 6.4 million
Rxs for general dentists (Table 1). Dental specialties prescribing the most antibiotics over
the study period were oral and maxillofacial surgery (1,172,2014 Rxs; AAR, 1,018 Rx/
100,000 beneficiaries), periodontics (527,038 Rxs; AAR, 457 Rxs/100,000 beneficiaries),
and endodontics (447,362 Rxs; AAR, 388 Rxs/100,000 beneficiaries). These specialties
accounted for almost 90% of antibiotic Rxs among dental specialists in this cohort.

Trends in antibiotic use

Overall rates of antibiotic Rxs remained stable in each of the 9 dental specialties analyzed
(eFigures 1-10, available online at the end of this article, Table 1). Although all specialties
had stable secular trends, results from locally weighted scatterplot smoothing regression
analyses revealed that both orthodontists and pediatric dentists had recurring peaks and
troughs over the study period (eFigures 4 and 8, available online at the end of this article).
Specifically, peaks appeared in January for both specialties, and troughs occurred near July
for orthodontists and August and September for pediatric dentists.

We further quantified the seasonal variation in antibiotic prescribing among orthodontists
and pediatric dentists by using log-linear Poisson regression models with autoregressive
integrated moving average error terms. Pediatric dental antibiotic Rxs had a PTTR of 1.18
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(95% confidence interval, 1.13 to 1.25) (Figure 1A, Table 2), whereas orthodontic antibiotic
Rxs had a PTTR of 1.41 (95% confidence interval, 1.21 to 1.71) (Figure 2A, Table 2).
Azithromycin was the antibiotic with the highest PTTRs for both pediatric dentists (Figure
1B, Table 2) and orthodontists (Figure 2B, Table 2); however, several other antibiotics had
seasonal variation as well (data not shown).

DISCUSSION

We found that among the 9 dental specialties recognized by the ADA that we included in our
study, antibiotic prescribing rates remained stable from January 2013 through December
2015. These findings were not surprising, given stable antibiotic prescribing practices among
general dentists reported during the same time frame.? However, our findings are still
important. To our knowledge, this is the first longitudinal analysis of antibiotic prescribing
trends for dental specialists in the United States.

Limited data exist for antibiotic prescribing among dental specialists. Results from a 2017
scoping review of 118 studies in which the investigators evaluated dental antibiotic
prescribing showed that investigators in most studies focused on antibiotic prescribing
among all oral health care providers or general dentists within a region.!4 Of all of the
included studies, only 9 were dedicated to dental specialty groups.!3-23 The specialties
included oral and maxillofacial surgery (n = 4),16:20.21.23 endodontics (n = 2),!5-18 pediatric
dentistry (n = 2),17:19 and periodontics (n = 1)22; no studies were focused on dental public
health, oral and maxillofacial pathology, oral and maxillofacial radiology, orthodontics and
dentofacial orthopedics, or prosthodontics. Furthermore, 8 of the 9 studies were cross-
sectional surveys, which prevents evaluation of antibiotic prescribing trends over time.!3-22
Despite the limitations, previous studies of antibiotic prescribing patterns among dental
specialists had important findings. In 1 study of pediatric dentists, 30% reported prescribing
antibiotics for a prolonged duration (10 days), and 15% reported prescribing antibiotics for
dental pain.'? In another study of pediatric dentists, only 28% of antibiotic Rxs were
adherent to clinical practice guidelines.!” In a national survey of endodontists in 2002,
researchers found modest improvements in antibiotic prescribing for some conditions, but
other conditions had no improvement in 25 years.!® Among studies in which the
investigators evaluated oral surgeons in Spain, researchers found that 39% would prescribe
antibiotics for extractions taking less than 5 minutes; postoperative antibiotic duration varied
from 2 through 8 days.2! In a study of antibiotic prescribing among periodontists, 44%
reported that they prescribed postoperative antibiotics after an implant placement.?? These
data suggest substantial heterogeneity in antibiotic prescribing among dental specialists and
substantial opportunities for improvement.

Historically, most public health efforts during the study period were focused on improving
antibiotic prescribing among physicians. Since the early 2000s, the CDC has been engaged
in educational campaigns to raise awareness of antibiotic resistance and improve antibiotic
prescribing practices in physicians’ offices. In 2018, the CDC published guidance for
antimicrobial stewardship programs in outpatient settings.2* The American Board of Internal
Medicine Foundation also has partnered with multiple medical professional organizations to
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release antibiotic stewardship clinical practice recommendations via the Choosing Wisely
initiative.23

Several free antibiotic stewardship educational materials for dentists and dental specialists
are available. For example, the CDC provides an easy-to-use checklist for antibiotic
prescribing in dentistry2© and a table of clinical tips for antibiotic prescribing for dentists.2’
For dental specialists, the American Academy of Pediatric Dentistry,28-2° the American

30.31 and the American Academy of Periodontology3?2 also have

Association of Endodontists,
useful guidelines. Furthermore, the ADA is in the process of developing guidelines for
dental infections, which should complement the long-standing ADA antibiotic prophylaxis
guidelines nicely.33 The authors have provided a list of 3 useful resources from the CDC and

ADA on how to optimize antibiotic prescribing (Box).

Further research will be necessary to evaluate the effect of the future ADA guidelines for
dental infections after its release. Dentists and dental specialists have been quick to embrace
the ADA antibiotic prophylaxis guidelines.3*3> However, significant opportunities to
improve antibiotic prescribing for some conditions remain. For example, in a survey of 450
community dentists in Canada, investigators found that 42% of respondents still recommend
antibiotic prophylaxis for mitral valve prolapse.’® Generally, targeted interventions, such as
clinical decision support tools and communication skills training, have been more successful
at improving antibiotic prescribing among medical care providers.3’

Interventional strategies customized to dentistry likely will be used to improve antibiotic
prescribing among dentists and dental specialists. Outside the United States, clinical audit
and feedback interventions have been successful in reducing antibiotic use by general
dentists and oral maxillofacial surgeons. In 1 study in the United Kingdom, the investigators
pooled data from a previous audit and feedback investigation and reported a 43.6% reduction
in antibiotic Rxs and an increase in Rxs that were error free for prescribed duration,
frequency, and dosaged—from 48% through 78% after the intervention.’® The intervention
was also well accepted by oral health care practitioners: more than 97% of the dentists
involved in 1 clinical audit reported it useful.3® In another study in which the investigators
used prospective audit and feedback of antibiotics prescribed in an oral surgery department
in the United Kingdom, antibiotic appropriateness increased from 30% before the
intervention to 80% afterward.?

The seasonal prescribing pattern of pediatric dentists and orthodontists is a novel finding in
the dental literature. However, investigators in other studies have described seasonal
variation in antibiotic Rxs.>-0-40-41 This variation is widely thought to be driven by
inappropriate antibiotic prescribing for viral upper respiratory tract infections.>0-4! We
speculate that the seasonal variation observed in our study also is related to antibiotic
management of viral infections. Viral sinusitis, in particular, may manifest with referred
tooth pain. Such infections are common among children, which may help explain why we
observed these trends specifically for pediatric dentists and orthodontists.*2 School summer
vacations also may help explain the summer troughs in antibiotic prescribing by pediatric
dentists and orthodontists.

J Am Dent Assoc. Author manuscript; available in PMC 2021 March 12.
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Investigators should complete further studies to elucidate more fully the antibiotic
prescribing trends among dental specialists and investigate optimal interventions to optimize
prescribing rates. Studies in which the investigators assess the appropriateness of and
motivation for antibiotic Rxs by dental specialists will be helpful in determining more
specific targets for intervention. In addition, further research is necessary to understand
seasonal variation in antibiotic prescribing among orthodontists and pediatric dentists.

Our study has limitations. First, it was difficult to analyze the secular trends in certain
specialties because of a low number of antibiotic Rxs. Second, because the ESHC database
only contains Rxs purchased via insurance benefits, our data may underrepresent antibiotic
Rxs that patients might pay for out of pocket. Third, we were unable to evaluate the
indication or appropriateness for each antibiotic Rx. Fourth, our database did not contain any
information about dentists from disciplines, such as oral medicine, that are not recognized
by the ADA.

CONCLUSIONS

During the 3-year study period, we did not identify any significant changes in antibiotic
prescribing practices among dental specialists. Our data suggest there may be antibiotic
stewardship opportunities to improve antibiotic prescribing practices. Furthermore, we
observed some seasonal variation in antibiotic prescribing among pediatric dentists and
orthodontists. These trends may be related to inappropriate treatment of viral respiratory
conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box:
List of resources

J American Dental Association Antibiotic Stewardship https://www.ada.org/en/
member-center/oral-health-topics/antibiotic-stewardship

o Centers for Disease Control and Prevention Antibiotic Stewardship in Oral
Health?!-22 https://www.cdc.gov/oralhealth/infectioncontrol/fags/antibiotic-
stewardship.html

o American Dental Association Combating Antibiotic Resistance https://

jada.ada.org/article/S0002-8177(14) 61234—4/pdf
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Figure 1.
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Monthly variation of rate of antibiotic use in pediatric dentistry from January 2013 through
December 2015, United States. A. Overall antibiotic use. B. Azithromycin use. Stratified
antibiotic prescribing rates are lower than overall antibiotic prescribing rates.
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Figure 2.

Monthly variation of rate of antibiotic use in orthodontics and dentofacial orthopedics from
January 2013 through December 2015, United States. A. Overall antibiotic use. B.
Azithromycin use. The y-axis is lower for orthodontic antibiotic prescriptions than for
pediatric antibiotic prescriptions because orthodontists prescribe fewer antibiotics than do
pediatric dentists.
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Number of antibiotics prescribed by dental specialists and rate per 100,000 beneficiaries * from January 2013
through December 2015, United States.

DENTAL TR?,ND
DISCIPLINE/ 7
SPECIALTY 2013 2014 2015 VALUE
No. of Rxs*/ No. Rate per No. of Rxs/ No. of Rate per No. of Rxs/ No. of Rate per
of Providers (Rx 100,000 Providers (Rx 100,000 Providers (Rx 100,000
Ra te§) Beneficiaries Rate) Beneficiaries Rate) Beneficiaries

General 2,151,729/132,495 5,596 2,149,859/133,126 5,455 2,133,384/133,382 5,707 512
Dentistry’ (16) (16) (16)
Total: 803,916/22,837 2,091 799,497/22,658 2,029 799,102/22,080 2,138 .802
Specialties 35) (35) (36)
Summary
Dental Public 5,730/455 (13) 15 5,639/442 (13) 14 5,457/444 (12) 15 947
Health
Endodontics 151,339/4,338 394 148,184/4,304 376 147,839/4,204 395 .883

(35) 34) 35)
Oral and 31,591/433 (73) 82 30,285/421 (72) 77 30,580/404 (76) 82 968
Macxillofacial
Pathology
Oral and 576/10 (58) 2 618/10 (62) 2 601/10 (60) 2 937
Macxillofacial
Radiology
Oral and 387,625/5,730 1,008 390,423/5,638 991 394,056/5,506 1,054 246
Macxillofacial (68) (69) (72)
Surgery
Orthodontics 3,768/1,308 (2.9) 10 3,729/1,303 (2.9) 10 3,294/1,198 (2.7) 9 784
and
Dentofacial
Orthopedics
Pediatric 26,942/4,304 (6.3) 70 26,646/4,305 (6.2) 68 25,847/4,207 (6.1) 69 .802
Dentistry
Periodontics 178,117/4,466 463 175,830/4,435 446 173,091/4,328 463 915

(40) (40) (40)
Prosthodontics  18,228/1,793 (10) 47 18,143/1,800 (10) 46 18,337/1,779 (10) 49 .850

*
Beneficiaries were from Express Scripts Holding Company.

7, . - .
The authors analyzed trends via monthly quasi-Poisson regression models.

"
“Rx: Prescription.

§Rx rate: Express Scripts Holding Company prescription rate per dental care provider. Both the total prescription rate per provider and the total

prescription rate per 100,000 beneficiaries were calculated as mean per year.

T

The authors used general dentistry as a reference group for comparison purposes.
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Estimates of seasonal variation in pediatric dentistry and orthodontic and dentofacial orthopedics antibiotic

prescriptions expressed as peak-to-trough ratio from January 2013 through December 2015, United States.

DENTAL SPECIALTY  ANTIBIOTIC*

Pediatric Dentistry All antibiotics
Azithromycin

Orthodontics and All antibiotics

Dentofacial

Orthopedics

Azithromycin

PEAK-TO-TROUGH RATIO (95%
CONFIDENCE INTERVAL)

1.18 (1.13 to 1.25)
1.55 (1.30 to 2.05)
141 (1.21 to 1.71)

2.65 (1.89 to 4.57)

TROUGH
REFERENCE
PEAK MONTH MONTH
April November
December July
January July
December July

*
Confidence intervals generally are reported, rather than Pvalues, for peak-to-trough calculations; the authors considered confidence intervals that

do not include 1 as statistically significant.
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