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In the United States, on any given day, approximately 1.4 million people reside in more 

than 15 000 nursing homes (NHs).1 As a testament to the burgeoning post-acute care 

population, approximately 3.3 million Medicare recipients are admitted to NHs for short 

stays each year, making NHs a crucial segment of the overall health care provision system 

within the United States.2 Antibiotics are one of the most frequently prescribed medications 

in NHs where 6% to 10% of residents are taking antibiotics at any given time and more than 

half receive at least one antibiotic prescription in a single year.3 Much of this use is 

inappropriate. An estimated 25% to 75% of antibiotic prescriptions do not meet clinical 

guidelines for appropriate prescribing.3 The most common infection leading to inappropriate 

antibiotic therapy is suspected urinary tract infection, which accounts for 30% to 56% of 

antibiotics prescribed, with up to a third of these prescribed for NH residents with 

asymptomatic bacteriuria.4

It is well established that antibiotic use is associated with a number of potential treatment-

related harms when assessed at the level of the individual NH resident, including 

Clostridium difficile infection, adverse drug reactions, and an increased risk of colonization 

and infection with multidrug-resistant organisms. Documenting direct evidence of the harms 

of antibiotic use at the population level has proven challenging. Therefore, the article by 

Daneman et al5 in this issue of JAMA Internal Medicine is a welcome addition to the field. 

In this 2-year study of 110 000 NH residents in Ontario, Canada, participants residing in 

facilities with high rates of antibiotic use were significantly more likely to experience an 

antibiotic-related harm whether or not they had recently received an antibiotic. On the basis 

of their findings, the authors predict that one additional antibiotic-related harm is generated 

for every 53 patients admitted to a high-use compared with low-use NH. Assuming similar 

patterns of antibiotic use and population-level effects in US NHs, the results of this study 

suggest that nearly 20 000 individuals experience an antibiotic-related harm simply through 

residence in NHs with high rates of antibiotic use.5 Antibiotic-related harms in this study 

were most commonly identified through administrative records generated during hospital 
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admissions and emergency department visits and less commonly through outpatient 

practitioner billing records. Consequently, the results of the study likely represent and 

underestimate the effect of antibiotic overuse in NHs.

The study by Daneman et al has a number of methodologic strengths. The authors merged 

information from multiple administrative data sets to create a robust cohort of nearly 110 

000 residents in 607 Ontario NHs with a follow-up of 51 million days. As a result, the 

authors were able to create meaningful tertiles of facilities with equal distribution of 

resident-level characteristics and to find facility-level characteristics that differentiated low- 

from high-prescribing facilities. This nearly complete data set also permitted the authors to 

measure the association between facility antibiotic use and resident risk of experiencing an 

antibiotic-related harm with a high level of precision after appropriate adjustments for a 

number of important covariates. Although imbalances in the prevalence of do-not-

hospitalize orders, which were more frequent in medium- and high-use NHs, raise concern 

for selection bias, this would, if anything, bias results toward the null because residents 

excluded from the analyses would be expected to be more frail and susceptible to antibiotic-

related harm.

Despite these strengths, the authors made a number of methodologic decisions that bear 

closer scrutiny. First, facility-level antibiotic use in this study was measured by days of 

therapy rather than the number of treatment courses. Prior research has indicated that 

relative positioning (high vs low) within groups of NHs changes considerably based on how 

one chooses to measure antibiotic use.6 Nevertheless, measurement of antibiotic use on the 

basis of days of therapy appears to be the more appropriate choice given the strong relation 

between the duration of antibiotic exposure and the risk of treatment-related harms.7 

Second, the authors’ decision to specify measured use as a constant exposure variable, 

although simplifying their model, may have resulted in biased model estimates. Prior 

research8 has found considerable seasonal variation in the use of antibiotics in NHs, and, in 

the current study, the authors note that nearly a third of facilities switched tertiles when 

antibiotic use was assessed year to year. Use of an alternative analytic approach in which 

facility-level antibiotic use is allowed to vary over time would have further strengthened 

confidence that the associations identified in this study are causal. Finally, as is common to 

all observational studies, allocation to NHs with different levels of antibiotic use was 

nonrandom. Use of advanced statistical methods to account for the nonrandom allocation of 

patients, such as propensity score matching or instrumented variable analyses,9 may have 

led to less biased estimates of the association between facility-level antibiotic use and 

antibiotic-related harms. These methodologic concerns aside, the large number of patients 

studied and the effect sizes identified convince us that the associations identified in the study 

are real.

With numerous studies using a variety of methods and diverse geographic locations 

providing the near-universal message of the adverse consequences of antimicrobial overuse 

to individuals and society, it is time for action. The high levels of diagnostic uncertainty 

involved in the management of the NH population, along with the constrained resources and 

frequent staff turnover, are important barriers to change in NHs. However, demonstrable 

improvements in antibiotic-prescribing patterns has been achieved in a number of settings.3 
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Leadership in NHs, including the medical director, director of nursing, and the infection 

preventionist, must create a sense of urgency among prescribers and staff around the need to 

improve antibiotic use. Leadership should also bring together an antibiotic improvement 

team that identifies priorities and strategies to overcome barriers and develops methods to 

evaluate progress toward designated improvement objectives.10 Although these teams 

should tailor their improvement efforts based on a locally generated needs assessment, 

interventions focused on reducing unnecessary cultures of urine specimens, given the 

inordinate influence these test results have on prescribing decisions, have been particularly 

effective in a number of studies.3,11 The use of interactive educational interventions that 

target nursing staff and prescribers, which have improved other related care processes in 

NHs,12 is another strategy that antibiotic improvement teams in nursing homes should 

consider. Independent of which improvement strategies are pursued, NHs should strive to 

monitor their process (eg, frequency of inappropriate antibiotic prescribing) and evaluate 

outcomes in antibiotic recipients and nonrecipients in a standardized fashion to assess 

progress and consider alternatives. Antibiotic-prescribing patterns in NHs is a deeply 

entrenched cultural phenomenon leading to adverse consequences in recipients and 

nonrecipients.13 Altering and improving these behaviors and sustaining these changes will 

not be easy. However, continuing to accept business as usual is no longer an option.

Acknowledgments

Funding/Support: This study was supported by grants R01AG032298 and R01AG041780 from the National 
Institute on Aging, the Veterans Affairs Healthcare System Geriatric Research Education and Clinical Care Center, 
and the University of Maryland Claude D. Pepper Older Americans Independence Center (Dr Mody) and grant 
R18HS022465 from the Agency for Healthcare Research and Quality and the State of Wisconsin Department of 
Health Services (Dr Crnich).

Role of the Funder/Sponsor: The funding sources had no role in the collection, analysis, and interpretation of the 
data; preparation, review, or approval of the manuscript; and the decision to submit the manuscript for publication.

REFERENCES

1. Harris-Kojetin, LD.; Sengupta, M.; Park-Lee, E.; Valverde, E. Long-Term Care Services in the 
United States: 2013 Overview. National Health Care Statistics Report; No. 1. National Center for 
Health Statistics; Hyattsville, MD: 2013. 

2. Office of the Inspector General. Medicare nursing home resident hospitalization rates merit 
additional monitoring. Department of Health and Human Services; 2013. http://oig.hhs.gov/oei/
reports/oei-06-11-00040.pdf [Accessed May 25, 2015]

3. Crnich CJ, Jump R, Trautner BW, Sloane PD, Mody L. Optimizing antibiotic stewardship in post-
acute and long-term care facilities: a narrative review and recommendations for improvement. 
Drugs Aging. In press. 

4. Loeb M, Simor AE, Landry L, et al. Antibiotic use in Ontario facilities that provide chronic care. J 
Gen Intern Med.. 2001; 16(6):376–383. [PubMed: 11422634] 

5. Daneman N, Bronskill SE, Grunier A, et al. Variability in antibiotic use across nursing homes and 
the risk of antibiotic-related adverse outcomes for individual residents [published online June 29, 
2015]. JAMA Intern Med.. doi:10.1001/jamainternmed.2015.2770. 

6. Crnich, C.; Dreis, M.; Hess, T.; Drinka, P.; Zimmerman, DR. Patterns and discrepancies between 
different metrics of antibiotic use in nursing homes; Paper presented at: IDWeek 2012: A Joint 
Meeting of the Infectious Diseases Society of America, Society for Healthcare Epidemiology of 
America, HIV Medical Association, and Pediatric Infectious Disease Society; San Diego, 
California. October 20, 2012; Abstract 1789

Mody and Crnich Page 3

JAMA Intern Med. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://oig.hhs.gov/oei/reports/oei-06-11-00040.pdf
http://oig.hhs.gov/oei/reports/oei-06-11-00040.pdf


7. Drekonja DM, Rector TS, Cutting A, Johnson JR. Urinary tract infection in male veterans: treatment 
patterns and outcomes. JAMA Intern Med.. 2013; 173(1):62–68. [PubMed: 23212273] 

8. Mylotte JM. Antimicrobial prescribing in long-term care facilities: prospective evaluation of 
potential antimicrobial use and cost indicators. Am J Infect Control. 1999; 27(1):10–19. [PubMed: 
9949373] 

9. Pizer SD. An intuitive review of methods for observational studies of comparative effectiveness. 
Health Serv Outcomes Res Methodol.. 2009; 9(1):54–68.

10. Berlowitz DR, Young GJ, Hickey EC, et al. Quality improvement implementation in the nursing 
home. Health Serv Res.. 2003; 38(1, pt 1):65–83. [PubMed: 12650381] 

11. Loeb M, Brazil K, Lohfeld L, et al. Effect of a multifaceted intervention on number of 
antimicrobial prescriptions for suspected urinary tract infection in residents of nursing homes: 
cluster randomized controlled trial. BMJ. 2005; 331(7518):669. [PubMed: 16150741] 

12. Mody L, Krein SL, Saint SK, et al. A targeted infection prevention intervention in nursing home 
residents with indwelling devices: a randomized clinical trial. JAMA Intern Med.. 2015; 175(5):
714–723. [PubMed: 25775048] 

13. Tjia J, Gurwitz JH, Briesacher BA. Challenge of changing nursing home prescribing culture. Am J 
Geriatr Pharmacother.. 2012; 10(1):37–46. [PubMed: 22264855] 

Mody and Crnich Page 4

JAMA Intern Med. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


