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Variability in Antibiotic Use Across Nursing Homes
and the Risk of Antibiotic-Related Adverse Outcomes
for Individual Residents
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IMPORTANCE Antibiotics are frequently and often inappropriately prescribed to patients in
nursing homes. These antibiotics pose direct risks to recipients and indirect risks to others
residing in the home.

OBJECTIVE To examine whether living in a nursing home with high antibiotic use is associated
with an increased risk of antibiotic-related adverse outcomes for individual residents.

DESIGN, SETTING, AND PARTICIPANTS In this longitudinal open-cohort study performed from
January 1, 2010, through December 31, 2011, we studied 110 656 older adults residing in 607
nursing homes in Ontario, Canada.

EXPOSURES Nursing home–level antibiotic use was defined as use-days per 1000
resident-days, and facilities were classified as high, medium, and low use according to tertile
of use. Multivariable logistic regression modeling was performed to assess the effect of
nursing home–level antibiotic use on the individual risk of antibiotic-related adverse
outcomes.

MAIN OUTCOMES AND MEASURES Antibiotic-related harms included Clostridium difficile,
diarrhea or gastroenteritis, antibiotic-resistant organisms (which can directly affect recipients
and indirectly affect nonrecipients), allergic reactions, and general medication adverse events
(which can affect only recipients).

RESULTS Antibiotics were provided on 2 783 000 of 50 953 000 resident-days in nursing
homes (55 antibiotic-days per 1000 resident-days). Antibiotic use was highly variable across
homes, ranging from 20.4 to 192.9 antibiotic-days per 1000 resident-days. Antibiotic-related
adverse events were more common (13.3%) in residents of high-use homes than among
residents of medium-use (12.4%) or low-use homes (11.4%) (P < .001); this trend persisted
even among the residents who did not receive antibiotic treatments. The primary analysis
indicated that residence in a high-use nursing home was associated with an increased risk of a
resident experiencing an antibiotic-related adverse event (adjusted odds ratio, 1.24; 95% CI,
1.07-1.42; P = .003). A sensitivity analysis examining nursing home–level antibiotic use as a
continuous variable confirmed an increased risk of resident-level antibiotic-related harms
(adjusted odds ratio, 1.004 per additional day of nursing home antibiotic use; 95% CI,
1.001-1.006; P = .01).

CONCLUSIONS AND RELEVANCE Antibiotic use is highly variable across nursing homes;
residents of high-use homes are exposed to an increased risk of antibiotic-related harms even
if they have not directly received these agents. Antibiotic stewardship is needed to improve
the safety of all nursing home residents.
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A ntibioticsarethemostcommonlyprescribedmedications
among nursing home residents, with approximately two-
thirds of residents receiving antibiotic treatment each

year.1-3 Many of these prescriptions are inappropriate, unneces-
sary, or unnecessarily prolonged, thereby directly exposing in-
dividual recipients to Clostridium difficile infection and diarrhea,
antibiotic-resistant organisms, antibiotic allergies, and other
medication toxic effects.1,4-6 By promoting selection of C diffi-
cile and antibiotic-resistant organisms, antibiotic overuse also
poses a potential indirect threat beyond the recipients of these
medications because these pathogens can lead to environmen-
tal contamination and cross-transmission among residents.

We have previously reported that the variation of antibi-
otic treatment duration in nursing homes is more dependent
on prescriber than recipient characteristics.6 Because most
nursing home prescribers in Ontario, Canada, are associated
with a single nursing home,7 we hypothesized that antibiotic
use would also vary across homes. The capacity of antibiotic
treatments to harm individual recipients and neighboring nurs-
ing home residents implies that residents could be subject to
a higher risk of antibiotic-related adverse outcomes purely on
the basis of their place of residence.8 Measuring antibiotic use
at the nursing home level is also useful because antibiotic stew-
ardship interventions and solutions could potentially be in-
troduced at that level.9-11 The objectives of this longitudinal
open-cohort study were to measure the variability in antibi-
otic use across Ontario nursing homes and to determine
whether residence within a nursing home with high antibi-
otic use is associated with a greater risk of antibiotic-related
adverse outcomes for individual residents.

Methods
Study Design and Data Sources
The study was approved by the research ethics board of
Sunnybrook Health Sciences Centre. Informed consent was not
required. The study was conducted in the most populous prov-
ince of Ontario, Canada, using population-based administra-
tive databases at the Institute for Clinical Evaluative Sci-
ences. These well-validated databases are linked through
encoded health care numbers and have been used exten-
sively in prior research of medication use in general12-14 and
antibiotic prescribing in particular.6,15 These data sets in-
clude the following: (1) the Registered Persons database, which
contains demographic data for all users of Ontario’s universal
single-payer health care system; (2) the Continuing Care Re-
porting System Long-Term Care database generated from the
Resident Assessment Instrument Minimum Data Set 2.0, a man-
datory resident assessment completed at quarterly intervals16;
(3) the Ontario Drug Benefit Program database, which con-
tains detailed drug information for Ontario’s more than 1.5 mil-
lion older adults; (4) the Ontario Health Insurance Plan data-
base, which includes physician billing claims; (5) the Canadian
Institute for Health Information Discharge abstract database,
which details all hospitalization events; (6) the Ontario Men-
tal Health Reporting System database, which documents ad-
missions to designated psychiatric beds; (7) the National

Ambulatory Care Reporting System database, which de-
scribes all emergency department visits; and (8) the National
Rehabilitation Reporting System.

Resident Selection Criteria
The cohort consisted of all older adults (aged ≥66 years) resid-
ing in an Ontario nursing home from January 1, 2010, through
December 31, 2011. We excluded the residents who were younger
than 66 years, stayed only in homes with fewer than 25 beds,
or switched homes more than once during the study.

Deriving the Open Cohort of Resident Time Spent
in Nursing Homes
Residents of nursing homes are often transferred to the emer-
gency department or hospital. This time spent out of the nurs-
ing home poses a methodologic challenge for studies of expo-
sures introduced within nursing homes. To address this issue,
we created an open cohort, which allowed us to calculate all
resident-days spent in Ontario nursing homes. All residents
were followed up from January 1, 2010, or their new arrival into
a nursing home (whichever came last) until December 31, 2011,
or death (whichever came first). Time intervals spent in nurs-
ing homes were considered at risk and contributed to the de-
nominator of resident-days in which an individual was eli-
gible to receive an antibiotic. Time intervals spent outside the
nursing home were considered off risk, including time spent
in the emergency department, acute care facility, psychiatric
facility, chronic care facility, and/or rehabilitation hospitals. If,
during the study period, a resident returned to the nursing
home from one of these alternate locations, the resident could
continue to contribute resident-days to the cohort. A small pro-
portion of residents (7.0%) were transferred between differ-
ent homes during the study period, and the corresponding resi-
dent time was apportioned separately to these facilities. To
cross-validate the accuracy of our at-risk intervals, we re-
viewed the proportion of intervals that included at least one
drug claim identified as being dispensed to a nursing home resi-
dent. Our cross-validation confirmed that 99.5% of these at-
risk intervals were associated with at least one such claim.

Antibiotic Use
Consistent with previous work, dispensed antibiotics were as-
certained from the Ontario Drug Benefit Program database,
which includes information on drug name, drug dose, drug
route, date of drug claim, days supplied, and prescription
location.6,15 This program provides universal coverage of pub-
licly funded medications for all Ontario adults older than 65
years; the database is greater than 99% concordant with phar-
macy medical record review.17 We included all systemic anti-
bacterials administered via the enteral or parenteral route; we
excluded antifungals, antivirals, and topical agents.15

Variability in Antibiotic Use
Antibiotic use was calculated as the number of days a resi-
dent received antibiotics per 1000 at-risk resident-days spent
in each home. The primary predictor of interest was nursing
home–level antibiotic use during the study interval, catego-
rized in tertiles as low, medium, or high use.
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Nursing Home Factors
We also measured nursing home size (number of beds),18,19

ownership (for profit vs not for profit),20 and location (urban
vs rural)21,22 because these facility structural characteristics are
known to be associated with antibiotic use and/or medication-
related adverse events.

Resident Factors
Detailed resident-level factors were collected from the Continu-
ing Care Reporting System Long-term Care database, as well
as hospital, emergency department, and physician claims
databases.6 The Continuing Care Reporting System assessments
are performed using the Resident Assessment Instrument Mini-
mum Data Set 2.0, which provides a comprehensive, well-
validated assessment of the functional status and care needs of
nursing home residents.16 Resident factors that could potentially
affecttheneedforantibioticsorvulnerabilitytoantibiotic-related
complications included extensive demographic data, nursing
home experience, health care use, diagnoses, functional depen-
dence, continence, and device use variables.1,2,23,24

Antibiotic-Related Adverse Outcomes
The primary outcome was a composite of potential antibiotic-
related adverse outcomes, including C difficile, diarrhea or gas-
troenteritis, antibiotic-resistant organisms, allergic reactions
to antibiotics, or general medication adverse events. Each com-
ponent outcome was detected through International Statisti-
cal Classification of Diseases, 10th Revision (ICD-10), codes from
hospital admission and emergency department databases
(eTable in the Supplement). The available ICD-10 codes for an-
tibiotic resistance include methicillin-resistant Staphylococ-
cus aureus, vancomycin-resistant Enterococcus, extended-
spectrum β-lactamase–producing Gram-negative bacteria, and
more broad codes for resistance to β-lactams, fluoroquinolo-
nes, or multiple antibiotic classes (eTable in the Supple-
ment). The hospital and emergency department databases have
been validated through extensive medical record reabstrac-
tion studies, but the adverse drug reaction codes were not spe-
cifically examined. The accuracy of C difficile coding has been
validated separately, with excellent test characteristics.25-27 Di-
arrhea or gastroenteritis was also measured through outpa-
tient physician billing claims to capture antibiotic-associated
diarrhea and C difficile infections that did not require hospi-
talization because there are no specific physician claims for
these entities. Residents with a do-not-hospitalize order were
excluded from all outcome analyses; by definition, they are not
at risk of hospitalization outcome events. A nested second-
ary outcome measure included only those events that have the
potential to cause direct harm to recipients and indirect harm
through transmission to other residents (C difficile, diarrhea
or gastroenteritis, and antibiotic-resistant organisms). All out-
comes were measured at the level of individual residents.

Statistical Analysis
Baseline nursing home and resident characteristics were com-
pared across tertiles of nursing home antibiotic use. Crude pri-
mary and secondary outcome rates were calculated across
these same tertiles. The primary outcome rate was also exam-

ined among the subset of nursing home residents who never
directly received an antibiotic.

The primary analysis involved a multivariable marginal
(nonconditional) logistic regression analysis, assessing the
affect of nursing home–level antibiotic use tertile on the resi-
dent-level risk of an antibiotic adverse event. These models ac-
counted for all the other measured nursing home–level and
resident-level characteristics, as well as for clustering within
homes. Similar modeling was performed for the secondary out-
come measure, which was limited to complications that could
affect antibiotic recipients and nonrecipients. We compared
high-use and low-use nursing homes because recent litera-
ture suggests that interfacility comparisons should focus on
extreme tiers rather than intermediate tiers28; this approach
also protects against multiple hypothesis testing. In a sensi-
tivity analysis, we examined nursing home–level antibiotic use
as a continuous variable. All analyses were performed using
SAS statistical software, version 9.3 (SAS Institute Inc).

Results
Variability in Antibiotic Use Across Nursing Homes
From January 1, 2010, through December 31, 2011, the open co-
hort included 110 656 unique nursing home residents resid-
ing for 118 394 at-risk intervals in 607 nursing homes for a total
of 50 953 000 resident-days. Antibiotic treatment was pro-
vided on 2 783 000 of the 50 953 000 resident-days (55
antibiotic-days per 1000 resident-days). Antibiotic use varied
from as low as 20.4 to as high as 192.9 days per 1000 resident-
days (Figure). Facilities were separated into tertiles of antibi-
otic use: low use, 20.4 to 45.7 antibiotic-days per 1000 resident-
days; medium use, 45.8 to 62.2 antibiotic-days per 1000
resident-days; and high use, 62.3 to 192.9 antibiotic-days per
1000 resident-days. Antibiotic use was stable across the 2 study
years, with good agreement between tertile assignment of fa-
cilities in 2010 and 2011 (68% agreement; weighted κ = 0.62).

The classes of antibiotic agents were similar across the fa-
cilities, with penicillins being the most commonly prescribed
agents in low-, medium-, and high-use facilities (32.6%, 33.5%,
and 33.7% of antibiotic prescriptions, respectively), followed
by second-generation fluoroquinolones (31.7%, 29.4%, and
27.1% of antibiotic prescriptions, respectively). Sulfon-
amides, first-generation cephalosporins, nitrofurantoin, and
macrolides were the next most common classes of antibiot-
ics, each accounting for 4% to 9% of antimicrobial prescrip-
tions in each tertile. However, there were more antibiotic pre-
scriptions in the high- vs medium- vs low-use facilities (191 809
vs 162 337 vs 116 532 prescriptions, P < .001), and treatment
durations were significantly longer (mean [SD] of 15.5 [53.1]
days vs 12.2 [36.6] days vs 10.4 [24.9] days, P < .001).

Nursing Home and Resident Characteristics
The median number of beds across nursing homes was 120
(interquartile range, 75-160 beds). Most nursing homes were in
urban centers (473 [77.9%]) and had for-profit ownership (378
[62.3%]). In general, high-use facilities were smaller, more likely
to have for-profit ownership, and more likely to be rural (Table 1).
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The 110 656 residents had a median age of 85 years, were
predominantly female (77 337 [69.9%]), had a high preva-
lence of dementia (61 733 [55.8%]), and usually required at least
moderate assistance with activities of daily living (93 096
[84.1%]). Resident characteristics were stable across tertiles
with the exception of do-not-resuscitate orders, which were
more prevalent in high-use facilities (Table 2).

Nursing Home Antibiotic Use and the Risk
of Antibiotic-Related Adverse Events for Residents
The risk of an antibiotic-related adverse event was higher in
residents of high-use (3311 [13.3%] of 24 943) vs medium-use
(3890 [12.4%] of 31 425) vs low-use facilities (3869 [11.4%] of
33 822) (P < .001) (Table 3). The risk difference in adverse events
between the high- and low-use antibiotic tertiles translates to
a number needed to harm of 53. Among the subset of resi-
dents who directly received an antibiotic, there was a higher
rate of antibiotic-related adverse events in residents of high-
use (2724 [14.3%] of 18 999) vs medium-use (3024 [13.5%] of
22 436) vs low-use facilities (2831 [12.9%] of 21 942) (P ≤ .001).
Among the subset of residents who did not directly receive any

antibiotics during the study period, there was also a higher rate
of antibiotic-related adverse events in residents of high-use (587
[9.9%] of 5944) vs medium-use (866 [9.6%] of 8989) vs low-
use facilities (1038 [8.7%] of 11 880) (P = .02). The number
needed to harm was 71 for direct antibiotic recipients and 83
for nonrecipients. The secondary outcome measure re-
stricted to the subset of complications that can potentially
affect recipients and nonrecipients of antibiotics also oc-
curred at a higher rate among residents of the highest-use ter-
tile. For some of the less common individual adverse events,
statistically significant differences were not detected across
the tertiles (Table 3).

Multivariable logistic regression modeling of the primary
outcome indicated that residence in a high-use (compared with
low-use) home was associated with an increased risk of expe-
riencing any antibiotic-related adverse event (adjusted odds
ratio [aOR], 1.24; 95% CI, 1.07-1.42; P = .003) (Table 4). Other
important predictors of antibiotic-related complications in-
cluded previous hospitalization and emergency department
visits, diabetes mellitus, peripheral vascular disease, cancer,
gastrointestinal disease, liver disease, renal failure, func-

Figure. Variability of Antibiotic Use (per 1000 Resident-days) Across Ontario Nursing Homes
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The 607 Ontario nursing homes are presented by location (urban or rural) and tertile of antibiotic use (high, medium, or low).

Table 1. Characteristics of Nursing Homes With Low, Medium, and High Antibiotic Use

Characteristic

Antibiotic Use
Low
(n = 202)

Medium
(n = 203)

High
(n = 202)

Antibiotic-use per 1000 resident-days,
median (IQR) [range]

37 (31-41) [20.3-45.7] 53 (50-57) [45.8-62.2] 77 (67-92) [62.3-192.9]

No. of beds, median (IQR) 127 (82-166) 120 (85-160) 100 (62-144)

For-profit ownership, No. (%) 102 (50.5) 136 (67.0) 140 (69.3)

Rural location, No. (%) 40 (19.8) 37 (18.2) 57 (28.2)
Abbreviation: IQR, interquartile
range.
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tional dependence, incontinence, bladder catheterization, and
feeding tube use. The secondary analysis evaluated only those
outcomes with the potential to cause indirect harm through
transmission to other nursing home residents and confirmed
an increased risk for residents of high-use homes (aOR, 1.23;
95% CI, 1.07-1.42; P = .005). A sensitivity analysis examining
nursing home–level antibiotic use as a continuous variable con-
firmed an increased risk of resident-level, antibiotic-related
harms (aOR, 1.004 per additional day of nursing home antibi-
otic use; 95% CI, 1.001-1.006; P = .01).

Discussion

This study of more than 100 000 older residents of more than
600 nursing homes confirmed a 10-fold variation in nursing
home antibiotic use. Residents of high-use nursing homes were
exposed to a 24% greater risk of antibiotic-related adverse
events, including emergency department visits and hospital-
izations related to C difficile infections, diarrhea or gastroen-
teritis, antibiotic-resistant organisms, allergies, and general

Table 2. Characteristics of Residents Living in Nursing Homes With Low, Medium, and High Antibiotic Use

Resident Characteristic

Antibiotic Use, No. (%)

Low Medium High
Residents, No. 39 895 39 264 31 497

Demographics

Age, median (IQR), y 85 (80-89) 85 (80-90) 85 (80-90)

Female sex 27 803 (69.7) 27 482 (70.0) 22 052 (70.0)

Nursing home assessmenta

Hospital admission in 90 days
before assessment

14 059 (35.2) 13 935 (35.5) 10 547 (33.5)

Time in long-term care,
median (IQR), mo

6 (0-30) 5 (0-30) 5 (0-29)

Order

Do not resuscitate 27 177 (68.1) 26 965 (68.7) 24 020 (76.3)

Do not hospitalizeb 6073 (15.2) 7839 (20.0) 6554 (20.8)

Health care system use

No. of prescription drugs
in past 12 months, median (IQR)

11 (8-16) 12 (8-16) 12 (8-16)

Emergency department visit
within 12 months

14 536 (36.4) 15 071 (38.4) 12 453 (39.5)

Inpatient admissions
in past 12 months

16 674 (41.8) 16 779 (42.7) 12 935 (41.1)

Diagnoses

Diabetes mellitus 10 216 (25.6) 9913 (25.2) 7750 (24.6)

Atherosclerotic heart disease 4239 (10.6) 3711 (9.5) 3466 (11.0)

Congestive heart failure 4214 (10.6) 4224 (10.8) 3703 (11.8)

Peripheral vascular disease 1909 (4.8) 1707 (4.3) 1464 (4.6)

Dementia 22 060 (55.3) 22 081 (56.2) 17 592 (55.9)

Stroke 8328 (20.9) 8086 (20.6) 6680 (21.2)

Paralysis 2263 (5.7) 1751 (4.5) 1334 (4.2)

Parkinson disease 2333 (5.8) 2176 (5.5) 1873 (5.9)

Obstructive lung disease 5851 (14.7) 5458 (13.9) 4696 (14.9)

Cancer 3328 (8.3) 3040 (7.7) 2648 (8.4)

Gastrointestinal disease 5690 (14.3) 6115 (15.6) 5260 (16.7)

Liver disease 291 (0.7) 342 (0.9) 244 (0.8)

Renal disease 2962 (7.4) 3138 (8.0) 2351 (7.5)

Activities of daily living

Requires minimal assistance 6095 (15.3) 6166 (15.7) 5299 (16.8)

Requires moderate assistance 16 373 (41.0) 16 286 (41.5) 12 901 (41.0)

Dependent 17 427 (43.7) 16 812 (42.8) 13 297 (42.2)

Bowel or bladder incontinence 30 405 (76.2) 30 380 (77.4) 24 312 (77.2)

Devices

Indwelling bladder catheter 1328 (3.3) 1541 (3.9) 1327 (4.2)

Dialysis 271 (0.7) 270 (0.7) 217 (0.7)

Intravenous medications 516 (1.3) 558 (1.4) 391 (1.2)

Tracheostomy 100 (0.3) 89 (0.2) 72 (0.2)

Respiratory ventilator 58 (0.1) 49 (0.1) 36 (0.1)

Feeding tube 432 (1.1) 376 (1.0) 294 (0.9)

Abbreviation: IQR, interquartile
range.
a Nursing home assessment variables

measured from time of first nursing
home assessment after January
2010.

b These residents with a
do-not-hospitalize order at the start
of the study period were excluded
from subsequent analyses of
adverse outcomes because they
were not at risk of a hospitalization
event.
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medication adverse events. Each additional day of antibiotic
use in a facility is associated with a 0.4% increased risk of an
antibiotic-related harm for a resident. High antibiotic use in a
facility is associated with increased individual-level risk, even
among nonrecipients of antibiotics.

The high variability of antibiotic use across nursing homes
corroborates our previous finding of high variability in the use
of prolonged antibiotic treatment durations in nursing homes,
likely driven by culture and prescriber preference rather than
resident characteristics.6 Our results are in line with work by
the European Surveillance of Antimicrobial Consumption,
which revealed that the point prevalence of antibiotic use in
nursing homes varies within and between European coun-
tries from as low to 1% to as high as 35% of residents,29 as well
as a multijurisdiction sampling of 73 US nursing homes that
indicated a variation in the number of antibiotic courses pre-
scribed from 0.44 to 23 per 1000 resident-days.30 Our study
extends these findings by generating an open cohort of per-
son time spent in nursing homes to calculate antibiotic use per
resident time in a manner similar to the way density of anti-
biotic use is measured in acute care facilities.18,31 More impor-
tantly, our study extends prior research by linking antibiotic
variability to an increased risk of harms for residents.

Our group and others12,13 have previously found that use
of antipsychotics and benzodiazepines in older nursing home
residents is associated with serious harms to the recipients of
these unsafe medications. The harms of antibiotics, how-
ever, threaten not only individual recipients but also neigh-
boring and future residents given the exertion of a selective
pressure on the local microbial ecology, leading to higher rates
of antibiotic-resistant pathogens and C difficile.32,33 These
harms may extend beyond the walls of the nursing home be-
cause of transfer of residents in and out of hospitals. Thus, al-
though ongoing, rational use of all medication classes is im-
portant in nursing homes,34 our findings indicate a particular
urgency for improving antibiotic use. Our results support the
Infectious Diseases Society of America call for antibiotic stew-
ardship within nursing homes and the European surveillance
work to standardize and reduce nursing home antimicrobial
consumption.1,29

Our multivariable analysis of nursing home– and resident-
level characteristics confirmed a number of other expected pre-

dictors of increased vulnerability to antibiotic-related harms,
including advanced age, previous health care use, diabetes
mellitus, peripheral vascular disease, liver and renal disease,
and use of indwelling devices. Resident-level factors associ-
ated with a reduced risk of antibiotic-related harms included
a do-not-resuscitate order and dementia, perhaps because of
a lower propensity to subject these patients to aggressive di-
agnostics and treatment.

Some other nursing home–level characteristics were
associated with an increased risk of antibiotic-related harms.
Larger facilities were associated with more adverse events,
potentially related to increased crowding and interpatient
transmission of pathogens.1 Rural facilities were overrepre-
sented in the highest tertile of antibiotic use, but after
accounting for other nursing home– and patient-level char-
acteristics, rurality was found to be protective against
antibiotic-related harms. The mechanism for this protective
association of rurality may be an artifact related to hospital
access but merits further study.1

Our study is subject to limitations from the use of
administrative databases, but misclassification of antibiotic
use is highly unlikely given the accuracy of the Ontario Drug
Benefit Program database.17 In addition, misclassification of
resident characteristics is unlikely in the well-validated Resi-
dent Assessment Instrument Minimum Data Set 2.0
database,16 and accurate assignment of resident time in
nursing homes was confirmed by 99.5% cross-agreement
between the independent nursing home and drug data sets.
Moreover, any misclassification in hospital and emergency
department outcome databases should be nondifferential for
residents of low- and high-use nursing homes, and so we
may have underestimated the magnitude of risk associated
with high antibiotic use. Given the lack of inpatient medica-
tion data in the hospital data sets, our study cannot account
for potential harms that originate from antibiotics received
during off-risk exposure times. Our outcome definition
likely undercounts antibiotic-resistant organisms and will
miss mild-moderate antibiotic harms that do not result in
emergency department visits or hospitalization, but this fact
only further supports the clinical relevance of the number
needed to harm estimate of 53 residents because these
events were serious enough to prompt transfer to an emer-

Table 3. Antibiotic-Related Adverse Outcomes Among Residents Living in Nursing Homes
With Low, Medium, and High Antibiotic Usea

Characteristic

Antibiotic Use, No. (%)
Low
(n = 33 822)

Medium
(n = 31 425)

High
(n = 24 943)

Clostridium difficile 274 (0.8) 268 (0.9) 221 (0.9)

Diarrhea or gastroenteritis 3347 (9.9) 3388 (10.8) 2889 (11.6)

Infection with antibiotic-resistant organism 412 (1.2) 431 (1.4) 319 (1.3)

Antibiotic allergy 13 (0.0) 25 (0.1) 22 (0.1)

General adverse event from medication 96 (0.3) 124 (0.4) 88 (0.4)

Any antibiotic complication with or without potential
for indirect harms to nonrecipients
(primary composite outcomeb)

3869 (11.4) 3890 (12.4) 3311 (13.3)

Only antibiotic complications with potential
for indirect harms to nonrecipients
(secondary composite outcomec)

3797 (11.2) 3801 (12.1) 3237 (13.0)

a Residents with a do-not-hospitalize
order were excluded from these
analyses of adverse outcomes
because they were not at risk of a
hospitalization event.

b Includes any of C difficile, diarrhea
or gastroenteritis,
antibiotic-resistant organisms,
allergy, and general medication
adverse events.

c Includes only C difficile, diarrhea or
gastroenteritis, and
antibiotic-resistant organisms.
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gency department or hospital. We cannot assess the appro-
priateness of antibiotic use given that medical record review
is beyond the scope of a study of this size, but the consistent

finding of inappropriate antibiotic use in previous related
nursing home research suggests that the variability of antibi-
otic use across institutions in a large part relates to variabil-

Table 4. Multivariable Logistic Regression Analysis Evaluating Resident- and Nursing Home–Level
Characteristics Associated With Individual Risk of an Antibiotic-Related Adverse Outcomea

Characteristic
Adjusted Odds Ratio
(95% CI) P Value

Nursing home tertile of antibiotic use

Low 1 [Reference]

Medium 1.08 (0.97-1.21) .18

High 1.24 (1.07-1.42) .003

Other nursing home characteristics

No. of beds 1.001 (1.000-1.001) .11

For-profit status 1.01 (0.91-1.13) .87

Rural location 0.84 (0.74-0.96) .02

Resident characteristics

Demographics

Age (per year) 0.99 (0.99-1.00) .02

Male sex 0.92 (0.88-0.97) .002

Nursing home assessment

Recent hospital admission within 90 days 0.97 (0.90-1.05) .44

Years in long-term care (per year) 0.95 (0.94-0.97) <.001

Do-not-resuscitate order 0.85 (0.80-0.90) <.001

Health care system use

Prescription drugs in past 12 months (per drug) 1.03 (1.03-1.04) <.001

Emergency department visit within 12 months 1.18 (1.13-1.23) <.001

Inpatient admissions in past 12 months 1.42 (1.31-1.54) <.001

Comorbidities

Diabetes mellitus 1.10 (1.04-1.15) <.001

Atherosclerotic heart disease 1.00 (0.91-1.09) .96

Congestive heart failure 0.96 (0.91-1.03) .24

Peripheral vascular disease 1.10 (1.01-1.20) .03

Dementia 0.95 (0.90-1.00) .06

Stroke 1.01 (0.96-1.07) .74

Paralysis 0.96 (0.85-1.08) .51

Parkinson disease 0.92 (0.84-1.00) .07

Obstructive lung disease 1.01 (0.96-1.06) .79

Cancer 1.10 (1.02-1.19) .01

Gastrointestinal disease 1.18 (1.11-1.26) <.001

Liver disease 1.38 (1.12-1.69) .002

Renal disease 1.09 (1.01-1.18) .04

Activities of daily living

Requires minimal assistance 1 [Reference]

Requires moderate assistance 1.07 (1.00-1.14) .04

Dependent 1.02 (0.95-1.09) .61

Bowel or bladder incontinence 1.27 (1.20-1.34) <.001

Devices

Indwelling bladder catheter 1.37 (1.24-1.50) <.001

Dialysis 1.17 (0.92-1.49) .20

Intravenous medications 1.51 (1.32-1.74) <.001

Tracheostomy 0.99 (0.67-1.45) .94

Respiratory ventilator 0.69 (0.38-1.25) .22

Feeding tube 1.80 (1.54-2.11) <.001

a Primary composite outcome
includes any antibiotic-related
adverse event, including Clostridium
difficile, diarrhea or gastroenteritis,
antibiotic-resistant organisms,
allergic reaction, or general
medication adverse events.
Residents with a do-not-hospitalize
order were excluded from analyses
of adverse outcomes because they
were not at risk of a hospitalization
event.
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ity in unnecessary days of treatment.5,32 Our causal infer-
ence that nursing home–level antibiotic use is responsible
for individual-level adverse events could be influenced by
unmeasured confounding related to characteristics associ-
ated with likelihood of antibiotic receipt and vulnerability to
antibiotic-related harm, but this scenario is unlikely given
the magnitude of the association, the robustness across mul-
tiple outcome measures, and the adjustment for a rich array
of resident-level and nursing home–level factors.

Conclusions
Our findings indicate extensive variability in antibiotic use
across nursing homes and link this variability to an
increased risk of harm for individuals living in facilities with
high antibiotic use. Future prospective research is needed to

evaluate potential antibiotic stewardship interventions to
reduce nursing home antibiotic use, and these interventions
may be worth targeting broadly at the nursing home level.
Reducing overall antibiotic use at the nursing home level has
the potential to reduce harms to direct recipients and nonre-
cipients of antibiotics and will provide particular protection
to residents who are more vulnerable to antibiotic-related
harms. Antibiotic stewardship in the nursing home can be
challenging because of atypical infection presentations in
elderly patients, challenging communication with impaired
residents, lack of access to diagnostic testing, and inconsis-
tent availability of onsite pharmacists and physicians.1 How-
ever, there have been some encouraging recent successes
in reducing inappropriate antibiotic use in the nursing
home.32,35 Our study emphasizes the urgency of bolstering
these antibiotic stewardship efforts to improve the safety of
all nursing home residents.
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Invited Commentary

Effects of Excessive Antibiotic Use in Nursing Homes
Lona Mody, MD, MSc; Christopher Crnich, MD, PhD

In the United States, on any given day, approximately 1.4 mil-
lion 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 pro-
vision 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 re-
ceive at least one antibiotic prescription in a single year.3 Much
of this use is inappropriate. An estimated 25% to 75% of anti-
biotic prescriptions do not meet clinical guidelines for appro-
priate prescribing.3 The most common infection leading to in-
appropriate antibiotic therapy is suspected urinary tract
infection, which accounts for 30% to 56% of antibiotics pre-
scribed, with up to a third of these prescribed for NH resi-
dents 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, includ-
ing Clostridium difficile infection, adverse drug reactions,
and an increased risk of colonization and infection with
multidrug-resistant organisms. Documenting direct evi-
dence 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 resi-
dents 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. Assum-
ing 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 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 anti-
biotic overuse in NHs.

The study by Daneman et al has a number of methodo-
logic 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
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