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Antimicrobial resistance is an important global health threat that 
is associated with increased infection-related morbidity and 
mortality, incremental health care costs and diversion of health 
care resources away from other priority areas.1–3 The key modifi-
able driver of antimicrobial resistance in humans is antimicrobial 
prescribing and overuse.4 Variability in antimicrobial prescribing 
may signal overuse and an opportunity for improvement.5–10 
Defining the magnitude, consequences and possible contributors 

to variability in antimicrobial prescribing is the requisite initial 
step in identifying ways to improve practice.

Despite substantial study of variability in antimicrobial pre-
scribing in the community and long-term care settings,9,11–14 few 
studies have evaluated antimicrobial prescribing variation among 
patients admitted to hospital, specifically to general medicine 
wards. Patients cared for in general medicine wards represent a 
large percentage of all hospital admissions in Canada. In the 
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Abstract
Background: Variability in antimicrobial 
prescribing may indicate an opportunity 
for improvement in antimicrobial use. 
We sought to measure physician-level 
antimicrobial prescribing in adult gen-
eral medical wards, assess the contribu-
tion of patient-level factors to anti
microbial prescribing and evaluate the 
association between antimicrobial pre-
scribing and clinical outcomes.

Methods: Using the General Medicine 
Inpatient Initiative (GEMINI) database, 
we conducted a retrospective cohort 
study of physician-level volume and 
spectrum of antimicrobial prescribing in 
adult general medical wards in 4  aca-
demic teaching hospitals in Toronto, 
Ontario, between April 2010 and Decem-
ber  2019. We stratified physicians into 
quartiles by hospital site based on vol-
ume of antimicrobial prescribing (days 
of therapy per 100 patient-days and anti-
microbial-free days) and antibacterial 

spectrum (modified spectrum score). 
The modified spectrum score assigns a 
value to each antibacterial agent based 
on the breadth of coverage. We assessed 
patient-level differences among phys
ician quartiles using age, sex, Laboratory-
based Acute Physiology Score, discharge 
diagnosis and Charlson Comorbidity 
Index. We evaluated the association of 
clinical outcomes (in-hospital 30-day 
mortality, length of stay, intensive care 
unit [ICU] transfer and hospital readmis-
sion) with antimicrobial volume and 
spectrum using multilevel modelling.

Results: The cohort consisted of 124 phys
icians responsible for 124 158  hospital 
admissions. The median physician-level 
volume of antimicrobial prescribing 
was 56.1 (interquartile range 51.7–67.5) 
days of therapy per 100  patient-days. 
We did not find any differences in base-
line patient characteristics by physician 
prescribing quartile. The difference in 

mean prescribing between quartile  4 
and quartile 1 was 15.8 days of therapy 
per 100  patient-days (95% confidence 
interval [CI] 9.6–22.0), representing 30% 
higher antimicrobial prescribing in the 
fourth quartile than the first quartile. 
Patient in-hospital deaths, length of 
stay, ICU transfer and hospital readmis-
sion did not differ by physician quartile.
In-hospital mortality was higher among 
patients cared for by prescribers with 
higher modified spectrum scores (odds 
ratio 1.13, 95% CI 1.04–1.24).

Interpretation: We found that physician-
level variability in antimicrobial pre-
scribing was not associated with differ-
ences in patient characteristics or 
outcomes in academic general medicine 
wards. These findings provide support 
for considering the lowest quartile of 
physician antimicrobial prescribing 
within each hospital as a target for anti-
microbial stewardship.
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pre-COVID-19 era, patients admitted for 6 of the top 10 reasons 
for hospital admission were commonly treated in general medi-
cine wards.15 Further, antimicrobial use is common on general 
medicine wards, with about 30% of patients receiving antimicro-
bial therapy.16,17

We sought to evaluate physician-level variability in antimicro-
bial prescribing for patients admitted to general medicine wards, 
the contribution of patient-level factors toward this variability 
and the association between physician-level antimicrobial pre-
scribing practices and patient outcomes.

Methods

Study design and setting
This retrospective cohort study included adult patients admitted 
to general medicine wards at 4 academic teaching hospital sites 
(Mount Sinai Hospital, St. Michael’s Hospital, Toronto Western 
Hospital and Toronto General Hospital) participating in the Gen-
eral Medicine Inpatient Initiative (GEMINI) in Toronto, Ontario, 
Canada.18 The GEMINI database compiles clinical and administra-
tive data across participating hospitals in Ontario. We chose 
these 4 hospitals as they were among the initial 7  hospitals to 
provide data to GEMINI and had validated pharmacy drug data 
for analysis at the time of study.

Hospitals in Ontario are publicly funded and provide general 
and specialized inpatient care to patients from all socioeconomic 
backgrounds. In GEMINI hospitals, general medicine admissions 
account for about 40% of all patients admitted to hospital and 
25% of all bed-days.18

The general medicine service model for the hospitals in this 
study has been previously described18 and involves care pro-
vided by clinical teaching teams (medical students, residents, 
staff physicians and allied health professionals) under the 
supervision of the most responsible physician (MRP). Service 
blocks for the MRP are typically 2 weeks in length but may vary 
from 1 to 4 weeks.19 Patients admitted to the general medicine 
service are assigned to MRPs from the emergency department 
based on the rotational admission schedule, without prefer-
ence for a specific MRP.19,20 This supports assignment of 
patients to any MRP regardless of diagnosis or likelihood of 
need for antimicrobials.

Other clinicians may also affect antimicrobial prescribing in 
the participating hospitals, including pharmacists, infection pre-
vention and control providers and infectious disease consultants.

We reported this study in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement.21

Eligibility criteria
We assessed eligibility of all patients admitted to general medi-
cine wards between Apr.  1, 2010, and Dec.  31, 2019. This time 
period represents the earliest data available in the GEMINI data-
base and excludes the effect of the SARS-CoV-2 pandemic on anti-
microbial prescribing. We included adult patients (aged ≥ 18 yr) 
admitted to general medicine wards when the MRP was either an 
internist (including internal medicine subspecialists) or a family 

medicine–trained hospitalist attending on the inpatient general 
medicine service. We attributed patient-days to physicians using 
the Canadian Institute for Health Information (CIHI) definition for 
an MRP (i.e., “responsible for the care and treatment of the 
patient for the majority of the visit to the health care facility”).22 
For example, for an admission of 15 days in which the patient was 
cared for by 2 MRPs during the stay, the assigned MRP would be 
the physician with 8 or more days caring for the patient.

We excluded patients not admitted directly from the emergency 
department, patients with a total hospital length of stay greater 
than 30 days (to increase attribution accuracy, as this was the lon-
gest length of MRP service blocks and allowed fewer transitions of 
MRPs) and any patient whose MRP had fewer than 100 admissions 
to general medicine over the period of study (to ensure statistical 
stability and exclude clinicians with little service time and, thus, 
nonrepresentative antimicrobial prescribing).19 For patients trans-
ferred to the intensive care unit (ICU) during their admission, we 
censored ICU-related antimicrobial prescribing data and patient-
days and limited analyses to prescribing data and patient-days to 
the period during which they were managed on the medical ward. 
Patients could be included in the study more than once if they had 
more than 1 admission to a participating hospital.

Data sources
The GEMINI database includes patient-specific demographic, 
administrative and clinical data that are collected from elec-
tronic health records of participating hospitals and are typ
ically used for reporting to CIHI. These data are highly reliable 
and have accuracy ranging from 98% to 100% in a manual vali-
dation of more than 20 000  data points.23 At the time of this 
analysis, GEMINI data included nearly 250 000  patient admis-
sions to 7  Toronto hospitals.23 Current holdings represent 
more than 30  different hospitals, 1.2  million admissions and 
2.2 billion data points.24

Patient characteristics
Data collected included sex, age, Charlson Comorbidity Index 
score,25 Laboratory-based Acute Physiology Score,26 admission 
date and day of the week, admission time to the general medi-
cine service, discharge diagnosis (using codes from the Cana-
dian version of the International Classification of Diseases, 10th 
Revision [ICD-10-CA]) and general medicine admissions within 
30  days before the index admission. We selected these patient 
factors as they have been used in previous studies and reflect 
the relative patient complexity, acuity and likelihood of receiv-
ing antimicrobial therapy during hospital stays.18,27

To calculate antimicrobial prescribing for each patient, we 
extracted data from GEMINI on antimicrobial agents prescribed 
during their admission, including the antimicrobial name and 
start and stop dates.

No data were missing for any components that we extracted 
from GEMINI.

Measures of antimicrobial prescribing
We analyzed aggregate data on antimicrobial prescribing at the 
physician level. We described volume of antimicrobial prescribing 
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as antimicrobial days of therapy per 100 patient-days and the per-
centage of antimicrobial-free days. We described the intensity of 
antimicrobial prescribing using the modified spectrum score.28,29

The primary measure used for analysis was days of therapy 
per 100 patient-days (Appendix 1, Section S1, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.221732/tab-related-content). 
This measure offers a standardized method to evaluate anti
microbial prescribing.30,31 If a patient received more than 1 anti-
microbial on a specific day, each antimicrobial was considered 
separately (e.g., a patient who received 2 antimicrobials on each 
day of a 5-day admission would be considered to have had 
10 antimicrobial days of therapy). To address limitations of days 
of therapy (e.g., overestimating when combination therapy is pre-
scribed, even if appropriate), we calculated the percentage of 
antimicrobial-free days, defined as the proportion of total 
patient-days per physician without antimicrobial exposure.31

No validated tool exists to assess differences in aggregate 
intensity of antimicrobial prescribing. To obtain an exploratory 
understanding of variability in the spectrum of antibacterial pre-
scribing, we used a modified tool that was initially developed to 
help quantify the relative spectrum of antibacterial agents for 
patients in the ICU.28,32 Spectrum of activity refers to the relative 
coverage of different bacterial organisms for each antimicrobial, 
taking into account resistance rates in the local setting.33 For 
example, piperacillin–tazobactam, a broad-spectrum combination 
of ureidopenicillin and a β-lactamase inhibitor, effectively treats 
methicillin-susceptible Staphylococcus aureus, Streptococcus spp. 
and many enteric gram-negative organisms such as Escherichia 
coli and Klebsiella spp., along with Pseudomonas aeruginosa. Peni-
cillin G, a narrow-spectrum agent, effectively kills β-hemolytic 
streptococci and Treponema spp. The modified spectrum score 
assigns a numerical value to each antibacterial agent (e.g., 42.25 
for piperacillin–tazobactam, 4.0 for penicillin G), corresponding 
to the clinically relevant organisms covered by each drug, with a 
maximum theoretical value of 60 (Appendix 1, Section S2). We 
modified the original spectrum score to include antimicrobial 
agents prescribed outside of the critical care environment (e.g., 
penicillin and nitrofurantoin).29

Clinical outcomes
We evaluated the association between physician-level anti
microbial prescribing and patient outcomes, namely inpatient 
death, hospital length of stay, 30-day hospital readmission 
at any participating GEMINI hospital and ICU transfer. These are 
widely used outcomes in health systems research and are par-
ticularly useful for assessment of antimicrobial prescribing, 
as infection and treatment may lead to changes in these 
outcomes.19,34,35

Statistical analysis
To evaluate physician-level variability in prescribing, we calcu-
lated within-hospital differences between the highest and lowest 
values of each measure of antimicrobial prescribing. We visual-
ized variability in prescribing between physicians by site, with 
95% confidence intervals (CIs) estimated by bootstrapping for 
each physician (Appendix 1, Section S3).

We categorized physicians into quartiles of prescribing mea-
sures (days of therapy, antimicrobial-free days and modified spec-
trum score) within each hospital. We then evaluated the balance of 
patient-level characteristics across quartiles. We calculated stan-
dardized mean differences (SMDs) as means divided by standard 
deviations (SDs), using the 2 quartiles with the largest difference for 
each patient-level measure (referred to as the maximum standard-
ized difference); values of greater than 0.1 suggested imbalance.36

We assessed clinical outcomes by physician-level prescribing 
quartile. This was done using trend tests, adjusted for clustering 
of admissions within physicians, and with multilevel models, 
with admissions nested within physicians. We used logistic multi-
level models for binary outcomes and negative binomial multi-
level models for hospital length of stay to estimate associations 
between physician-level prescribing measures and patient-level 
clinical outcomes. We reported results for binary outcomes as 
odds ratios (ORs) with 95% CIs. We reported rate ratios (days/
admission) for length of stay.

Sensitivity analyses
We performed several sensitivity analyses to evaluate whether 
patient-level factors influenced physician-level antimicrobial 
prescribing.

To assess whether observed differences were indeed related 
to differences in underlying latent physician prescribing prac-
tices, we split the sample into 2 time periods (Apr.  1, 2010, to 
Feb. 14, 2015, and Feb. 15, 2015, to Dec. 31, 2019). We filtered the 
data set to physicians who had at least 100  encounters in each 
half of the study period and estimated the correlation between 
prescribing in the 2 halves.

To evaluate for potential bias resulting from nonrandom patient 
assignment to MRPs, we constructed a matched population that 
would be more balanced in baseline patient characteristics 
between physician prescribing quartiles  1 and 4. We assigned 
patients of quartile 1 physicians (controls) to those of quartile 4 
physicians, using 1:1 nearest neighbour propensity score matching, 
with a caliper width of 0.2. We derived the propensity score using 
the Charlson Comorbidity Index, day of admission, time of admis-
sion, previous 30-day admission and primary ICD-10-CA diagnosis 
as these variables are available in the GEMINI database and are 
potentially predictive of antimicrobial administration.37–42 We then 
recalculated the prescribing measures within this matched popula-
tion to evaluate whether prescribing variability was still present.

To minimize the potential for misattribution of MRP status 
and antimicrobial prescribing, we conducted an analysis restrict-
ing inclusion to patients who were admitted to and discharged 
from the general medicine team with the same MRP.

To minimize the potential for effects to be driven by patients 
being cared for with a palliative care approach that involved no 
active medical management, where antimicrobial prescribing 
may be appreciably different, we conducted an analysis excluding 
patients with a discharge diagnosis of palliative care (ICD-10-CA 
code Z51.5).

Finally, to evaluate whether adjustment for patient character-
istics significantly affected physician-level variability in anti
microbial prescribing, unadjusted (physician-level fixed effects) 
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and adjusted (physician-level fixed effects plus patient-level vari-
ables), we estimated and compared prescribing patterns. A high 
degree of concordance between the physician fixed-effect coeffi-
cients estimated in the unadjusted and adjusted models would 
suggest a relatively small influence of patient-level factors in 
explaining physician-level practice variation. We conducted this 
analysis for the full cohort, as well as the restricted cohorts of 
same MRP at admission and discharge and with exclusion of 
patients with a discharge diagnosis of palliative care.

We performed all statistical analyses using R, version 3.5.0 (R 
Foundation for Statistical Computing).

Ethics approval
Research ethics board approval was obtained from all participat-
ing hospitals (Unity Health Toronto Research Ethics Board 
no.  15–087 for St. Michael’s Hospital, Toronto General Hospital 
and Toronto Western Hospital and the Sinai Health Ethics Board 
no. 15–0075-C for the Mount Sinai Hospital).

Results

The cohort consisted of 124 physicians with 124 158 patient admis-
sions (Figure  1). The median volume of physician antimicrobial 
prescribing across the cohort was 56.1 (interquartile range [IQR] 

51.7–67.5) days of therapy per 100 patient-days (Table  1). The 
median physician percentage of antimicrobial-free days was 
62.3% (IQR 56.9%–64.3%) and the median physician modified 
spectrum score was 24.9 (IQR 24.3–25.5). (Appendix 2, Tables S1 
and S2, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.221732/tab-related-content). The variability of each measure 
across sites is shown in Figure  2, with each dot representing 
1 physician within each hospital site.

Patient characteristics were balanced across the 4 quartiles of 
physician-level days of therapy per 100  patient-days, with the 
standardized maximum difference not exceeding 0.1 (Table  1). 
Characteristics were similar when examined by quartiles of 
antimicrobial-free days or modified spectrum score (Appendix 2, 
Tables S1 and S2).

The difference in mean prescribing between physician quar-
tile 4 and quartile 1 of the primary measure was 15.8 (95% CI 9.6–
22.0) days of therapy per 100 patient-days. The median physician 
in quartile 4 had a volume of antimicrobial prescribing that was 
30% higher than that of the median physician in quartile 1.

The difference in mean physician prescribing between quar-
tile  4 and quartile  1 for percentage of antimicrobial-free days 
was 8.1% (95% CI 5.6%–10.5%); for the modified spectrum 
score, the difference was 1.9 (95% CI 1.5–2.3) (Appendix  2, 
Tables S1 and S2).

Adult patients (≥ 18 yr) in GEMINI cohort from 
Apr. 1, 2010, to Dec. 31, 2019

n = 154 888

Patients admitted to or discharged from GM
n = 151 865 

Patients admitted from the 
emergency department

n = 147 890

Final cohort
n = 124 158 

Excluded  n = 3975

•     Patients admitted directly to GM without

      going to emergency department

Excluded  n = 23 732 

•     Length of stay > 30 d  n = 6570

•     Admissions < 12 h in GM  n = 5060
•     GM admissions with MRP with < 100 visits  n = 9538

•     GM admissions with unmatched MRP  n = 2265

Excluded  n = 3023

•     Patients admitted to or discharged

      from non-GM services

Figure 1: Cohort flow diagram. GM = general medicine, MRP = most responsible physician.
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Clinical outcomes
In-hospital death occurred in 5571 (4.5%) patients; 6972 (5.6%) 
patients were admitted to the ICU and 16 765 (13.5%) of the 
124 158  hospital admissions were readmitted within 30  days of 
discharge. The mean hospital length of stay was 6.2 days. No sig-
nificant differences were noted for any clinical outcome when 
assessed by quartile of days of therapy, antimicrobial-free days 
or modified spectrum score (Table 2).

Multilevel modelling showed no significant association 
between clinical outcomes and volume of physician-level anti
microbial prescribing (Table  3). In-hospital mortality was posi-
tively associated with modified spectrum score (OR 1.132, 95% CI 
1.035–1.239); however, no difference was noted in other outcome 
measures related to modified spectrum score.

Sensitivity analyses
Comparing prescribing between the 2 halves of the study period, 
we estimated a Pearson correlation coefficient of 0.79 (p < 0.01), 
which indicated fairly stable prescribing over time.

After propensity score matching to further balance patient 
characteristics between quartiles 1 and 4, the difference in mean 
prescribing between these 2  quartiles was 8.1 (95% CI 1.3–17.5) 
days of therapy per 100 patient-days (Appendix 2, Table S3).

When the cohort was restricted to patients admitted and dis-
charged from the same MRP, and in the analysis restricted to 
those without a discharge diagnosis code of palliative care, we 
did not observe any significant differences in the case mix 
between quartile 4 and quartile 1, as in the main analysis (Appen-
dix 2, Tables S4 and S5).

Table 1: Baseline characteristics by quartile of physician-level days of therapy per 100 patient-days*

Variable

No. (%) of patients†

SMD‡Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4

Physician characteristics

No. of physicians 124 33 30 30 31

Days of therapy per 100 patient-days, 
median (IQR)

56.1 (51.7–67.5) 48.8 (47.5–62.8) 53.3 (51.5–67.1) 55.9 (55.3–70.0) 63.5 (59.7–74.8) 0.749

Patient characteristics

No. of patients 124 158 31 951 40 745 35 395 16 067

Age, yr, median (IQR) 69 (53–82) 69 (54–82) 68 (53–82) 69 (54–82) 69 (54–82) 0.012

Sex, female 59 979 (48.3) 15 262 (47.8) 19 664 (48.3) 17 176 (48.5) 7877 (49.0) 0.018

Charlson Comorbidity Index score§ 0.036

    0 47 140 (38.0) 11 582 (36.2) 15 879 (39.0) 13 677 (38.6) 6002 (37.4)

    1 20 046 (16.1) 5162 (16.2) 6517 (16.0) 5794 (16.4) 2573 (16.0)

    ≥ 2 56 972 (45.9) 15 207 (47.6) 18 349 (45.0) 15 924 (45.0) 7492 (46.6)

LAPS,¶ mean ± SD 19.3 ± 17.6 19.1 ± 17.4 19.7 ± 17.9 19.1 ± 17.3 19.3 ± 17.5 0.019

Length of stay, median (IQR) 4.4 (2.4–7.8) 4.5 (2.5–8.3) 4.3 (2.4–7.8) 4.4 (2.4–7.8) 4.3 (2.4–7.8) 0.025

Discharge diagnosis**

    Pneumonia 7012 (5.7) 1692 (5.3) 2361 (5.8) 1994 (5.6) 965 (6.0) 0.016

    Urinary tract infection 5291 (4.3) 1277 (4.0) 1666 (4.1) 1609 (4.6) 739 (4.6) 0.018

    Heart failure 5837 (4.7) 1607 (5.0) 1783 (4.4) 1671 (4.7) 776 (4.8) 0.016

    Chronic obstructive pulmonary disease 6349 (5.1) 1544 (4.9) 2085 (5.1) 1827 (5.2) 893 (5.6) 0.017

    Stroke 2824 (2.3) 699 (2.2) 908 (2.2) 852 (2.4) 365 (2.3) 0.008

    Gastrointestinal bleeding 4248 (3.4) 1052 (3.3) 1449 (3.6) 1240 (3.5) 507 (3.2) 0.013

    Delirium, dementia, cognitive disorders 3470 (2.8) 954 (3.0) 1196 (2.9) 940 (2.7) 380 (2.4) 0.022

    Fluid and electrolyte disorders 3248 (2.6) 823 (2.6) 1038 (2.6) 970 (2.7) 417 (2.6) 0.006

    Intestinal infection 2964 (2.4) 744 (2.3) 953 (2.3) 855 (2.4) 412 (2.6) 0.008

    Septicemia 2513 (2.0) 590 (1.9) 885 (2.2) 723 2.0) 315 (2.0) 0.013

Note: IQR = interquartile range, LAPS = Laboratory-based Acute Physiology Score, SD = standard deviation, SMD = standardized mean difference.
*Days of therapy standardized to 100 patient-days of each prescriber’s service, which reflects an aggregate quantity of antimicrobial prescribing.31 For each physician in 
the study, we calculated all antimicrobials prescribed by that physician for their patients into days of therapy and then standardized to the volume of patients seen by 
each physician. Once aggregated, we divided physicians into quartiles by hospital site. These quartiles were then aggregated over the 4 participating hospitals to provide 
a measure of overall prescribing variability for the cohort.
†Unless indicated otherwise.
‡We calculated the SMD using the 2 quartiles that had the largest standardized difference for each variable, divided by SD. Values greater than 0.1 indicate imbalance.36

§The Charlson Comorbidity Index score is used to describe medical complexity and comorbidity; a score of 2 or greater is considered high.25

¶The LAPS is a validated scoring tool used to predict inpatient mortality, ranging from 0 (low risk) to 256 (high risk) points.26

**Discharge diagnosis was defined using codes from the Canadian version of the International Classification of Diseases, 10th Revision.
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Variability in physician-level days of therapy, modified spec-
trum score and antimicrobial-free days remained robust to 
adjustment by patient-level characteristics (Appendix 2, 
Tables S6, S7 and S8).

For outcomes analyses, we did not observe significant differ-
ences by quartile when the cohort was restricted to patients 
admitted to and discharged from the same MRP and when 
restricted to those without a discharge diagnosis code of pallia-
tive care (Appendix  2, Tables  S9 and S10). Multilevel modelling, 
whether restricted to patients with the same MRP or to those 
without a discharge diagnosis of palliative care, did not show an 
association between modified spectrum score and mortality. We 
did not observe other associations between prescribing mea-
sures and clinical outcomes (Appendix 2, Tables S11 and S12).

Interpretation

This multicentre study of antimicrobial prescribing in patients 
admitted to general medicine wards in academic hospitals 

showed variability in physician-level volume of antimicrobial pre-
scribing, which was not related to patient-level factors. Physician-
level antimicrobial prescribing was not associated with patient 
clinical outcomes. The positive association between the intensity 
of antimicrobials prescribed (measured by the modified spectrum 
score) and odds of in-hospital mortality is unexpected and may 
be caused by an actual association, unmeasured confounding, 
multiple measurements or other unexplained factors.

When evaluating the change in prescribing patterns over time 
by physicians, the strong positive correlation between the 
2 halves of the study period suggests that physicians had differ-
ences in prescribing practices, and that findings were not just a 
product of random fluctuations.

Variations in antimicrobial prescribing have been shown in 
ambulatory settings and long-term care facilities. Jung and col-
leagues7 and Stenehjem and colleagues43 showed significant 
physician-level variation in antimicrobial prescribing for acute 
respiratory infections in ambulatory care and urgent care set-
tings, respectively. Daneman and colleagues44 found significant 
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Figure 2: Antimicrobial prescribing variability by hospital and clinician, including (A) days of therapy (DOT) per 100 patient-days, (B) percentage of 
antimicrobial-free days and (C) modified spectrum score. Columns represent hospital sites 1 through 4. Each dot represents a clinician. The vertical 
black brackets for each hospital site represent difference between the lowest and highest value for each prescribing metric. The horizontal dashed red 
line represents the median value for each metric. 
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prescribing variability in long-term care facilities, where higher 
antimicrobial prescribing was associated with patient harms.12

Antimicrobial prescribing in hospitals is a complex clinical, 
logistical, social and emotional task, and requires additional 
study.39,45–52 Because these factors are often difficult to measure 
at scale, using data from electronic health records is a practical 
method to help identify potential drivers of local variation in 

prescribing within a particular institution. Other research meth-
odologies, such as qualitative research, may be helpful in teas-
ing out the relative contributions of the various components 
that affect prescribing.

Antimicrobial stewardship interventions tailored to address-
ing drivers of variability and specific groups of higher-tier pre-
scribers may be effective. A recent randomized controlled trial by 

Table 2: Clinical outcomes by physician prescribing quartile

Variable

No. (%) of patients*

p valueOverall Quartile 1 Quartile 2 Quartile 3 Quartile 4

Days of therapy per 100 patient-
days†

No. of patients 124 158 31 951 40 745 35 395 16 067

    In-hospital death 5571 (4.5) 1688 (5.3) 1700 (4.2) 1455 (4.1) 728 (4.5) 0.496

    ICU admission 6972 (5.6) 1656 (5.2) 2382 (5.8) 2027 (5.7) 907 (5.6) 0.262

    30-day readmission 16 765 (13.5) 4298 (13.5) 5516 (13.5) 4811 (13.6) 2140 (13.3) 0.577

    Length of stay, d, mean ± SD 6.2 ± 5.5 6.4 ± 5.7 6.1 ± 5.5 6.1 ± 5.5 6.1 ± 5.4 0.054

Antimicrobial-free days‡ , %

No. of patients 124 158 20 939 33 833 36 811 32 575

    In-hospital death 5571 (4.5) 866 (4.1) 1432 (4.2) 1642 (4.5) 1631 (5.0) 0.135

    ICU admission 6972 (5.6) 1183 (5.6) 2060 (6.1) 1972 (5.4) 1757 (5.4) 0.81

    30-day readmission 16 765 (13.5) 2778 (13.3) 4549 (13.4) 4993 (13.6) 4445 (13.6) 0.142

    Length of stay, d, mean ± SD 6.2 ± 5.5 6.0 ± 5.4 6.1 ± 5.5 6.2 ± 5.5 6.2 ± 5.6 0.455

Modified spectrum score§

No. of patients 124 158 24 828 36 725 38 855 23 750

    In-hospital death 5571 (4.5) 1049 (4.2) 1576 (4.3) 1644 (4.2) 1302 (5.5) 0.338

    ICU admission 6972 (5.6) 1414 (5.7) 2068 (5.6) 2132 (5.5) 1358 (5.7) 0.54

    30-day readmission 16 765 (13.5) 3394 (13.7) 5046 (13.7) 5175 (13.3) 3150 (13.3) 0.914

    Length of stay, d, mean ± SD 6.2 ± 5.5 6.0 ± 5.6 6.2 ± 5.5 6.1 ± 5.5 6.2 ± 5.6 0.366

Note: ICU = intensive care unit, SD = standard deviation.
*Unless indicated otherwise.
†Days of therapy standardized to 100 patient-days of each prescriber’s service, which reflects an aggregate quantity of antimicrobial prescribing.31

‡Days without antimicrobial therapy, expressed as a percentage of total physician patient-days.31

§A score used to describe the aggregate intensity of antimicrobial prescribing (range 4 [penicillin] to 49.75 [tigecycline]).28,29

Table 3: Multilevel modelling of association between physician-level antimicrobial prescribing and patient outcomes

Outcome

OR (95% CI) or rate ratio (95% CI)*

Days of therapy per 100 patient-
days†

Percentage of antimicrobial-free 
days‡ Modified spectrum score§

In-hospital death 1.008 (0.997–1.019) 0.988 (0.967–1.009) 1.132 (1.035–1.239)

ICU admission 0.998 (0.989–1.008) 0.999 (0.981–1.017) 0.944 (0.877–1.017)

30-day readmission 1.000 (0.996–1.004) 0.999 (0.991–1.006) 0.994 (0.964–1.026)

Length of stay 0.999 (0.996–1.002) 1.001 (0.996–1.007) 1.004 (0.98–1.029)

Note: CI = confidence interval, ICU = intensive care unit, OR = odds ratio.
*Rate ratio used to describe length of stay; all other outcomes described with OR.
†Days of therapy standardized to 100 patient-days of each prescriber’s service, which reflects an aggregate quantity of antimicrobial prescribing.31

‡Days without antimicrobial therapy, expressed as a percentage of total physician patient-days.31

§A score used to describe the aggregate intensity of antimicrobial prescribing (range 4 [penicillin] to 49.75 [tigecycline]).28,29
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Schwartz and colleagues53 found that provision of peer-comparison 
feedback letters reduced the duration of antimicrobial therapy 
in the community setting. A similar study in the United Kingdom 
found an approximate 5% reduction in antimicrobial prescribing 
when letters were sent to primary care physicians in the top 
20% of antimicrobial prescribers.54 Although the literature is 
mixed,55 peer comparison remains a relatively low-intensity 
intervention to reduce antimicrobial exposure at scale. Develop-
ing peer-comparison interventions that target prescribers in the 
top 3 quartiles, rather than only the highest quartile or outliers, 
may help further reduce antimicrobial prescribing in the hospi-
tal setting.

Optimal antimicrobial prescribing behaviour is difficult to 
define and will naturally have acceptable variation between 
clinicians. For example, community-acquired pneumonia can 
be treated in most patients with 5–7 days of antimicrobial 
therapy.56 Although this range of therapy duration is likely 
appropriate, clinicians who are most comfortable with a dura-
tion of 7 days may find themselves in a higher quartile of pre-
scribing. Feedback on prescribing variation may support self-
reflection for clinicians and prompt local practice discussions 
to reduce variation.

Ultimately, without discernable benefit in outcomes of 
patients of physicians who prescribe more frequently, less anti-
microbial exposure may be possible, leading to lower risk of anti-
microbial resistance.

Limitations
As this was a retrospective observational study using electronic 
patient data, unmeasured confounding cannot be excluded. 
Other factors affecting antimicrobial prescribing may have driven 
individual decision-making. For example, confounding by indica-
tion may have influenced our findings by differential distribution 
of infections that require use of more antimicrobial agents (e.g., 
infective endocarditis). Based on the MRP assignment process 
from the emergency department, our assumption was that each 
MRP would have an approximately equal chance of encountering 
common infectious diseases.

Accurate attribution of patients to physicians is a prerequisite 
to our study; any errors in attribution to MRPs have the potential 
to affect the results. However, it is encouraging that we did not 
observe any significant differences when the cohort was 
restricted to patients for whom the admitting and discharging 
physician were the same. In this study, we chose attribution of 
antimicrobial prescribing to the physician designated as the MRP 
(i.e., 100% attribution to MRP) rather than a blended model of 
initiation versus continuation of antimicrobials. This attribution 
model may have disproportionately affected those with shorter 
average service block time.

In academic hospitals, the MRP is often not the clinician who 
ordered the antimicrobial. Most antimicrobials are ordered by 
trainee physicians either at the behest of or with agreement from 
the MRP. Therapy is often started overnight or when other clin
icians are responsible for care. The differences in prescribing 
measures may represent a combination of both team manage-
ment and personal prescribing practices that may differ from 

individual prescribing. In addition, we were unable to capture 
the impact of other health care providers. Pharmacists, infection 
prevention and control providers and infectious disease consult
ants, among others, were active in all hospital sites but were not 
evaluated in this analysis, which may have affected variability of 
antimicrobial prescribing.

The lack of a validated, aggregate spectrum score was a limit
ation of our study. Although we wished to assess the intensity of 
antibacterial therapy, we found no appropriate measure in the 
literature. We did assess the derivation of the spectrum score 
and found it applicable to our local pattern of antimicrobial 
resistance, so decided to use this as an exploratory metric.29 Fur-
ther study is needed to validate this approach.

Data were collected from urban academic teaching hospitals. 
Generalizability to community hospitals and nonurban teaching 
centres may be limited. Further research is needed to evaluate 
the variability of antimicrobial prescribing and association with 
outcomes in other institutions.

Finally, none of the chosen metrics could be used to assess 
the appropriateness of antimicrobial therapy.

Conclusion
This large, multicentre retrospective cohort study of 4 urban aca-
demic hospitals showed variability in the volume of antimicro-
bial prescribing at the physician level that was not associated 
with patient-level characteristics or clinical outcomes. These 
findings provide support for considering the lowest quartile of 
physician antimicrobial prescribing within each hospital as a tar-
get for antimicrobial stewardship.

References
  1.	 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicro-

bial resistance in 2019: a systematic analysis. Lancet 2022;399:629-55.

  2.	 Antibiotic resistance threats in the United States. Atlanta: Centers for Disease 
Control and Prevention; 2019.

  3.	 Dadgostar P. Antimicrobial resistance: implications and costs. Infect Drug 
Resist 2019;12:3903-10.

  4.	 Chatterjee A, Modarai M, Naylor NR, et al. Quantifying drivers of antibiotic 
resistance in humans: a systematic review. Lancet Infect Dis 2018;18:e368-78.

  5.	 Kitano T, Langford BJ, Brown KA, et al. The association between high and 
unnecessary antibiotic prescribing: a cohort study using family physician elec-
tronic medical records. Clin Infect Dis 2021;72:e345-51.

  6.	 Pouwels KB, Dolk FCK, Smith DRM, et al. Explaining variation in antibiotic pre-
scribing between general practices in the UK. J Antimicrob Chemother 2018;73​
(Suppl 2):ii27-ii35.

  7.	 Jung S, Sexton ME, Owens S, et al. Variability of antibiotic prescribing in a large 
healthcare network despite adjusting for patient-mix: reconsidering targets for 
improved prescribing. Open Forum Infect Dis 2019;6:ofz018.

  8.	 Kubes J, Jacob J, Fridkin S, et al. Variation in hospitalist-specific antibiotic pre-
scribing at four hospitals: a novel tool for antibiotic stewardship. Infect Control 
Hosp Epidemiol 2020;41(Suppl 1):s56-s57.

  9.	 Zanichelli V, Monnier AA, Gyssens IC, et al. Variation in antibiotic use among 
and within different settings: a systematic review. J Antimicrob Chemother 
2018;73(Suppl 6):vi17-vi29.

10.	 Tomson CR, van der Veer SN. Learning from practice variation to improve the 
quality of care. Clin Med (Lond) 2013;13:19-23.

11.	 Schwartz KL, Achonu C, Brown KA, et al. Regional variability in outpatient anti-
biotic use in Ontario, Canada: a retrospective cross-sectional study. CMAJ 
Open 2018;6:E445-e452.



Research

 	 CMAJ  |  August 21, 2023  |  Volume 195  |  Issue 32	 E1073

12.	 Daneman N, Bronskill SE, Gruneir A, et al. Variability in antibiotic use across 
nursing homes and the risk of antibiotic-related adverse outcomes for individ-
ual residents. JAMA Intern Med 2015;175:1331-9.

13.	 Cordoba G, Siersma V, Lopez-Valcarcel B, et al. Prescribing style and variation 
in antibiotic prescriptions for sore throat: cross-sectional study across six 
countries. BMC Fam Pract 2015;16:7. doi: 10.1186/s12875-015-0224-y.

14.	 Schouten JA, Hulscher ME, Kullberg B-J, et al. Understanding variation in qual-
ity of antibiotic use for community-acquired pneumonia: effect of patient, pro-
fessional and hospital factors. J Antimicrob Chemother 2005;56:575-82.

15.	 Inpatient hospitalization, surgery and newborn statistics, 2019–2020. Ottawa: 
Canadian Institute for Health Information; 2021.

16.	 German GJ, Frenette C, Caissy J-A, et al. The 2018 Global Point Prevalence Sur-
vey of antimicrobial consumption and resistance in 47 Canadian hospitals: a 
cross-sectional survey. CMAJ Open 2021;9:E1242-E1251.

17.	 Magill SS, O’Leary E, Ray SM, et al. Assessment of the appropriateness of anti-
microbial use in US hospitals. JAMA Netw Open 2021;4(3):e212007.

18.	 Verma AA, Guo Y, Kwan JL, et al. Patient characteristics, resource use and out-
comes associated with general internal medicine hospital care: the General 
Medicine Inpatient Initiative (GEMINI) retrospective cohort study. CMAJ Open 
2017;5:E842-9.

19.	 Verma AA, Guo Y, Jung HY, et al. Physician-level variation in clinical outcomes 
and resource use in inpatient general internal medicine: an observational 
study. BMJ Qual Saf 2021;30:123-32.

20.	 Tsugawa Y, Jena AB, Figueroa JF, et al. Comparison of hospital mortality and 
readmission rates for medicare patients treated by male vs female physicians. 
JAMA Intern Med 2017;177:206-13.

21.	 von Elm E, Altman DG, Egger M, et al. Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. BMJ 2007;335:806-8.

22.	 DAD Abstracting Manual 2015-2016 edition. Ottawa: Canadian Institute for 
Health Information; 2015.

23.	 Verma AA, Pasricha SV, Jung HY, et al. Assessing the quality of clinical and 
administrative data extracted from hospitals: the General Medicine Inpatient 
Initiative (GEMINI) experience. J Am Med Inform Assoc 2021;28:578-87.

24.	 General Medicine Inpatient Initiative (GEMINI). Toronto: Unity Health Toronto. 
Available: https://www.geminimedicine.ca (accessed 2023 June 29).

25.	 Quan H, Li B, Couris CM, et al. Updating and validating the Charlson Comorbid-
ity Index and score for risk adjustment in hospital discharge abstracts using 
data from 6 countries. Am J Epidemiol 2011;173:676-82.

26.	 Escobar GJ, Greene JD, Scheirer P, et al. Risk-adjusting hospital inpatient mor-
tality using automated inpatient, outpatient, and laboratory databases. Med 
Care 2008;46:232-9.

27.	 Verma AA, Guo Y, Kwan JL, et al. Prevalence and costs of discharge diagnoses 
in inpatient general internal medicine: a multi-center cross-sectional study. J 
Gen Intern Med 2018;33:1899-904.

28.	 Madaras-Kelly K, Jones M, Remington R, et al. Development of an antibiotic 
spectrum score based on Veterans Affairs culture and susceptibility data for 
the purpose of measuring antibiotic de-escalation: a modified Delphi 
approach. Infect Control Hosp Epidemiol 2014;35:1103-13.

29.	 McIntyre MT, Naik L, Bell CM, et al. Development and assessment of a physician-
specific antimicrobial usage and spectrum feedback tool. Open Forum Infect Dis 
2017;4:ofx124.

30.	 Stanic Benic M, Milanic R, Monnier AA, et al. Metrics for quantifying antibiotic use in 
the hospital setting: results from a systematic review and international multidisci-
plinary consensus procedure. J Antimicrob Chemother 2018;73(Suppl 6):vi50-vi8.

31.	 Morris AM. Antimicrobial stewardship programs: appropriate measures and 
metrics to study their impact. Curr Treat Options Infect Dis 2014;6:101-12.

32.	 Madaras-Kelly KJ, Burk M, Caplinger C, et al. Total duration of antimicrobial 
therapy in veterans hospitalized with uncomplicated pneumonia: Results of a 
national medication utilization evaluation. J Hosp Med 2016;11:832-9.

33.	 Grada A, Bunick CG. Spectrum of antibiotic activity and its relevance to the 
microbiome. JAMA Netw Open 2021;4:e215357-e.

34.	 Doyal C, Lennox L, Bell D. A systematic review of evidence on the links between 
patient experience and clinical safety and effectiveness. BMJ Open 2013;3:​
e001570.

35.	 Velentgas P, Dreyer NA, Nourjah P, et al. Outcome definition and measure-
ment. In: Velentgas P, Dreyer NA, Wu AW, editors. Developing a protocol for 
observational comparative effectiveness research: a user’s guide. Rockville 
(MD): Agency for Healthcare Research and Quality; 2013.

36.	 Austin PC. Using the standardized difference to compare the prevalence of a 
binary variable between two groups in observational research. Commun Stat 
Simul Comput 2009;38:1228-34.

37.	 Dylis A, Boureau AS, Coutant A, et al. Antibiotics prescription and guidelines 
adherence in elderly: impact of the comorbidities. BMC Geriatr 2019;19:291.

38.	 Kokado R, Hagiya H, Morii D, et al. Broad-spectrum antibiotic prescriptions are 
discontinued unevenly throughout the week. J Hosp Infect 2019;101:471-4.

39.	 Linder JA, Doctor JN, Friedberg MW, et al. Time of day and the decision to pre-
scribe antibiotics. JAMA Intern Med 2014;174:2029-31.

40.	 Moehring RW, Phelan M, Lofgren E, et al. Development of a machine learning 
model using electronic health record data to identify antibiotic use among 
hospitalized patients. JAMA Netw Open 2021;4:e213460-e.

41.	 Baggs J, Jernigan JA, Halpin AL, et al. Risk of subsequent sepsis within 90 days 
after a hospital stay by type of antibiotic exposure. Clin Infect Dis 2018;66:​
1004-12.

42.	 Goodman KE, Baghdadi JD, Magder LS, et al. Patterns, predictors, and inter-
center variability in empiric gram-negative antibiotic use across 928 United 
States hospitals. Clin Infect Dis 2023;76:e1224-e1235.

43.	 Stenehjem E, Wallin A, Fleming-Dutra KE, et al. Antibiotic prescribing variabil-
ity in a large urgent care network: a new target for outpatient stewardship. Clin 
Infect Dis 2020;70:1781-7.

44.	 Daneman N, Campitelli MA, Giannakeas V, et al. Influences on the start, selec-
tion and duration of treatment with antibiotics in long-term care facilities. 
CMAJ 2017;189:E851-60.

45.	 Donisi V, Sibani M, Carrara E, et al. Emotional, cognitive and social factors of 
antimicrobial prescribing: can antimicrobial stewardship intervention be effec-
tive without addressing psycho-social factors? J Antimicrob Chemother 2019;​
74:2844-7.

46.	 Wojcik G, Ring N, McCulloch C, et al. Understanding the complexities of anti
biotic prescribing behaviour in acute hospitals: a systematic review and meta-
ethnography. Arch Public Health 2021;79:134.

47.	 Charani E, Ahmad R, Rawson TM, et al. The differences in antibiotic decision-
making between acute surgical and acute medical teams: an ethnographic 
study of culture and team dynamics. Clin Infect Dis 2019;69:12-20.

48.	 Charani E, Castro-Sanchez E, Sevdalis N, et al. Understanding the determi-
nants of antimicrobial prescribing within hospitals: the role of “prescribing eti-
quette.” Clin Infect Dis 2013;57:188-96.

49.	 Borg MA, Camilleri L. Broad-spectrum antibiotic use in Europe: more evidence of 
cultural influences on prescribing behaviour. J Antimicrob Chemother 2019;74:​
3379-83.

50.	 Broom A, Broom J, Kirby E. Cultures of resistance? A Bourdieusian analysis of 
doctors’ antibiotic prescribing. Soc Sci Med 2014;110:81-8.

51.	 Papoutsi C, Mattick K, Pearson M, et al. Social and professional influences on 
antimicrobial prescribing for doctors-in-training: a realist review. J Antimicrob 
Chemother 2017;72:2418-30.

52.	 Mattick K, Kelly N, Rees C. A window into the lives of junior doctors: narrative 
interviews exploring antimicrobial prescribing experiences. J Antimicrob Che-
mother 2014;69:2274-83.

53.	 Schwartz KL, Ivers N, Langford BJ, et al. Effect of antibiotic-prescribing feed-
back to high-volume primary care physicians on number of antibiotic prescrip-
tions: a randomized clinical trial. JAMA Intern Med 2021;181:1165-73.

54.	 Hallsworth M, Chadborn T, Sallis A, et al. Provision of social norm feedback to 
high prescribers of antibiotics in general practice: a pragmatic national ran-
domised controlled trial. Lancet 2016;387:1743-52.

55.	 Raban MZ, Gonzalez G, Nguyen AD, et al. Nudge interventions to reduce 
unnecessary antibiotic prescribing in primary care: a systematic review. BMJ 
Open 2023;13:e062688.

56.	 Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults with 
community-acquired pneumonia. an official clinical practice guideline of the 
American Thoracic Society and Infectious Diseases Society of America. Am J 
Respir Crit Care Med 2019;200:e45-67.



Re
se

ar
ch

E1074	 CMAJ  |  August 21, 2023  |  Volume 195  |  Issue 32	

Competing interests: Michael Fralick is a consultant for ProofDx, a start-
up company that has created a point-of-care test for COVID-19 using 
CRISPR. Amol Verma is a provincial clinical lead for quality improvement 
at Ontario Health (part-time employee) and has the potential to acquire 
minority interests in a health artificial intelligence start-up company, Sig-
nal1, which acquired a patient deterioration early warning system that 
he coinvented. Fahad Razak is a principal investigator of the GEMINI plat-
form. No other competing interests were declared.

This article has been peer reviewed.

Affiliations: Sinai Health (McIntyre, Fralick), Toronto, Ont.; Leslie Dan 
Faculty of Pharmacy (McIntyre), University of Toronto; Li Ka Shing Knowl-
edge Institute (Saha, Verma, Razak), St. Michael’s Hospital, Toronto, Ont.; 
Department of Social and Behavioral Sciences (Saha), Harvard T.H. Chan 
School of Public Health, Boston, Mass.; Department of Medicine (Morris, 
Lapointe-Shaw, Weinerman, Fralick, Verma, Razak), University of Toronto; 
Department of Medicine (Morris), Mount Sinai Hospital and University 
Health Network; Department of Medicine (Lapointe-Shaw), University 
Health Network, Toronto, Ont.; Trillium Health Partners (Tang), Missis-
sauga, Ont.; Department of Medicine (Weinerman), Sunnybrook Health 
Sciences Centre; Division of General Internal Medicine (Agarwal); Depart-
ment of Medicine (Agarwal), McMaster University, Hamilton, Ont.

Contributors: Mark McIntyre, Andrew Morris, Amol Verma and Fahad 
Razak contributed to the conception and design of the study. All 

authors contributed to the acquisition and interpretation of the data. 
Sudipta Saha analyzed the data. Mark McIntyre, Sudipta Saha and 
Fahad Razak drafted and revised the manuscript. All authors reviewed 
the manuscript critically for important intellectual content, gave final 
approval of the version to be published and agreed to be accountable 
for all aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investigated 
and resolved. Amol Verma and Fahad Razak share co–senior authorship 
for this manuscript.

Content licence: This is an Open Access article distributed in accordance 
with the terms of the Creative Commons Attribution (CC BY-NC-ND 4.0) 
licence, which permits use, distribution and reproduction in any medium, 
provided that the original publication is properly cited, the use is noncom-
mercial (i.e., research or educational use), and no modifications or adapta-
tions are made. See: https://creativecommons.org/licenses/by-nc-nd/4.0/

Funding: No funding was received for this study.

Data sharing: Data from this manuscript can be accessed upon request 
to Fahad Razak (fahad.razak@mail.utoronto.ca), to the extent that is 
possible in compliance with local research ethics board requirements 
and data-sharing agreements.

Accepted: July 7, 2023

Correspondence to: Mark McIntyre, mark.mcintyre@sinaihealth.ca


