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Abstract 
 

BACKGROUND: Audit and feedback interventions have the potential to improve 
clinical care.  Electronically captured administrative and clinical data routinely collected 
in Canadian hospitals may be used to provide feedback to physicians in general medicine 
in-patient care.  The computation of appropriate quality indicator requires patient care to 
be attributed to individual physician(s).  The appropriate attribution method in contexts 
where multiple physicians are involved in the care with varying degree of responsibilities 
that change over time is not straight forward.  There has so far been little guidance in the 
literature of how to best accomplish this.  The objective of this study is to identify trade-
offs of different physician attribution methods by applying them to the same large clinical 
dataset. 
 
METHODS: A retrospective cohort study was conducted using the GEMINI dataset 
consisting of administrative and clinical data of hospitalized patients discharged from 
General Medicine service between April 1, 2010 and October 31, 2017 extracted from 
electronic systems at 7 hospitals in the Greater Toronto Area.  A set of four quality 
indicators (length of stay, 30-day re-admission, in-patient mortality, use of advanced 
imaging) used in an audit and feedback intervention was calculated for each physician 
using 5 different physician attribution methods: STRICT (only patients with the same 
admitting, discharging, and most responsible physician with length of stay less than 14 
days were included to capture those patients whose care was provided by only 1 
physician), ADMIT (attribute care to admitting physician), DISCHARGE (attribute care 
to discharging physician), MRP (attribute care to most responsible physician), and ANY 
(attribute care to admitting, discharging, and most responsible physicians).  The 
comprehensiveness and comparability of each attribution method were calculated.  The 
actual differences of the indicator value and physician ranking for each indicator was 
compared between each pair of attribution methods. 
 
RESULTS:  222,490 hospitalization cared for by 203 physicians were included.  
STRICT attribution method was least comprehensive, capturing only 40% of patients 
cared for by a physician), while ADMIT, DISCHARGE, and MRP captured 70% of 
patients.  All attribution methods produced patient populations for individual physicians 
that were comparable to those seen at each hospital.  STRICT attribution method resulted 
in length of stay values 4.7 to 6.8 days shorter than other attribution methods and had 
poor rank correlation of physicians when compared to other attribution methods 
(spearman rank correlation 0.27 to 0.52).  Absolute differences for the other 3 indicators 
were small between all attribution methods, and relative ranking of physicians were 
reasonably preserved (strong or very strong rank correlation). 
 
INTERPRETATION:  Different attribution methods have different comprehensiveness, 
but all produced mostly comparable patient populations for physicians.  Certain 
attribution method can affect apparent physician performance for some quality indicators 
but not others.  The impact of physician attribution methods deserve consideration during 
the design of audit and feedback interventions. 
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Chapter 1: Introduction 
 

Audit and feedback (providing physicians with summary of their own clinical 

performance over a specified time period [analogous to report cards] with the goal of 

improving care) is an important strategy in improving quality of healthcare (1, 2).  

Electronic health records have now made collecting clinical performance data for a large 

number of physicians for audit and feedback interventions feasible and scalable (3-8).  

However, producing data alone is not sufficient.  A systematic review found audit and 

feedback interventions have overall led to small improvement in clinicians’ rate of 

compliance with desired practice but with great variability in effectiveness among these 

interventions (median 4.3% absolute increase in desired practice, with interquartile range 

0.5 to 16% from 82 comparisons in 49 studies involving 2310 groups of health 

professionals and 2053 individual professionals) (2).  Research has shown that 

physicians’ trust in the data (including the belief that the data accurately reflect their own 

performance) is an important factor in the success of audit and feedback interventions (9-

12).  In this study, the term “physician attribution method” refers to how clinical 

outcomes or care processes of patients are linked to a particular physician.  The physician 

attribution method used can affect how physicians perceive the feedback as accurately 

reflecting their own performance or not, and hence the success of the intervention. 

Importance of physician attribution in audit and feedback 

There is now increasing evidence that quality improvement initiatives should 

target both individual physicians and hospitals as some studies have found greater 

variation in care at the physician level when compared to the hospital level in both 
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surgical (13) and general medical care (14, 15).  Moreover, both physicians and other 

stakeholders expect that quality measures have proper attribution (that is, “correctly 

assigning the measure to the individual, group, or organization responsible for the 

decisions, costs, and outcomes”) (16). 

Challenge in physician attribution for general medicine inpatient care 

In some areas of medicine, the appropriate physician attribution method is straight 

forward.  For example, in primary care (17) or surgery, it is logical to link patient care 

processes and outcomes (e.g. cancer screening adherence or post-operative 

complications) to the patient’s named family doctor or to the surgeon who performed the 

surgery.  Most physicians will find the physician attribution method reasonable and will 

trust the data presented as their own performance.  However, there are areas of medicine 

(such as general medicine in-patient care) where the appropriate physician attribution 

method is less straight forward, where multiple physicians are involved in the care of one 

patient with varying degrees of shared responsibilities that change over time (15, 18).  

For example, an elderly patient was admitted to the hospital from the Emergency 

Department for pneumonia.  He deteriorated after 3 days in hospital and passed away in 

the evening after an unsuccessful resuscitation.  If the audit and feedback intervention 

were to report mortality rate to individual physicians, should this death be linked to the 

reporting for physician A (who initially admitted the patient and made clinical decision 

about choice of antibiotics), physician B (who was the attending physician and cared for 

patients on days 2 and 3), physician C (who was covering in the evening and was in 

charge of the failed resuscitation attempt), or to none, some, or all of these physicians?  



 

 

3 
Currently, there is limited literature to guide the selection of appropriate physician 

attribution methods in these situations.  This study attempts to address this gap. 

The objective of this study is to compare different physician attribution 

methods by applying them to the same large clinical dataset to understand how each 

method affects individual physician’s apparent performance on a set of quality 

indicators in real life.  The result of this study will inform how best to select physician 

attribution methods for use in audit and feedback interventions for general medicine in-

patients so that physicians will trust the data and be receptive to making meaningful 

improvement using the data. 
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Chapter 2: Methods 
 

This study uses a retrospective cohort design and analyzes physician performance 

data in the care of general medicine hospitalized patients at 7 hospitals in Ontario from 

2010-2017. 

In this study, five different physician attribution methods were applied on the 

same large real clinical dataset to compare how each affect the reported performance of 

individual physicians.  To examine physician performance, 4 quality indicators were 

calculated.  These indicators were selected from the 6 quality indicators used by Health 

Quality Ontario’s General Medicine My Practice report (20) first distributed in 2019 as 

part of the General Medicine Quality Improvement Network (GeMQIN) initiative (19). 

Research Ethics 

This study received ethics approval by the University of Victoria Research Ethics 

board (see appendix A). 

Data Sources 

The GEMINI dataset consists of administrative and clinical data extracted from 

hospital electronic systems for all hospitalizations to general internal medicine at 7 

hospitals in the Greater Toronto Area with discharge dates between Apr 1, 2010 and Oct 

31, 2017 as previously described (21).  Data elements include administrative, case 

costing, laboratory, diagnostic imaging, pharmacy, and clinical (e.g. vital signs) data (21).  

This study is a secondary analysis of the original dataset. 



 

 

5 
The original dataset was obtained from 7 hospitals in the Greater Toronto Area 

including Mount Sinai Hospital, St. Michael’s Hospital, Sunnybrook Health Sciences 

Centre, Trillium Health Partners (Credit Valley Hospital and Mississauga Hospital) and 

University Health Network (Toronto General Hospital and Toronto Western Hospital).  

The Decision Support department at each hospital extracted data elements from the local 

source hospital information systems (which were different at each site).  Data extracted 

was then de-identified locally.  The de-identified data was then securely transferred to St. 

Michael’s Hospital (the study’s central coordinating site).  To prepare a dataset suitable 

for secondary analysis for this study, a data analyst prepared raw data tables (which did 

not contain any identifiable information on the physician or patient) containing the 

quality indicator results for each physician (meeting inclusion criteria below) for each 

attribution method.  Analysis for this study was done from these raw data tables by the 

author. 

Inclusion Criteria 

For the purpose of this study, physicians who have cared for at least 100 patients 

in the GEMINI dataset were included to ensure calculation of physician level quality 

indicators are meaningful with sufficient sample size per physician, similar to approach 

used in a previous study (18).  The analysis was performed on all patients in the dataset 

who were either admitted or discharged by a physician of interest (as defined above).  

Only hospitalizations of patients admitted through the Emergency Department (the usual 

care pathway) were included to avoid including elective admissions or inter-facility 

transfers (18). 
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Physician Attribution Methods 

In Canada, three physician roles are routinely collected in hospital administrative 

data for every hospitalization.  These are the admitting physician, discharging physician, 

and most responsible physician (MRP, defined as the physician responsible for the 

majority of stay or the most resource use) and reported in the Discharge Abstract 

Database (DAD) at Canadian Institute of Health Information (CIHI) (22).  For each 

hospitalization, each of these 3 roles may be filled by the same or different physician(s).  

For the purpose of this study, we considered 5 different physician attribution methods.  In 

addition to each of the 3 roles as a distinct physician attribution method, we also include 

two additional methods (ANY and STRICT).  The purpose of the STRICT method is to 

capture those patients whose care is likely attributable to only 1 physician, making 

physician attribution less ambiguous.  The ANY method is meant to be the most 

comprehensive, capturing any patients that were cared for by a particular physician 

regardless of which role (admitting, discharging, or most responsible) he/she played.  The 

detailed definition of each method is as follows: 

STRICT: include only hospitalizations where the admitting, discharging, and most 
responsible physician are the same individual, and that the length of stay is 14 days or 
less.  This method attributes the hospitalization to that single physician.  This method in 
theory captures those hospitalizations that likely only involve the care of 1 physician 
(without repeated change over) 

ADMIT: Attribute each hospitalization to the admitting physician. 

DISCHARGE: Attribute each hospitalization to the discharging physician. 

MRP: Attribute each hospitalization to the most responsible physician 

ANY: For each physician X, include all hospitalizations where physician X is one or 
more of admitting, discharging, or most responsible physician.  The intention is to 
capture all care provided by a physician regardless of the role he/she played. 
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Quality Indicators 

For the purpose of this study, we calculated individual physician performance for 

four selected quality indicators, using each of the 5 physician attribution methods above.  

The four quality indicators were selected from the six quality indicators currently used by 

Health Quality Ontario’s MyPractice General Medicine reports (20).  The first three 

(hospital length of stay, re-admission within 30 days, and in-patient mortality) are quality 

indicators commonly used in quality improvement interventions on general medical 

wards as found in a systematic review (23).  They also do not have a clear clinical action 

linked to the quality indicator.  The fourth quality indicator (use of advanced imaging) 

was selected as a representative example of the remaining three quality indicators 

(including rate of routine bloodwork and rate of inappropriate transfusion) used in the 

MyPractice General Medicine reports that specifically examine resource use derived from 

Choosing Wisely Canada’s recommendations for Internal Medicine (24). This indicator 

has a clinical action linked to the quality indicator, but that is not reliably captured in the 

electronic dataset (i.e. the ordering physician).  Therefore, the 4 quality indicators 

included are as follows: 

1. Length of Stay.  This is defined as discharge date/time – admission date/time in days.  
For each physician, we report on the average length of stay for all patients attributed 
to that physician. 

2. Re-admission within 30 days.  We count re-admissions within the GEMINI dataset 
(i.e. readmission to general medicine at any of the 7 hospitals).  For each physician, 
we calculate the number of patients with a re-admission within 30 days / total number 
of patients discharged alive attributed to that physician. 

3. In-patient mortality.  For each physician, we calculate the number of patients who 
died during the hospitalization / total number of patients attributed to that physician. 

4. Use of advanced imaging.  For each physician, we calculate the number of 
CT/MRI/ultrasound tests performed for that physician’s patients / total number of 
patients attributed to that physician 
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Analysis 

As the objective of this study is to compare how different attribution methods 

affect quality indicators fed back to individual physicians under real world conditions, the 

analysis focuses on comparing the different attribution methods with each other along a 

number of dimensions at the individual physician level. 

The development of quality indicators has been reviewed by Stelfox and Straus 

(25, 26), as well as others (27-30).  There are 6 proposed criteria to evaluate quality 

indicators including a) the strength of scientific evidence supporting the measure, b) 

equal likelihood of individuals in denominator to be included in numerator, c) measure 

under the control of whom the measure evaluates, d) how well do the measure capture 

event that is subject of measurement, e) does the measure provide a fair comparison of 

performance, f) does the measure allow for adjustment to exclude patients with rare 

performance-related characteristics when appropriate (26).  As the focus of this study is 

on attribution methods (and not the content of the quality indicators themselves), criteria 

d and e are most relevant and will be included as dimensions of the analysis. 

To address criterion d (extent of capturing events of interest; in this case, the care 

provided by the individual physician), the dimension of comprehensiveness will be used 

(see below).  To address criterion e (fair comparison of performance), the dimension of 

comparability will be used (see below).  To quantify the absolute difference of measured 

performance of individual physicians and the difference in relative ranking of physicians 

by different attribution methods, the dimension of consistency (see below) will be used.  

Finally, in this dataset composed of care at 7 hospitals, the generalizability of the 

findings across hospitals and care models will also be assessed. 
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Comprehensiveness refers to the extent to which care provided by a physician is 

captured by a particular attribution method.  For example, the ADMIT attribution method 

only includes patients that were admitted by a particular physician.  If a physician cares 

for a patient but he/she was not the admitting physician, then the physician’s performance 

with this particular patient would not have been captured using the ADMIT attribution 

method when computing a quality indicator for that physician.  This is important to 

understand because ideally, audit and feedback interventions should provide 

comprehensive feedback to physicians, and if not, any gap in this assessment should be 

noted so that the data can be interpreted in context. 

Note that comprehensiveness is the property of the attribution method and is the 

same for all quality indicators.  However, the comprehensiveness of the attribution 

method will depend on the model of care (e.g. how often in the model of care does a 

physician care for a patient that he/she did not admit), and thus may be different across 

different hospitals.  To assess comprehensiveness, the ANY attribution method should 

include all patients that the physician was involved in (as admitting, discharging, or most 

responsible physician).  Therefore, the comprehensiveness of an attribution method for 

each physician is calculated as follows: 

𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠	𝑜𝑓	𝑎	𝑝ℎ𝑦𝑠𝑖𝑐𝑖𝑎𝑛	𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑	𝑤𝑖𝑡ℎ	𝑡ℎ𝑎𝑡	𝑎𝑡𝑡𝑟𝑖𝑢𝑏𝑡𝑖𝑜𝑛	𝑚𝑒𝑡ℎ𝑜𝑑
𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠	𝑜𝑓	𝑎	𝑝ℎ𝑦𝑠𝑖𝑐𝑖𝑎𝑛	𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑	𝑖𝑛	𝑡ℎ𝑒	𝐴𝑁𝑌	𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛	𝑚𝑒𝑡ℎ𝑜𝑑

× 100% 
 

The comprehensiveness of each attribution method is then calculated as the mean 

of the above quantity across all physicians in the hospital or dataset. 



 

 

10 
Comparability refers to the degree to which an attribution method produces 

patient populations that are comparable across physicians (at the same hospital).  This is 

important to understand as this has implications for benchmarking (i.e. establishing 

expected performance).  This is also an important consideration when comparing 

performance between physicians (in applications such as ranking).  In general medicine 

care, since patients are admitted from the Emergency Department (i.e. unplanned), over a 

large number of patients, each physician at each hospital should be exposed to similar 

patients due to this pseudo-randomization process (18). As such, each physician should 

see patients with similar baseline characteristics over a large sample size.  How different 

attribution methods affect this pseudo-randomization is important to understand.  As with 

comprehensiveness, this is a property of the attribution method and is the same for all 

quality indicators.  Similarly, comparability will depend on the patient population and 

model of care at each hospital. 

To assess comparability of the patient populations produced, the characteristics of 

patients produced by each attribution method for each physician will be compared against 

the same characteristics of all patients at that hospital.  The patient characteristics being 

examined include age, sex, Charlson comorbidity index (31), day of admission, time of 

admission, previous admission to general medicine within 30 days, Laboratory Acute 

Physiology Score (LAPS) (32), and top 10 discharge diagnoses.  For each physician and 

for each patient characteristic above, the mean (for continuous variable, e.g. age) and 

proportion (for binary variables, e.g. male patients) were computed, and the absolute 

difference between the physician’s patients using a particular attribution method and the 
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overall hospital patient population were noted.  The median differences (and inter-

quartile range) across all physicians of the same hospital / dataset were reported. 

Consistency refers to the extent to which different attribution methods give 

similar results.  It is important to understand what difference (if any) different attribution 

methods have on the calculated value of a quality indicator for individual physician, and 

the impact on relative ranking of physicians within a group.  If different attribution 

methods produce similar results, then perhaps the simplest method will suffice.  This may 

also increase the confidence of physicians on these indicators.  However, consistency 

does not imply correctness.  The key is to understand why different attribution methods 

give different results.  Does one method systematically exclude certain patients (see 

comprehensiveness above), or is it due to other factors such as handover, communication, 

or teamwork?  Thinking through the reasons for differences is just as important.  

Consistency is affected by the specific quality indicator, model of care, and patient 

population. 

Consistency of each pair of attribution methods for each quality indicator was 

assessed in two ways.  First, the absolute difference of the quality indicator values 

between the attribution methods for each physician in a hospital (or the dataset) was 

summarized (mean and standard deviation).  Second, the relative ranking of physicians 

within the same hospital using different attribution methods were compared and 

summarized using spearman rank correlation.  This was interpreted as weak for values < 

0.4, moderate from 0.4 to < 0.7, strong from 0.7 to < 0.9, and very strong for 0.9 to 1 

(33). 
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Generalizability refers to whether findings about attribution methods and impacts 

on quality indicators are applicable to most hospitals, or whether hospital specific 

differences impact such generalization.  All analyses described above were performed at 

each hospital so that inter-hospital differences can be detected.  Visual inspection by the 

author was done and differences noted. 

Determining the appropriate attribution method 

The result of this study will provide data to inform the selection of physician 

attribution method(s) for quality indicators used in general medicine audit and feedback 

interventions.  However, the results will not by themselves indicate the appropriate 

attribution method, as different attribution methods will have different trade-offs.  The 

“appropriate” attribution method will depend on many factors including acceptance, 

feasibility, and usability (26, 28).  The results of this study may serve as one source of 

input for consideration by those devising measurement specifications for quality 

indicators planned to be used for audit and feedback interventions (26, 28). 

Statistical Software 

All analyses were performed using statistical software R (version 3.6.3) (34). 
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Chapter 3: Results 
 

In this section, the dataset within GEMINI that met inclusion criteria for this 

study will be described.  This will be followed by the assessment of comprehensiveness 

and comparability of each of the 5 attribution methods.  The consistency for each 

attribution method for each indicator will then be presented in turn.  Finally, the 

generalizability insights from this analysis will be presented. 

Dataset Derivation 

A total of 203 physicians had cared for at least 100 patients in the dataset.  The 

entire GEMINI dataset consisted of 236,575 hospitalizations.  Of these, 230,682 (97.5%) 

hospitalizations involved a physician of interest (one of 203) as either admitting or 

discharging physician.  Of these, 222,490 (94% of original cohort) hospitalizations were 

admitted through the Emergency Department.  Analysis was performed on these 222,490 

hospitalizations in this study, cared for by the identified 203 physicians.  Table 1 breaks 

down the number of physicians and hospitalizations included for each hospital. 

Table 1.  Summary of included physicians and patients by hospital. 
Hospital Number of physicians 

included 
Number of hospitalizations included 

A 24 24,793 
B 32 38,326 
C 23 28,148 
D 38 26,067 
E 23 45,507 
F 32 31,332 
G 31 28,317 
All 203 222,490 
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Comprehensiveness of each attribution method 

Using the ANY attribution method as the denominator (as this attribution method 

captures all patients that were either admitted, discharged, or cared for most responsibly 

by a particular physician), the STRICT, ADMIT, DISCHARGE, and MRP attribution 

methods capture a mean of 40%, 70%, 71%, and 69% of each physician’s patients across 

all hospitals.  Table 2 outlines the result per hospital as well as across all hospitals.  The 

STRICT attribution method consistently produced the least comprehensive assessment of 

a physician’s performance across each hospital and entire dataset.  It captured about 40% 

of care provided, whereas other attribution methods (other than ANY) captured about 

70% of care provided. 

Table 2.  Mean percentage of a physician’s patients included by a particular attribution 
method (using the ANY attribution method as the denominator). 
Hospital Number of 

physicians 
(N) 

STRICT 
Mean % 
(sd) 

ADMIT 
Mean % 
(sd) 

DISCHARGE 
Mean % (sd) 

MRP 
Mean % 
(sd) 

ANY 
 

A 24 55% (5.5) 78% (3.3) 78% (4.2) 78% (4.5) 100% 
B 32 48% (5.8) 73% (4.4) 76% (3.4) 75% (3.6) 100% 
C 23 42% (3.7) 73% (3.3) 70% (3.5) 70% (3.8) 100% 
D 38 35% (8.9) 67% (5.7) 69% (6.4) 68% (6.8) 100% 
E 23 16% (9.1) 57% (24.1) 60% (16.4) 60% (16.1) 100% 
F 32 43% (4.9) 75% (3.7) 70% (3.7) 66% (9.8) 100% 
G 31 38% (15.7) 65% (24.8) 73% (8.2) 68% (13.2) 100% 
All 203 40% (13.6) 70% (14.4) 71% (8.9) 69% (10.5) 100% 

 

Comparability of each attribution method 

Tables 3 to 10 display the median physician-level differences in patient 

characteristics when comparing each physician’s attributed patient population using a 

particular attribution method when compared against the hospital’s included patient 

population (of the physician’s hospital).  While differences between different attribution 
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methods do exist across some patient characteristics, the absolute differences are small 

and may not have meaningful impacts. 

For age of patients (see table 3), the median physician-level difference was 

highest with the STRICT attribution method (median 1.7 years, interquartile range 2.0 

years).  

Table 3.  Median (and IQR) of physician-level absolute differences for patients’ mean 
age in years (when comparing individual physician attributed population to hospital 
patient population) using different physician attribution methods. 
Hospital Hospital 

overall 
population 
Mean age 

STRICT 
Median 
age 
difference 
(IQR) 

ADMIT 
Median 
age 
difference 
(IQR) 

DISCHARGE 
Median age 
difference 
(IQR) 

MRP 
Median 
age 
difference 
(IQR) 

ANY 
Median age 
difference 
(IQR) 

A 66.5 1.5 (1.5) 0.7 (0.4) 0.7 (0.8) 0.8 (1.0) 0.9 (1.1) 
B 72.3 1.3 (2.4) 1.1 (1.3) 1.1 (1.7) 1.2 (1.6) 1.4 (0.8) 
C 64.2 2.0 (0.9) 0.3 (0.6) 1.0 (0.7) 1.0 (0.6) 0.5 (0.9) 
D 69.8 3.3 (2.9) 1.1 (1.3) 1.1 (1.1) 1.1 (1.1) 0.8 (1.4) 
E 70.9 0.7 (1.1) 1.0 (1.2) 1.9 (1.4) 2.0 (1.5) 0.5 (0.9) 
F 64.3 1.6 (1.1) 0.6 (1.0) 0.8 (1.5) 1.0 (1.4) 0.8 (1.0) 
G 69.7 1.7 (1.4) 0.4 (0.8) 0.5 (0.7) 0.5 (1.0) 0.8 (0.8) 
All 68.6 1.7 (2.0) 0.8 (1.0) 1.0 (1.4) 1.1 (1.4) 0.9 (1.1) 

  
 

For patient sex (see table 4), measured as percentage of patients of male sex, all 

attribution methods produce similar results (with median physician-level differences of 

between 1 to 2%). 
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Table 4.  Median (and IQR) of physician-level percent difference of male patients (when 
comparing individual physician attributed population to hospital patient population) using 
different physician attribution methods. 
Hospital Hospital 

overall 
population 
Mean % 
male 

STRICT 
Median 
% male 
difference 
(IQR) 

ADMIT 
Median 
% male 
difference 
(IQR) 

DISCHARGE 
Median % 
male 
difference 
(IQR) 

MRP 
Median 
% male 
difference 
(IQR) 

ANY 
Median 
% male 
difference 
(IQR) 

A 46% 2% (3%) 2% (2%) 2% (2%) 2% (2%) 2% (3%) 
B 48% 2% (3%) 1% (1%) 1% (2%) 1% (2%) 1% (2%) 
C 57% 1% (2%) 1% (1%) 1% (1%) 1% (2%) 1% (1%) 
D 45% 3% (3%) 2% (2%) 2% (2%) 2% (2%) 2% (1%) 
E 50% 3% (3%) 1% (1%) 3% (3%) 3% (3%) 2% (1%) 
F 52% 2% (2%) 1% (2%) 1% (2%) 2% (2%) 1% (2%) 
G 51% 2% (1%) 1% (2%) 1% (2%) 1% (2%) 1% (2%) 
All 49.8% 2% (3%) 1% (2%) 2% (3%) 2% (2%) 1% (1%) 

 
 

For Charlson Comorbidity Score (a measure of patient complexity) (see table 5), 

the STRICT attribution method consistently produced the highest median physician-level 

difference in scores across all hospitals.  However, the absolute difference in score is 

small (0.3). 

Table 5.  Median (and IQR) of physician-level differences for patient’s Charlson 
Comorbidity Score (when comparing individual physician’s attributed population to 
hospital patient population) using different physician attribution methods. 
Hospital Hospital 

overall 
population 
Mean 
score 

STRICT 
Median 
score 
difference 
(IQR) 

ADMIT 
Median 
score 
difference 
(IQR) 

DISCHARGE 
Median score 
difference 
(IQR) 

MRP 
Median 
score 
difference 
(IQR) 

ANY 
Median 
score 
difference 
(IQR) 

A 1.6 0.2 (0.1) 0.1 (0.0) 0.1 (0.1) 0.0 (0.1) 0.1 (0.1) 
B 1.3 0.2 (0.1) 0.1 (0.1) 0.1 (0.2) 0.1 (0.2) 0.1 (0.1) 
C 1.2 0.2 (0.1) 0.0 (0.0) 0.1 (0.1) 0.1 (0.1) 0.0 (0.1) 
D 1.3 0.3 (0.2) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 
E 1.3 0.3 (0.2) 0.1 (0.1) 0.1 (0.1) 0.1 (0.2) 0.1 (0.1) 
F 2.3 0.3 (0.2) 0.1 (0.1) 0.2 (0.1) 0.2 (0.1) 0.1 (0.1) 
G 1.9 0.2 (0.1) 0.0 (0.1) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 
All 1.5 0.3 (0.2) 0.1 (0.1) 0.1 (0.2) 0.1 (0.1) 0.1 (0.1) 
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For percentage of patients admitted on weekend (see table 6), all attribution 

methods produce similar median physician-level differences (about 2%) and this small 

difference is unlikely to have impact overall.  However, for hospital E, the STRICT and 

ADMIT attribution methods seem to produce higher median physician-level differences 

suggesting this may be due to local model of care (possibly involving admission 

workflows on weekends, including different likelihood of different physicians 

participating in weekend admissions). 

Table 6.  Median (and IQR) of physician-level differences of percentage of patients 
admitted on weekend (when comparing individual physician’s attributed population to 
hospital patient population) using different physician attribution methods. 
Hospital Hospital 

overall 
population 
% admitted 
on 
weekend 

STRICT 
Median 
% 
difference 
(IQR) 

ADMIT 
Median 
% 
difference 
(IQR) 

DISCHARGE 
Median % 
difference 
(IQR) 

MRP 
Median 
% 
difference 
(IQR) 

ANY 
Median 
% 
difference 
(IQR) 

A 26% 2% (1%) 1% (1%) 0% (1%) 1% (0%) 0% (1%) 
B 28% 2% (3%) 2% (1%) 2% (3%) 2% (3%) 2% (2%) 
C 26% 2% (2%) 1% (2%) 1% (2%) 1% (1%) 1% (1%) 
D 25% 3% (3%) 3% (4%) 2% (3%) 2% (2%) 2% (3%) 
E 24% 6% (7%) 8% (7%) 2% (2%) 2% (2%) 4% (4%) 
F 25% 3% (5%) 2% (3%) 2% (2%) 3% (3%) 3% (3%) 
G 26% 4% (7%) 3% (3%) 4% (5%) 4% (6%) 4% (5%) 
All 26% 2% (4%) 2% (4%) 2% (3%) 2% (3%) 2% (3%) 

 
 

For percentage of patients admitted during day time hours (see table 7), all 

attribution methods produce similar median physician-level differences (4 to 5%).  Each 

hospital appears to have different median differences (similar across different attribution 

methods; but different across hospitals).  For example, the median differences for hospital 

A are between 1% and 2%, while hospital F have median differences between 7% and 
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8% across different attribution methods.  The consistency within a hospital suggest these 

differences are specific to local model of care or patient population. 

Table 7.  Median (and IQR) of physician-level differences of percentage of patients 
admitted during day time (when comparing individual physician’s attributed population 
to hospital patient population) using different physician attribution methods. 
Hospital Hospital 

overall 
population 
% admitted 
during day 
time 

STRICT 
Median 
% 
difference 
(IQR) 

ADMIT 
Median % 
difference 
(IQR) 

DISCHARGE 
Median % 
difference 
(IQR) 

MRP 
Median 
% 
difference 
(IQR) 

ANY 
Median 
% 
difference 
(IQR) 

A 22% 2% (3%) 1% (2%) 1% (1%) 1% (1%) 1% (2%) 
B 20% 6% (3%) 6% (3%) 5% (3%) 5% (4%) 5% (3%) 
C 25% 2% (4%) 2% (4%) 2% (3%) 2% (3%) 2% (3%) 
D 29% 4% (6%) 3% (4%) 3% (3%) 3% (3%) 2% (3%) 
E 26% 5% 

(12%) 
4% (12%) 2% (3%) 2% (3%) 3% (4%) 

F 18% 8% (4%) 8% (5%) 7% (3%) 7% (4%) 7% (4%) 
G 22% 8% 

(10%) 
8% (8%) 6% (7%) 6% (7%) 6% (8%) 

All 23% 5% (7%) 4% (6%) 4% (5%) 4% (5%) 4% (5%) 
 
 

For percentage of patients admitted to General Medicine in the 30 days prior to 

hospitalization (see table 8), all attribution methods produce similar median physician 

level differences (about 1%) without significant hospital variation. 

For LAPS as a proxy measure for patient acuity (see table 9), the median 

physician-level differences were generally higher with the STRICT attribution method 

(1.9) compared to all other methods (0.8 to 1.0).  However, a difference in LAPS score of 

1.9 is still small. 
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Table 8.  Median (and IQR) of physician-level differences of percentage of patients 
admitted to GIM 30 days prior to admission (when comparing individual physician’s 
attributed population to hospital patient population) using different physician attribution 
methods. 
Hospital Hospital 

overall 
population 
% admitted 
to GIM in 
prior 30 
days  

STRICT 
Median 
% 
difference 
(IQR) 

ADMIT 
Median 
% 
difference 
(IQR) 

DISCHARGE 
Median % 
difference 
(IQR) 

MRP 
Median 
% 
difference 
(IQR) 

ANY 
Median 
% 
difference 
(IQR) 

A 12% 1% (2%) 1% (1%) 1% (1%) 1% (1%) 1% (1%) 
B 10% 1% (2%) 1% (1%) 1% (1%) 1% (1%) 1% (1%) 
C 13% 1% (1%) 1% (1%) 1% (1%) 1% (1%) 1% (1%) 
D 8% 2% (1%) 1% (1%) 1% (1%) 1% (1%) 1% (1%) 
E 6% 1% (1%) 1% (1%) 1% (1%) 1% (2%) 1% (1%) 
F 14% 1% (3%) 1% (1%) 1% (2%) 1% (2%) 1% (1%) 
G 12% 2% (3%) 1% (2%) 1% (1%) 1% (2%) 1% (1%) 
All 11% 1% (2%) 1% (1%) 1% (1%) 1% (1%) 1% (1%) 

 
 
Table 9.  Median (and IQR) of physician-level differences of LAPS (Laboratory Acute 
Physiology Score) of patients (when comparing individual physician’s attributed 
population to hospital patient population) using different physician attribution methods. 
Hospital Hospital 

overall 
population 
Mean 
LAPS  

STRICT 
Median 
score 
difference 
(IQR) 

ADMIT 
Median 
score 
difference 
(IQR) 

DISCHARGE 
Median score 
difference 
(IQR) 

MRP 
Median 
score 
difference 
(IQR) 

ANY 
Median 
score 
difference 
(IQR) 

A 22.0 2.3 (2.1) 1.7 (2.7) 1.7 (3.5) 1.6 (3.5) 1.4 (2.7) 
B 23.6 2.5 (1.7) 0.7 (1.9) 0.8 (0.9) 0.8 (0.9) 0.9 (1.1) 
C 21.7 2.0 (1.5) 0.9 (1.4) 0.9 (1.1) 0.8 (1.1) 0.8 (1.1) 
D 22.1 2.6 (1.3) 0.8 (0.9) 1.2 (1.2) 1.2 (1.3) 0.9 (0.8) 
E 21.1 1.2 (1.5) 0.5 (1.1) 1.8 (1.0) 1.8 (1.0) 0.9 (1.5) 
F 15.4 1.6 (1.1) 0.7 (0.7) 0.5 (1.0) 0.5 (0.9) 0.5 (0.8) 
G 14.2 1.2 (1.3) 0.7 (0.6) 0.6 (0.9) 0.6 (0.8) 0.6 (0.8) 
All 20.2 1.9 (1.7) 0.8 (1.2) 1.0 (1.3) 0.9 (1.4) 0.8 (1.1) 

 
 

For discharge diagnoses (see table 10), the STRICT attribution method 

consistently produces the highest median physician-level differences across all top 10 

diagnoses (0.6 to 1.2%) than other attribution methods.  However, the absolute 

differences remain small. 
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Table 10.  Median (and IQR) of physician-level differences in percentage of each top 10 
discharge diagnosis of patients (when comparing individual physicians’ attributed 
population to hospital patient population) using different physician attribution methods. 
Diagnosis Overall  

 
STRICT 
Median 
% 
difference 
(IQR) 

ADMIT 
Median 
% 
difference 
(IQR) 

DISCHARGE 
Median % 
difference 
(IQR) 

MRP 
Median 
% 
difference 
(IQR) 

ANY 
Median 
% 
difference 
(IQR) 

Heart failure 5.0% 0.9% 
(1.4%) 

0.7% 
(0.9%) 

0.8% (1.1%) 0.8% 
(1.1%) 

0.6% 
(0.9%) 

Pneumonia 4.9% 1.0% 
(1.4%) 

0.7% 
(0.9%) 

0.8% (1.1%) 0.9% 
(1.2%) 

0.6% 
(0.8%) 

UTI 4.5% 1.0% 
(1.4%) 

0.8% 
(1.0%) 

0.8% (1.1%) 0.9% 
(1.1%) 

0.8% 
(0.9%) 

COPD 4.4% 0.9% 
(1.2%) 

0.6% 
(0.9%) 

0.6% (1.0%) 0.7% 
(1.0%) 

0.4% 
(0.8%) 

Stroke 4.1% 1.2% 
(2.3%) 

0.8% 
(1.7%) 

0.9% (2.0%) 0.9% 
(1.8%) 

0.8% 
(1.8%) 

Delirium, 
dementia, 
cognitive 
impairment 

3.3% 1.1% 
(1.2%) 

0.5% 
(0.8%) 

0.6% (0.9%) 0.6% 
(1.1%) 

0.7% 
(0.9%) 

GI bleeding 2.7% 0.7% 
(1.0%) 

0.4% 
(0.6%) 

0.5% (0.9%) 0.6% 
(0.8%) 

0.4% 
(0.5%) 

Sepsis 2.5% 0.9% 
(0.9%) 

0.6% 
(0.8%) 

0.6% (0.9%) 0.6% 
(0.9%) 

0.5% 
(0.8%) 

Diabetes and 
complications 

2.3% 0.6% 
(0.9%) 

0.4% 
(0.6%) 

0.4% (0.6%) 0.4% 
(0.6%) 

0.3% 
(0.4%) 

GI infection 2.3% 0.6% 
(0.9%) 

0.4% 
(0.6%) 

0.4% (0.6%) 0.5% 
(0.7%) 

0.3% 
(0.5%) 

 
 

Consistency of quality indicators with different attribution methods 

As the consistency between different attribution methods is specific to a particular 

quality indicator, results for each quality indicator are presented in turn below. 

Quality Indicator 1: Average Length of Stay 
 

Table 11 summarizes how different attribution methods affect the actual 

calculated average length of stay (bottom left triangle) and how they affect relative 
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ranking of physicians (top right triangle) for this quality indicator.  The STRICT 

attribution method consistently gives average lengths of stay that are 4.7 to 6.8 days 

shorter than all other attribution methods.  Pairwise differences of other attribution 

methods ranged from 0 to 2.1 days.  The STRICT methods also had the weakest rank 

correlation with other attribution methods (spearman rank correlation 0.27 to 0.52).  

DISCHARGE and MRP have the strongest correlation (0.87).  The MRP attribution 

method has moderate to strong correlation with all other attribution methods (0.52 to 

0.87). 

Table 11.  The mean pairwise differences in average length of stay across all physicians 
using each pair of attribution methods (bottom left triangle) and the spearman rank 
correlation (top right triangle) for each pair of attribution method. 
 STRICT ADMIT DISCHARGE MRP ANY 
STRICT 
(3.8 days) 

 0.47 0.45 0.52 0.27 

ADMIT 
(8.9 days) 

-5.0 days 
(p < 0.01)* 

 0.55 0.56 0.77 

DISCHARGE 
(8.9 days) 

-4.7 days 
(p < 0.01)* 

0.4 days 
(p=0.01)* 

 0.87 0.76 

MRP 
(8.8 days) 

-4.7 days 
(p < 0.01)* 

0.4 days 
(p=0.01)* 

0.0 days 
(p=0.62) 

 0.67 

ANY 
(11.3 days) 

-6.8 days 
(p < 0.01)* 

-1.7 days 
(p < 0.01)* 

-2.1 days 
(p < 0.01)* 

-2.1 days 
(p < 
0.01)* 

 

LEGEND:  Row labels contain the average length of stay for each attribution method in 
brackets.  For mean pairwise differences in average length of stay (bottom left triangle), 
negative value indicates that the attribution method in column label is shorter than 
attribution method in row label.  * p-value (<0.05) for pairwise comparison using t-test 
between the pairwise attribution methods.  Colour (top right triangle) indicates strength 
of correlation: 0.5 to < 0.7 (yellow or moderate); 0.7 to < 0.9 (blue or strong); 0.9 to 1 
(green or very strong). 
 
 
Quality Indicator 2:  Re-admission within 30 days 
 

Table 12 summarizes the result of how different attribution methods affect 

percent re-admission within 30 days (bottom left triangle) and how they affect relative 
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ranking of physicians (top right triangle) for this quality indicator.  For all pairwise 

comparisons of attribution methods, the absolute differences are small (0% to 0.5%), 

although some are statistically significant.  Also, physician ranking is relatively preserved 

comparing against all pairs of attribution methods with all showing strong or very strong 

correlation (0.83 to 0.97).  The strongest correlation was between MRP and 

DISCHARGE attribution methods (0.97). 

Table 12.  The mean pairwise differences in percent re-admission within 30 days across 
all physicians using each pair of attribution methods (bottom left triangle) and the 
spearman rank correlation (top right triangle) for each pair of attribution method. 
 STRICT ADMIT DISCHARGE MRP ANY 
STRICT 
(12.6%) 

 0.88 0.88 0.89 0.83 

ADMIT 
(13.1%) 

-0.1% 
(p = 0.27) 

 0.87 0.85 0.94 

DISCHARGE 
(13.5%) 

-0.5% 
(p=0.01)* 

-0.4% 
(p=0.01)* 

 0.97 0.95 

MRP 
(13.5%) 

-0.4% 
(p=0.01)* 

-0.3% 
(p=0.03)* 

0.0% 
(p=0.51) 

 0.93 

ANY 
(13.6%) 

-0.4% 
(p=0.03)* 

-0.3% 
(p=0.01)* 

0.0% 
(p=0.54) 

0.0% 
(p=0.88) 

 

LEGEND:  Row labels contain the average percent readmission within 30 days for each 
attribution method in brackets.  For mean pairwise differences in percent re-admission 
within 30 days (bottom left triangle), negative value indicates that the attribution method 
in column label is less than attribution method in row label.  * p-value (<0.05) for 
pairwise comparison using chi-square test between the pairwise attribution methods.  
Colour (top right triangle) indicates strength of correlation: 0.5 to < 0.7 (yellow or 
moderate); 0.7 to < 0.9 (blue or strong); 0.9 to 1 (green or very strong). 
 
 
Quality Indicator 3:  In-patient mortality 
 

Table 13 summarizes the result of how different attribution methods affect in-

patient mortality (bottom left triangle) and how they affect relative ranking of physicians 

(top right triangle) for this quality indicator.  The STRICT attribution method 

consistently reports lower in-patient mortality (by 1 to 2%) against all other attribution 
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methods.  All other attribution methods had pairwise differences between 0.1 and 1%.  

Despite the fact that the STRICT method consistently reports a lower absolute in-patient 

mortality rate, the relative ranking among physicians (when compared to other attribution 

methods) was preserved (spearman rank correlation between 0.70 and 0.84).  In fact, 

most pairwise comparison of attribution methods showed similar physician ranking 

(strong to very strong correlation) with the exception of the comparison of DISCHARGE 

and ADMIT attribution methods.  The strongest pairwise rank correlation was between 

MRP and DISCHARGE (0.96). 

Table 13.  The mean pairwise differences in in-patient mortality across all physicians 
using each pair of attribution methods (bottom left triangle) and the spearman rank 
correlation (top right triangle) for each pair of attribution method. 
 STRICT ADMIT DISCHARGE MRP ANY 
STRICT 
(4.6%) 

 0.70 0.84 0.83 0.75 

ADMIT 
(6.3%) 

-1.9% 
(p < 0.01)* 

 0.67 0.73 0.89 

DISCHARGE 
(5.5%) 

-1.0% 
(p < 0.01)* 

0.8% 
(p < 0.01)* 

 0.96 0.85 

MRP 
(5.5%) 

-1.1% 
(p < 0.01)* 

0.8% 
(p < 0.01)* 

-0.1% 
(p=0.08) 

 0.88 

ANY 
(6.5%) 

-2.0% 
(p < 0.01)* 

-0.1% 
(p=0.09) 

-1.0% 
(p < 0.01)* 

-0.9% 
(p < 0.01)* 

 

LEGEND:  Row labels contain the average in-patient mortality for each attribution 
method in brackets.  For mean pairwise differences in in-patient mortality (bottom left 
triangle), negative value indicates that the attribution method in column label is less than 
attribution method in row label.  * p-value (<0.05) for pairwise comparison using chi-
square test between the pairwise attribution methods.  Colour (top right triangle) indicates 
strength of correlation: 0.5 to < 0.7 (yellow or moderate); 0.7 to < 0.9 (blue or strong); 
0.9 to 1 (green or very strong). 
 
 
Quality Indicator 4:  Use of advanced imaging 
 
Table 14 summarizes the result of how different attribution methods affect the number of 
advanced imaging tests ordered per patient (bottom left triangle) and how they affect 
relative ranking of physicians (top right triangle) for this quality indicator.  The STRICT 
attribution method consistently reports fewer advanced imaging tests per patient (0.4 to 
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0.5 tests fewer) than other attribution methods.  Other attribution methods give consistent 
results with pairwise difference of 0 to 0.1 tests per patient.  Despite that, all attribution 
methods (including STRICT) seem to preserve relative ranking of physicians with strong 
or very strong spearman rank correlation (0.73 to 0.96). 
 
Table 14.  The mean pairwise differences in average number of advanced imaging tests 
per patient across all physicians using each pair of attribution methods (bottom left 
triangle) and the spearman rank correlation (top right triangle) for each pair of attribution 
method. 
 STRICT ADMIT DISCHARGE MRP ANY 
STRICT 
(1.1 tests) 

 0.73 0.84 0.83 0.73 

ADMIT 
(1.6 tests) 

-0.4 tests 
(p < 0.01)* 

 0.78 0.73 0.92 

DISCHARGE 
(1.6 tests) 

-0.4 tests 
(p < 0.01)* 

-0.0 tests 
(p=0.55) 

 0.96 0.89 

MRP 
(1.6 tests) 

-0.4 tests 
(p < 0.01)* 

-0.0 tests 
(p=0.96) 

0.0 tests 
(p=0.02)* 

 0.84 

ANY 
(1.8 tests) 

-0.5 tests 
(p < 0.01)* 

-0.1 tests 
(p < 0.01)* 

-0.1 tests 
(p < 0.01)* 

-0.1 tests 
(p < 0.01)* 

 

LEGEND:  Row labels contain the average number of advanced imaging tests per patient 
for each attribution method in brackets.  For mean pairwise differences in average 
number of advanced imaging tests per patient (bottom left triangle), negative value 
indicates that the attribution method in column label is less than attribution method in 
row label.  * p-value (<0.05) for pairwise comparison using t- test between the pairwise 
attribution methods.  Colour (top right triangle) indicates strength of correlation: 0.5 to < 
0.7 (yellow or moderate); 0.7 to < 0.9 (blue or strong); 0.9 to 1 (green or very strong). 
 

Generalizability 

For generalizing comprehensiveness (see table 2), the STRICT attribution method 

consistently produced the least comprehensive assessment of a physician’s performance 

across each hospital. Although the exact comprehensiveness differs between hospitals, 

this pattern is consistent across all hospitals, making this result generalizable. 

For generalizing of comparability, tables 3 to 9 display the overall and per 

hospital analysis of physician-level differences of each attribution method for age, sex, 

Charlson comorbidity index, percent admitted on weekend, percent day-time admission, 

percent admitted to GIM in prior 30 days, and LAPS for acuity respectively.  For patient 
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characteristics (age, sex, Charlson comorbidity index, percent admitted to GIM in prior 

30 days, and LAPS), there were not any clear differences between hospitals. 

However, for characteristics that may be affected by models of care and local 

workflow (percentage of weekend admissions and percentage of day time admissions), 

there were observed differences.  For physician-level differences in percentage of patients 

admitted on weekend (table 6), the STRICT and ADMIT attribution methods produce 

physician-level patient population that were more dissimilar at hospital E than at other 

hospitals (hospital E had mean difference of 6 and 8%, whereas other hospitals were in 

the range of 2% to 3%).  For other attribution methods, hospital E had similar physician-

level differences as other hospitals.  Also, for percentage of admission during day time 

(table 7), all attribution methods seem to produce similar discrepancies at each hospital 

but the actual amount of dis-similarity at the physician-level seem to differ between 

hospitals (e.g. hospital A had the lowest physician-level differences at 1-2% whereas 

hospital F had the most physician-level differences at 7-8%). 
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Chapter 4:  Discussion 
 
 

Based on 222,490 general medicine hospitalizations cared for by 203 physicians 

over 7 years at 7 hospitals, the STRICT physician attribution method was the least 

comprehensive (captured only about 40% of patients cared for by a physician in some 

capacity).  However, all attribution methods produced patient populations for individual 

physicians that were comparable to those seen at each hospital.  Although minor 

differences did exist (maximum differences 1.7 years for age, 2% for patient sex, 0.3 for 

Charlson comorbidity, 1% for admission to general medicine in prior 30 days, 1.9 for 

LAPS), these small differences are unlikely to have meaningful impact.  For the quality 

indicator average length of stay, the STRICT attribution method consistently produced 

length of stay values that were 4.7 to 6.8 days shorter than other attribution methods and 

also had poor rank correlation of physicians (spearman rank correlation 0.27 to 0.52) 

against all other attribution methods.  For the other quality indicators (re-admission 

within 30 days, in-patient mortality, and rate of advanced imaging), although there were 

differences between different physician attribution methods, the absolute differences 

tended to be small, with most pairwise comparisons of different attribution methods 

showing strong or very strong rank correlation of physicians.  Looking across hospitals, 

local model of care differences may have led to patient characteristics differences 

generated by different physician attribution methods, but this appeared to be affecting 

only those characteristics that were related to such processes (% of admission during 

weekend, % of day time admission), but not to other characteristics (e.g. age, sex, 

comorbidity).  For percentage admission during weekend, model of care at hospital E 

may have led to different level of involvement in weekend admissions for individual 
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physicians within their group.  For percentage of daytime admissions, differences 

between hospitals may be reflective of local admission processes (e.g. a dedicated day 

time admission team) at different hospitals. 

Contribution to the Literature 
 

The effect of physician attribution methods on quality indicators have been 

previously reported.  For example, Mehrotra and colleagues found that based on four US 

commercial insurance health plans data (not exclusive to hospital care), 17% to 61% of 

physicians would have been assigned to a different cost category based on which one of 

12 attribution rules used (35).  Moreover, the percentage of episodes of care assigned to a 

physician (similar to the comprehensiveness measured used in this study) varied 

substantially between the 12 attribution rules ranging from 20% to 69% (35).  Chang and 

colleagues examined attribution methods in the US primary care context and found that 

for low value cervical cancer screening, attribution methods affected both the absolute 

quality indicator value and physician performance ranking (36).  Dowd and colleagues 

examined physician attribution in the specific context of the US Medicare Physician 

Quality Reporting System (PQRS) and found that the physician who provided most out-

patient visits to a particular patient supplied only 50% of such visits on average, making 

physician attribution challenging (37).  These three studies were all in the US and mostly 

ambulatory (not exclusively hospital care) context, with key source of attribution based 

on physician billing data. 

This study contributes new knowledge to the literature by systematically 

examining the effects of using different physician attribution methods on the apparent 

performance of physicians on 4 quality indicators in the general medicine in-patient 
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setting (as opposed to the previous studies that mostly examine ambulatory 

performances) (35-37).  Previous studies in the ambulatory settings have described that 

some attribution methods have poor comprehensiveness in capturing care provided by a 

particular physician with estimates of 20% to 69% in one study (35) and 50% in another 

(37).  This study shows that similar concerns exist for some attribution methods in the in-

patient setting as well (STRICT attribution method 40%; ADMIT, DISCHARGE, MRP 

70%).   

Studies in the ambulatory setting have shown that choice of attribution methods 

seem to have affected apparent physician performance substantially (35, 36).  While this 

may be true for some quality indicators in the in-patient setting (e.g. STRICT attribution 

method for average length of stay), this study shows that for other quality indicators (re-

admission in 30 days, in-patient mortality, use of advanced imaging), the absolute 

differences tended to be small and the relative ranking among physicians seemed to be 

preserved between different attribution methods.  One possible explanation is that 

assignment of patients to physicians in general medicine in-patient care is a pseudo-

randomized process (as these are unplanned hospitalizations from the Emergency 

Department with physician assignment based on work schedule) (15, 18).  Any 

systematic bias introduced by the attribution method may affect all physicians equally. 

Selecting an appropriate attribution method 

The findings of this study were meant to inform the selection of attribution 

methods for those involved in designing and implementing physician audit and feedback 

interventions for general medicine in-patient care.  As demonstrated, there are trade-offs 

to each attribution method. 
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Trade-offs for the STRICT attribution method 
 

The STRICT method was intended to capture care reasonably attributable to only 

a single physician (the admitting, discharging, and most responsible physicians were the 

same individual and the length of stay was relatively short such that repeated changeover 

of physicians is unlikely to meet this STRICT condition).  It has the theoretical 

advantage of physicians believing that the feedback is reflective of their own 

performance (as no one else was involved in the care of these patients).  Previous studies 

suggested physician’s trust in that data as their own is important for audit and feedback 

interventions to be successful and to be able to drive quality change (9-12).  In fact, this 

was the attribution method used to deliver the first round of General Medicine 

MyPractice Reports (20) to physicians at 7 Ontario hospitals in 2019.  However, this 

study showed that this attribution method was the least comprehensive, capturing a mean 

of only 40% of patients that a physician may have cared for (table 2).  This means that 

60% (majority) of the care provided by a physician would not have contributed to the 

calculation of a physician’s performance. 

The STRICT method may select a subset of each physician’s patients that are 

systematically different than other patients.  At the physician level, the age, Charlson 

comorbidity index, and LAPS using the STRICT attribution method do differ the most 

from the hospital’s overall patient population when compared to all other attribution 

methods.  However, their absolute differences are small and may not lead to meaningful 

impact.  Differences in patients’ sex, percent admitted on weekend, percentage of day 

time admissions, percentage admitted to GIM in previous 30 days do not seem to differ 

from other attribution methods.  In terms of diagnoses (table 10), the STRICT attribution 
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method differs the most (1.2% difference) for the group of conditions defined by 

delirium, dementia, and cognitive impairment.  It may be the case that patients with these 

diagnoses have generally longer length of stay (38) and may less likely to be include by 

the STRICT attribution method due to its restriction on length of stay. 

In terms of specific quality indicators, the STRICT attribution method resulted in 

average length of stay that were 4.7 to 6.8 days shorter at the individual physician level 

than when other attribution methods were used to calculate the average length of stay for 

physicians (see table 11).  This is not surprising as the STRICT attribution method 

includes hospitalizations that had a short length of stay (less than 14 days).  However, the 

ranking of physicians per hospital using the STRICT attribution method also had poor 

correlation with other attribution methods.  This may suggest a physician’s performance 

for length of stay using the STRICT attribution method may be different than if 

calculated by other methods. 

For the other three quality indicators, the STRICT attribution method at the 

physician level tend to have minimally lower re-admission rates (by 0.1 to 0.5%), lower 

in-patient mortality (by 1 to 2%), and less use of advanced imaging (by 0.4 to 0.5 tests 

per hospitalization) than with other attribution methods.  This may be due to the specific 

patient characteristics captured using the STRICT attribution method.  However, unlike 

with length of stay, the STRICT attribution methods have strong correlation in terms of 

physician ranking when compared to other attribution methods, indicating, that it may 

still be a fair representation of a physician’s general performance. 
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Trade-offs for the MRP attribution method 
 

The most responsible physician (MRP) has been defined by Canadian Institute for 

Health Information (CIHI) to be the physician who is responsible for the longest duration 

of stay or greatest resource use (22).  It is assigned by a trained health information 

professional by reviewing the hospital record after a patient’s discharge.  There is, 

therefore, an intuitive appeal to using this attribution method when computing quality 

indicators for audit and feedback intervention as the attributed physician should be the 

“most responsible” one among all physicians involved as determined by a trained 

reviewer (and may be perceived as less arbitrary). 

In this study, the MRP attribution method was more comprehensive than the 

STRICT method, and performed similarly to the ADMIT and DISCHARGE attribution 

methods, all capturing about 70% of patients a physician was known to be involved in in 

any capacity (table 2).  The MRP attribution method also produces, for individual 

physicians, patient populations that are quite similar to hospital’s overall population in all 

patient characteristics examined (see tables 3 to 10).  The quality indicators generated 

may be appropriate for benchmarking. 

For specific quality indicators, it has strong or very strong correlation with other 

attribution methods for readmission within 30 days (rank correlation 0.85 to 0.97, with 

absolute difference between 0 and 0.4%), in-patient mortality (rank correlation 0.73 to 

0.96, with absolute difference between 1.1% and 0.1%), and use of advanced imaging 

(rank correlation 0.73 to 0.96 with absolute difference of 0.4 to 0 tests per 

hospitalization).  It may suggest that this attribution method reasonably capture a 

physician’s performance.  In terms of average length of stay, like all other attribution 
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methods, it produces different results than STRICT (a mean of 4.7 days longer across all 

physicians, rank correlation 0.52) as explained above.  It is most consistent with 

DISCHARGE (absolute difference 0 days, rank correlation 0.87).  In most cases, the 

discharging physician decides when the patient leaves the hospital (and may influence 

length of stay this way) but this in itself may not explain this completely as the 

discharging physician may not have influence over the length of stay that has already 

been accrued prior to his/her involvement in patient care. 

Trade-offs for the ANY attribution method 
 

The ANY attribution method is the most comprehensive as it captures all patients 

that the physician cared for in any role (admitting, discharge, or most responsible).  

However, in reality, this does not capture all patients that the physician has had an 

involvement as the administrative roles (admitting, discharging, most responsible) only 

capture a subset of care providers.  For example, if a patient has had an 8 week stay, and 

physicians changed every 2 weeks, that there may actually be 4 physicians involved but 

the administrative data will only capture a subset (at most 3) of these.  In addition, there 

is often overnight and weekend coverage that may not be captured by administrative 

datasets at all.  Nevertheless, it is the most comprehensive of all the attribution methods 

considered in this study. 

In terms of comparability, the ANY attribution method produces patient 

population for each physician that are quite similar to that of the local hospital for all 

characteristics examined. 
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In terms of specific quality indicators, it produces results consistent with other 

attribution methods for re-admission within 30 days (rank correlation 0.83 to 0.95; 

absolute difference of 0 to 0.4%).  For in-patient mortality and use of advanced imaging, 

it is consistent with all other attribution methods in terms of ranking of physician (rank 

correlation 0.75 to 0.89 and 0.73 to 0.92 respectively) but differ the most from the 

STRICT method (absolute difference of 2% in in-patient mortality and 0.5 tests per 

patient for used of advanced imaging).  For average length of stay, it did differ from 

STRICT, but also from other attribution methods (1.7 days longer than ADMIT, 2.1 days 

longer than DISCHARGE, and 2.1 days longer than MRP) with generally poor rank 

correlation (0.27 to 0.77). 

Attribution methods in context across hospitals 
 

The patients captured by each attribution method (comprehensiveness) are 

sensitive to local models of care.  In our study, we included 7 hospitals, with a mix of 

academic and community teaching hospitals in the Greater Toronto Area.  There are 

differences in model of care.  For example, some models of care involve a dedicated 

physician in the Emergency Department admitting patients rather than the attending 

physician taking turn admitting patients from the Emergency Department.  In the former 

case, the admitting physician may less likely to also be the most responsible and 

discharging physicians, thereby making the STRICT method have less 

comprehensiveness at these hospitals.  From table 2, hospitals D and E have particular 

low comprehensiveness (35% and 16% respectively) and likely reflect model of care 

differences. 
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Despite this, it is reassuring to know that patient populations at the physician level 

produce by the different attribution methods are comparable to the overall local hospital 

patient population for most patient characteristics (age, sex, Charlson Comorbidity Index, 

admission to GIM 30 days prior, illness severity), except for those expected to be 

associated with model of care differences (percentage of patients admitted on weekends 

and day time admissions). 

Informing future physician audit and feedback interventions 

This study highlights the need to consider physician attribution methods when 

implementing physician audit and feedback interventions.  This is especially true in 

contexts where attribution methods are not straight forward (e.g. as in the case of general 

medicine in-patient care where multiple physicians are involved to varying degrees and 

their involvement change over time).  The result of this study highlights that there are 

trade-offs with each attribution method and that the “optimal” method likely depends on 

a number of data and non-data related factors. 

Although the analyses performed in this study do not in themselves answer the 

question of what is the most appropriate physician attribution method, they certainly 

produce results that are very valuable in informing these discussions.  For example, in the 

case of the General Medicine Quality Improvement Network (GeMQIN) in Ontario, our 

results suggest that the current method of physician attribution method (STRICT) 

captures only a small proportion of patient care delivered by physician to the population 

of interest.  For hospitals with certain model of care (e.g. those with dedicated admission 

physician who do not become the attending physician of the patient), this is even more 

true.  These analyses with real data also show that there are other viable attribution 
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methods that have improved comprehensiveness, similar comparability and consistency 

with existing attribution method (e.g. MRP as described above).  The GeMQIN program 

has therefore decided that in the next iteration of MyPractice Report (scheduled to be 

released in early 2021) to use the MRP attribution method for the two hospitals that 

showed particular low comprehensiveness as shown in this analysis. 

The results also highlight that model of care differences do affect performance of 

attribution methods.  This raises the question of whether attribution method should be 

different based on local contextual factors.  If so, how does this affect the use of these 

quality indicators for benchmarking across hospitals with different models of care. 

The results also indicate that attribution methods can have different performance 

for different quality indicators.  In the analyses presented, length of stay is a particular 

problematic one.  The attribution method used can generate vastly different results and 

the results from different attribution methods for the same physician are not consistent.  It 

raises the question of what the indicator truly measures.  It also raises the issue of 

whether each indicator should use an attribution method that is most appropriate, and that 

different quality indicators of the same intervention may need different attribution 

methods.  If so, does this complexity add to the challenge of interpretation by the 

physician and whether that is actually helpful or not.  These questions remain 

unanswered. 

On the other hand, the result of this study can also be used by those implementing 

audit-and-feedback interventions to reassure physicians that for most indicators (with the 

exception of length of stay), different attribution methods for general medicine in-patient 
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care across multiple hospitals do seem to produce consistent results (in terms of physician 

ranking) and only minor differences in quality indicator values. 

How to incorporate information produced by this study into the design process of 

future audit and feedback interventions, possibly using consensus methods (26), is an 

area of future research. 

Strengths and Limitations 

The strengths of this study include use of a large data set (more than 222,000 

hospitalizations) from 7 hospitals over 7 years that reflected data generated through real 

patient care.  The 7 hospitals are a mix of academic and community teaching hospitals 

with a variety of models of care, which made comparing performances of attribution 

methods with different models of care possible.  The methods employed in this study can 

be applied to other audit-and-feedback interventions, organizations, and quality indicators 

to inform selection of appropriate physician attribution methods of future audit-and-

feedback interventions. 

Limitations of this study include the fact that attribution methods considered are 

only the ones feasible within the GEMINI dataset (which consists of both administrative 

and clinical data).  Other studies on physician attribution have used billing data to 

ascertain physician involvement in care (35-37) but were not available within the 

GEMINI dataset.  Also, even though the dataset was derived from 7 hospitals with 

different models of care, these hospitals were all in the urban or sub-urban setting.  It is 

unclear whether the findings of this study are generalizable to other provinces in Canada, 
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or to rural areas where the model of care may be different still (e.g. involving patient’s 

own community family physician). 
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Chapter 5: Conclusion 
 
 

In general medicine in-patient care where multiple physicians are involved with 

varying degree of responsibilities that change over time, physician attribution method 

used when implementing an audit and feedback intervention deserve thoughtful 

considerations.  Different physician attribution methods can produce different results for 

individual physician.   

For general medicine in-patient care, different physician attribution methods have 

different comprehensiveness in capturing care provided by an individual physician, but 

all seem to produce similar patient populations suitable for comparison with only minor 

differences.  The quality indicators of 30-day re-admission, in-patient mortality, and use 

of advanced imaging seem to produce results with only minor differences and consistent 

physician ranking when different physician attribution methods were used.  The quality 

indicator of length of stay did not. 

Understanding the comprehensiveness, comparability, consistency, and 

generalizability of the attribution method(s) used can inform thoughtful decision of the 

appropriate attribution method for a particular audit and feedback intervention.  How to 

incorporate such information into the design process of audit and feedback interventions 

is an area of future research. 
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