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eAppendix A. Individual measures used to construct the overall, process, and intermediate outcome quality composite scores 

The score for each individual measure was computed by multiplying the percentage of a physician’s patients who met the standard by 
the measure’s weight. For process measures, if the percentage of patients meeting the standard fell below the minimum criteria the 
physician was assigned a score of zero for that measure. The minimum criteria were developed by an expert panel to reflect the 
minimally acceptable level of care for a physician’s diabetic and/or hypertensive patient and were also used to create weights for 
scoring with the Dunn-Rankin method (Dunn-Rankin P. Scaling methods. Hillsdale, NJ: Lawrence Erlbaum; 1983). Total scores were 
computed by summing each physician’s individual scores and then normalized the score to a zero to one scale (i.e. percentage) by 
dividing by the maximum possible score (i.e. the sum of the weights). The physicians in the sample had an average overall quality 
score of 70.1% (SD=12.3%); an average process quality score of 77.6% (SD=18.2%); and an average intermediate outcomes quality 
score of 65.9% (SD=13.2%). 

Quality measure Measure criteria Minimum 
criteria Weight 

% Patient 
meeting 
standard, 

mean 
(SD) 

Score, 
mean 
(SD) 

Diabetes measures           
Process measures           
Eye exam Within prior 13 months or 25 months if no retinopathy 28.8 9 50.0 

(27.9) 
4.2 (2.9) 

Urinary protein 
assessment 

Within prior 13 months, prior positive test for 
nephropathy, or are receiving ACE/ARB therapy 
(excludes ESRD patients) 

73.1 10 90.9 
(15.2) 

8.6 (2.8) 

Foot exam Within prior 13 months (excludes patients with 
amputation of both feet) 

35.6 4 59.8 
(36.8) 

2.3 (1.6) 

Smoking cessation 
counseling 

Within prior 13 months or documented non-smoker 67.5 7 96.8 (7.5) 6.7 (0.8) 

Intermediate outcome 
measures 

     

HbA1c control Most recent HbA1c <= 9.0% within the last 13 months na 10 87.8 
(11.7) 

8.8 (1.2) 



 
 

HbA1c superior control Most recent HbA1c <= 7.0% or <=8.0% if age >=65 or 
had cardiovascular disease or end stage renal disease or 
significant vision loss. Tested within the last 13 months 

na 7 67.5 
(17.0) 

4.7 (1.2) 

Blood pressure control Most recent blood pressure <140/90 mm Hg within last 
13 months 

na 10 76.2 
(14.2) 

7.6 (1.4) 

Blood pressure superior 
control 

Most recent blood pressure <130/80 mm Hg within last 
13 months 

na 9 42.2 
(15.8) 

3.8 (1.4) 

LDL control Most recent LDL <130 mg/dl within the last 13 months na 10 83.0 
(14.2) 

8.3 (1.4) 

LDL superior control Most recent LDL <100 md/dl within the last 13 months na 8 63.3 
(16.7) 

5.1 (1.3) 

Hypertension measures 
     

Process measures 
     

Aspirin (or comparable) 
therapy 

Under age 30 or low Framington risk or receiving aspirin 
or anticoagulant therapy 

58 4 69.1 
(20.0) 

2.3 (1.4) 

Lipid profile testing Within prior 25 months 57.5 5 91.0 
(15.8) 

4.5 (1.1) 

Urinary protein assessment Documented test or diagnosis of chronic kidney disease 50 4 75.4 
(26.1) 

2.8 (1.4) 

Serum creatinine testing Within prior 13 months 67.5 4 93.1 
(13.6) 

3.7 (0.8) 

Diabetes screening Documented test or diagnosis of diabetes 81.7 4 94.0 
(13.4) 

3.5 (1.2) 

Smoking cessation 
counseling 

Within prior 13 months or documented non-smoker 80 5 97.1 (6.8) 4.8 (0.7) 

Diet & physical activity 
counseling 

Received any of the following dietary counseling: (1) 
Dietary saturated fat and cholesterol restriction for 
patients with heart disease, peripheral vascular disease, 
stroke or heart attack, diabetes, history of elevated LDL 
or low HDL, or overweight/obese; (2) Calorie restriction 
as part of weight reduction program for overweight/obese 
patients; (3) DASH eating plan; (4) Dietary sodium 
restriction; (5) Increased fruits, vegetables, and/or soluble 

63 4 80.6 
(23.7) 

2.9 (1.5) 



 
 

fiber. Documented activity status and exercise counseling 
for inactive patients. 

Intermediate outcome 
measures 

     

Blood pressure control Blood pressure <140/90 mm or <130/80 mm Hg with 
chronic kidney disease or diabetes. Tested within last 13 
months. 

na 29 56.8 
(16.4) 

16.4 
(4.7) 

LDL control LDL <160 mg/dl; or <100 mg/dl with coronary heart 
disease, stroke, peripheral artery disease or diabetes; or 
<130 mg/dl with coronary heart disease, stroke, 
peripheral artery disease or diabetes and either of the 
following risk factors: low HDL (<40 mg/dl), on HDL 
raising medication, age >=45 for men or >= 55 for 
women, family history of coronary heart disease, or 
smoking (or two risk factors if HDL >=60 mg/dl). Tested 
within last 13 months. 

na 25 67.9 
(17.6) 

17.0 
(4.4) 

 
  



 
 

 
eAppendix B. Regression adjusted relationship between physician quality and practice infrastructure overall  

Regression adjusted overall care quality scores (mean 70.1%, SD 12.3%) were higher among physicians with top quintile practice 
infrastructure than those in the bottom quintile (3.9 percentage point difference: 95% CI 1.8 to 5.9, p<0.001). This positive 
relationship was also observed between process quality (mean 77.6%, SD 18.2%) and practice infrastructure (p<.001). No significant 
relationship was observed between intermediate outcomes quality (mean 65.9%, SD 13.2%) and practice infrastructure scores 
(p=0.27).  

  

 Quality measure 
  

Practice infrastructure score quintile, percentage point (95% CI)a Overall 
P-value Q1  

(0 to 45) 
Q2 

(46 to 58) 
Q3 

(59 to 70) 
Q4 

(71 to 83) 
Q5 

(84 to 100) 
Overall quality composite score ref 0.6 (-1.2 to 2.4) 2.5 (0.7 to 4.3)** 2.1 (0.2 to 4.0)* 3.9 (1.8 to 5.9)*** P=0.003 
Process measure composite score ref 2.1 (-0.6 to 4.8) 5.1 (2.4 to 7.8)*** 4.9 (2.1 to 7.6)*** 7.3 (4.4 to 10.3)*** P<.001 
Intermediate outcome 
composites score ref -0.2 (-2.1 to 1.7) 1.1 (-0.7 to 2.9) 0.6 (-1.5 to 2.6) 1.9 (-0.2 to 4.0) P=0.27 

* P<0.05; ** P<0.01; *** P<0.001 
aAdjusted for patient panel characteristics (% female and in age and racial groups, % with language and/or insurance barriers), practice 
characteristics (practice type, practice size, rural practice, HHS region, zip code–level median household income, hospital service area 
age, sex, and race–adjusted Medicare mortality rates), and physician characteristics (training and nativity, gender, round of MOC 
completed and year and type of PIM completed). 
 



 
 

eAppendix C. Probit regression coefficients with the overall quality composite score as the 
dependent variable 
 

Numbers of obs. = 1,301 
Wald chi2(66) = 386.31 

Prob. > chi2 = 0.000 
Pseudo R2 = 0.0145 

Overall quality composite score b (se) p 
Practice infrastructure score quintile     

Q1: <=45 ref   
Q2: 45 to 58 -0.037 (0.075) 0.62 
Q3: 59 to 70 0.005 (0.065) 0.94 
Q4: 71 to 83 0.050 (0.072) 0.49 
Q5: >83 0.021 (0.067) 0.75 

Exam score quintile     
   Q1: <443 ref   
   Q2: 443 to 491 -0.052 (0.067) 0.44 
   Q3: 492 to 535 0.025 (0.066) 0.70 
   Q4: 536 to 591 -0.041 (0.067) 0.55 
   Q5: >591 -0.071 (0.061) 0.24 
Practice infrastructure (PI) by Exam score 
interactions     

Exam Q2*PI score Q2 0.049 (0.098) 0.62 
Exam Q2*PI score Q3 0.092 (0.086) 0.28 
Exam Q2*PI score Q4 -0.083 (0.095) 0.38 
Exam Q2*PI score Q5 0.031 (0.099) 0.75 
Exam Q3*PI score Q2 0.018 (0.096) 0.85 
Exam Q3*PI score Q3 0.008 (0.088) 0.93 
Exam Q3*PI score Q4 -0.042 (0.097) 0.67 
Exam Q3*PI score Q5 0.074 (0.089) 0.41 
Exam Q4*PI score Q2 0.067 (0.092) 0.47 
Exam Q4*PI score Q3 0.077 (0.093) 0.41 
Exam Q4*PI score Q4 0.044 (0.093) 0.64 
Exam Q4*PI score Q5 0.154 (0.097) 0.11 
Exam Q5*PI score Q2 0.117 (0.091) 0.20 
Exam Q5*PI score Q3 0.146 (0.081) 0.07 
Exam Q5*PI score Q4 0.127 (0.088) 0.15 
Exam Q5*PI score Q5 0.208 (0.084) 0.01 

Practice type     
  Group/office-based ref   
  Academic/teaching 0.057 (0.041) 0.17 
  Other (e.g. VA, military)   -0.105 (0.034) 0.002 
Practice size     
  Solo ref   
  2 to 10 physicians -0.023 (0.025) 0.36 



 
 

  11 or more physicians 0.025 (0.027) 0.35 
  Unknown -0.179 (0.056) 0.001 
PIM completed     
  Hypertension ref   
  Diabetes 0.067 (0.018) <.001 
Year PIM completed     

2011 ref   
2012 -0.063 (0.024) 0.009 
2013 -0.076 (0.025) 0.002 
2014 -0.123 (0.037) 0.001 

Round on MOC     
  First ref   
  Second 0.023 (0.019) 0.23 
Training and nativity     
  International born: international medical 
school ref   
  US born: international medical school 0.022 (0.052) 0.67 
  International born: US medical school -0.055 (0.032) 0.09 
  US born: US medical school 0.028 (0.061) 0.65 
Female physicians 0.112 (0.021) <.001 
Unknown median household income 0.086 (0.053) 0.11 
Median household income  0.000 (0.000) 0.85 
Rural practice -0.112 (0.031) <.001 
Health and Human Service (HHS) region     

HHS Region 1: Boston ref   
HHS Region 2: New York -0.050 (0.040) 0.21 
HHS Region 3: Philadelphia -0.058 (0.040) 0.15 
HHS Region 4: Atlanta -0.047 (0.036) 0.19 
HHS Region 5: Chicago -0.064 (0.038) 0.09 
HHS Region 6: Dallas -0.032 (0.044) 0.47 
HHS Region 7: Kansas City -0.017 (0.058) 0.76 
HHS Region 8: Denver -0.023 (0.068) 0.74 
HHS Region 9: San Francisco -0.056 (0.041) 0.17 
HHS Region 10: Seattle -0.103 (0.073) 0.16 

Unknown HHS region -0.397 (0.214) 0.06 
Hospital Service Area (HSA) Medicare 
mortality rate (sex/age/race adjusted) -0.059 (0.020) 0.004 
Unknown Medicare mortality rate 0.160 (0.192) 0.40 
% Female patients -0.229 (0.055) <.001 
% Patients with language barriers -1.006 (0.207) <.001 
% Patient with healthcare costs/insurance 
barriers -0.019 (0.057) 0.75 
% Patient age     
  <45 years old ref   
  45-54 years old 0.556 (0.171) 0.001 



 
 

  55-64 years old 0.872 (0.131) <.001 
  65-74 years old 0.933 (0.130) <.001 
  >75 years old 0.788 (0.121) <.001 
  Unknown -1.197 (3.802) 0.75 
% Patient race     
  White NH ref   
  Black NH -0.083 (0.049) 0.09 
  Hispanic -0.107 (0.051) 0.03 
  Asian/ PI 0.113 (0.063) 0.07 
  Other -0.014 (0.089) 0.88 
Constant 0.231 (0.167) 0.17 

 



 
 

eAppendix D. Comparison of control variables across quintiles of practice infrastructure   
 
Overall, mean comparisons indicate that there was slightly negative relationship between MOC exam score and our practice 
infrastructure measure (p=0.04). Practice infrastructure was also related to their training (p<0.001) and cycle of MOC (p=0.02) as well 
as their practice size (p=0.03), type (p<.001), and US region (p=0.04). Patient panel characteristics were similar across practices with 
different levels of practice infrastructure (Ps>0.19) except that physicians in the highest infrastructure practices had significantly fewer 
female patients (p=0.01). 
 

 Characteristics Total 
Practice infrastructure score quintile P-

value 
Q1 

(0 to 45) 
Q2 

(46 to 58) 
Q3 

(59 to 70) 
Q4 

(71 to 83) 
Q5 

(83 to 100) 
 

Physician characteristics              
Exam score quintile, No. (col %)              

Q1 (<443) 263 (20.2) 48 (18.4) 38 (14.4) 62 (24.1) 55 (20.9) 60 (23.3)  
Q2 (443 to 491) 258 (19.8) 54 (20.7) 49 (18.6) 51 (19.8) 51 (19.4) 53 (20.6)  
Q3 (492 to 535) 265 (20.4) 43 (16.5) 55 (20.9) 47 (18.3) 62 (23.6) 58 (22.6) 0.04 
Q4 (536 to 591) 257 (19.8) 50 (19.2) 71 (27.0) 47 (18.3) 47 (17.9) 42 (16.3)  
Q5 (>591) 258 (19.8) 66 (25.3) 50 (19.0) 50 (19.5) 48 (18.3) 44 (17.1)  

    Training and nativity, No. (col %)        
US born and medical school 591 (45.4) 131 (50.2) 139 (52.9) 128 (49.8) 117 (44.5) 76 (29.6)  
US born: International medical school 47 (3.6) 31 (11.9) 19 (7.2) 29 (11.3) 20 (7.6) 26 (10.1) <.001 
International born: US medical school 125 (9.6) 13 (5.0) 8 (3.0) 9 (3.5) 11 (4.2) 6 (2.3)  
International born and medical school 538 (41.4) 86 (33.0) 97 (36.9) 91 (35.4) 115 (43.7) 149 (58.0)  

Female physicians, No. (col %) 549 (42.2) 109 (41.8) 106 (40.3) 110 (42.8) 106 (40.3) 118 (45.9) 0.68 
PIM completed, No. (col %)        

Hypertension 718 (55.2) 149 (57.1) 140 (53.2) 138 (53.7) 143 (54.4) 148 (57.6) 0.79 
Diabetes 583 (44.8) 112 (42.9) 123 (46.8) 119 (46.3) 120 (45.6) 109 (42.4)  

Year PIM completed, No. (col %)        
2011 259 (19.9) 64 (24.5) 62 (23.6) 54 (21.0) 44 (16.7) 35 (13.6)  
2012 442 (34.0) 95 (36.4) 97 (36.9) 84 (32.7) 98 (37.3) 68 (26.5) 0.001 
2013 480 (36.9) 84 (32.2) 84 (31.9) 95 (37.0) 96 (36.5) 121 (47.1)  
2014 120 (9.2) 18 (6.9) 20 (7.6) 24 (9.3) 25 (9.5) 33 (12.8)  



 
 

Round of MOC, No. (col %)        
First 850 (65.3) 157 (60.2) 173 (65.8) 158 (61.5) 174 (66.2) 188 (73.2) 0.02 
Second 451 (34.7) 104 (39.8) 90 (34.2) 99 (38.5) 89 (33.8) 69 (26.8)  

Practice characteristics        
Practice type, No. (col %)        

Group/office-based 1,086 (83.5) 227 (87.0) 222 (84.4) 226 (87.9) 208 (79.1) 203 (79.0)  
Academic/teaching 50 (3.8) 15 (5.7) 8 (3.0) 9 (3.5) 13 (4.9) 5 (1.9) <.001 
Other (e.g., VA, military)   165 (12.7) 19 (7.3) 33 (12.5) 22 (8.6) 42 (16.0) 49 (19.1)  

Practice size, No. (col %)        
Solo 294 (22.6) 62 (23.8) 57 (21.7) 70 (27.2) 52 (19.8) 53 (20.6)  
2 to 10 physicians 590 (45.3) 125 (47.9) 140 (53.2) 109 (42.4) 108 (41.1) 108 (42.0) 0.03 
11 or more physicians 378 (29.1) 67 (25.7) 58 (22.1) 70 (27.2) 94 (35.7) 89 (34.6)  
Unknown 39 (3.0) 7 (2.7) 8 (3.0) 8 (3.1) 9 (3.4) 7 (2.7)  

Health and Human Service (HHS) region, 
No. (col%)        

HHS Region 1: Boston 94 (7.2) 16 (6.1) 14 (5.3) 17 (6.6) 25 (9.5) 22 (8.6)  
HHS Region 2: New York 178 (13.7) 40 (15.3) 46 (17.5) 33 (12.8) 34 (12.9) 25 (9.7)  
HHS Region 3: Philadelphia 143 (11.0) 37 (14.2) 26 (9.9) 25 (9.7) 26 (9.9) 29 (11.3)  
HHS Region 4: Atlanta 277 (21.3) 49 (18.8) 55 (20.9) 59 (23.0) 54 (20.5) 60 (23.3)  
HHS Region 5: Chicago 225 (17.3) 33 (12.6) 37 (14.1) 52 (20.2) 53 (20.2) 50 (19.5) 0.04 
HHS Region 6: Dallas 109 (8.4) 21 (8.0) 35 (13.3) 18 (7.0) 20 (7.6) 15 (5.8)  
HHS Region 7: Kansas City 36 (2.8) 6 (2.3) 12 (4.6) 5 (1.9) 10 (3.8) 3 (1.2)  
HHS Region 8: Denver 28 (2.2) 6 (2.3) 4 (1.5) 8 (3.1) 6 (2.3) 4 (1.6)  
HHS Region 9: San Francisco 160 (12.3) 41 (15.7) 26 (9.9) 34 (13.2) 23 (8.7) 36 (14.0)  
HHS Region 10: Seattle 31 (2.4) 7 (2.7) 5 (1.9) 5 (1.9) 8 (3.0) 6 (2.3)  
Unknown HHS region 20 (1.5) 5 (1.9) 3 (1.1) 1 (0.4) 4 (1.5) 7 (2.7)  

Rural practice, No. (col %) 112 (8.6) 28 (10.7) 25 (9.5) 28 (10.9) 19 (7.2) 12 (4.7) 0.06 
Median household income (Zip code), mean 
(SD) 

61,008 
(26,084) 

61,787 
(26,699) 

61,752 
(26,643) 

61,881 
(26,382) 

60,660 
(26,352) 

58,862 
(24,289) 0.66 

Unknown median household income, No. 
(%) 49 (3.8) 10 (3.8) 8 (3.0) 3 (1.2) 15 (5.7) 13 (5.1) 0.06 



 
 

Hospital Service Area (HSA) Medicare 
mortality rate (age, sex, and race adjusted), 
mean (SD) 

4.5 (0.6) 4.4 (0.6) 4.5 (0.6) 4.5 (0.6) 4.5 (0.5) 4.5 (0.5) 0.97 

Unknown Medicare mortality rate, No. (%) 22 (1.7) 6 (2.3) 3 (1.1) 1 (0.4) 4 (1.5) 8 (3.1) 0.14 
Mean patient panel characteristics        

% Female patients, mean (SD) 50.4 (19.6) 53.2 (15.9) 51.4 (18.0) 51.0 (18.9) 48.5 (20.4) 48.0 (23.5) 0.01 
% Patients with language barriers, mean 
(SD) 1.1 (4.2) 1.1 (3.6) 0.9 (3.4) 1.2 (4.0) 1.3 (6.6) 0.9 (2.5) 0.73 

% Patient with healthcare costs/insurance 
barriers, mean (SD) 6.9 (14.4) 7.4 (14.1) 6.7 (13.2) 7.3 (15.3) 7.4 (15.2) 5.8 (14.4) 0.67 

% Patient age groups, mean (SD)        
<45 years old 7.3 (8.6) 7.7 (9.8) 7.6 (9.4) 7.1 (7.2) 6.7 (7.1) 7.6 (9.1) 0.61 
45-54 years old 15.6 (10.4) 15.3 (10.1) 15.5 (10.3) 15.9 (10.0) 16.0 (11.3) 15.0 (10.2) 0.83 
55-64 years old 27.3 (11.5) 26.9 (12.5) 27.6 (11.7) 27.7 (11.3) 27.2 (10.4) 26.9 (11.5) 0.88 
65-74 years old 29.3 (12.5) 28.5 (12.3) 29.0 (13.3) 29.3 (11.5) 28.6 (11.9) 30.9 (13.1) 0.19 
>75 years old 20.5 (14.4) 21.5 (15.0) 20.2 (15.4) 20.0 (14.0) 21.4 (13.5) 19.6 (13.8) 0.42 
Unknown <0.1 (0.2) <0.1 (<0.1) <0.1 (0.2) <0.1 (<0.1) <0.1 (0.3) <0.1 (<0.1) 0.26 

% Patient race groups, mean (SD)        
White non-Hispanic (NH) 63.3 (31.9) 62.6 (31.9) 63.6 (31.8) 64.2 (32.1) 65.1 (31.1) 60.8 (32.8) 0.59 
Black NH 16.3 (22.5) 16.6 (22.2) 15.9 (22.2) 15.3 (22.8) 15.2 (20.2) 18.7 (24.8) 0.37 
Hispanic 10.7 (19.4) 9.9 (18.3) 11.2 (20.1) 10.6 (19.1) 10.5 (19.0) 11.3 (20.6) 0.91 
Asian/ PI NH 6.4 (17.0) 7.3 (17.6) 5.4 (15.9) 6.7 (17.3) 6.1 (17.8) 6.4 (16.2) 0.77 
Other 2.5 (9.4) 2.5 (8.7) 3.2 (11.4) 2.8 (10.8) 2.2 (8.1) 1.8 (7.1) 0.49 

 
 


