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Supplemental Appendix Figure 1: Pseudo Coefficient of Determination (Pseudo R^2) between Mortality Rates (or YLL 
Rates) and HOLC Redlining Score Across Time.   
 

 
 
Note: These Pseudo Coefficient of Determination trends are based on stratified (by year) spatial autoregressive models 
that allow for spatial correlation across the outcomes and HOLC Grade Score measures.  
 
 
 
 
 
 
 
  



Appendix A – Cause Definition for Diabetes Mellitus Based on ICD9 and ICD10 Codes 
 
Table S1 (below) lists the ICD9 and ICD10 codes used to define diabetes Mellitus cause specific deaths.  
 
Table S1: Diabetes Mellitus Cause of Death Definition Based on ICD9 and ICD10 Codes 
 

Cause ICD9 ICD10 

Diabetes Mellitus 250-250.39, 250.5-250.99, 
357.2, 775.0- 775.1, 790.2-
790.22  
 

E10-E10.11, E10.3-E11.1, 
E11.3-E12.1, E12.3-
E13.11, E13.3-E14.1, 
E14.3- E14.9, P70.0-
P70.2, R73-R73.9  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Appendix B – Additional Results  
 
B1 -- Unadjusted Ordinary Least Squares Regression Results 
 
Tables S2-S3 provide results based on ordinary least squares regressions. As can be seen, these are qualitatively similar 

to our main results within Tables 2-3 of the main text.  

 
Table S2: Unadjusted Ordinary Least Squares Regression Results Across Cause Specific Mortality Rates for the Years 
1990, 2000, 2010 and 2014.  

Cause: Diabetes mellitus All cause 

Year: 1990 2000 2010 2014 1990 2000 2010 2014 

Panel A: Continuous HOLC Exposure     

HOLC Grade 
(Score 1-4)  

0.33*** 0.37*** 0.35*** 0.36*** 0.16*** 0.16*** 0.15*** 0.16*** 

(0.26 – 0.40) (0.30 – 0.43) (0.28 – 0.41) (0.29 – 0.44) (0.12 – 0.20) (0.12 – 0.19) (0.11 – 0.19) (0.11 – 0.21) 

         

Observations 109 109 109 109 109 109 109 109 

Pseudo R2 0.43 0.49 0.44 0.42 0.40 0.40 0.33 0.32 

Panel B: Binary HOLC Exposure of A/B Vs. C/D     

HOLC Grade 
(A/B Vs. C/D) 

0.45*** 0.49*** 0.47*** 0.50*** 0.21*** 0.21*** 0.21*** 0.23*** 

(0.33 – 0.56) (0.38 – 0.61) (0.35 – 0.59) (0.37 – 0.63) (0.15 – 0.27) (0.16 – 0.27) (0.15 – 0.28) (0.16 – 0.29) 

         

Observations 109 109 109 109 109 109 109 109 

Pseudo R2 0.35 0.39 0.36 0.34 0.32 0.34 0.29 0.29 

Note: The outcome measure is age standardized and in logarithms. Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
 
  



 
Table S3: Unadjusted Ordinary Least Squares Regression Results Across Cause Specific Years of Life Lost Rates for the 
Years 1990, 2000, 2010 and 2014. 

Cause: Diabetes mellitus All cause 

Year: 1990 2000 2010 2014 1990 2000 2010 2014 

Panel A: Continuous HOLC Exposure     

HOLC Grade 
(Score 1-4)  

0.37*** 0.41*** 0.40*** 0.42*** 0.25*** 0.25*** 0.25*** 0.26*** 

(0.30 - 0.44) (0.34 - 0.47) (0.34 - 0.47) (0.35 - 0.50) (0.20 - 0.30) (0.21 - 0.30) (0.20 - 0.30) (0.21 - 0.31) 

         

Observations 109 109 109 109 109 109 109 109 

Pseudo R2 0.48 0.53 0.50 0.48 0.49 0.53 0.50 0.48 

Panel B: Binary HOLC Exposure of A/B Vs. C/D     

HOLC Grade 
(A/B Vs. C/D) 

0.51*** 0.55*** 0.55*** 0.58*** 0.34*** 0.34*** 0.34*** 0.35*** 

(0.39 - 0.63) (0.43 - 0.67) (0.43 - 0.68) (0.45 - 0.72) (0.26 - 0.42) (0.27 - 0.42) (0.26 - 0.42) (0.27 - 0.43) 

         

Observations 109 109 109 109 109 109 109 109 

Pseudo R2 0.39 0.43 0.41 0.40 0.38 0.43 0.41 0.41 

Note: The outcome measure is age standardized and in logarithms. Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
 
 
 
 
 
 
 
 
 
  



B2 -- Spatial Autoregressive Model Mean Difference Across HOLC Grade A/B and C/D. 
 
Table 1 (within main paper) notes that mean differences (across HOLC A/B and C/D graded areas) are significant 

(p<0.001) when adjusting for spatial autocorrelation in terms of our outcome and exposure measures.  Tables S6-7 below 

provide the spatial model estimates that indicate this result. Please note that for these specifications, the outcome is not in 

logarithms, but in its raw rate form as in Table 1 of the main text.  

 
 
 
Table S4: Spatial Autoregressive Model Regression Results Across Cause Specific Mortality Rates for the Years 1990, 
2000, 2010 and 2014.  

Cause: Diabetes mellitus All cause 

Year: 1990 2000 2010 2014 1990 2000 2010 2014 

HOLC Grade 
(A/B Vs. C/D) 

14.01*** 16.49*** 11.04*** 11.54*** 307.42*** 238.18*** 171.08*** 170.64*** 

(10.16 - 
17.85) 

(13.21 - 
19.77) 

(8.92 - 
13.16) 

(9.15 - 
13.93) 

(219.23 - 
395.61) 

(179.00 - 
297.36) 

(125.60 - 
216.56) 

(124.57 - 
216.71) 

Observations 109 109 109 109 109 109 109 109 

Note: The outcome measure is age standardized (across all ages). Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
  



 
 
 
Table S5: Spatial Autoregressive Model Regression Results Across Cause Specific Years of Life Lost Rates for the Years 
1990, 2000, 2010 and 2014. 

Cause: Diabetes mellitus All cause 

Year: 1990 2000 2010 2014 1990 2000 2010 2014 

HOLC Grade 
(A/B Vs. C/D) 

295.66*** 324.58*** 234.18*** 241.77*** 9,623.63*** 7,161.49*** 5,297.58*** 5,161.88*** 

(216.24 - 
375.09) 

(259.59 - 
389.58) 

(190.50 - 
277.85) 

(193.03 - 
290.51) 

(7,354.15 - 
11,893.11) 

(5,780.87 - 
8,542.10) 

(4,325.25 - 
6,269.91) 

(4,182.71 - 
6,141.05) 

Observations 109 109 109 109 109 109 109 109 

Note: The outcome measure is age standardized (across all ages). Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
 
 
 
 
 
 
 
 
 
  



B3 – Pooled OLS Estimates with HOLC Grade Score and Year Interactions 
 
Here we provide additional results that examine the degree to which the HOLC Grade Score Estimated marginal effect 

changes between years. This can be seen by examining the significance of the HOLC-Grade-Score and year interactions 

within Tables S6-S7. These tables indicate that there is little to no change between years.   

 
Table S6: Pooled Ordinary Least Squares Regression Results Across Cause Specific Mortality Rates with HOLC Grade 
Score and Year Indicator Interactions. 
 

Cause: Diabetes Mellitus All-Cause 

 Log (Mortality) Log (Mortality) 

HOLC Grade 
(Score 1-4) 

0.33*** 0.16*** 

(0.26 - 0.40) (0.12 - 0.20) 

1991 * HOLC Grade 0.01 0.00 

 (-0.09 - 0.10) (-0.05 - 0.06) 

1992 * HOLC Grade 0.01 0.00 

 (-0.09 - 0.10) (-0.05 - 0.06) 

1993 * HOLC Grade 0.01 0.01 

 (-0.08 - 0.11) (-0.05 - 0.06) 

1994 * HOLC Grade 0.02 0.01 

 (-0.08 - 0.11) (-0.05 - 0.06) 

1995 * HOLC Grade 0.02 0.00 

 (-0.07 - 0.11) (-0.05 - 0.06) 

1996 * HOLC Grade 0.03 0.00 

 (-0.07 - 0.12) (-0.05 - 0.06) 

1997 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.05 - 0.05) 

1998 * HOLC Grade 0.03 -0.00 

 (-0.06 - 0.13) (-0.05 - 0.05) 

1999 * HOLC Grade 0.03 -0.00 



 (-0.06 - 0.13) (-0.06 - 0.05) 

2000 * HOLC Grade 0.04 -0.00 

 (-0.06 - 0.13) (-0.06 - 0.05) 

2001 * HOLC Grade 0.04 -0.00 

 (-0.06 - 0.13) (-0.06 - 0.05) 

2002 * HOLC Grade 0.04 -0.00 

 (-0.06 - 0.13) (-0.05 - 0.05) 

2003 * HOLC Grade 0.04 0.00 

 (-0.06 - 0.13) (-0.05 - 0.06) 

2004 * HOLC Grade 0.03 -0.00 

 (-0.06 - 0.12) (-0.06 - 0.05) 

2005 * HOLC Grade 0.03 -0.00 

 (-0.06 - 0.12) (-0.06 - 0.06) 

2006 * HOLC Grade 0.02 -0.00 

 (-0.07 - 0.12) (-0.06 - 0.05) 

2007 * HOLC Grade 0.02 -0.00 

 (-0.07 - 0.12) (-0.06 - 0.05) 

2008 * HOLC Grade 0.02 -0.01 

 (-0.07 - 0.11) (-0.06 - 0.05) 

2009 * HOLC Grade 0.02 -0.00 

 (-0.07 - 0.11) (-0.06 - 0.05) 

2010 * HOLC Grade 0.02 -0.01 

 (-0.08 - 0.11) (-0.06 - 0.05) 

2011 * HOLC Grade 0.02 -0.00 

 (-0.08 - 0.11) (-0.06 - 0.05) 

2012 * HOLC Grade 0.02 -0.00 

 (-0.07 - 0.12) (-0.06 - 0.06) 

2013 * HOLC Grade 0.03 0.00 

 (-0.07 - 0.13) (-0.06 - 0.06) 

2014 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.06) 

Observations 2,725 2,725 



R-squared 0.52 0.65 

Note: The outcome measure is age standardized and in logarithms. Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
  



Table S7: Pooled Ordinary Least Squares Regression Results Across Cause Specific Mortality Rates with HOLC Grade 
Score and Year Indicator Interactions. 
 

Cause: Diabetes Mellitus All-Cause 

 Log (YLL) Log (YLL) 

HOLC Grade 
(Score 1-4) 

0.37*** 0.25*** 

(0.30 - 0.44) (0.20 - 0.30) 

1991 * HOLC Grade 0.01 0.00 

 (-0.10 - 0.11) (-0.07 - 0.07) 

1992 * HOLC Grade 0.01 0.00 

 (-0.09 - 0.11) (-0.06 - 0.07) 

1993 * HOLC Grade 0.01 0.01 

 (-0.09 - 0.11) (-0.06 - 0.07) 

1994 * HOLC Grade 0.02 0.01 

 (-0.08 - 0.11) (-0.06 - 0.08) 

1995 * HOLC Grade 0.02 0.01 

 (-0.08 - 0.11) (-0.06 - 0.07) 

1996 * HOLC Grade 0.02 0.01 

 (-0.07 - 0.12) (-0.06 - 0.07) 

1997 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

1998 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

1999 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2000 * HOLC Grade 0.04 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2001 * HOLC Grade 0.04 0.00 

 (-0.06 - 0.14) (-0.06 - 0.07) 

2002 * HOLC Grade 0.04 0.01 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2003 * HOLC Grade 0.04 0.01 



 (-0.06 - 0.14) (-0.06 - 0.07) 

2004 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2005 * HOLC Grade 0.04 0.01 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2006 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2007 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.06 - 0.07) 

2008 * HOLC Grade 0.03 -0.00 

 (-0.07 - 0.13) (-0.07 - 0.06) 

2009 * HOLC Grade 0.03 0.00 

 (-0.06 - 0.13) (-0.07 - 0.07) 

2010 * HOLC Grade 0.03 -0.00 

 (-0.06 - 0.13) (-0.07 - 0.06) 

2011 * HOLC Grade 0.04 0.00 

 (-0.06 - 0.14) (-0.07 - 0.07) 

2012 * HOLC Grade 0.04 0.00 

 (-0.06 - 0.14) (-0.07 - 0.07) 

2013 * HOLC Grade 0.05 0.01 

 (-0.05 - 0.15) (-0.06 - 0.08) 

2014 * HOLC Grade 0.05 0.00 

 (-0.05 - 0.15) (-0.07 - 0.07) 

Observations 2,725 2,725 

R-squared 0.56 0.67 

Note: The outcome measure is age standardized and in logarithms. Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
 
 
 



 
Appendix C – Sensitivity Check 
 
In settings where a census tract overlaps with multiple (different) HOLC graded areas we use a weighted average 

computation to create a single score (as described within the main paper). To evaluate the sensitivity of our main results 

to this weighing, Tables S8-S9 we present results from a sensitivity test where we only use census tracts that are fully 

contained within, or overlap with at most one, HOLC grading. As the results are qualitatively similar to our main results, 

this suggests that our main findings are not sensitive to the weighting scheme used to construct our main HOLC Grade 

score measure.   

 
Table S8: Unadjusted Ordinary Least Squares Regression Results Across Cause Specific Mortality Rates for the Years 
1990, 2000, 2010 and 2014. 
 

Cause: Diabetes mellitus All cause 

Year: 1990 2000 2010 2014 1990 2000 2010 2014 

HOLC Grade 
(Score 1-4) 

0.29*** 0.35*** 0.35*** 0.37*** 0.14*** 0.15*** 0.15*** 0.16*** 

(0.21 - 
0.37) 

(0.26 - 
0.44) 

(0.25 - 
0.45) 

(0.25 - 
0.48) 

(0.08 - 
0.21) 

(0.09 - 
0.20) 

(0.08 - 
0.22) 

(0.07 - 
0.24) 

Observations 34 34 34 34 34 34 34 34 

R-squared 0.54 0.66 0.62 0.61 0.41 0.50 0.39 0.36 

Note: The outcome measure is age standardized (across all ages). Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
 
 
 



Table S9: Unadjusted Ordinary Least Squares Regression Results Across Cause Specific Years of Life Lost Rates for the 
Years 1990, 2000, 2010 and 2014. 

Cause: Diabetes mellitus All cause 

Year: 1990 2000 2010 2014 1990 2000 2010 2014 

HOLC Grade 
(Score 1-4) 

0.33*** 0.39*** 0.40*** 0.42*** 0.25*** 0.25*** 0.25*** 0.26*** 

(0.24 - 
0.41) 

(0.30 - 
0.47) 

(0.30 - 
0.51) 

(0.31 - 
0.54) 

(0.17 - 
0.32) 

(0.19 - 
0.31) 

(0.17 - 
0.33) 

(0.17 - 
0.34) 

Observations 34 34 34 34 34 34 34 34 

R-squared 0.60 0.72 0.69 0.67 0.52 0.64 0.59 0.57 

Note: The outcome measure is age standardized (across all ages). Robust 95% Confidence Intervals are reported within 
the parentheses. Significance is denoted as: *** p<0.01, ** p<0.05, * p<0.1.  
 
 
 
 
 
 
 
 
 
 
 
 
  



Appendix D – Additional Descriptive Results for Regression Variables 
 
Below we provide additional descriptive results for the mortality and YLL across the causes of: diabetes, urogenital, blood, 

and endocrine diseases; chronic kidney disease due to diabetes mellitus; and endocrine, metabolic, blood, and immune 

disorders.  These were defined based on the following ICD9 and ICD 10 codes (see Table S6). 

 
Table S10: Diabetes Mellitus Cause of Death Definition Based on ICD9 and ICD10 Codes 
 

Cause ICD9 ICD10 

Diabetes, urogenital, 
blood, and endocrine 
diseases 
 

218-219, 219.1-219.9, 
236.0, 240-243.9, 244.0-
244.1, 244.3-244.8, 245-
246.9, 250-259.9, 270-
273.9, 275-276, 277- 
277.2, 277.4-277.9, 278.0-
278.8, 282- 284.9, 286-
286.5, 286.7-289.7, 349.0- 
349.1, 357.2, 357.6, 403-
404.93, 518.7, 519.0-
519.09, 536.4-536.49, 539-
539.9, 551.2-551.29, 
552.2-552.29, 564.2-564.4, 
569.6-569.69, 579.3, 580-
583.9, 585- 585.9, 588-
590.9, 592-593.89, 594- 
599.69, 599.8-599.89, 601-
602.9, 604- 604.99, 608.2-
608.24, 617-618.9, 620- 
620.9, 621.4-621.9, 622.3-
622.7, 629- 629.81, 775.0-

D25-D26, D26.1-D26.9, 
D28.2, D52.1, D55-D58.9, 
D59.0-D59.3, D59.5-
D59.6, D60-D61.9, D63.1, 
D64.0, D64.4, D66-D67, 
D68.0-D69.8, D70-D75.89, 
D76-D78.89, D86.8, 
D86.82-D86.84, D86.86-
D86.87, D89-D89.3, E03-
E07.1, E09-E14.9, E15.0, 
E16.0-E16.9, E20- E34.8, 
E36-E36.8, E65-E68, E70- 
E85.29, E87.71, E88-
E89.9, G21.1- G21.19, 
G24.0-G24.09, G25.1, 
G25.4, G25.6-G25.79, 
G72.0, G93.7, G97- G97.9, 
I12-I13.9, I95.2-I95.3, I97-
I97.9, I98.9, J70.2-J70.5, 
J95-J95.9, K43- K43.9, 
K62.7, K91-K91.9, K94-



775.1, 775.3, 779.4-779.5, 
780.62-780.63, 788.0, 
790.2-790.22 

K95.89, M87.1-M87.19, 
N00-N08.8, N10-N12.9, 
N14-N16.8, N18-N18.9, 
N20-N23.0, N25-N32.0, 
N32.3-N32.4, N34-N34.3, 
N36-N36.9, N39-N39.2, 
N41-N41.9, N44-N44.04, 
N45-N45.9, N49-N49.9, 
N65-N65.1, N72-N72.0, 
N75-N77.8, N80-N81.9, 
N83-N83.9, N99-N99.9, 
P70.0-P70.2, P96.2, 
P96.5, R50.2, R50.82-
R50.83, R73-R73.9 

Chronic kidney disease 
due to diabetes mellitus 

250.4-250.49, 403-404.93, 
581-583.9, 585-585.9, 
589-589.9 

D63.1, E10.2-E10.29, 
E11.2-E11.29, E12.2, 
E13.2-E13.29, E14.2, I12-
I13.9, N02-N08.8, N15.0, 
N18-N18.9 

Endocrine, metabolic, 
blood, and immune 
disorders  
 

240-243.9, 244.0-244.1, 
244.3-244.8, 245-246.9, 
251-256.39, 256.8-259.9, 
270- 273.9, 275-276, 277-
277.2, 277.4-277.9, 278.0-
278.8, 286-286.5, 286.7-
289.7, 349.0-349.1, 357.6, 
518.7, 519.0-519.09, 
536.4-536.49, 539-539.9, 
551.2-551.29, 552.2-
552.29, 564.2-564.4, 
569.6-569.69, 579.3, 
596.82-596.83, 598.2, 

D52.1, D59.0, D59.2, 
D59.6, D66- D67, D68.0-
D69.8, D70-D75.89, D76- 
D78.89, D86.8, D86.82-
D86.84, D86.86- D86.87, 
D89-D89.3, E03-E07.1, 
E09- E09.9, E15.0, E16.0-
E16.9, E20-E28.1, E28.3-
E34.8, E36-E36.8, E65-
E68, E70- E85.29, E87.71, 
E88-E89.9, G21.1- 
G21.19, G24.0-G24.09, 
G25.1, G25.4, G25.6-
G25.79, G72.0, G93.7, 



775.3, 779.4-779.5, 
780.62-780.63  
 

G97- G97.9, I95.2-I95.3, 
I97-I97.9, I98.9, J70.2-
J70.5, J95-J95.9, K43-
K43.9, K62.7, K91-K91.9, 
K94-K95.89, M87.1- 
M87.19, N14-N14.4, N65-
N65.1, N99- N99.9, P96.2, 
P96.5, R50.2, R50.82- 
R50.83  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S11: Summary Statistics for Main Outcome Variables by Year, HOLC Grade Grouping, and Death Cause.  

 Diabetes, urogenital, blood, and 
endocrine diseases 

Chronic kidney disease due to 
diabetes mellitus 

Endocrine, metabolic, blood, 
and immune disorders 

 Mortality     YLLs Mortality YLLs Mortality YLLs 

HOLC 
Grades  

 Mean (SD)   Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Year = 1990 

 A or B 34.1(7.14) 578.46(124.33) 2.87(.66) 42.66(9.94) 3.32(.45) 86.54(13.49) 

 C or D 51.74(18.12) 947.42(351.52) 4.24(1.66) 67.21(28.03) 4.55(.92) 129.32(31.29) 

Year = 2000 

 A or B 36.79(7.54) 586.49(126.64) 2.78(.6) 42.5(9.4) 4.44(.74) 100.64(17.95) 

 C or D 57.27(17.69) 985.43(330.05) 4.39(1.58) 71(27.33) 6.21(1.4) 154.15(39.82) 

Year = 2010 

 A or B 35.43(7.68) 553.21(127.28) 4.15(1.04) 65.61(17.07) 5.61(1.09) 119.46(24.65) 

 C or D 54.19(16.91) 929.91(314.89) 7.09(2.65) 120.12(47.71) 7.66(1.95) 182.6(53.63) 

Year = 2014 

 A or B 36.27(8.4) 555.16(135.89) 4.88(1.31) 75.94(21.02) 5.61(1.2) 116.85(25.95) 

 C or D 57.11(19.53) 963.82(358.21) 8.75(3.54) 146.42(63.3) 7.7(2.08) 180.81(56.57) 

Note: two-way t-tests indicate that mean differences across A/B and C/D HOLC Grade areas are significant at p<0.0001 
level across all years and causes.  Total number of observations is 109 census tracts, out of these 53 are contained in the 
A or B HOLC Grade group, and 56 are contained in the C or D HOLC Grade group. 


