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Naloxone service area clustering algorithm 
1) We ranked each municipality by the number of naloxone distribution encounters, highest to lowest, and kept 

municipalities that had greater than 1% of the total distribution events in the state (across the entire study 

period, 2018-2020) 

2) Starting at the top of the list, if one of a top-ranking municipality’s first-order land neighbors (i.e., those that 

share a common border over land or small waterways) was a municipality lower on this list, we consolidated the 

lower-ranking municipality into the dominant cluster. For example, Boston (#1 distributor of naloxone for 2018-

2020) is a first-order neighbor with Cambridge (#9) and Quincy (#12), making the Boston-Cambridge-Quincy 

cluster hub. Because of this consolidation, hubs may include one or more municipalities (i.e., individual hub and 

cluster hub, respectively). 

3) Similarly, if two municipalities on the list were not first-order neighbors but shared two or more first-order land 

neighbors, we subsumed the lower-ranking municipality into the higher-ranking one. 

4) We kept going until all municipalities that contributed greater than 1% of the total naloxone distribution were 

either members of a hub with multiple municipalities or an individual hub. 

Hubs serve a geographically broader NSA. Each municipality within the NSA gets the majority of its naloxone from the 

titular hub. We characterized NSAs through the following steps: 

1) We counted the number of distribution events made among residents of each municipality in the dataset. 

2) Of these, we counted the number of distribution events by the distribution location (e.g., among town X 

residents, how many distribution events took place in Hub A, Hub B, etc.)  

3) We determined the proportion of each municipality’s distribution events that occurred through each identified 

hub (if not at a hub, then elsewhere [including missing location data]). 

4) We then ranked and identified the top naloxone-contributing hub for each municipality. For example, for each 

municipality that belongs to the Boston-Cambridge-Quincy NSA, the highest contributor of naloxone to the 

residents of that municipality (2018-2020) was the aggregation of Boston, Cambridge, and Quincy (rather than 

Worcester and Westborough). 



3 
 

Number of kits distributed per encounter 
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Massachusetts Overdose Education and Naloxone Distribution Program – Blank Intake Form.  
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Massachusetts Overdose Education and Naloxone Distribution Program – Blank Refill Form.  
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Supplemental Figure 1. Sample of refills and rescue attempts in the MA OEND program (2018-2019) 
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Supplemental Table 1. Demographic characteristics of Massachusetts Overdose Education and Naloxone Distribution (MA OEND) program 

participants (2018-2020), including observations with missing data  

 
Total Sample of Individuals 

Never report an overdose 

rescue attempt 

Report an overdose rescue 

attempt upon naloxone refill 

χ2 (100% of total) (84.4% of total) (15.6% of total) 

n 
Column 

% 

Average 

number of 

visits 

n 
Column 

% 

Average 

number 

of visits 

n 
Column 

% 

Average 

number 

of visits 

Overall 49,344 100 1.74 41,669 100 1.30 7,675 100 4.17  

           

Ethnicity 
         

1012.8 

p<0.001 

 Latino 5,394 10.9 1.82 4,765 11.4 1.32 629 8.2 5.65  

 Non-Latino 31,641 64.1 1.83 27,616 66.3 1.31 4,025 52.4 5.37  

 Missing 12,309 25.0 1.48 9,288 22.3 1.23 3,021 39.4 2.27  

            

Race 

 
         

934.8 

p<0.001 

 American Indian 305 0.6 1.83 263 0.6 1.27 42 0.6 5.33  

 Asian 346 0.7 1.28 336 0.8 1.14 10 0.1 6.00  

 African-American / Black  3,707 7.5 1.68 3,334 8.0 1.26 373 4.9 5.42  

 Hawaiian / Pacific Islander 63 0.1 2.38 52 0.1 1.40 11 0.1 7.00  

 White 29,242 59.3 1.86 25,361 60.9 1.32 3,881 50.6 5.38  

 Other Race 1,936 3.9 2.01 1,642 3.9 1.40 294 3.8 5.39  

 Multi-Racial 862 1.8 1.36 821 2.0 1.14 41 0.5 5.76  

 Missing 12,883 26.1 1.48 9,860 23.7 1.23 3,023 39.4 2.30  

            

Age Group 
         

1663.0 

p<0.001 

 19 years or younger 674 1.4 1.85 593 1.4 1.30 81 1.1 5.86  

 20-29 years old 10,432 21.1 2.09 8,829 21.2 1.39 1,603 20.9 5.94  

 30-39 years old 11,116 22.5 2.00 9,498 22.8 1.37 1,618 21.1 5.69  

 40-49 years old 6,957 14.1 1.74 6,088 14.6 1.28 869 11.3 5.00  

 50-59 years old 5,854 11.9 1.38 5,429 13.0 1.22 425 5.5 3.52  

 60 years or older 3,002 6.1 1.23 2,887 7.0 1.13 115 1.5 3.63  

 Missing 11,309 22.9 1.48 8,345 20.0 1.23 2,964 38.6 2.21  



10 
 

            

Gender 
         

1352.0 

p<0.001 

 Female 18,558 37.6 1.75 16,463 39.5 1.28 2,095 27.3 5.43  

 Male 18,741 38.0 1.89 16,155 38.8 1.34 2,586 33.7 5.35  

 Other 159 0.3 1.91 147 0.3 1.55 12 0.2 6.33  

 Unknown/refused 613 1.2 1.42 589 1.4 1.97 24 0.3 6.79  

 Missing 11,273 22.9 1.49 8,315 20.0 1.23 2,958 38.5 2.21  

            

BSASa region of residence 
         

1261.4 

p<0.001 

 Boston 6,358 12.9 2.21 5,251 12.6 1.32 1,107 14.4 6.47  

 Central 5,065 10.3 1.60 4,566 11.0 1.27 499 6.5 4.66  

 Metrowest 4,060 8.2 1.92 3,528 8.5 1.30 532 6.9 6.10  

 Northeast 5,174 10.4 1.82 4,465 10.7 1.29 709 9.2 5.18  

 Southeast 8,228 16.7 1.73 7,135 17.1 1.28 1,093 14.3 4.67  

 Western 7,809 15.8 1.74 7,156 17.2 1.40 653 8.5 5.51  

 Missing 6,358 25.6 1.47 9,568 22.9 1.22 3,082 40.2 2.24  

            

How many overdoses have you 

survived 
         

1233.0 

p<0.001 

 Zero 8,762 17.8 1.47 8,296 19.9 1.27 466 6.1 5.20  

 1-5 5,696 11.5 1.67 5,151 12.4 1.30 545 7.1 5.20  

 6-15 1,016 2.1 2.04 896 2.2 1.37 120 1.6 7.09  

 >15 220 0.4 2.26 185 0.4 1.57 35 0.5 5.89  

 Missing 33,650 68.2 1.81 27,141 65.1 1.30 6,509 84.8 3.95  

            

Person who uses drugs? 
         

2406.2 

p<0.001 

 Uses drugs 24,271 49.2 2.12 20,160 48.4 1.42 4,111 53.6 5.55  

 Does not use drugs 14,208 28.8 1.32 13,563 32.6 1.16 645 8.4 4.82  

 No enrollment information 10,865 22.0 1.45 7,946 19.1 1.22 2,919 38.0 2.09  

            

Any addiction treatment in last 

year? 
         

1162.3 

p<0.001 

 Yes 7,593 15.4 1.65 6,993 16.8 1.33 600 7.8 5.40  

 No 6,517 13.2 1.55 6,033 14.5 1.25 484 6.3 5.26  
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 Unable to collect information 1,516 3.2 1.49 1,503 3.6 1.21 83 1.1 6.48  

 Missing 34,247 68.2 1.81 27,421 65.1 1.30 6,809 84.8 3.95  

            

Released from jail / prison in 

past year 
         

1170.7 

p<0.001 

 Yes 3,055 6.2 1.73 2,780 6.7 1.32 275 3.6 5.95  

 No 11,000 22.3 1.57 10,196 24.5 1.29 804 10.5 5.11  

 Unable to collect information 1,641 3.3 1.50 1,555 3.7 1.22 44 1.1 6.62  

 Missing 33,648 68.2 1.81 27,420 65.1 1.30 6,811 84.8 3.95  

            

Experienced homelessness in 

last year 
         

1198.3 

p<0.001 

 Yes 5,240 10.6 1.47 4,715 19.9 1.36 525 7.3 4.61  

 No 8,841 17.9 1.83 8,283 11.3 1.26 558 6.8 6.05  

 Declined / unable to collect 1,523 3.1 1.49 1,451 3.5 1.22 72 0.9 6.90  

 Missing 34,339 68.4 1.81 27,502 65.3 1.30 6,821 85.0 3.95  
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Supplemental Table 2. Ratios of naloxone dispensing events to opioid overdose deaths (2018-2020) by geographic areas, including 

municipality of occurrence 

Geographic areas 
Total naloxone 

dispensing events 

Opioid-related overdose deaths 

By municipality of residence By municipality of occurrence 

Total 
Ratio to naloxone dispensing 

events (x : 1)a Total 
Ratio to naloxone dispensing 

events (x : 1)b 

Top naloxone dispensing 

clustersc 

     

1 Boston – Cambridge – 

Quincy 
24,491 1,812 13.5 1,859 13.2 

2 Springfield – Holyoke – 

Northampton 
8,086 737 11.0 741 10.9 

3 Fall River – New Bedford 4,627 504 9.2 491 9.4 

4 Worcester – Westborough 4,541 528 8.6 549 8.3 

5 Lowell – Lawrence – 

Tewksbury 
3,914 504 7.8 497 7.9 

6 Pittsfield 2,848 106 26.9 114 25.0 

7 Brockton 2,329 194 12.0 230 10.1 

8 Lynn 2,233 174 12.8 131 17.0 

9 Barnstable 1,304 75 17.4 110 11.9 

10 Greenfield 1,267 46 27.5 40 31.7 

11 Taunton 966 97 10.0 95 10.2 

12 Fitchburg 926 85 10.9 46 20.1 

13 North Adams 902 28 32.2 24 37.6 

      

BSAS Regionsd 
   

 
 

1 Boston 21,462 730 29.4 905 23.7 

2 Central 5,863 856 6.8 860 6.8 

3 Metrowest 5,888 838 7.0 802 7.3 

4 Northeast 7,893 1,263 6.2 1,231 6.4 

5 Southeast 11,950 1,457 8.2 1,359 8.8 

6 Western 
13,932 

944 14.8 944 14.8 

TOTAL Statee 85,085 6,109 13.9 6109 13.9 
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a) Ratio = number of kit distribution events in geographic area/overdose deaths by residence in geographic area 

b) Ratio = number of kit distribution events in geographic area/overdose deaths that occur in geographic area 

c) Clusters were algorithmically derived: 1) select and sort by highest volume naloxone distributing municipalities (must account for >1 % of all distributing 

events in state for study period; 21 municipalities); 2) identify first order / nearest neighbors by land border; 3) if one of the nearest neighbors is a 

municipality lower on the list, subsume it and its first order neighbors (include it in cluster name); 4) if municipality shares 2 first order neighbors with 

another municipality on the list, combine it and its first order neighbors into one cluster (include it in cluster name); 5) once a town in a first order neighbor 

of a municipality, it cannot be counted as a first order neighbor of a municipality lower on the list; 6) if a town is cut off from all other land neighbors by 

cluster, include town in cluster. 

d) Massachusetts Bureau of Substance Abuse Services-defined operating regions 

e) Columns do not sum to total given dispensing events occurring outside of clusters, missing location data, and locally suppressed overdose deaths; totals are 

from MDPH data. 
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Supplemental Figure 2A. Residence municipalities of participants reporting rescue attempts occurring in 

Boston, overlayed by Bureau of Substance Abuse Services (BSAS) regions (2018-2020) 

 

 

Supplemental Figure 2B. Residence municipalities of participants reporting rescue attempts occurring in 

Boston, overlayed by Massachusetts Bay Transportation Authority commuter rail lines (2018-2020) 
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Supplemental Figure 3. Location of rescue attempts in Boston, by ZIP code (2018-2020) 
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Supplemental Figure 4. Naloxone referral region hubs clustering algorithm results 
 

 

 


