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Online Only Table 1. Baseline Characteristics of the DPP-4 inhibitor and Sulfonylurea Exposure Groups in Melanoma Outcome Cohort 

Before and After Propensity Score
‡
 Weighting 

Characteristics 
Before weighting 

 
 After weighting 

DPP-4 inhibitors Sulfonylureas ASD  DPP-4 inhibitors Sulfonylureas ASD 

Total 96,739 209,341 
 

 96,739 209,341 
 

Age in years, mean (SD) 60.6 (12.8) 60.4 (13.3) 0.01  60.6 (12.8) 60.2 (12.8) 0.03 

Gender, n (%) 55,192 (57.1) 121,277 (57.9) 0.02  55,192 (57.1) 118,692 (56.7) 0.01 

Ethnicity, n (%) 
   

 
   

White 60,424 (62.5) 127,109 (60.7) 0.04  60,424 (62.5) 130,528 (62.4) 0.00 

South Asian 8,922 (9.2) 17,444 (8.3) 0.03  8,922 (9.2) 19,573 (9.4) 0.00 

Black 3,621 (3.7) 9,130 (4.4) 0.03  3,621 (3.7) 7,902 (3.8) 0.00 

Mixed 773 (0.8) 1,709 (0.8) 0.00  773 (0.8) 1,689 (0.8) 0.00 

Other 999 (1.0) 2,160 (1.0) 0.00  999 (1.0) 2,190 (1.1) 0.00 

Unknown 22,000 (22.7) 51,789 (24.7) 0.05  22,000 (22.7) 47,459 (22.7) 0.00 

Smoking, n (%) 
   

 
   

Ever 73,119 (75.6) 156,757 (74.9) 0.02  73,119 (75.6) 157,836 (75.4) 0.00 

Never 23,444 (24.2) 51,895 (24.8) 0.01  23,444 (24.2) 51,060 (24.4) 0.00 

Unknown 176 (0.2) 689 (0.3) 0.03  176 (0.2) 445 (0.2) 0.01 

Alcohol dependence, n (%) 7,734 (8.0) 15,819 (7.6) 0.03  7,734 (8.0) 16,803 (8.0) 0.00 

Body mass index, n (%) 
   

 
   

≤ 24.9 kg/m² 7,764 (8.0) 28,153 (13.5) 0.01  7,764 (8.0) 16,446 (7.9) 0.01 

25.0 - 29.9 kg/m² 26,001 (26.9) 65,686 (31.4) 0.02  26,001 (26.9) 55,168 (26.4) 0.01 

≥ 30.0 kg/m² 62,153 (64.3) 111,356 (53.2) 0.23  62,153 (64.3) 135,861 (64.9) 0.01 

Unknown 821 (0.9) 4,146 (2.0) 0.10  821 (0.9) 1,866 (0.9) 0.00 

HbA1c, n (%) 
   

 
   

≤7.0% 9,480 (9.8) 17,711 (8.5) 0.05  9,480 (9.8) 20,373 (9.7) 0.00 

7.1%-8.0% 30,338 (31.4) 50,979 (24.4) 0.16  30,338 (31.4) 62,589 (29.9) 0.03 

>8.0%  56,062 (58.0) 128,501 (61.4) 0.07  56,062 (58.0) 124,260 (59.4) 0.03 

Unknown 859 (0.9) 12,150 (5.8) 0.28  859 (0.9) 2,119 (1.0) 0.01 
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Duration of diabetes 6.2 (5.7) 4.5 (5.2) 0.32  6.2 (5.7) 6.2 (5.8) 0.01 

Myocardial infarction, n (%) 6,545 (6.8) 14,918 (7.1) 0.01  6,545 (6.8) 14,041 (6.7) 0.00 

Peripheral circulatory disorders, n (%) 6,088 (6.3) 12,029 (5.8) 0.02  6,088 (6.3) 12,719 (6.1) 0.01 

Stroke, n (%) 4,358 (4.5) 9,952 (4.8) 0.01  4,358 (4.5) 9,367 (4.5) 0.00 

Neuropathy, n (%) 17,993 (18.6) 34,042 (16.3) 0.06  17,993 (18.6) 39,044 (18.7) 0.00 

Retinopathy, n (%) 24,287 (25.1) 39,177 (18.7) 0.15  24,287 (25.1) 52,220 (24.9) 0.00 

Renal diseases, n (%) 14,973 (15.5) 31,114 (14.9) 0.02  14,973 (15.5) 31,297 (15.0) 0.01 

Metformin, n (%) 92,246 (95.4) 180,050 (86.0) 0.33  92,246 (95.4) 199,979 (95.5) 0.01 

Thiazolidinediones, n (%) 10,341 (10.7) 17,914 (8.6) 0.07  10,341 (10.7) 23,394 (11.2) 0.02 

Sodium-glucose cotransporter-2 inhibitors, n (%) 3,544 (3.7) 1,515 (0.7) 0.20  3,544 (3.7) 6,915 (3.3) 0.02 

Alpha glucosidase inhibitors, n (%) 267 (0.3) 482 (0.2) 0.05  267 (0.3) 587 (0.3) 0.00 

Meglitinides, n (%) 893 (0.9) 1,059 (0.5) 0.01  893 (0.9) 2,064 (1.0) 0.01 

Insulin, n (%) 5,566 (5.8) 7,226 (3.5) 0.01  5,566 (5.8) 12,237 (5.9) 0.00 

Heart failure, n (%) 3,725 (3.9) 8,417 (4.0) 0.02  3,725 (3.9) 8,051 (3.9) 0.00 

Cancer, n (%) 6,848 (7.1) 15,754 (7.5) 0.08  6,848 (7.1) 14,826 (7.1) 0.00 

Obstructive sleep apnea, n (%) 4,125 (4.3) 5,858 (2.8) 0.05  4,125 (4.3) 8,993 (4.3) 0.00 

Osteoarthritis, n (%) 23,735 (24.5) 46,937 (22.4) 0.00  23,735 (24.5) 50,917 (24.3) 0.01 

Chronic obstructive pulmonary disease, n (%) 7,665 (7.9) 16,692 (8.0) 0.06  7,665 (7.9) 16,485 (7.9) 0.00 

Depression, n (%) 32,690 (33.8) 65,346 (31.2) 0.06  32,690 (33.8) 71,788 (34.3) 0.01 

Dyslipidemia 22,885 (23.7) 44,460 (21.2) 0.05  22,885 (23.7) 49,351 (23.6) 0.00 

Gastrointestinal esophageal reflux disease, n (%) 14,900 (15.4) 28,389 (13.6) 0.01  14,900 (15.4) 31,996 (15.3) 0.00 

Arrhythmia, n (%) 7,995 (8.3) 16,908 (8.1) 0.11  7,995 (8.3) 17,040 (8.1) 0.00 

Hypertension 62,634 (64.8) 124,473 (59.5) 0.00  62,634 (64.8) 134,820 (64.4) 0.01 

Hypothyroidism, n (%) 4,044 (4.2) 8,828 (4.2) 0.03  4,044 (4.2) 8,761 (4.2) 0.00 

Photodermatoses, n (%) 2,548 (2.6) 4,539 (2.2) 0.11  2,548 (2.6) 5,435 (2.6) 0.00 

Antihypertensives, n (%) 75,030 (77.6) 152,660 (72.9) 0.07  75,030 (77.6) 162,083 (77.4) 0.00 

Antiarrhythmics, n (%) 18,104 (18.7) 33,801 (16.2) 0.00  18,104 (18.7) 38,919 (18.6) 0.00 

Antiplatelet agents, n (%) 33,664 (34.8) 73,067 (34.9) 0.19  33,664 (34.8) 72,224 (34.5) 0.01 

Statins, n (%) 80,382 (83.1) 158,173 (75.6) 0.07  80,382 (83.1) 173,517 (82.9) 0.01 

Non-steroidal anti-inflammatory drugs, n (%) 78,267 (80.9) 163,768 (78.2) 0.09  78,267 (80.9) 169,410 (80.9) 0.00 

Corticosteroids, n (%) 78,245 (80.9) 161,810 (77.3) 0.01  78,245 (80.9) 169,141 (80.8) 0.00 
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Biologics, n (%) 265 (0.3) 445 (0.2) 0.14  265 (0.3) 608 (0.3) 0.00 

Proton-pump inhibitors, n (%) 54,813 (56.7) 103,901 (49.6) 0.15  54,813 (56.7) 118,542 (56.6) 0.00 

Phototoxic drugs, n (%) 92,285 (95.4) 192,228 (91.8) 0.01  92,285 (95.4) 199,614 (95.4) 0.00 

Immunosuppressants, n (%) 2,350 (2.4) 5,377 (2.6) 0.08  2,350 (2.4) 5,226 (2.5) 0.00 

Opioids, n (%) 68,658 (71.0) 140,743 (67.2) 0.16  68,658 (71.0) 148,581 (71.0) 0.00 

Colon cancer screening, n (%) 11,557 (12.0) 14,973 (7.2) 0.44  11,557 (12.0) 24,462 (11.7) 0.01 

Mammogram, n (%) 6,624 (6.9) 12,864 (6.1) 0.03  6,624 (6.9) 14,414 (6.9) 0.00 

Prostate specific antigen, n (%) 7,490 (7.7) 15,612 (7.5) 0.01  7,490 (7.7) 15,982 (7.6) 0.00 

Pneumococcal vaccine, n (%) 5,645 (5.8) 13,342 (6.4) 0.72  5,645 (5.8) 12,475 (6.0) 0.01 

Influenza vaccine, n (%) 18,968 (19.6) 82,348 (39.3) 0.02  18,968 (19.6) 41,433 (19.8) 0.00 

Cohort entry year, n (%) 
   

 
   

2007-2010 12,261 (12.7) 88,323 (42.2) 0.17  12,261 (12.7) 26,654 (12.7) 0.00 

2011-2014 28,882 (29.9) 70,581 (33.7) 0.08  28,882 (29.9) 62,758 (30.0) 0.00 

2015-2019 55,596 (57.5) 50,437 (24.1) 0.68  55,596 (57.5) 119,929 (57.3) 0.00 

Abbreviations: ASD, absolute standardized difference; SD, standard deviation; DPP-4, dipeptidyl peptidase 4. 

‡ Additionally adjusted for region, for which the absolute standardized differences ranged between 0.00 to 0.01 after propensity score 

fine stratification weighting.
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Online Only Figure 2: Weighted cumulative incidence curves of melanoma in the 

dipeptidyl peptidase-4 inhibitor vs. sulfonylurea cohort 
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Duration of follow-up in years 

DPP-4 inhibitors

Sulfonylurea

Number at risk 

209341                  115028                  52187                     23137                       8752                     2905 

96739                     44461                    19820                     9080                         3455                     503       
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Online Only Figure 3: Melanoma cohort: effect measure modification analyses 
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Online Only Figure 4: Melanoma cohort: sensitivity analyses 
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Online Only Table 2. Baseline Characteristics of the DPP-4 inhibitor and Sulfonylurea Exposure Groups in Nonmelanoma Skin Cancer 

Outcome Cohort Before and After Propensity Score
‡
 Weighting 

Characteristics 
Before weighting 

  
After weighting 

DPP-4 inhibitors Sulfonylureas ASD 
 

DPP-4 inhibitors Sulfonylureas ASD 

Total 96,411 208,626 
  

96,411 208,626 
 

Age in years, mean (SD) 60.5 (12.8) 60.4 (13.3) 0.01 
 

60.5 (12.8) 60.2 (12.8) 0.03 

Gender, n (%) 54,990 (57.0) 120,839 (57.9) 0.02 
 

54,990 (57.0) 118,246 (56.7) 0.01 

Ethnicity, n (%) 
       

White 60,188 (62.4) 126,625 (60.7) 0.04 
 

60,188 (62.4) 130,017 (62.3) 0.00 

South Asian 8,918 (9.3) 17,437 (8.4) 0.03 
 

8,918 (9.3) 19,561 (9.4) 0.00 

Black 3,621 (3.8) 9,130 (4.4) 0.03 
 

3,621 (3.8) 7,897 (3.8) 0.00 

Mixed 773 (0.8) 1,709 (0.8) 0.00 
 

773 (0.8) 1,689 (0.8) 0.00 

Other 998 (1.0) 2,158 (1.0) 0.00 
 

998 (1.0) 2,188 (1.1) 0.00 

Unknown 21,913 (22.7) 51,567 (24.7) 0.05 
 

21,913 (22.7) 47,274 (22.7) 0.00 

Smoking, n (%) 
       

Ever 72,855 (75.6) 156,187 (74.9) 0.02 
 

72,855 (75.6) 157,267 (75.4) 0.00 

Never 23,382 (24.3) 51,750 (24.8) 0.01 
 

23,382 (24.3) 50,917 (24.4) 0.00 

Unknown 174 (0.2) 689 (0.3) 0.03 
 

174 (0.2) 443 (0.2) 0.01 

Alcohol dependence, n (%) 7,717 (8.0) 15,768 (7.6) 0.03 
 

7,717 (8.0) 16,765 (8.0) 0.00 

Body mass index, n (%) 
       ≤ 24.9 kg/m² 7,729 (8.0) 28,026 (13.4) 0.01 

 
7,729 (8.0) 16,380 (7.9) 0.01 

25.0 - 29.9 kg/m² 25,911 (26.9) 65,404 (31.4) 0.02 
 

25,911 (26.9) 54,986 (26.4) 0.01 

≥ 30.0 kg/m² 61,955 (64.3) 111,053 (53.2) 0.23 
 

61,955 (64.3) 135,403 (64.9) 0.01 

Unknown 816 (0.9) 4,143 (2.0) 0.10 
 

816 (0.9) 1,856 (0.9) 0.00 

HbA1c, n (%) 
       ≤7.0% 9,437 (9.8) 17,637 (8.5) 0.05 

 
9,437 (9.8) 20,273 (9.7) 0.00 

7.1%-8.0% 30,193 (31.3) 50,752 (24.3) 0.16 
 

30,193 (31.3) 62,292 (29.9) 0.03 

>8.0%  55,926 (58.0) 128,121 (61.4) 0.07 
 

55,926 (58.0) 123,950 (59.4) 0.03 
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Unknown 855 (0.9) 12,116 (5.8) 0.28 
 

855 (0.9) 2,111 (1.0) 0.01 

Duration of diabetes in years, mean (SD) 6.2 (5.7) 4.5 (5.2) 0.32 
 

6.2 (5.7) 6.1 (5.8) 0.01 

Myocardial infarction, n (%) 6,514 (6.8) 14,842 (7.1) 0.01 
 

6,514 (6.8) 13,990 (6.7) 0.00 

Peripheral circulatory disorders, n (%) 6,058 (6.3) 11,951 (5.7) 0.02 
 

6,058 (6.3) 12,664 (6.1) 0.01 

Stroke, n (%) 4,334 (4.5) 9,887 (4.7) 0.01 
 

4,334 (4.5) 9,333 (4.5) 0.00 

Neuropathy, n (%) 17,917 (18.6) 33,909 (16.3) 0.06 
 

17,917 (18.6) 38,902 (18.7) 0.00 

Retinopathy, n (%) 24,194 (25.1) 39,021 (18.7) 0.15 
 

24,194 (25.1) 52,025 (24.9) 0.00 

Renal diseases, n (%) 14,868 (15.4) 30,887 (14.8) 0.02 
 

14,868 (15.4) 31,116 (14.9) 0.01 

Metformin, n (%) 91,948 (95.4) 179,484 (86.0) 0.33 
 

91,948 (95.4) 199,318 (95.5) 0.01 

Thiazolidinediones, n (%) 10,304 (10.7) 17,864 (8.6) 0.07 
 

10,304 (10.7) 23,318 (11.2) 0.02 

SGLT2 Inhibitors, n (%) 3,538 (3.7) 1,513 (0.7) 0.20 
 

3,538 (3.7) 6,899 (3.3) 0.02 

Alfa glucosidase inhibitors, n (%) 266 (0.3) 481 (0.2) 0.05 
 

266 (0.3) 587 (0.3) 0.00 

Meglitinides, n (%) 888 (0.9) 1,056 (0.5) 0.11 
 

888 (0.9) 2,061 (1.0) 0.01 

Insulin, n (%) 5,557 (5.8) 7,212 (3.5) 0.11 
 

5,557 (5.8) 12,226 (5.9) 0.00 

Heart failure, n (%) 3,703 (3.8) 8,345 (4.0) 0.01 
 

3,703 (3.8) 8,001 (3.8) 0.00 

Cancer, n (%) 6,796 (7.1) 15,618 (7.5) 0.02 
 

6,796 (7.1) 14,730 (7.1) 0.00 

Obstructive sleep apnea, n (%) 4,111 (4.3) 5,840 (2.8) 0.08 
 

4,111 (4.3) 8,961 (4.3) 0.00 

Osteoarthritis, n (%) 23,606 (24.5) 46,705 (22.4) 0.05 
 

23,606 (24.5) 50,647 (24.3) 0.00 

Chronic obstructive pulmonary disease, n (%) 7,628 (7.9) 16,609 (8.0) 0.00 
 

7,628 (7.9) 16,407 (7.9) 0.00 

Depression, n (%) 32,610 (33.8) 65,141 (31.2) 0.06 
 

32,610 (33.8) 71,601 (34.3) 0.01 

Dyslipidemia 22,780 (23.6) 44,289 (21.2) 0.06 
 

22,780 (23.6) 49,128 (23.6) 0.00 

Gastrointestinal esophageal reflux disease, n (%) 14,843 (15.4) 28,270 (13.6) 0.05 
 

14,843 (15.4) 31,878 (15.3) 0.00 

Arrhythmia, n (%) 7,943 (8.2) 16,781 (8.0) 0.01 
 

7,943 (8.2) 16,937 (8.1) 0.00 

Hypertension 62,373 (64.7) 123,976 (59.4) 0.11 
 

62,373 (64.7) 134,269 (64.4) 0.01 

Hypothyroidism, n (%) 4,022 (4.2) 8,784 (4.2) 0.00 
 

4,022 (4.2) 8,708 (4.2) 0.00 

Photodermatoses, n (%) 2,499 (2.6) 4,442 (2.1) 0.03 
 

2,499 (2.6) 5,328 (2.6) 0.00 

Antihypertensives, n (%) 74,734 (77.5) 152,040 (72.9) 0.11 
 

74,734 (77.5) 161,447 (77.4) 0.00 

Antiarrhythmics, n (%) 18,005 (18.7) 33,599 (16.1) 0.07 
 

18,005 (18.7) 38,710 (18.6) 0.00 

Antiplatelet agents, n (%) 33,481 (34.7) 72,718 (34.9) 0.00 
 

33,481 (34.7) 71,875 (34.5) 0.01 

Statins, n (%) 80,095 (83.1) 157,578 (75.5) 0.19 
 

80,095 (83.1) 172,888 (82.9) 0.01 

Non-steroidal anti-inflammatory drugs, n (%) 77,985 (80.9) 163,175 (78.2) 0.07 
 

77,985 (80.9) 168,813 (80.9) 0.00 
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Corticosteroids, n (%) 77,945 (80.9) 161,181 (77.3) 0.09 
 

77,945 (80.9) 168,497 (80.8) 0.00 

Biologics, n (%) 264 (0.3) 443 (0.2) 0.01 
 

264 (0.3) 612 (0.3) 0.00 

Proton-pump inhibitors, n (%) 54,583 (56.6) 103,451 (49.6) 0.14 
 

54,583 (56.6) 118,044 (56.6) 0.00 

Phototoxic drugs, n (%) 91,960 (95.4) 191,534 (91.8) 0.15 
 

91,960 (95.4) 198,907 (95.3) 0.00 

Immunosuppressants, n (%) 2,336 (2.4) 5,344 (2.6) 0.01 
 

2,336 (2.4) 5,197 (2.5) 0.00 

Opioids, n (%) 68,395 (70.9) 140,203 (67.2) 0.08 
 

68,395 (70.9) 148,029 (71.0) 0.00 

Colon cancer screening, n (%) 11,495 (11.9) 14,899 (7.1) 0.16 
 

11,495 (11.9) 24,334 (11.7) 0.01 

Mammogram, n (%) 6,606 (6.9) 12,831 (6.2) 0.03 
 

6,606 (6.9) 14,370 (6.9) 0.00 

Prostate specific antigen, n (%) 7,435 (7.7) 15,506 (7.4) 0.01 
 

7,435 (7.7) 15,879 (7.6) 0.00 

Pneumococcal vaccine, n (%) 5,635 (5.8) 13,306 (6.4) 0.02 
 

5,635 (5.8) 12,450 (6.0) 0.01 

Influenza vaccine, n (%) 18,909 (19.6) 81,991 (39.3) 0.44 
 

18,909 (19.6) 41,310 (19.8) 0.00 

Cohort entry year, n (%) 
       

2007-2010 12,234 (12.7) 88,016 (42.2) 0.70 
 

12,234 (12.7) 26,596 (12.8) 0.00 

2011-2014 28,785 (29.9) 70,332 (33.7) 0.08 
 

28,785 (29.9) 62,546 (30.0) 0.00 

2015-2019 55,392 (57.5) 50,278 (24.1) 0.72 
 

55,392 (57.5) 119,485 (57.3) 0.00 

Abbreviations: ASD, absolute standardized difference; SD, standard deviation; DPP-4, dipeptidyl peptidase 4. ‡ Additionally adjusted for region, for which the absolute standardized differences ranged between 0.00 to 0.01 after propensity score 

fine stratification weighting. 
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Online Only Figure 6: Weighted cumulative incidence curves of nonmelanoma skin cancer 

in the dipeptidyl peptidase-4 inhibitor vs. sulfonylurea cohort 
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Online Only Figure 7: Nonmelanoma skin cancer cohort: effect measure 

modification analyses  
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Online Only Figure 8: Nonmelanoma skin cancer cohort: sensitivity analyses 
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