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FPG >125 mg/dL 
(7 mmol/L) 

or RPG >200 mg/dL 
(11.1 mmol/L) 
or HbA1c >7% 
(53 mmol/mol)

Diet and 
physical 
activity 

modification x 
3 months

Metformin 
(from 500mg 

daily to 
1000mg twice 

daily)

Gliclazide 
(from 80mg 

daily to 80mg 
twice daily)

Human insulin

Metformin 
(from 500mg 

daily to 
1000mg twice 

daily)

If 10-yr CVD 
risk >20% or 

history of 
ASCVD: 

SGLT-2i or 
GLP-1 RA

Else, if CKD or 
HF: SGLT-2i or 

GLP-1 RA

Else, if history of 
hypoglycemia: SGLT-2i, 
GLP-1 RA, DPP-4i, TZD, 

or insulin analogue

Else, gliclazide 
(from 80mg 

daily to 80mg 
twice daily)

Human insulin

Current
WHO 
approach

Alternative
approach

under
evaluation



Survey 
Data

Individual-level data
by country cohort

Diagnoses
Treatments
Age
Sex
Smoking history
Blood pressure
Lipid profile
HbA1c/Glucose
CVD history

 

Simulation of current WHO 
approach

Cardiovascular events
(myocardial infarction and stroke)

Congestive heart failure

Nephropathy
(End-stage renal disease)

Retinopathy
(Severe vision loss)

Neuropathy
(Pressure sensation loss)

Age-, and sex- 
specific annual 
updates to risk 

factors and 
events

Computation of 
age- and 

sex-specific 
outcomes and 

costs

Change in risk  
based on 

meta-analyses of 
RCTs

 

Re-simulation based on alternative 
approach

Change in cardiovascular incidence

Change in congestive heart failure 
incidence

Change in nephropathy incidence

Change in retinopathy incidence

Change in neuropathy incidence

Change 
in:
Costs
DALYs

Hypoglycemia requiring medical 
attention

Change in hypoglycemia incidence
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Table 1: Descriptive statistics on the study sample (N = 23,678 individuals in 67 countries, 2006-2018) obtained from the World 
Health Organization (WHO) STEPwise approach to Surveillance (STEPS) and other, similar, surveys (2006-2018).24 Legend: ALA = 
Andean Latin America, CAR = Caribbean; CASIA = Central Asia; CEUR = Central Europe; CLA = Central Latin America; EASIA = 
East Asia; EEUR = Eastern Europe; ESSA = Eastern Sub-Saharan Africa; NAME = North Africa and the Middle East; OCN = 
Oceania; SASIA = South Asia; SEASIA = Southeast Asia; SLA = Southern Latin America; SSSA = Southern Sub-Saharan Africa; 
WSSA = Western Sub-Saharan Africa; ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure; ESRD = 
end-stage renal disease; retinopathy = severe vision loss by Snellen chart; neuropathy = loss of pressure sensation loss by 
monofilament test. Data were from the subset of people with diabetes mellitus (defined as fasting blood glucose >126 mg/dL [7 
mmol/L], random blood glucose >200 mg/dL [11.1 mmol/L], hemoglobin A1c > 6.5% [48 mmol/mol], or taking a glycemic control 
medicine including insulin). Country-specific statistics are available in Appendix Table 3. 
 

 
Overall 

Africa Asia Europe Latin America Oceania 

ESSA NAME SSSA WSSA CASIA EASIA SASIA SEASIA CEUR EEUR ALA CAR CLA SLA OCN 

Survey data 

N 23,678 1274 5777 964 1526 1740 648 1018 2315 256 586 341 493 3075 538 3127 

Female, N (%) 
15394 ( 
59.6) 

768 ( 
60.3) 

4659 ( 
58.8) 

703 ( 
72.9) 

810 ( 
53.1) 

1025 ( 
58.9) 

300 ( 
46.3) 

543 ( 
53.3) 

1538 ( 
66.4) 

107 ( 
41.8) 

380 ( 
64.8) 

194 ( 
56.9) 

358 ( 
72.6) 

1986 ( 
64.6) 

317 ( 
58.9) 

1706 ( 
54.6) 

Age, yrs (median 
[IQR]) 

53.00 
[42.00, 
61.00] 

48.00 
[36.00, 
58.00] 

54.00 
[44.00, 
62.00] 

56.00 
[47.00, 
63.00] 

40.00 
[30.00, 
50.00] 

54.00 
[43.00, 
61.00] 

59.80 
[50.18, 
69.02] 

47.00 
[37.00, 
55.00] 

53.00 
[44.00, 
60.00] 

63.00 
[53.00, 
70.00] 

58.00 
[51.00, 
64.00] 

52.00 
[43.00, 
60.00] 

55.00 
[46.00, 
65.00] 

57.00 
[47.00, 
67.00] 

61.00 
[51.25, 
70.00] 

48.00 
[38.00, 
56.00] 

Previous 
diabetes 
diagnosis, N (%) 

13372 ( 
51.8) 

416 ( 
32.7) 

5182 ( 
65.4) 

442 ( 
45.9) 

120 ( 
7.9) 

765 ( 
44.0) 

232 ( 
35.8) 

437 ( 
42.9) 

1264 ( 
54.6) 

198 ( 
77.3) 

356 ( 
60.8) 

161 ( 
47.2) 

349 ( 
70.8) 

2109 ( 
68.6) 

333 ( 
61.9) 

1008 ( 
32.2) 

Hemoglobin A1c, 
% (median [IQR]) 

7.50 
[6.60, 
9.30] 

7.30 
[6.50, 
8.90] 

7.60 
[6.60, 
9.30] 

7.20 
[6.60, 
9.00] 

7.10 
[6.50, 
8.63] 

7.53 
[6.60, 
9.30] 

6.90 
[5.90, 
8.43] 

7.40 
[6.60, 
9.30] 

7.42 
[6.62, 
9.30] 

6.55 
[5.70, 
7.60] 

7.20 
[6.50, 
8.97] 

7.70 
[6.62, 
9.40] 

8.00 
[6.70, 
9.70] 

7.90 
[6.60, 
9.80] 

7.40 
[6.60, 
9.03] 

7.50 
[6.60, 
9.30] 

Hemoglobin A1c, 
mmol/mol 
(median [IQR]) 

58.47 
[48.63, 
78.14] 

56.28 
[47.54, 
73.77] 

59.56 
[48.63, 
78.14] 

55.19 
[48.63, 
74.86] 

54.10 
[47.54, 
70.80] 

58.80 
[48.63, 
78.14] 

51.91 
[40.98, 
68.58] 

57.38 
[48.63, 
78.14] 

57.65 
[48.81, 
78.14] 

48.09 
[38.80, 
59.56] 

55.19 
[47.54, 
74.59] 

60.66 
[48.81, 
79.24] 

63.93 
[49.73, 
82.51] 

62.84 
[48.63, 
83.61] 

57.38 
[48.63, 
75.21] 

58.47 
[48.63, 
78.14] 



Fasting blood 
glucose, mmol/L 
(median [IQR]) 

8.28 
[7.20, 
10.99] 

7.91 
[7.17, 
9.80] 

8.32 
[7.15, 
11.06] 

8.08 
[7.11, 
10.90] 

9.01 
[7.46, 
10.39] 

8.20 
[7.20, 
11.10] 

8.00 
[7.27, 
10.18] 

8.39 
[7.33, 
11.06] 

8.21 
[7.10, 
10.90] 

7.78 
[7.06, 
9.31] 

7.70 
[7.00, 
9.80] 

8.11 
[7.11, 
11.50] 

8.61 
[7.10, 
11.89] 

8.11 
[6.61, 
11.94] 

7.94 
[7.21, 
10.88] 

8.60 
[7.48, 
11.80] 

Body mass 
index, kg/m^2 
(median [IQR]) 

27.78 
[24.07, 
32.02] 

23.49 
[20.29, 
27.56] 

28.37 
[25.00, 
32.04] 

30.12 
[25.25, 
34.33] 

22.86 
[20.23, 
27.64] 

29.30 
[25.71, 
33.61] 

25.05 
[22.64, 
27.72] 

24.60 
[21.99, 
27.50] 

24.77 
[21.89, 
27.89] 

30.78 
[27.96, 
34.58] 

31.09 
[26.99, 
35.51] 

28.87 
[25.31, 
32.60] 

29.31 
[25.79, 
33.61] 

29.38 
[26.18, 
33.32] 

29.82 
[26.30, 
34.10] 

29.31 
[25.46, 
34.15] 

On any glucose-
lowering 
medicine, N (%) 

10669 ( 
41.3) 

296 ( 
23.2) 

4401 ( 
55.6) 

396 ( 
41.1) 89 ( 5.8) 

617 ( 
35.5) 

213 ( 
32.9) 

329 ( 
32.3) 

1082 ( 
46.7) 

37 ( 
14.5) 

293 ( 
50.0) 

144 ( 
42.2) 

299 ( 
60.6) 

1728 ( 
56.2) 

246 ( 
45.7) 

499 ( 
16.0) 

On insulin, N (%) 
4011 ( 
15.5) 

152 ( 
11.9) 

1393 ( 
17.6) 

162 ( 
16.8) 55 ( 3.6) 

209 ( 
12.0) 54 ( 8.3) 

105 ( 
10.3) 

194 ( 
8.4) 12 ( 4.7) 

95 ( 
16.2) 

37 ( 
10.9) 49 ( 9.9) 

1049 ( 
34.1) 46 ( 8.6) 

399 ( 
12.8) 

Diagnosed with 
hypertension, N 
(%) 

10205 ( 
39.5) 

288 ( 
22.6) 

3537 ( 
44.7) 

491 ( 
50.9) 

182 ( 
11.9) 

834 ( 
47.9) 

211 ( 
32.6) 

337 ( 
33.1) 

964 ( 
41.6) 

162 ( 
63.3) 

389 ( 
66.4) 

121 ( 
35.5) 

262 ( 
53.1) 

1440 ( 
46.8) 

314 ( 
58.4) 

673 ( 
21.5) 

Has hypertension 
per exam or 
medicines, N (%) 

14444 ( 
55.9) 

562 ( 
44.1) 

4744 ( 
59.9) 

690 ( 
71.6) 

636 ( 
41.7) 

1100 ( 
63.2) 

359 ( 
55.4) 

500 ( 
49.1) 

1270 ( 
54.9) 

120 ( 
46.9) 

471 ( 
80.4) 

126 ( 
37.0) 

301 ( 
61.1) 

1867 ( 
60.7) 

334 ( 
62.1) 

1364 ( 
43.6) 

Systolic blood 
pressure, mmHg 
(median [IQR]) 

134.00 
[121.00, 
151.00] 

130.67 
[117.00, 
148.00] 

136.67 
[123.33, 
152.00] 

143.50 
[127.50, 
163.50] 

130.00 
[118.50, 
147.00] 

136.33 
[123.00, 
155.38] 

131.00 
[121.00, 
148.00] 

128.67 
[118.33, 
143.00] 

133.00 
[121.00, 
150.33] 

138.00 
[125.38, 
151.00] 

150.50 
[134.08, 
170.00] 

125.33 
[116.00, 
137.33] 

134.50 
[119.50, 
150.00] 

131.50 
[119.00, 
151.00] 

137.50 
[125.50, 
154.50] 

131.00 
[119.00, 
146.00] 

Diastolic blood 
pressure, mmHg 
(median [IQR]) 

82.00 
[74.00, 
90.33] 

82.00 
[74.00, 
91.00] 

81.50 
[73.67, 
89.50] 

83.83 
[76.25, 
93.50] 

82.00 
[74.33, 
90.00] 

87.00 
[78.50, 
95.50] 

82.00 
[79.00, 
90.00] 

85.00 
[77.33, 
92.33] 

83.67 
[76.00, 
92.00] 

80.50 
[74.50, 
87.50] 

91.33 
[82.00, 
99.00] 

77.67 
[71.33, 
84.33] 

80.00 
[71.50, 
87.50] 

79.00 
[70.00, 
87.00] 

78.25 
[70.50, 
87.50] 

81.33 
[73.00, 
89.50] 

On blood 
pressure 
medicines, N (%) 

6977 ( 
27.0) 

143 ( 
11.2) 

2516 ( 
31.8) 

396 ( 
41.1) 

107 ( 
7.0) 

614 ( 
35.3) 

181 ( 
27.9) 

204 ( 
20.0) 

551 ( 
23.8) 0 ( 0.0) 

297 ( 
50.7) 

71 ( 
20.8) 

186 ( 
37.7) 

1212 ( 
39.4) 

166 ( 
30.9) 

333 ( 
10.6) 

Total cholesterol, 
mmol/L (median 
[IQR]) 

4.58 
[3.84, 
5.40] 

4.36 
[3.57, 
5.20] 

4.34 
[3.57, 
5.15] 

4.50 
[3.77, 
5.40] 

4.20 
[3.52, 
5.15] 

4.79 
[4.00, 
5.57] 

5.12 
[4.42, 
5.84] 

4.76 
[4.09, 
5.56] 

4.63 
[3.80, 
5.48] 

4.99 
[4.16, 
5.80] 

5.00 
[4.30, 
5.80] 

4.91 
[4.06, 
5.84] 

4.78 
[3.98, 
5.69] 

4.89 
[4.22, 
5.56] 

4.97 
[4.17, 
5.76] 

4.60 
[3.93, 
5.37] 

Total cholesterol, 
mg/dL (median 
[IQR]) 

177.00 
[148.49, 
208.82] 

168.74 
[138.25, 
201.00] 

167.87 
[138.00, 
199.00] 

174.00 
[145.69, 
208.82] 

162.41 
[136.22, 
199.00] 

185.23 
[154.68, 
215.39] 

197.99 
[170.92, 
225.93] 

184.00 
[158.00, 
215.00] 

179.00 
[146.95, 
211.91] 

193.00 
[161.00, 
224.25] 

193.35 
[166.38, 
224.29] 

190.00 
[157.00, 
226.00] 

185.00 
[154.00, 
220.00] 

189.00 
[163.00, 
215.00] 

192.00 
[161.16, 
222.84] 

177.88 
[151.97, 
207.49] 



High-density 
lipoprotein 
cholesterol, 
mmol/L (median 
[IQR]) 

1.06 
[0.88, 
1.30] 

1.08 
[0.86, 
1.36] 

1.03 
[0.85, 
1.25] 

1.09 
[0.90, 
1.33] 

1.14 
[0.88, 
1.44] 

1.12 
[0.94, 
1.40] 

1.23 
[1.04, 
1.49] 

0.96 
[0.85, 
1.14] 

1.08 
[0.88, 
1.32] 

1.22 
[0.98, 
1.43] 

1.25 
[1.01, 
1.57] 

1.09 
[0.88, 
1.30] 

1.18 
[0.94, 
1.48] 

1.03 
[0.88, 
1.22] 

1.04 
[0.90, 
1.27] 

1.06 
[0.80, 
1.33] 

High-density 
lipoprotein 
cholesterol, 
mg/dL (median 
[IQR]) 

41.15 
[34.00, 
50.32] 

41.76 
[33.29, 
52.49] 

40.00 
[33.00, 
48.34] 

42.00 
[34.80, 
51.43] 

44.00 
[34.01, 
55.68] 

43.31 
[36.35, 
54.14] 

47.56 
[40.22, 
57.71] 

37.00 
[32.74, 
44.00] 

41.76 
[34.00, 
51.00] 

47.00 
[38.00, 
55.25] 

48.34 
[39.06, 
60.71] 

42.00 
[34.00, 
50.27] 

45.63 
[36.50, 
57.40] 

40.00 
[34.00, 
47.00] 

40.30 
[34.70, 
49.00] 

40.99 
[30.94, 
51.43] 

Self-reported 
history of 
myocardial 
infarction (%) 

2738 ( 
10.6) 83 ( 6.5) 

822 ( 
10.4) 

103 ( 
10.7) 74 ( 4.8) 

402 ( 
23.1) 45 ( 6.9) 

113 ( 
11.1) 

277 ( 
12.0) 18 ( 7.0) 

148 ( 
25.3) 

38 ( 
11.1) 

58 ( 
11.8) 

232 ( 
7.5) 

67 ( 
12.5) 

258 ( 
8.3) 

On statin, N (%) 
2655 ( 
10.3) 34 ( 2.7) 

1351 ( 
17.1) 87 ( 9.0) 37 ( 2.4) 

133 ( 
7.6) 31 ( 4.8) 55 ( 5.4) 

261 ( 
11.3) 13 ( 5.1) 

62 ( 
10.6) 24 ( 7.0) 40 ( 8.1) 

350 ( 
11.4) 

61 ( 
11.3) 

116 ( 
3.7) 

Current smoker, 
N (%) 

3755 ( 
14.5) 

122 ( 
9.6) 

1002 ( 
12.7) 86 ( 8.9) 

101 ( 
6.6) 

297 ( 
17.1) 

173 ( 
26.7) 

195 ( 
19.2) 

363 ( 
15.7) 

48 ( 
18.8) 

85 ( 
14.5) 

44 ( 
12.9) 21 ( 4.3) 

315 ( 
10.2) 

117 ( 
21.7) 

786 ( 
25.1) 

Model-based prevalence estimates 
History of chronic 
kidney disease, 
stage 1 to 4, N 
(%) 

101364 ( 
7.9) 

4914 ( 
7.7) 

29247 ( 
7.4) 

3341 ( 
6.9) 

6688 ( 
8.8) 

6925 ( 
8.0) 

2029 ( 
6.3) 

4157 ( 
8.2) 

8996 ( 
7.8) 

744 ( 
5.8) 

2095 ( 
7.2) 

1583 ( 
9.3) 

1689 ( 
6.9) 

13411 ( 
8.7) 

2116 ( 
7.9) 

13429 ( 
8.6) 

History of 
hypoglycemia 
requiring medical 
attention, N (%) 

247925 
(19.2) 

11336 
(17.8) 

74831 
(18.9) 

9352 
(19.4) 

11115 
(14.6) 

16594 
(19.1) 

4439 
(13.7) 

9257 
(18.2) 

22399 
(19.4) 

1165 ( 
9.1) 

5003 
(17.1) 

3684 
(21.6) 

5582 
(22.6) 

37595 
(24.5) 

5255 
(19.5) 

30318 
(19.4) 

History of 
congestive heart 
failure 
hospitalization, N 
(%) 

57434 ( 
4.4) 

1638 ( 
2.6) 

19260 ( 
4.9) 

2634 ( 
5.5) 

1307 ( 
1.7) 

4665 ( 
5.4) 

1447 ( 
4.5) 

1523 ( 
3.0) 

4548 ( 
3.9) 

418 ( 
3.3) 

1791 ( 
6.1) 

635 ( 
3.7) 

1285 ( 
5.2) 

9982 ( 
6.5) 

1850 ( 
6.9) 

4451 ( 
2.8) 

History of 
atherosclerotic 
cardiovascular 
disease events, 
N (%) 

273464 
(21.2) 

8075 
(12.7) 

99215 
(25.1) 

9701 
(20.1) 

7000 ( 
9.2) 

30554 
(35.1) 

7658 
(23.6) 

8672 
(17.0) 

22926 
(19.8) 

3397 
(26.5) 

12185 
(41.6) 

2768 
(16.2) 

5120 
(20.8) 

25018 
(16.3) 

6709 
(24.9) 

24466 
(15.6) 



Estimated 10-year risk of... 

ASCVD, %, 
(median [IQR]) 

10.00 
[4.00, 
17.00] 

6.00 
[0.00, 
11.00] 

15.00 
[8.13, 
22.91] 

10.00 
[5.00, 
16.00] 

2.00 
[0.00, 
8.00] 

12.29 
[5.00, 
24.00] 

17.00 
[10.00, 
25.00] 

6.00 
[0.00, 
10.00] 

8.00 
[4.00, 
12.00] 

20.00 
[11.00, 
31.00] 

22.00 
[14.00, 
31.00] 

5.17 
[3.00, 
8.00] 

8.87 
[4.43, 
15.00] 

8.00 
[4.00, 
14.00] 

13.00 
[7.00, 
20.00] 

7.00 
[0.00, 
12.00] 

CHF 
hospitalization, 
%, (median 
[IQR]) 

2.58 
[1.21, 
5.29] 

1.59 
[0.75, 
3.10] 

2.91 
[1.44, 
5.94] 

3.24 
[1.48, 
6.73] 

0.91 
[0.50, 
1.83] 

3.04 
[1.28, 
6.50] 

2.87 
[1.31, 
5.57] 

1.84 
[1.02, 
3.71] 

2.54 
[1.35, 
4.87] 

2.56 
[1.32, 
4.11] 

3.75 
[1.70, 
7.97] 

2.54 
[1.32, 
4.82] 

3.17 
[1.61, 
5.68] 

3.87 
[1.88, 
7.99] 

4.32 
[2.21, 
7.96] 

1.83 
[0.94, 
3.53] 

ESRD, %, 
(median [IQR]) 

7.23 
[5.59, 
9.42] 

7.24 
[5.72, 
9.13] 

6.79 
[5.32, 
8.88] 

6.20 
[4.86, 
8.02] 

8.16 
[6.49, 
10.42] 

7.38 
[5.79, 
9.32] 

5.67 
[4.53, 
7.36] 

7.72 
[6.09, 
9.70] 

7.04 
[5.45, 
9.23] 

5.55 
[4.66, 
7.10] 

6.58 
[5.11, 
8.58] 

8.76 
[6.95, 
11.41] 

5.97 
[4.68, 
8.05] 

7.96 
[6.02, 
10.62] 

7.32 
[5.86, 
9.78] 

8.05 
[6.47, 
10.21] 

Retinopathy, % 
(median [IQR]) 

5.98 
[4.22, 
8.62] 

4.65 
[3.18, 
6.65] 

6.23 
[4.44, 
8.67] 

6.35 
[4.34, 
9.00] 

3.85 
[2.82, 
5.55] 

6.52 
[4.62, 
9.49] 

6.66 
[4.84, 
9.28] 

5.00 
[3.72, 
6.97] 

6.04 
[4.36, 
8.46] 

7.20 
[4.84, 
9.50] 

7.93 
[5.53, 
11.12] 

5.69 
[4.13, 
7.76] 

6.01 
[4.18, 
8.44] 

7.14 
[5.06, 
10.39] 

7.42 
[5.38, 
10.76] 

5.56 
[3.95, 
7.71] 

Neuropathy, %, 
(median [IQR]) 

7.79 
[5.04, 
11.77] 

5.87 
[3.63, 
9.17] 

8.02 
[5.31, 
11.84] 

8.14 
[5.21, 
12.11] 

4.66 
[3.08, 
7.10] 

8.33 
[5.56, 
12.70] 

8.91 
[5.94, 
13.19] 

6.73 
[4.52, 
9.99] 

7.46 
[5.13, 
10.88] 

9.22 
[6.44, 
13.14] 

9.60 
[6.50, 
13.99] 

7.83 
[5.15, 
11.17] 

7.82 
[5.19, 
11.86] 

9.80 
[6.49, 
14.81] 

10.42 
[7.24, 
15.31] 

7.01 
[4.59, 
10.42] 

Hypoglycemia 
requiring medical 
attention, %, 
(median [IQR]) 

7.27 
[3.80, 
22.46] 

6.25 
[3.64, 
18.20] 

7.73 
[3.86, 
22.56] 

6.61 
[4.10, 
19.93] 

5.25 
[3.17, 
14.19] 

7.42 
[3.92, 
22.50] 

5.05 
[2.69, 
14.08] 

6.25 
[3.61, 
22.44] 

6.94 
[3.81, 
22.89] 

4.59 
[2.49, 
9.49] 

6.47 
[3.46, 
19.02] 

7.54 
[4.00, 
23.91] 

10.68 
[4.40, 
29.51] 

10.57 
[4.29, 
34.16] 

7.65 
[4.20, 
21.99] 

7.30 
[3.87, 
22.28] 

 
 

  



Table 2: Estimated risk of diabetes complications, and associated disability-adjusted life-years (DALYs) and costs (2020 $Int) when 
adopting alternatives to sulfonylureas or NPH insulin per the alternative treatment algorithm displayed in Figure 1.  
 

Medication 
Reference 
agents Alternative agents made available 

Estimated 10-year 
risk of... 

Sulfonylurea and 
NPH insulin if 
needed 

SLGT-2i instead 
of sulfonylurea if 
ASCVD, CHF, 
CKD or 
hypoglycemia 

GLP-1 RA instead 
of sulfonylurea if 
ASCVD, CHF, CKD 
or hypoglycemia 

SLGT-2i or (if low 
eGFR) GLP-1 RA 
instead of 
sulfonylurea if 
ASCVD, CHF, CKD 
or hypoglycemia 

DPP4i instead of 
sulfonylurea if 
hypoglycemia 

TZD instead of 
sulfonylurea if 
hypoglycemia 
and no CHF 

Glargine insulin 
instead of NPH 
insulin if 
hypoglycemia 

All agents 
available 

ASCVD event, % 
mean (SD), 
{median [IQR]} 

11.78 (10.29) 
{10.00 [4.00, 
17.00]} 

11.62 (10.16) 
{10.00 [4.00, 
17.00]} 

11.68 (10.21) 
{10.00 [4.00, 
17.00]} 

11.62 (10.16) {10.00 
[4.00, 17.00]} 

11.78 (10.29) 
{10.00 [4.00, 
17.00]} 

11.58 (10.13) 
{10.00 [4.00, 
17.00]} 

11.78 (10.29) 
{10.00 [4.00, 
17.00]} 

11.62 (10.16) 
{10.00 [4.00, 
17.00]} 

CHF 
hospitalization, % 
mean (SD), 
{median [IQR]} 

4.47 (5.79) {2.58 
[1.21, 5.29]} 

4.23 (5.29) {2.52 
[1.19, 5.10]} 

4.47 (5.79) {2.58 
[1.21, 5.29]} 

4.24 (5.30) {2.52 
[1.19, 5.11]} 

4.47 (5.79) {2.58 
[1.21, 5.29]} 

4.75 (6.54) {2.62 
[1.22, 5.47]} 

4.47 (5.79) {2.58 
[1.21, 5.29]} 

4.24 (5.30) {2.52 
[1.19, 5.11]} 

ESRD, % mean 
(SD), {median 
[IQR]} 

7.90 (3.24) {7.23 
[5.59, 9.42]} 

7.70 (3.21) {7.05 
[5.45, 9.22]} 

7.72 (3.21) {7.07 
[5.47, 9.23]} 

7.70 (3.21) {7.04 
[5.44, 9.21]} 

7.90 (3.24) {7.23 
[5.60, 9.43]} 

7.89 (3.24) {7.23 
[5.59, 9.42]} 

7.90 (3.24) {7.23 
[5.59, 9.42]} 

7.70 (3.21) {7.04 
[5.44, 9.21]} 

Retinopathy leading 
to severe vision 
loss, % mean (SD), 
{median [IQR]} 

6.92 (3.88) {5.98 
[4.22, 8.62]} 

6.93 (3.89) {5.99 
[4.22, 8.64]} 

6.87 (3.85) {5.94 
[4.20, 8.56]} 

6.93 (3.89) {5.99 
[4.22, 8.63]} 

6.93 (3.89) {5.99 
[4.22, 8.63]} 

6.91 (3.88) {5.98 
[4.22, 8.61]} 

6.92 (3.88) {5.98 
[4.22, 8.62]} 

6.93 (3.89) {5.99 
[4.22, 8.63]} 

Neuropathy leading 
to loss of pressure 
sensation, % mean 
(SD), {median 
[IQR]} 

9.28 (6.09) {7.79 
[5.04, 11.77]} 

9.29 (6.10) {7.80 
[5.05, 11.79]} 

9.24 (6.05) {7.76 
[5.03, 11.71]} 

9.28 (6.09) {7.80 
[5.04, 11.79]} 

9.28 (6.09) {7.80 
[5.04, 11.79]} 

9.27 (6.08) {7.79 
[5.04, 11.77]} 

9.28 (6.09) {7.79 
[5.04, 11.77]} 

9.28 (6.09) {7.80 
[5.04, 11.79]} 

Hypoglycemia 
requiring medical 
attention, % mean 
(SD), {median 
[IQR]} 

19.21 (25.46) 
{7.27 [3.80, 
22.46]} 

17.74 (24.45) 
{6.67 [3.57, 
19.57]} 

17.97 (24.34) {6.92 
[3.67, 20.36]} 

17.69 (24.39) {6.68 
[3.56, 19.47]} 

17.88 (24.34) 
{6.87 [3.65, 
20.10]} 

18.11 (24.36) 
{6.98 [3.69, 
20.67]} 

17.72 (23.37) 
{6.92 [3.67, 
20.71]} 

17.64 (24.41) 
{6.61 [3.54, 
19.47]} 

Genitourinary 
infection, % mean 
(SD), {median 
[IQR]} 

4.35 (0.00) {4.35 
[4.35, 4.35]} 

4.75 (1.33) {4.35 
[4.35, 4.35]} 

4.35 (0.00) {4.35 
[4.35, 4.35]} 

4.73 (1.23) {4.35 
[4.35, 4.35]} 

4.35 (0.00) {4.35 
[4.35, 4.35]} 

4.35 (0.00) {4.35 
[4.35, 4.35]} 

4.35 (0.00) {4.35 
[4.35, 4.35]} 

4.73 (1.23) {4.35 
[4.35, 4.35]} 

Diabetic 
ketoacidosis, % 
mean (SD), 
{median [IQR]} 

0.07 (0.00) {0.07 
[0.07, 0.07]} 

0.09 (0.04) {0.07 
[0.07, 0.07]} 

0.07 (0.00) {0.07 
[0.07, 0.07]} 

0.09 (0.04) {0.07 
[0.07, 0.07]} 

0.07 (0.00) {0.07 
[0.07, 0.07]} 

0.07 (0.00) {0.07 
[0.07, 0.07]} 

0.09 (0.04) {0.07 
[0.07, 0.07]} 

0.09 (0.04) {0.07 
[0.07, 0.07]} 



Lower extremity 
amputation, % 
mean (SD), 
{median [IQR]} 

0.35 (0.00) {0.35 
[0.35, 0.35]} 

0.38 (0.09) {0.35 
[0.35, 0.35]} 

0.35 (0.00) {0.35 
[0.35, 0.35]} 

0.38 (0.09) {0.35 
[0.35, 0.35]} 

0.35 (0.00) {0.35 
[0.35, 0.35]} 

0.35 (0.00) {0.35 
[0.35, 0.35]} 

0.38 (0.09) {0.35 
[0.35, 0.35]} 

0.38 (0.09) {0.35 
[0.35, 0.35]} 

Severe 
gastrointestinal 
distress, % mean 
(SD), {median 
[IQR]} 

0.00 (0.00) {0.00 
[0.00, 0.00]} 

0.00 (0.00) {0.00 
[0.00, 0.00]} 

8.82 (28.36) {0.00 
[0.00, 0.00]} 

0.06 (0.19) {0.00 
[0.00, 0.00]} 

0.00 (0.00) {0.00 
[0.00, 0.00]} 

0.00 (0.00) {0.00 
[0.00, 0.00]} 

0.00 (0.00) {0.00 
[0.00, 0.00]} 

0.06 (0.19) {0.00 
[0.00, 0.00]} 

Change in body 
mass index, kg/m^2 
mean (SD), {median 
[IQR]} 

0.16 (0.32) {0.00 
[0.00, 0.00]} 

0.03 (0.49) {0.00 
[0.00, 0.00]} 

0.00 (0.56) {0.00 
[0.00, 0.00]} 

0.03 (0.47) {0.00 
[0.00, 0.00]} 

0.10 (0.34) {0.00 
[0.00, 0.00]} 

0.27 (0.51) {0.00 
[0.00, 0.00]} 

0.16 (0.32) {0.00 
[0.00, 0.00]} 

0.03 (0.47) {0.00 
[0.00, 0.00]} 

Cost-
effectiveness         
Disability adjusted 
life-years (DALYs), 
mean (SD), {median 
[IQR]} 

2,657.99 (404.22) 
{2,729.65 
[2,329.20, 
3,026.21]} 

2,582.16 (399.77) 
{2,654.81 
[2,237.43, 
2,962.96]} 

2,598.19 (398.99) 
{2,674.24 
[2,262.21, 
2,978.88]} 

2,580.18 (399.64) 
{2,652.35 [2,235.54, 
2,960.20]} 

2,642.44 (401.05) 
{2,714.45 
[2,308.64, 
3,011.42]} 

2,654.02 (402.17) 
{2,727.48 
[2,324.46, 
3,021.77]} 

2,645.99 (400.15) 
{2,716.53 
[2,322.52, 
3,006.66]} 

2,579.72 (399.59) 
{2,651.84 
[2,234.87, 
2,959.52]} 

Costs including 
medications and 
treatment of 
complications, mean 
(SD), {median [IQR]} 

3,854,819.97 
(1,378,248.77) 
{3,385,351.95 
[3,133,716.33, 
4,554,518.95]} 

4,713,909.33 
(1,805,339.03) 
{3,944,168.69 
[3,627,427.08, 
5,726,756.79]} 

57,595,315.15 
(27,426,008.42) 
{58,847,862.46 
[35,437,323.21, 
75,047,134.80]} 

6,908,961.12 
(2,807,409.25) 
{6,035,194.92 
[5,111,336.81, 
8,150,939.43]} 

4,433,162.54 
(1,744,939.19) 
{3,952,796.98 
[3,428,213.96, 
5,372,135.35]} 

4,205,632.11 
(1,760,027.54) 
{3,547,007.51 
[3,208,081.30, 
4,737,100.15]} 

4,143,205.71 
(1,492,683.63) 
{3,836,123.02 
[3,216,720.43, 
4,850,649.08]} 

7,014,318.27 
(2,856,292.55) 
{6,067,413.10 
[5,239,192.15, 
8,340,048.35]} 

Incremental cost-
effectiveness ratio 
($/DALY averted), 
mean (SD), {median 
[IQR]} Reference group 

12,425.78 
(7,434.14) 
{10,696.11 
[7,072.32, 
15,779.78]} 

984,995.99 
(496,886.23) 
{910,075.49 
[589,313.00, 
1,295,276.68]} 

41,883.71 
(16,478.24) 
{40,286.32 
[27,943.11, 
53,919.29]} 

57,289.33 
(67,060.82) 
{25,002.01 
[19,054.26, 
68,482.46]} 

562,753.29 
(904,448.72) 
{70,882.22 
[12,887.99, 
643,130.51]} 

103,019.81 
(234,895.05) 
{20,543.82 
[2,992.30, 
64,161.14]} 

42,995.81 
(16,902.97) 
{40,469.64 
[28,489.69, 
55,048.84]} 

 
  



Table 3:  Estimated goal drug price (in 2020 International Dollars, at the typical starting dose or per-vial quantity listed below) across 
studied countries required to reach each of two metrics: (i) being considered cost-effective in having costs per DALY averted be less 
than three times the GDP per capita (the threshold used by the World Health Organization36), or (ii) being considered cost-saving by 
having the drug cost plus averted complications costs be lower for the novel agents than for their current standard alternatives 
(sulfonylureas or NPH insulin; ignoring DALYs and focusing only on costs for a fixed budget decision-maker). The median cost of a 
year’s supply of metformin among the studied countries at the typical starting dose of 500mg once daily was $24 (IQR: $20, $28; 
mean $45), for a sulfonylurea (gliclazide 80mg daily) was $26 (IQR: $16, $67; mean $37) for an SGLT-2 inhibitor (empagliflozin 
5mg daily) was $271 (IQR: $168, $370; mean $294), for a GLP-1 receptor agonist (liraglutide 1.2mg daily) was $12,378 (IQR: 
$10,963, $13,641; mean $12,819), for a DPP-4 inhibitor (sitagliptin 100mg daily) was $148 (IQR: $77, $208; mean $143), for a 
thiazolidinedione (pioglitazone 15mg daily) was $84 (IQR: $37, $92; mean $99), for NPH insulin was $10 per 10mL vial of 
100IU/mL (IQR: $9, $17; mean $13), and for glargine insulin was $29 per 10mL vial of 100IU/mL (IQR: $17, $54; mean $37). 
 

Metric 
Goal price (2020 $US/person/year), median [IQR], (% reduction) 

SLGT-2i GLP-1 RA DPP4i  TZD  Glargine insulin  
Cost-effectiveness threshold of <3xGDP per capita 

Low-income countries (n = 11) 
158.64 [115.77, 192.55], 
(30.6%) 

147.69 [107.78, 179.26], 
(98.6%) 

28.09 [17.22, 60.45], 
(56.4%) 

17.81 [9.18, 32.93], 
(59.0%) 

17.88 [14.75, 31.66], 
(46.4%) 

Lower middle-income countries (n = 
28) 

234.69 [198.14, 359.29], 
(14.8%) 

218.49 [184.47, 334.49], 
(97.7%) 

74.16 [36.74, 113.17], 
(42.2%) 

24.24 [6.48, 49.14], 
(64.5%) 

17.95 [15.89, 21.46], 
(8.96%) 

Upper middle-income countries (n = 
28) 

234.73 [115.77, 359.29], 
(3.3%) 

218.53 [107.78, 334.49], 
(98.2%) 

80.74 [59.64, 183.17], 
(19.3%) 

33.10 [1.67, 83.94], 
(61.1%) 

36.21 [17.44, 51.53], 
(30.9%) 

Overall (n = 67) 
223.89 [138.34, 359.29], 
(17.4%) 

208.44 [128.79, 488.08], 
(98.3%) 

73.07 [51.88, 127.86], 
(50.7%) 

27.66 [5.57, 61.84], 
(66.6%) 

19.96 [15.79, 42.11], 
(31.0%) 

Cost savings when including cost of complications averted 

Low-income countries (n = 11) 
207.94 [141.85, 419.30], 
(8.2%) 

193.59 [132.06, 390.36], 
(86.9%) 

78.20 [64.20, 143.50], 
(4.4%) 

81.30 [32.30, 83.25], 
(4.1%) 

20.60 [17.01, 35.69], 
(22.2%) 

Lower middle-income countries (n = 
28) 

268.51 [182.19, 317.95], 
(19.3%) 

249.98 [169.62, 296.01], 
(99.3%) 

135.00 [74.80, 172.66], 
(10.8%) 

79.57 [47.30, 90.30], 
(13.3%) 

16.60 [13.34, 19.08], 
(22.6%) 

Upper middle-income countries (n = 
28) 

196.58 [109.78, 311.98], 
(17.3%) 

183.02 [102.20, 290.45], 
(99.3%) 

142.50 [57.08, 207.75], 
(14.2%) 

79.15 [35.40, 107.25], 
(26.1%) 

34.52 [19.84, 41.90], 
(39.6%) 

Overall (n = 67) 
213.90 [148.12, 315.69], 
(21.4%) 

199.14 [137.90, 293,90], 
(98.4%) 

132.51 [65.56, 192.62], 
(10.5%) 

80.02 [35.44, 90.99], 
(4.7%) 

19.60 [14.70, 36.84], 
(32.4%) 
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