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Supplementary Table S1. Logistic regression model of metformin intolerance. 

 
Variable  OR [CI] p 

Age at ITE (years) 1.04[1.03-1.06] 7.44×10
-08

 

Gender  2.31[1.72-3.10] 2.52×10
-08

 

Weight (kg) 1.00[0.99-1.00] 0.20 

Use of metformin 

transporter inhibiting drugs 

1.72[1.26-2.32] 5.17×10
-04

 

rs3889348  1.34[1.09-1.65] 0.005 

 
Gender coded as women vs men. ITE: index intolerance event  
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Supplementary Table S2. Number of patients treated concomitantly with metformin transporter 

inhibiting drugs in the intolerant and tolerant groups. 
 

Drug/ Drug Class  Intolerant group (237)  Tolerant group (1128)  p 

PPI 58 (24.5%) 156 (13.8%) <0.001 

Codeine 22 (9.3%) 35 (3.1%) <0.001 

TCA 17 (7.2%) 33 (2.93%) 0.003 

Tramadol 10 (4.2%) 18 (1.6%) 0.004 

Clopidogrel 5 (2.1%) 14 (1.24%) 0.46 

Spironolactone 3 (1.3%) 9 (0.8%) 0.75 

Verapamil 3 (1.3%) 8 (0.7%) 0.64 

 
Data are presented as numbers of patients (percentages). TCAs, tricyclic antidepressants; PPIs, proton pump 

inhibitors.  
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Supplementary Table S3. Population characteristics by rs3889348 genotype. 

 
 rs3889348 genotype  

AA (n = 205) GA (n = 681) GG (n = 532) p 

Age at ITE (years) 61.03 ± 10.50 61.34 ± 10.0 61.94 ± 9.73 0.21 

Age at diagnosis (years) 55.97 ± 10.32 56.31 ± 9.67 56.78 ± 9.65 0.27 

Gender (women %) 36.6% 42.6% 45.1%  0.11
*
 

Weight (kg) 97.21 ± 19.39 92.53 ± 18.22 93.15 ± 19.43 0.06 

BMI (kg/m
2
) 32.77 ± 6.02 31.89 ± 6.09 31.88 ± 5.96 0.15 

Height (m) 1.72 ± 0.10 1.71 ± 0.10 1.71 ± 0.10 0.29 

Creatinine (µmol/dL) 80.51 ± 15.57 79.09 ± 16.29 79.90 ± 17.80 0.95 

Creatinine clearance (mL/min) 84.75 ± 18.95 84.98 ± 18.55 84.04 ± 20.80 0.52 

HbA1c (%) 8.21 ± 1.59 8.18 ± 1.62 8.39 ± 1.75 0.11 

Diabetes duration (years)
†
 4 [1.16-7.00]  4 [2.00-7.19] 4 [1.78-7.00] 0.78

‡
 

Dose (mg)
†
  1000 (1000-1500) 1000 (1000-1500)  1000 (1000-1500)  1.00

‡
 

Drug naïve (%) 44.1% 51.7% 51.4%  0.14
*
 

Use of metformin transporter 

inhibiting drugs (%) 

 22.4%  27.6%  28.8%  0.27
*
 

 
*chi-square test for independence, ‡kruskal-Wallis one-way analysis of variance, †Median (IQR). ITE: index 

intolerance event  
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Supplementary Table S4. Joint effect of SLC29A4 (PMAT) genotype and metformin transporter 

inhibiting drugs on metformin intolerance. 

 
  Intolerant/Tolerant OR [95% CI] p 

Carries no risk allele and not treated with metformin 

transporter inhibiting drugs 

15/141 1 --- 

Carries one risk allele and not treated with metformin 

transporter inhibiting drugs  

67/408 1.52 [0.86-2.88] 0.17 

Carries two risk alleles and not treated with metformin 

transporter inhibiting drugs  

60/305 1.76 [1.01-3.35] 0.04 

Carries no risk allele and treated with metformin 

transporter inhibiting drugs  

8/37 1.74 [0.64-4.46] 0.25 

Carries one risk allele and treated with metformin 

transporter inhibiting drugs 

44/137 2.44 [1.30-4.78] 0.007 

Carries two risk alleles and treated with metformin 

transporter inhibiting drugs 

43/100 3.23 [1.71-6.39] < 0.001 
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Supplementary Table S5. Joint effects of PMAT genotype and metformin transporter inhibiting drugs 

on intolerance after matching subjects for age and gender.  

 
 OR (95% CI)  p 

Weight   0.99[0.98-1.00] 0.08 

Use of metformin transporter inhibiting drugs  1.75[1.28-2.38] <0.001 

rs3889348_G 1.26[1.02-1.59] 0.03 
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Supplementary Table S6. Joint effect of SLC29A4 (PMAT) genotype and metformin transporter 

inhibiting drugs on metformin intolerance after matching patients for age and gender. 237 cases and 711 

controls (1 case ~3 controls). 
 

  Intolerant/T

olerant 

OR [95% CI] p 

Carries no risk allele and not treated with metformin 

transporter inhibiting drugs 

15/93 - - 

Carries no risk allele and treated with metformin 

transporter inhibiting drugs 

8/18 2.76[0.99-7.38] 0.05 

Carries one risk allele and not treated with metformin 

transporter inhibiting drugs 

67/234 1.78[0.99-3.37] 0.06 

Carries one risk allele and treated with metformin 

transporter inhibiting drugs 

60/189 1.97[1.09-3.76] 0.03 

Carries two risk allele and not treated with metformin 

transporter inhibiting drugs 

44/100 2.73[1.45-5.37] 0.003 

Carries two risk alleles and treated with metformin 

transporter inhibiting drugs 

43/77 3.46[1.82-6.88] <0.001 

 



SUPPLEMENTARY DATA 

©2019 American Diabetes Association. Published online at http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc18-2182/-/DC1 

Supplementary Figure S1. Boxplot of association between rs3889348 genotype and SLC29A4 (PMAT) 

expression in the gut, colon transverse (left side) and terminal ilium of the small intestine (right side). 
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DIRECT Study Group 

 

The following individuals and institutions constitute the IMI DIRECT Study Group (*indicates principal 

investigator) 

 

University of Bath, UK: C. Jennison*, B. Ehrhardt 

Boehringer Ingelheim Pharma GmbH & Co, Germany: P. Baum, C. Schoelsch, J.I. Freijer, R. 

Grempler, U. Graefe-Mody, A.M. Hennige* 

Boehringer Ingelheim Pharma GmbH & Co, Germany/ Saarland University, Germany: C. Dings, 

T. Lehr*, N. Scherer, I. Sihinecich 

Centre Hospitalier Régional Universitaire de Lille, Frane: F. Pattou*, V. Raverdi, R. Caiazzo, F. 

Torres, H. Verkindt 

Institute of Neuroscience, National Research Council, Italy: A. Mari*, A. Tura, T. Giorgino, R. 

Bizzotto 

Centre National de la Recherche Scientific CNRS, France: P. Froguel*, A. Bonneford, M. Canouil, 

V. Dhennin 

Technical University of Denmark, Denmark: C.A. Brorsson, S. Brunak*, F. De Masi, V. 

Gudmundsdóttir, H.K. Pedersen, K. Banasik, C.E. Thomas, W. Sackett, H. Staerfeldt, A.T. Lundgaard, 

B. Nilsson, A.M. Nielsen, G. Mazzoni, T. Karaderi, S. Rasmussen, J. Johansen, R.L. Allesøe 

 Medizinische Universitätsklinik Tübingen, Germany: A. Fritsche* 

Helmholtz Zentrum München, Germany: B. Thorand, J. Adamski*, H. Grallert, M. Haid, S. Sharma, 

M.Troll, J. Adam 

Institut d'investigacions Biomèdiques August Pi i Sunyer, Spain: J. Ferrer* 

Imperial College London, UK: P. Froguel, R.G. Eriksen, G. Frost 

KTH Royal Institute of Technology, Sweden: R. Haussler, M.-G. Hong, J.M. Schwenk, M. Uhlen* 

Eli Lilly and Company: C. Nicolay, I. Pavo*, B. Steckel-Hamann, M.K. Thomas, K. Adragni, H. Wu 

Leiden University Medical Center, The Netherlands: L.M. 't Hart*, R.C. Roderick, N. van Leeuwen, 

K.F. Dekkers 

Sanofi-Aventis Deutschland GmbH, Germany: F. Frau, J. Gassenhuber, B. Jablonka, P. Musholt, H. 

Ruetten*, J. Tillner 

SERVIER Laboratories, France: T. Baltauss*, O. Bernard Poenaru, N. de Preville, M. Rodriquez 

University of Copenhagen, Copenhagen, Denmark: M. Arumugam, K.H. Allin, L. Engelbrechtsen, T. 

Hansen*, T.H. Hansen, A. Forman, A. Jonsson, O. Pedersen*, A. Dutta, J.K Vogt, H. Vestergaard 

University of Eastern Finland, Finland: M. Laakso*, T. Kokkola, T. Kuulasmaa 

Lund University, Sweden: P.W. Franks*, G. N. Giordano, H. Pomares-Millan, H. Fitipaldi, P Mutie, 

M. Klintenberg, M. Bergstrom, L. Groop*, M. Ridderstrale, N. Atabaki Pasdar 

University of Newcastle: H.A. Deshmukh, A.J. Heggie, D. Wake, D. McEvoy, I. McVittie, M. Walker*  

University of Exeter: A.T. Hattersley*, A.V. Hill, A.G. Jones, T.J. McDonald, M.H. Perry, R. Nice, M. 

Hudson, C.E. Thorne  

University of Geneva, Geneva: E.T. Dermitzakis*, A. Viñuela 

University of Dundee, UK: L. Cabrelli, H. Loftus, A.Y. Dawed, L. Donnelly, I.M. Forgie, E.R. 

Pearson*, C.N. Palmer, A.A. Brown 

University of Oxford, UK: R.W. Koivula, A. Wesolowska-Andersen, M. Abdalla, N. McRobert, J. 

Fernandez, J. Kaye*, M. Mourby, A. Mahajan, M.I. McCarthy*, N. Shah, H. Teare, Y. Jiao, N. 

Robertson, S. Gough 

University of Ulm: R.W. Holl* 
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Vrije Universiteit University Medical Center: A.D. Koopman, F. Rutters, J.W. Beulens, L. 

Groeneveld, A.D. Koopman 

University of Westminster: J.D. Bell*, E.L. Thomas, B. Whitcher 
 


