
Supplementary Table 1: MR analyses of anthropometric and metabolic conditions as exposures and 
corrected insulin response (CIR) as outcome 
 

Method β 
Standard 

Error 
p 

Egger-
Intercept 

pEgger 
Cochrane's 

Q 
Q df pQ I2 

Body Mass Index 

MR Egger 0.008 0.177 0.963 0.001 0.8 447.574 440 0.391 1.692 

Weighted 
median 

0.001 0.111 0.992             

Inverse 
variance 
weighted 

0.05 0.068 0.461     447.639 441 0.403 1.483 

Simple mode 0.048 0.31 0.876             

Weighted 
mode 

-0.036 0.182 0.844             

Coronary Artery Disease 

MR Egger -0.096 0.132 0.476 0.014 0.388 22.015 16 0.143 27.321 

Weighted 
median 

-0.046 0.067 0.499             

Inverse 
variance 
weighted 

0.009 0.057 0.875     23.099 17 0.146 26.403 

Simple mode 0.007 0.11 0.948             

Weighted 
mode 

-0.028 0.068 0.688             

High-Density Lipoprotein 

MR Egger -0.056 0.135 0.677 -0.001 0.762 127.501 107 0.086 16.079 

Weighted 
median 

-0.022 0.136 0.871             

Inverse 
variance 
weighted 

-0.087 0.089 0.327     127.611 108 0.096 15.367 

Simple mode 0.177 0.306 0.565             

Weighted 
mode 

0.011 0.122 0.928             

Hypertension 

MR Egger -9.604 4.53 0.05 0.056 0.03 11.858 16 0.754 -34.93 

Weighted 
median 

-0.196 1.33 0.883             

Inverse 
variance 
weighted 

0.929 1.021 0.363     17.545 17 0.418 3.104 

Simple mode -0.766 2.097 0.719             



Weighted 
mode 

-0.575 1.909 0.767             

Leg Fat Percent Left 

MR Egger -0.732 0.716 0.309 0.006 0.439 119.988 132 0.765 -10.011 

Weighted 
median 

-0.461 0.271 0.089             

Inverse 
variance 
weighted 

-0.197 0.191 0.304     120.589 133 0.772 -10.292 

Simple mode -0.418 0.734 0.57             

Weighted 
mode 

-0.549 0.538 0.31             

Leg Fat Percent Right 

MR Egger -0.409 0.568 0.473 0.004 0.474 132.247 128 0.381 3.212 

Weighted 
median 

-0.172 0.328 0.599             

Inverse 
variance 
weighted 

-0.024 0.188 0.9     132.78 129 0.392 2.847 

Simple mode -0.25 0.753 0.741             

Weighted 
mode 

-0.283 0.423 0.505             

Liver Fat 

MR Egger                   

Weighted 
median 

                  

Inverse 
variance 
weighted 

-0.035 0.321 0.914     0.157 1 0.692 
-

537.273 

Simple mode                   

Weighted 
mode 

                  

Type 2 Diabetes 

MR Egger -0.358 0.091 <0.001 0.012 0.088 155.47 95 0 38.895 

Weighted 
median 

-0.231 0.066 <0.001             

Inverse 
variance 
weighted 

-0.218 0.041 <0.001     160.344 96 0 40.129 

Simple mode 0.13 0.172 0.451             

Weighted 
mode 

-0.237 0.074 0.002             

Triglycerides 



MR Egger -0.133 0.154 0.389 0.004 0.306 127.283 99 0.029 22.221 

Weighted 
median 

-0.137 0.143 0.339             

Inverse 
variance 
weighted 

-0.012 0.099 0.906     128.642 100 0.028 22.265 

Simple mode -0.672 0.327 0.042             

Weighted 
mode 

-0.11 0.125 0.378             

BMI-Adjusted Waist-Hip Ratio 

MR Egger -0.127 0.32 0.691 0.006 0.355 172.572 140 0.032 18.874 

Weighted 
median 

0.344 0.165 0.037             

Inverse 
variance 
weighted 

0.151 0.112 0.177     173.633 141 0.032 18.794 

Simple mode 0.608 0.417 0.147             

Weighted 
mode 

0.582 0.408 0.155             

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Supplementary Table 2: Phenome wide 
association study for GIPR variant 
rs11671664      

Reported Trait 
Study N 
Initial 

Study N 
Replication P-Value Beta 

Beta 
CI 

Lower 
Beta CI 
Upper PMID 

Body mass index 
                   

158,284  
                       

337,300  3.00E-42 -0.040 -0.046 -0.034 
28892

062 

Body mass index 
                     

27,715  
                         

55,333  6.00E-14 -4.220 -5.322 -3.118 
22344

219 

Body mass index 
(SNP x SNP 
interaction) 

                     
26,620  

                         
35,625  7.00E-14 -0.046 -0.058 -0.034 

22344
221 

Body mass index 
                     

86,739  
                         

47,352  3.00E-12 -0.041 -0.052 -0.029 
24861

553 

Type 2 diabetes 
                   

183,651  
                         

82,027  3.00E-12 0.076 0.055 0.097 
28869

590 

2h-glucose post 
OGTTa 

                     
11,268  

                         
30,620  1.98E-15 0.094 0.082 0.106 

20081
857 

2h-glucose post 
OGTT (adjusted 
fasting-glucose)a 

                     
11,066  

                         
29,762  2.56E-20 0.107 0.095 0.118 

20081
857 

 
aBeta provided is for the insulin-reducing allele, GIPR-A, for rs10423928. The insulin-increasing 

allele of rs10423928, GIPR-T, is in LD with rs11671664 with r2=0.39: 

(https://ldlink.nci.nih.gov/?var=rs11671664&pop=GBR&genome_build=grch37&r2_d=r2&win

dow=500000&collapseTranscript=true&tab=ldproxy, accessed January 22, 2022)   

        

SNP = single nucleotide polymorphism; OGTT = oral glucose tolerance test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 3: Phenome wide association 
study for CDKAL1 variant rs7756992       

Reported 
Trait 

Study N 
Initial 

Study N 
Replicatio

n 
P-

Value Beta 

Beta 
CI 

Lowe
r 

Beta 
CI 

Uppe
r 

Odds 
Ratio 

Odds 
Ratio 

CI 
Lower 

Odds 
Ratio 

CI 
Upper PMID 

Type 2 
diabetes 1114458   

6.00E-
128 0.12 0.11 0.13       

325419
25 

Type 2 
diabetes 898130   

2.00E-
88       1.15 1.13 1.17 

302979
69 

Type 2 
diabetes 659316   

6.00E-
62       1.14 1.12 1.16 

300544
58 

Type 2 
diabetes 
(adjusted for 
BMI) 298957   

1.33E-
61       1.11 1.10 1.13 

296323
82 

Type 2 
diabetes 298957   

1.22E-
41       1.11 1.09 1.13 

296323
82 

Type 2 
diabetes 459000   

5.00E-
31             

305953
70 

Type 2 
diabetes 110452 77138 

2.00E-
26       1.20 1.16 1.24 

245094
80 

Birth weight 
(MTAG) 182902   

3.00E-
25 -0.04 -0.05 -0.04       

316814
08 

Psoriasis or 
type 2 
diabetes 
(trans-
disease 
meta-
analysis) 925490   

2.00E-
20       1.11 1.09 1.13 

333854
00 

Birth length 
(MTAG) 182902   

1.00E-
19 -0.06 -0.07 -0.05       

316814
08 

Glycated 
hemoglobin 
levels 88355   

3.00E-
12 0.01 0.01 0.02       

288982
52 

Type 2 
diabetes 8686 9461 

8.00E-
09       1.20 1.13 1.28 

174606
97 

Type 2 
diabetes 
[additive 
model] 117775   

1.00E-
08       1.15 1.10 1.21 

269615
02 

Infant head 
circumferenc
e (MTAG) 182902   

2.00E-
08 -0.07 -0.09 -0.04       

316814
08 

 

 



Supplementary Table 4: Instrument used for corrected insulin response adjusted for insulin sensitivity 
(CIRadjISI) 

SNP   Gene 
Effect 
Allele 

Other 
Allele EAF beta se 

rs7756992 
CDKAL1 

G A 0.27 -0.11 0.016 

rs1111875  HHEX C T 0.59 -0.1 0.015 

rs4502156 

C2CD4A/ NLF1/ 
VPS13C T C 0.57 -0.092 0.015 

SNP=single nucleotide polymorphism, Gene=nearest gene, EAF=effect allele frequency, beta=regression 
coefficient, se=standard error of regression coefficient 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 5: MR analyses of corrected insulin response adjusted for insulin sensitivity 
(CIRadjISI) as exposure and anthropometric and metabolic traits as outcomes 
 

Method β 
Standard 

Error 
p 

Egger-
Intercept 

pEgger 
Cochrane's 

Q 
Q df pQ I2 

Body Mass Index 

MR Egger 0.622 0.134 0.135 -0.059 0.142 0.262 1 0.609 
-

281.853 

Weighted 
median 

0.031 0.016 0.062             

Inverse 
variance 
weighted 

0.033 0.03 0.268     19.756 2 <0.001 89.876 

Simple mode 0.049 0.026 0.206             

Weighted 
mode 

0.039 0.026 0.27             

High-Density Lipoprotein 

MR Egger 0.266 0.542 0.709 -0.023 0.746 11.444 1 <0.001 91.261 

Weighted 
median 

0.027 0.018 0.145             

Inverse 
variance 
weighted 

0.038 0.03 0.204     13.482 2 <0.001 85.166 

Simple mode 0.021 0.028 0.524             

Weighted 
mode 

0.019 0.026 0.551             

Leg Fat Percent Left 

MR Egger 0.087 0.106 0.562 -0.006 0.683 0.855 1 0.355 -16.96 

Weighted 
median 

0.029 0.01 0.002             

Inverse 
variance 
weighted 

0.03 0.008 0     1.15 2 0.563 -73.925 

Simple mode 0.031 0.012 0.129             

Weighted 
mode 

0.028 0.012 0.15             

Leg Fat Percent Right 

MR Egger 0.09 0.107 0.554 -0.006 0.672 0.441 1 0.507 
-

126.996 

Weighted 
median 

0.028 0.01 0.004             

Inverse 
variance 
weighted 

0.03 0.008 <0.001     0.761 2 0.683 
-

162.701 



Simple mode 0.027 0.012 0.159             

Weighted 
mode 

0.026 0.012 0.164             

Liver Fat 

MR Egger -0.224 2.028 0.93 0.019 0.941 9.867 1 0.002 89.865 

Weighted 
median 

0.045 0.069 0.509             

Inverse 
variance 
weighted 

-0.036 0.103 0.728     9.953 2 0.007 79.905 

Simple mode 0.073 0.078 0.448             

Weighted 
mode 

0.07 0.078 0.462             

Triglycerides 

MR Egger -0.769 0.268 0.213 0.069 0.237 2.572 1 0.109 61.121 

Weighted 
median 

-0.084 0.018 <0.001             

Inverse 
variance 
weighted 

-0.085 0.037 0.023     19.44 2 <0.001 89.712 

Simple mode -0.12 0.024 0.038             

Weighted 
mode 

-0.119 0.031 0.063             

BMI-Adjusted Waist-Hip Ratio 

MR Egger -0.855 0.658 0.418 0.081 0.437 21.609 1 <0.001 95.372 

Weighted 
median 

-0.072 0.018 <0.001             

Inverse 
variance 
weighted 

-0.053 0.053 0.316     53.886 2 <0.001 96.288 

Simple mode -0.101 0.018 0.03             

Weighted 
mode 

-0.099 0.018 0.032             

 
 
 
 
 
 
 
 
 
 



Supplementary Table 6: MR analyses of corrected insulin response adjusted for insulin sensitivity 
(CIRadjISI) as exposure and categorical traits (Coronary Artery Disease, Hypertension, Type 2 
Diabetes) as outcomes 
 

Method β 
Standard 

Error 
p 

Odds 
Ratio 

(95% CI) 

Egger-
Intercept 

pEgger 
Cochrane's 

Q 
Q df pQ I2 

Coronary Artery Disease 

MR Egger -2.206 1.186 0.314 

0.110 
(0.011, 
1.127) 

0.206 0.333 0.497 1 0.481 
-

101.023 

Weighted 
median 

-0.228 0.113 0.044 

0.796 
(0.641, 
0.989) 

            

Inverse 
variance 
weighted 

-0.156 0.112 0.163 

0.063 
(0.855, 
0.687) 

    3.497 2 0.174 42.812 

Simple mode -0.26 0.148 0.221 

0.771 
(0.581, 
1.024) 

            

Weighted 
mode 

-0.258 0.156 0.24 

0.772 
(0.578, 
1.033) 

            

Hypertension 

MR Egger -0.091 0.176 0.696 

0.913 
(0.646, 
1.289) 

0.009 0.702 9.899 1 0.002 89.898 

Weighted 
median 

-0.004 0.007 0.562 

0.996 
(0.983, 
1.009) 

            

Inverse 
variance 
weighted 

-0.003 0.01 0.801 

0.997 
(0.978, 
1.017) 

    12.425 2 0.002 83.904 

Simple mode -0.008 0.01 0.521 

0.992 
(0.972, 
1.012) 

            

Weighted 
mode 

-0.007 0.011 0.576 

0.993 
(0.971, 
1.015) 

            

Type 2 Diabetes 

MR Egger -4.897 0.948 0.122 

0.007, 
(0.001, 
0.048) 

0.404 0.147 2.554 1 0.11 60.851 



Weighted 
median 

-0.72 0.095 <0.001 

0.487 
(0.403, 
0.589) 

            

Inverse 
variance 
weighted 

-0.887 0.21 <0.001 

0.412 
(0.273, 
0.621) 

    48.472 2 <0.001 95.874 

Simple mode -1.041 0.187 0.031 

0.353 
(0.244, 
0.510) 

            

Weighted 
mode 

-0.49 0.129 0.063 

0.613 
(0.491, 
0.765) 

            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 7. MR analyses of anthropometric and metabolic conditions as exposures and 
corrected insulin response adjusted for insulin sensitivity (CIRadjISI) as outcome 
 

Method β 
Standard 

Error 
p 

Egger-
Intercept 

pEgger 
Cochrane's 

Q 
Q df pQ I2 

Body Mass 
Index 

                  

MR Egger 0.039 0.187 0.835 0 0.998 443.688 440 0.442 0.831 

Weighted 
median 

-0.051 0.124 0.68             

Inverse 
variance 
weighted 

0.039 0.071 0.59     443.688 441 0.455 0.606 

Simple mode -0.153 0.319 0.631             

Weighted 
mode 

-0.071 0.201 0.725             

Coronary Artery Disease 

MR Egger -0.148 0.158 0.364 0.018 0.362 28.509 16 0.027 43.876 

Weighted 
median 

-0.076 0.072 0.29             

Inverse 
variance 
weighted 

-0.015 0.069 0.833     30.077 17 0.026 43.478 

Simple mode 0.012 0.113 0.914             

Weighted 
mode 

-0.062 0.073 0.402             

High-Density Lipoprotein 

MR Egger -0.099 0.137 0.472 0.001 0.814 118.475 107 0.211 9.686 

Weighted 
median 

0.021 0.139 0.879             

Inverse 
variance 
weighted 

-0.075 0.09 0.41     118.537 108 0.23 8.889 

Simple mode 0.107 0.308 0.729             

Weighted 
mode 

-0.002 0.128 0.985             

Hypertension 

MR Egger -8.389 4.82 0.101 0.053 0.05 10.698 16 0.828 -49.557 

Weighted 
median 

1.143 1.421 0.421             

Inverse 
variance 
weighted 

1.569 1.075 0.144     15.19 17 0.582 -11.915 

Simple mode 0.38 2.21 0.865             



Weighted 
mode 

0.061 2.13 0.978             

Leg Fat Percent Left 

MR Egger -0.772 0.759 0.311 0.007 0.373 121.152 132 0.741 -8.954 

Weighted 
median 

-0.115 0.289 0.691             

Inverse 
variance 
weighted 

-0.119 0.203 0.558     121.949 133 0.744 -9.062 

Simple mode -0.302 0.756 0.69             

Weighted 
mode 

-0.227 0.593 0.703             

Leg Fat Percent Right 

MR Egger -0.596 0.591 0.315 0.007 0.286 129.508 129 0.471 0.392 

Weighted 
median 

-0.182 0.34 0.592             

Inverse 
variance 
weighted 

0.001 0.196 0.996     130.659 130 0.467 0.505 

Simple mode -0.466 0.674 0.491             

Weighted 
mode 

-0.278 0.469 0.554             

Liver Fat 

MR Egger                   

Weighted 
median 

                  

Inverse 
variance 
weighted 

-0.065 0.34 0.847     0.026 1 0.873 
-

3820.94 

Simple mode                   

Weighted 
mode 

                  

Type 2 Diabetes 

MR Egger -0.369 0.089 <0.001 0.012 0.074 130.029 95 0.01 26.939 

Weighted 
median 

-0.215 0.07 0.002             

Inverse 
variance 
weighted 

-0.226 0.04 <0.001     134.482 96 0.006 28.615 

Simple mode -0.108 0.168 0.522             

Weighted 
mode 

-0.183 0.074 0.015             

Triglycerides 



MR Egger -0.113 0.146 0.44 0.003 0.506 102.388 100 0.415 2.332 

Weighted 
median 

-0.025 0.145 0.865             

Inverse 
variance 
weighted 

-0.038 0.093 0.681     102.844 101 0.43 1.793 

Simple mode -0.161 0.296 0.589             

Weighted 
mode 

-0.04 0.124 0.747             

BMI-adjusted Waist-Hip Ratio 

MR Egger -0.382 0.323 0.239 0.009 0.175 156.341 140 0.163 10.452 

Weighted 
median 

0.102 0.166 0.541             

Inverse 
variance 
weighted 

0.031 0.113 0.782     158.419 141 0.15 10.996 

Simple mode 0.536 0.461 0.247             

Weighted 
mode 

0.358 0.409 0.383             
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