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eAppendix. Methods 

We used the disease risk score (DRS) approach as alternate means to control for confounding 

(Glynn et al.Pharmacoepidemiol Drug Saf 2012;21 Suppl 2:138-47); an approach that has been 

shown to have a comparable performance as the propensity score method (Arbogast &  Ray. Am 

J Epidemiol 2011;174:613-20).  This first involved fitting a Cox proportional hazards model that 

included the potential confounders listed above and the exposure status at baseline. The DRS 

was then calculated by taking the products of the regression coefficients and the individual 

covariate values (but where the exposure status was set to zero), and summing these products for 

each patient. HRs of bile duct and gallbladder disease were estimated by comparing current use 

of DPP-4 inhibitors and GLP-1 analogs with current use of two or more oral antidiabetic drugs 

by stratifying the Cox proportional hazards model on DRS deciles. 
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eTable 1. List of selected ICD-10 codes for the diagnosis of bile duct or gallbladder 

disease 

ICD-10 code Label 

K80  Cholelithiasis  

K80.0  Calculus of gallbladder with acute cholecystitis   

K80.1  Calculus of gallbladder with other cholecystitis   

K80.2  Calculus of gallbladder without cholecystitis   

K80.3  Calculus of bile duct with cholangitis   

K80.4  Calculus of bile duct with cholecystitis   

K80.5  Calculus of bile duct without cholangitis or cholecystitis   

K81  Cholecystitis   

K81.0  Acute cholecystitis   

K81.1  Chronic cholecystitis   

K82  Other diseases of gallbladder   

K82.0  Obstruction of gallbladder   

K82.1  Hydrops of gallbladder   

K82.2  Perforation of gallbladder   

K82.3  Fistula of gallbladder   

K82.4  Cholesterolosis of gallbladder   

K82.8  Other specified diseases of gallbladder   

K83  Other diseases of biliary tract   

K83.0   Cholangitis 

K83.1  Obstruction of bile duct   

K83.2  Perforation of bile duct   

K83.3  Fistula of bile duct   

K83.4  Spasm of sphincter of Oddi   

K83.5  Biliary cyst   

K85.1  Biliary acute pancreatitis 

K87  Disorders of gallbladder, biliary tract and pancreas in diseases classified 

elsewhere   
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K87.0  Disorders of gallbladder and biliary tract in diseases classified 

elsewhere   

K56.3  Gallstone ileus 
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 Adjusted HR (95% 
CI) b 

Exposure a <5 years of treated 
diabetes 

≥5 years of 
treated 
diabetes 

Current use of two or more oral antidiabetic 
drugs  

1.00 (reference) 1.00 
(reference) 

Current use of DPP-4 inhibitors 1.17 (0.84-1.62) 0.72 (0.40-
1.28) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of GLP-1 agonists, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, 
number of physician visits in the previous year, and use of morphinomimetics and fibrates. 

eTable 2. Adjusted HRs for the association between the use of DPP-4 inhibitors and the risk 
of bile duct and gallbladder disease according to duration of treated diabetes 
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eTable 3. Adjusted HRs for the association between the use of GLP-1 agonists and the risk of 
bile duct and gallbladder disease according to duration of treated diabetes  
 Adjusted HR (95% 

CI) b 
Exposure a <5 years of treated 

diabetes 
≥5 years of 
treated 
diabetes 

Current use of two or more oral antidiabetic 
drugs  

1.00 (reference) 1.00 
(reference) 

Current use of GLP-1 agonists 1.84 (1.12-3.03) 1.80 (0.93-
3.48) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, 
number of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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Exposure a Events Person-
years 

Incidence rate 
(95% CI) b 

Crude HR Adjusted HR 
(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

135 41,964 3.2 (2.7-3.8) 1.00 1.00 
[Reference] 

Current use of DPP-4 
inhibitors 

55 17,008 3.2 (2.4-4.2) 1.01 0.92 (0.67-
1.26) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of GLP-1 agonists, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 

eTable 4. Crude and adjusted HRs for the association between the use of DPP-4 inhibitors and 
the risk of bile duct disease (no grace period) 
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eTable 5. Crude and adjusted HRs for the association between the use of GLP-1 agonists and the 
risk of bile duct disease (no grace period) 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude 
HR 

Adjusted HR 
(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

135 41,964 3.2 (2.7-3.8) 1.00 1.00 
[Reference] 

Current use of GLP-1 
agonists 

25 4104 6.1 (3.9-9.0) 1.92 1.80 (1.16-
2.78) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 6. Crude and adjusted HRs for the association between the use of DPP-4 inhibitors and 
the risk of bile duct disease (90-day grace period) 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude HR Adjusted HR 

(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

190 56,217 3.4 (2.9-3.9) 1.00 1.00 
[Reference] 

Current use of DPP-4 
inhibitors 

75 20,229 3.7 (2.9-4.6) 1.11 1.02 (0.78-
1.34) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of GLP-1 agonists, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 7. Crude and adjusted HRs for the association between the use of GLP-1 agonists and the 
risk of bile duct disease (90-day grace period) 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude HR Adjusted HR 

(95% CI) c 

Current use of two or 
more oral anti-
diabetic drugs  

190 56,217 3.4 (2.9-3.9) 1.00 1.00 
[Reference] 

Current use of GLP-1 
agonists 

34 5563 6.1 (4.2-8.5) 1.84 1.78 (1.22-2.60) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 8. Crude and adjusted HRs for the association between the use of DPP-4 inhibitors and 
the risk of bile duct and gallbladder disease excluding and censoring upon pancreatic insulin use 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude 

HR 
Adjusted HR 

(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

170 51,046 3.3 (2.8-3.9) 1.00 1.00 [Reference] 

Current use of DPP-4 
inhibitors 

61 17,516 3.5 (2.7-4.5) 1.05 0.97 (0.72-1.31) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of GLP-1 agonists, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 9. Crude and adjusted HRs for the association between the use of GLP-1 agonists and the 
risk of bile duct and gallbladder disease excluding and censoring upon insulin use 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude 

HR 
Adjusted HR 

(95% CI) c 

Current use of two or 
more oral anti-
diabetic drugs  

170 51,046 3.3 (2.8-3.9) 1.00 1.00 [Reference] 

Current use of GLP-1 
agonists 

20 3833 5.2 (3.2-8.1) 1.59 1.59 (0.99-2.55) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 10. Crude and adjusted HRs for the association between the use of DPP-4 inhibitors and 
the risk of bile duct and gallbladder disease with additional adjustment for previous history of 
antidiabetic drugs use 

Exposure a Events Person-
years 

Incidence rate 
(95% CI) b 

Crude HR Adjusted HR 
(95% CI) c 

Current use of two 
or more oral anti-
diabetic drugs  

170 51,041 3.3 (2.8-3.9) 1.00 1.00 
[Reference] 

Current use of DPP-
4 inhibitors 

67 18,692 3.6 (2.8-4.6) 1.09 1.00 (0.75-1.33) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of GLP-1 agonists, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 11. Crude and adjusted HRs for the association between the use of GLP-1 agonists and 
the risk of bile duct and gallbladder disease with additional adjustment for previous history of 
antidiabetic drugs use 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude 

HR 
Adjusted HR 

(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

170 51,041 3.3 (2.8-3.9) 1.00 1.00 
[Reference] 

Current use of GLP-1 
agonists 

30 4916 6.1 (4.1-8.7) 1.87 1.78 (1.19-
2.66) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 12. Crude and adjusted HRs for the association between the use of DPP-4 inhibitors and 
the risk of bile duct and gallbladder disease excluding and censoring upon pancreatic-related 
events 
Exposure a Events Person-

years 
Incidence rate 

(95% CI) b 
Crude 

HR 
Adjusted HR 

(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

163 50,574 3.2 (2.7-3.8) 1.00 1.00 
[Reference] 

Current use of DPP-4 
inhibitors 

62 18,502 3.4 (2.6-4.3) 1.05 0.95 (0.71-
1.28) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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eTable 13. Crude and adjusted HRs for the association between the use of GLP-1 agonists and 
the risk of bile duct and gallbladder disease excluding and censoring upon pancreatic-related 
events 

Exposure a Events Person-
years 

Incidence rate 
(95% CI) b 

Crude 
HR 

Adjusted HR 
(95% CI) c 

Current use of two or 
more oral anti-diabetic 
drugs  

163 50,574 3.2 (2.7-3.8) 1.00 1.00 
[Reference] 

Current use of GLP-1 
agonists 

30 4892 6.1 (4.1-8.8) 1.93 1.84 (1.23-
2.74) 

Abbreviations: CI, confidence interval; HR, hazard ratio.  
a Current users of DPP-4 inhibitors, two or more oral antidiabetic drugs, and other antidiabetic 
drugs and treatment combinations are not displayed in the table, but were considered in the 
model for proper estimation of treatment effects. 
b Per 1000 person-years. 
c Adjusted for age, sex, calendar year of cohort entry, BMI, smoking status, hemoglobin A1c 
level, alcohol-related disorders, diabetic arterial complications, history of gastric bypass, number 
of physician visits in the previous year, and use of morphinomimetics and fibrates. 
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