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Table 1: Description of the instrumental variables and the three sub-cohorts

Name Definition 

Instrumental variable definition

   PP1 Treatment prescribed to the previous patient of the same 

physician; binary variable {0= tNSAID, 1= COX-2 inhibitor} 

   PP2 Proportion of all previous patients that are treated with COX-

2 inhibitors by the same physician; continuous variable [0-1] 

…PP3 Indicator of the number of COX-2 inhibitors prescriptions in 

each physician’s seven previous prescriptions; 7 binary variables 

{0= tNSAID, 1= COX-2 inhibitor} (only defined in sub-

cohort R3) 

Sub-cohort based on patient characteristics

   R1 Patients have a diagnosis of rheumatoid arthritis or 

osteoarthritis 

Sub-cohorts based on physician characteristics

   R2 Physician is a general practitioner (GP) 

   R3 Physician treated at least 20 patients during the study period 
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Table 2: Comparison of the baseline characteristics of new users of tNSAID’s vs COX-2 Inhibitors 

tNSAID users

(N = 681,470) 

COX-2 inhibitor users

(N = 22,368)

Female sex 395,156 (58.0%) 13,955 (62.4%)

70 years or older 399,776 (58.6%) 13,856 (61.9%)

Year of NSAID initiation
#

   2004 489 ( 0.1%) 24 (0.1%)

   2005 200,435 (29.4%) 4,876 (21.8%)

   2006 160,669 (23.6%) 5,085 (22.7%)

   2007 129,682 (19.0%) 5,280 (23.6%)

   2008 105,743 (15.5%) 3,926 (17.6%)

   2009 84,452 (12.4%) 3,177 (14.2%)

Comorbid conditions in the 365 days before cohort entry

   Complicated upper GI disease 13,312 ( 2.0%) 668 ( 3.0%)

   Uncomplicated upper GI disease 75,326 (11.1%) 3,624 (16.2%)

   Other GI disease 103,124 (15.1%) 4,365 (19.5%)

   Alcohol abuse 8,536 ( 1.3%) 254 ( 1.1%)

   Cardiovascular disease 509,845 (74.8%) 17,454 (78.0%)

   Diabetes mellitus 144,606 (21.2%) 4,969 (22.2%)

   Rheumatoid arthritis 22,273 ( 3.3%) 1,273 ( 5.7%)

   Osteoarthritis 171,260 (25.1%) 6,975 (31.2%)

Concomitant medication in the 120 days before cohort entry

   Aspirin 38,618 ( 5.7%) 1,255 ( 5.6%)

   Glucocorticoids 23,076 ( 3.4%) 1,235 ( 5.5%)

   Nitrates 32,164 ( 4.7%) 1,219 ( 5.4%)

   Platelet aggregation inhibitors 51,215 ( 7.5%) 1,891 (8.5%)

   Anticoagulants 31,139 ( 4.6%) 1,994 ( 8.9%)

   Proton pump inhibitors 61,668 ( 9.0%) 3,394 (15.2%)

   Other gastroprotective agents 9,717 ( 1.4%) 375 ( 1.7%)

   Cardiovascular drugs 327,128 (48.0%) 11,501 (51.4%)

Medication at cohort entry possibly related to the NSAID prescription

   Gastroprotective agents 41,011 (6.0%) 1,201 ( 5.4%)

Gastrointestinal complications (outcome)

   Events 6,038 (0.9%) 235 (1.1%)

    identified by inpatient diagnosis
§

1,338 (22.2%) 57 (24.3%)

    identified by outpatient diagnosis
§

4,700 (77.8%) 178 (75.7%)
#
 Low numbers occur due to the 365 days baseline period.

§
Calculation of frequencies is based on the number of events.
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Table 3: Assessing the strength of the instrumental variables in the full IV cohort and the three sub-

cohorts 

N Partial 

r
2

Partial 

F-statistic

Difference in 

prevalence of COX-2 

per 100 

(95% CI)

Previous prescription for COX-2 inhibitor (PP1)   
Full IV cohort 609,527* 0.014 8,652 12.0 (11.3 - 12.7)

R1 134,698 0.012 1,608 11.3 (10.2 – 12.4)

R2 293,315 0.012 3,985 11.7 (10.8 – 12.6)

R3 262,489 0.011 2,858 10.4 ( 9.2 – 11.7)

  
Proportion of all previous patients treated with COX-2 inhibitors (PP2)

Full IV cohort 609,527* 0.015 17,105 44.3 (42.3 – 46.3)

R1 134,698 0.010 2,087 32.7 (29.5 – 35.9)

R2 293,315 0.016 7,468 41.3 (38.8 – 43.9)

R3 262,489 0.018 9,049 54.6 (50.3 – 59.0)

  

No. of COX-2 inhibitors in the seven previous prescriptions (PP3; only defined in R3) 

215,665
#
 0.021 7,247 

1   4.6 ( 4.2 – 4.9) 

2   10.1 ( 9.1 – 11.0) 

3   18.1 (15.6 – 20.6) 

4   27.7 (23.2 – 32.3) 

5   37.7 (23.8 – 51.7) 

6   69.7 (54.8 – 84.5) 

7   70.8 (50.3 – 91.3) 

All estimates are adjusted for sex, age, year of index prescription, complicated, uncomplicated 

and other gastrointestinal disease, alcohol abuse, cardiovascular disease, diabetes mellitus, 

aspirin, glucocorticoids, nitrates, platelet aggregation inhibitors, anticoagulants, proton pump 

inhibitors, other gastroprotective drugs and cardiovascular drugs. 
* 

Due to the definition of the IVs, the first patient of each physician is excluded. 
#
 Due to the definition of the IV, the first seven patients of each physician are excluded. 
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Table 4: Adjusted association between the instrumental variables and the coprescription of 

gastroprotective agents at the same day as the index NSAID prescription 

Previous prescription 

for COX-2 inhibitor 

(PP1) 

Proportion of all 

previous patients 

treated with COX-2 

inhibitors (PP2) 

No. of COX-2 

inhibitors in the seven 

previous prescriptions 

(PP3) 

Odds ratio
*

(95% CI)
#

Odds ratio
*

(95% CI)
#

Odds ratio
*

(95% CI)
#

Full cohort 1.08 

(1.02 – 1.14) 

1.49 

(1.28 – 1.73) 
NA 

R1 1.14 

(1.03 – 1.27) 

1.22 

(0.91 – 1.62) 
NA 

R2 0.94 

(0.87 – 1.02) 

1.14 

(0.93 – 1.38) 
NA 

R3 1.12 

(1.01 – 1.23) 

2.79 

(2.12 – 3.68) 

1.12  

(1.08 – 1.15) 

Abbreviation: NA, not applicable. 
*
 Adjusted for sex, age and year of index NSAID prescription. 

#
All CIs are clustered by physician.�
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Table 5: Multivariable conventional and instrumental variable regression estimates of risk differences of gastrointestinal complications per 100 patients for COX-2 

inhibitor users compared to users of tNSAIDs 

Conventional analysis Previous prescription for 

COX-2 inhibitor (PP1) 

Proportion of all previous 

patients treated with 

COX-2 inhibitors (PP2) 

 No. of COX-2 inhibitors 

in the seven previous 

prescriptions (PP3) 

N No. of 

events 

Risk 

difference 

per 100 

(95% CI)

N No. of 

events

Risk  

difference  

per 100 

(95% CI)

Hausman 

test  

p-value
*

Risk 

difference 

per 100 

(95% CI)

Hausman 

test 

p-value
*

N No. of 

events 

Risk 

difference 

per 100 

(95% CI)

Hausman 

test 

p-value
*

FC 703,838 6,273
-0.01 

(-0.15 – 0.12)
609,527 5,313

0.08 

(-0.99 – 1.15) 
0.8823 

-0.02 

(-0.80 – 0.76)
0.9642 NA NA NA NA

R1 192,916 2,027
 0.08 

(-0.17 – 0.32)
134,698 1,382

0.81 

(-1.68 – 3.31)
0.5799 

0.16 

(-1.95 – 2.27)
0.9745 NA NA NA NA

R2 333,354 3,117
0.00 

(-0.18 – 0.18)
293,315 2,689

-0.06 

(-1.56 – 1.44)
0.9697 

0.05 

(-1.05 – 1.15)
0.8873 NA NA NA NA

R3 270,293 2,410
0.08 

(-0.16 – 0.32)
262,489 2,309

0.46 

(-1.58 – 2.50)
0.7445 

-0.10 

(-1.24 – 1.04)
0.7158 215,665 1,774 

0.38 

(-0.94 – 1.71) 
0.7925 

Abbreviation: FC, full cohort, NA, not applicable. 

All estimates are adjusted for sex, age, year of index prescription, complicated, uncomplicated and other gastrointestinal disease, alcohol abuse, 

cardiovascular disease, diabetes mellitus, aspirin, glucocorticoids, nitrates, platelet aggregation inhibitors, anticoagulants, proton pump inhibitors, 

other gastroprotective drugs and cardiovascular drugs. 

* The null hypothesis of the Hausman test is that there is no difference between the conventional and the instrumental variable estimates. 
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Table 6: Comparison of adjusted instrumental variables estimates for physician's previous prescription 

compared to other observational studies and randomized controlled trials 

Patient population Risk difference per 100 

(95% CI)

IV estimate Patients � 65 years 0.08 (-0.99 – 1.15)

Patients � 65 years with osteoarthritis or 

rheumatoid arthritis

0.81 (-1.68 – 3.31)

Patients � 65 years treated by GPs  -0.06 (-1.56 – 1.44)

Patients > 60 years old treated by GPs with 

more than 10 patients 

0.81 (-0.90 – 2.53) 

Brookhart et al. Patients � 65 years -1.21 (-2.46 – 0.04)

Patients � 65 years old with osteoarthritis or 

rheumatoid arthritis

-1.52 (-3.74 – 0.71)

Patients � 65 years old treated by GPs -0.82 (-2.40 – 0.75)

Davies et al. Patients > 60 years old treated by GPs with 

more than 10 patients

-0.46 (-1.07 – 0.15)

VIGOR trial Patients � 50 years old with rheumatoid 

arthritis, rofecoxib vs. naproxen

-1.07 (-1.57 – -0.57)

CLASS trial Patients with osteoarthritis or rheumatoid 

arthritis, celecoxib vs. ibuprofen/diclofenac

-0.96 (-1.74 – 0.18)
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eTable 1: Characteristics of prescribing physicians 

Prescribing physicians 

(N = 68,305) 

Patients per physician Mean (SD) 8.9 

SD 32.8

Median 5

Q1 – Q3 1 - 11 

Specialty of physicians 

   Surgeon n (%) 3,148 (4.6%) 

   Internal specialist n (%) 12,233 (17.9%) 

   Orthopedic specialist n (%) 5,312 (7.8%) 

   General practitioner n (%) 35,067 (51.3%) 

   Other/missing specialty n (%) 12,545 (18.4%) 

Patients per physician’s specialty
§

  

   Surgeon n (%) 32,058 (5.3%) 

   Internal specialist n (%) 111,896 (18.4%) 

   Orthopedic specialist n (%) 113,863 (18.7%) 

   General practitioner n (%) 293,315 (48.1%) 

   Other/missing specialty n (%) 58,305 (9.6%) 
§
Calculation of frequencies is based on the number of patients. 
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eTable 2: Comparison of the baseline characteristics of new users of tNSAID’s vs COX-2 inhibitors stratified by the 

instrument based on the previous prescription 

Previous prescription for 

tNSAID users

(N = 590,344) 

Previous prescription for 

COX-2 inhibitor users

(N = 19,183)

Actual treatment with COX-2 inhibitors 16,857 (2.9%) 2,899 (15.1%)

Female sex 344,257 (58.3%) 10,992 (58.2%)

70 years or older 349,893 (59.3%) 11,237 (58.5%)

Year of NSAID initiation
#

   2004 27 (0.0%) 2 (0.0%)

   2005 148,154 (25.1%) 3,428 (17.9%)

   2006 146,922 (24.9%) 4,420 (23.0%)

   2007 120,389 (20.4%) 4,710 (24.6%)

   2008 97,385(16.5%) 3,639 (19.0%)

   2009 77,467 (13.1%) 2,984 (15.6%)

Comorbid conditions at baseline

   Complicated upper GI disease 11,611 ( 2.0%) 360 ( 1.9%)

   Uncomplicated upper GI disease 65,653 (11.1%) 2,200 (11.5%)

   Other GI disease 90,466 (15.3%) 2,941 (15.3%)

   Alcohol abuse 7,404 ( 1.3%) 210 ( 1.1%)

   Cardiovascular disease 442,456 (74.9%) 14,649(76.4%)

   Diabetes mellitus 124,926 (21.2%) 4,247 (22.1%)

   Rheumatoid arthritis 19,402 ( 3.3%) 701 ( 3.7%)

   Osteoarthritis 150,646(25.5%) 5,034 (26.2%)

Concomitant medication at baseline

   Aspirin 33,433 ( 5.7%) 1,120 ( 5.8%)

   Glucocorticoids 20,392 ( 3.5%) 722 ( 3.8%)

   Nitrates 27,434 ( 4.6%) 891( 4.6%)

   Platelet aggregation inhibitors 44,368( 7.5%) 1,552 (8.1%)

   Anticoagulants 27,741 ( 4.7%) 980 ( 5.1%)

   Proton pump inhibitors 54,412 ( 9.2%) 1,975 (10.3%)

   Other gastroprotective agents 8,265 ( 1.4%) 237 ( 1.2%)

   Cardiovascular drugs 285,321 (48.3%) 9,327 (48.6%)

Medication at cohort entry possibly related to the NSAID prescription

   Gastroprotective agents 36,017 ( 6.1%) 1,303 ( 6.8%)
Gastrointestinal complications (outcome)

   Events 5,149 (0.9%) 164 (0.9%)

    identified by inpatient diagnosis
§

1,178 (22.9%) 44 (26.8%)

    identified by outpatient diagnosis
§

3,971 (77.1%) 120 (73.2%)
#
 Low numbers occur due to the 365 days baseline period.

§
Calculation of frequencies is based on the number of events.
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eTable 3: Unadjusted conventional and instrumental variable regression estimates of risk differences of 

gastrointestinal complications per 100 patients for COX-2 inhibitor users compared to users of tNSAIDs 

Conventional 

analysis

Previous 

prescription 

for COX-2 

inhibitor (PP1) 

Proportion of 

all previous 

patients treated 

with COX-2 

inhibitors 

(PP2) 

No. of COX-2 inhibitors 

in the seven previous 

prescriptions (PP3) 

No. of 

events

Unadjusted 

risk difference

per 100 

(95% CI)

No. of 

events

Unadjusted 

risk  

difference  

per 100 

(95% CI)

Unadjusted 

risk difference

per 100 

(95% CI)

No. of 

events 

Unadjusted 

risk difference

per 100 

(95% CI)

FC 6,273
0.16 

( 0.03 – 0.30) 
5,313 

-0.14 

(-1.21 – 0.93) 

-0.37 

(-1.15 – 0.42) 
NA NA

R1 2,027
0.27 

( 0.01 – 0.52) 
1,382 

0.70 

(-1.82 – 3.21) 

-0.88 

(-3.03 – 1.27) 
NA NA

R2 3,117
0.15 

(-0.04 – 0.34) 
2,689 

-0.48 

(-2.01 – 1.05) 

-0.50 

(-1.61 – 0.61) 
NA NA

R3 2,410
0.24 

(-0.00 – 0.49) 
2,309 

0.07 

(-1.99 – 2.12) 

-0.47 

(-1.66 – 0.73) 

1,774 0.25 

(-1.09 – 1.60) 

Abbreviation: FC, full cohort, NA, not applicable. 
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eTable 4: Multivariable conventional and instrumental variable regression estimates of risk differences of gastrointestinal complications per 100 patients for COX-2 

inhibitor users compared to users of tNSAIDs using the same subsamples 

Conventional analysis Previous prescription for 

COX-2 inhibitor (PP1) 

Proportion of all previous 

patients treated with 

COX-2 inhibitors (PP2) 

 No. of COX-2 inhibitors 

in the seven previous 

prescriptions (PP3) 

N No. of 

events 

Risk 

difference 

per 100 

(95% CI)

N No. of 

events

Risk  

difference  

per 100 

(95% CI)

Hausman 

test  

p-value
*

Risk 

difference 

per 100 

(95% CI)

Hausman 

test 

p-value
*

N No. of 

events 

Risk 

difference 

per 100 

(95% CI)

Hausman 

test 

p-value
*

FC 609,527 5,313
0.00 

(-0.14 – 0.14)
609,527 5,313

0.08 

(-0.99 – 1.15) 
0.8823 

-0.02 

(-0.80 – 0.76)
0.9642 NA NA NA NA

R1 134,698 1,382
 0.13 

(-0.17 – 0.42)
134,698 1,382

0.81 

(-1.68 – 3.31)
0.5799 

0.16 

(-1.95 – 2.27)
0.9745 NA NA NA NA

R2 293,315 2,689
-0.03 

(-0.22 – 0.16)
293,315 2,689

-0.06 

(-1.56 – 1.44)
0.9697 

0.05 

(-1.05 – 1.15)
0.8873 NA NA NA NA

R3 215,665 1,774 
0.22 

(-0.05 – 0.50)
215,665 1,774 

0.94 

(-1.27 – 3.16)
0.5146 

0.25 

(-0.85 – 1.34)
0.9675 215,665 1,774 

0.38 

(-0.94 – 1.71) 
0.7925 

Abbreviation: FC, full cohort, NA, not applicable. 

All estimates are adjusted for sex, age, year of index prescription, complicated, uncomplicated and other gastrointestinal disease, alcohol abuse, 

cardiovascular disease, diabetes mellitus, aspirin, glucocorticoids, nitrates, platelet aggregation inhibitors, anticoagulants, proton pump inhibitors, 

other gastroprotective drugs and cardiovascular drugs. 

* The null hypothesis of the Hausman test is that there is no difference between the conventional and the instrumental variable estimates. 



M
A

N
U

S
C

R
IP

T

 

A
C

C
E

P
T
E

D

ACCEPTED MANUSCRIPT

�

���������	��
���
������������������

������
�����������������

�
����������������

����
������



M
A

N
U

S
C

R
IP

T

 

A
C

C
E

P
T
E

D

ACCEPTED MANUSCRIPT

�

eFigure 2: Improved covariate balance using the instrumental variables instead of the actual treatment in the full 

cohort  
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eFigure 3: Improved covariate balance using the instrumental variables instead of the actual treatment restricted to 

patients with with osteoarthritis or rheumatoid arthritis 
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eFigure 4: Improved covariate balance using the instrumental variables instead of the actual treatment in the cohort 

restricted to general practitioner 
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eFigure 5: Improved covariate balance using the instrumental variables instead of the actual treatment in the cohort 

restricted to physicians with at least 20 patients 
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eFigure 6: Improved covariate balance using the instrumental variable PP3 instead of the actual treatment in the 

cohort restricted to physicians with at least 20 patients 


