
SUPPLEMENTARY DATA 

 

Supplementary Figure S1. 

 

Distribution of all visits registered in the Swedish biologics register the first 12 months after start of a 

first tumour necrosis factor inhibitor (TNFi) in patients ≥18 years without any previous ischaemic or 

congestive heart disease with rheumatoid arthritis (RA) 2001-2012. Among all patients (n=10,833) 

21,520 visits were recorded. 

  



Supplementary Figure S2. 

 

Visits at a time point 2 months or less (<59 days) after start of tumour necrosis factor inhibitor (TNFi) 

therapy for rheumatoid arthritis (RA) were considered too early for clinically relevant response 

evaluation. For the remaining visits, after exclusion of these early visits, the mean (standard 

deviation) time after treatment start was 193 (87) days and median 112 days. In total there were 

19,772 visits (=2.1 visits/patient). The exposure in the present study was thus decided to require a 

registered visit at a time point ≥60 days after start of the first TNFi, and with active treatment at the 

time point for the visit. When evaluating the time points for the first visit 60-365 days after 

treatment start for all patients with active treatment at the time point for the visit (n visits=8,290), 

95% of the visits had taken place during months 3-8 (60-242 days) after treatment start. The time 

points for follow-up in the register are 3 and/or 6 months, depending on local traditions and 

guidelines, and, as the register includes clinical data, a visit may be advanced or postponed. Based on 

these conditions, the time interval 60-242 days, corresponding to 2-8 months, comprising 95% of the 

first visits, was considered a reasonable evaluation time window.  
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Supplementary Table S1. ICD codes and surgical procedure codes 

ICD-codes 

Rheumatoid arthritis  ICD 10: M05, M06.0, M06.2, M06.3, M06.8, 

M06.9, M12.3 

ICD 9: 714A-C, 714W, 719D 

ICD 8:712.10, 712.20, 712.38, 712.39 

Ischaemic or congestive heart disease 

 

ICD-10: I20-25, I50 

ICD-9: 410-414, 428  

ICD-8: 410-414, 427.00, 427.10, 428.9 

Acute coronary syndrome: Myocardial infarction ICD10: I21 

Unstable angina ICD10: I20.0 

Chronic obstructive and interstitial pulmonary disease

  

ICD 10: J41-44, J84.1, J84.9 

ICD 9: 491-492, 496, 515-516  

ICD 8: 490, 491.01, 491.02, 491.04, 492, 517 

Diabetes mellitus ICD 10: E10, E11  

ICD 9: 250 

ICD 8: 250  

Hypertension   ICD 10: I10-15 

ICD 9: 401-405  

ICD 8: 400-404 

Cerebrovascular disease ICD 10: I60-69 

ICD 9: 430-434, 436-438 

ICD 8: 430-434, 436-438  

Other atherosclerotic disease  

(including arterial occlusion and stenosis of cerebral and 

precerebral arteries, transient ischaemic attack, cerebral 

atherosclerosis, late effects of cerebrovascular disease, 

atherosclerosis, aortic aneurysm, other aneurysm or 

ICD 10: G45, I65-I66, I67.2, I69-I72, I73.1, I73.9, 

I74, K55.0, K55.1 

ICD 9: 433-435, 437A,B, 438, 440-442, 443B,X, 

444, 557A,B 



dissection, peripheral arterial disease, arterial embolism 

or thrombosis, atherosclerosis with gangrene)  

ICD 8: 432, 435, 437, 440-442, 443.10, 443.9, 444, 

445 

 

Major cardiovascular event, MACE 

(including acute coronary syndrome, stroke, transient 

ischaemic attack, and cardiovascular death (underlying 

cause myocardial infarction, stroke, heart failure, other 

cardiac arrhythmias, sudden cardiac death, cardiogenic 

shock) 

ICD 10: I20.0, I21, I22, I60-64, G45 

ICD 9: 410, 411B, 430-436 

Cardiovascular death, underlying cause: ICD 10: 

I21, I22, I46.1, I49, I50, I60-64, R57.0 

Procedure codes, joint surgery (1997-2012; 1963-1996) 

Knee prosthesis NGB; 8423-8424, 8426 

Hip prosthesis NFB; 8400-8415, 8419 

Shoulder prosthesis NBB; 8437 

Foot surgery NHB, NHC, NHE, NHF, NHG; 8420-8422, 8436 

Hand surgery NDB, NDC, NDE, NDF, NDG   

International classification of disease (ICD)-codes in the Patient Register have full coverage from 

inpatient care since 1987 and are available from outpatient visits since 2001.  



Supplementary Table S2. Sensitivity analysis of the risk of acute coronary syndrome associated with 

response on a first TNFi with additional adjustment for family history of premature cardiovascular 

disease in patients with rheumatoid arthritis starting a first TNFi 2001-2010 (n=4,938). 

 One year of follow-up after response 
evaluation* 

Two years of follow-up after response 
evaluation* 

 HR (95% CI) 
adjusted for 
age and sex 

HR (95% CI) adjusted 
for age, sex and family 
history of premature 
CVD 

HR (95% CI) 
adjusted for 
age and sex 

HR (95% CI) adjusted 
for age, sex and family 
history of premature 
CVD 

Good 
response 

0.25 (0.08-0.76) 0.25 (0.08-0.76) 0.42 (0.20-0.87) 0.42 (0.20-0.87) 

Moderate 
response 

0.86 (0.42-1.80) 0.86 (0.41-1.78) 0.89 (0.51-1.58) 0.88 (0.50-1.57) 

No 
response 

Reference Reference Reference Reference 

TNFi=tumour necrosis factor inhibitor, HR=hazard ratio, CI = confidence interval.  
A family history of premature cardiovascular disease (CVD) was defined as an ICD diagnosis of stroke, 
myocardial infarction, or unstable angina in the Swedish inpatient register, or myocardial infarction 
as the underlying cause of death, at 65 years of age or younger in one or more first degree relative(s) 
(parents, siblings or children), with 971 individuals (19.7%) with a positive family history of 
premature CVD. *In this subgroup there were 33 ACS in up to 1 year of follow-up and 59 ACS in up to 
2 years of follow-up. 

 

Supplementary Table S3. Sensitivity analysis of the risk of acute coronary syndrome associated with 
response on a first TNFi with additional adjustment for lipid lowering pharmacological treatment in 
patients with rheumatoid arthritis starting a first TNFi Nov 1, 2005 – Dec 31, 2012 (n=4,083). 

 One year of follow-up after response 
evaluation* 

Two years of follow-up after response 
evaluation* 

 HR (95% CI) 
adjusted for age 
and sex 

HR (95% CI) adjusted 
for age, sex and lipid 
lowering drugs 

HR (95% CI) 
adjusted for age 
and sex 

HR (95% CI) adjusted 
for age, sex and lipid 
lowering drugs 

Good 
response 

0.59 (0.20-1.75) 0.58 (0.20-1.73) 0.59 (0.26-1.32) 0.59 (0.26-1.31) 

Moderate 
response 

0.86 (0.31-2.37) 0.85 (0.31-2.36) 0.72 (0.33-1.56) 0.72 (0.33-1.56) 

No 
response 

Reference Reference Reference Reference 

TNFi=tumour necrosis factor inhibitor, HR=hazard ratio, CI = confidence interval.  
Lipid lowering treatment (>99% statins) was identified in the Prescribed Drug Register (started July 
01, 2005) during a period of 100 days antedating start of TNFi therapy for patients starting TNFi Nov 
1, 2005-Dec 31, 2012, with 227 patients (5.6%) on treatment. * In this subgroup there were 21 ACS in 
up to 1 year of follow-up and 37 ACS in up to 2 years of follow-up. 

 

  



Supplementary Table S4 a Model for a quantitative bias assessment of the potential confounding by 
smoking 

 

Smoking 

    

Response Yes No All 

 

Percent smokers in response 
groups 

 Good 8 33 41 

 

19% 

 Not good 19 40 59 

 

32% 

 

 

27 73 100 

 

27% 

 The table was generated by assuming a prevalence of smoking of 27% in our cohort, and a relative 
odds of 0.5 for good response to TNFi among smokers (both estimates from 35, Saevarsdottir, et al. 
Arthritis Rheum. 2011). Further assuming a 50% increased risk of ACS among smokers with RA (from 
34. Mantel, et al. Arthritis Rheum. 2015), but no true association between response to TNFi and the 
incidence of ACS (below denoted “x), the relative risk for ACS associated with good response to TNFi 
to be observed but due to confounding by smoking would be 0.94, as outlined: 

1.5*0.19*x + 0.81*x       =  0.94 
1.5*0.32*x + 0.68*x  

This 0.94 is much closer to 1 than our main result of HR=0.45, suggesting that, with the “best 
estimates at hand”, smoking can only explain a small part of the association we observe. 

 
Supplementary Table S4 b Example scenarios from modeling the potential confounding by smoking 

Scenario* Prevalence 
of smoking 

Association 
between 
smoking and 
response to 
TNFi 

Association 
between 
smoking and 
ACS in RA 

RR to be observed if 
true RR with response 
=1 

“Best estimates 
at hand” 

27% 0.5 1.5 0.94 

I 27% 0.5 3,0 0.84 

II 27% 0.3 1.5 0.91 

III 38% 0.5 3.0 0.83 

*The algorithm outlined in table 6 a is used in other possible scenarios to assess alternative relative 
risks 

 
  



Supplementary Table S5. Hazard ratios from complete-case regression models and from models with 

missing data handled by multiple imputation, both using DAS28 at 5 ±3 months after treatment start 

for response evaluation 

 
One year of follow-up after 

response evaluation 

Two years of follow-up after 

response evaluation 

 

HR, adjusted for 

age and sex 

(95% CI) 

HR, fully 

adjusted* 

(95% CI) 

HR, adjusted 

for age and 

sex (95% CI) 

HR, fully 

adjusted* 

(95% CI) 

Patients with EULAR response data (n=6,864) 

Good response 0.4 (0.2-1.0) 0.5 (0.2-1.2) 0.6 (0.4-1.1) 0.7 (0.4-1.2) 

Moderate 

response 
1.0 (0.5-1.9) 1.1 (0.6-2.1) 1.0 (0.6-1.6) 1.0 (0.6-1.6) 

No response Referent Referent Referent Referent 

Missing variables handled with multiple imputation (n=7,833) 

Good response 0.5 (0.2-1.1) 0.5 (0.2-1.2) 0.6 (0.4-1.1) 0.7 (0.4-1.2) 

Moderate 

response 
0.9 (0.5-1.8) 1.0 (0.5-1.8) 0.9 (0.6-1.5) 0.9 (0.6-1.5) 

No response Referent Referent Referent Referent 

HR=hazard ratio, CI=confidence interval, EULAR=European League Against Rheumatism  

*Fully adjusted HR adjusted for sex, age, county of inhabitance, start year, prevalent hypertension, 

diabetes mellitus, cerebrovascular disease, other atherosclerotic disease (including arterial occlusion 

and stenosis of cerebral and precerebral arteries, transient ischaemic attack, cerebral 

atherosclerosis, late effects of cerebrovascular disease, aortic aneurysm, other aneurysm or 

dissection, peripheral arterial disease, arterial embolism or thrombosis, and atherosclerosis with or 

without gangrene), long RA disease duration, previous joint surgery and the socioeconomic factors 

education level, sick leave and disability pension. 

  



Supplementary Table S6. Comparing patients without visits with patients with visits and general 

population referents. Follow-up from start of the TNF inhibitor and maximized to 1 year and 5 

months. 

  

Patient-

years at 

risk 

Number 

of ACS 

events 

Crude 

incidence rate  

(95% CI) 

HR, adjusted 

for age and sex  

(95% CI) 

HR, adjusted 

for age and sex  

(95% CI) 

All patients (n=9,499) 13,038 61 4.7 (3.6-6.0)     

Patients without visit 

(n=1,666) 
2,280 9 3.9 (2.1-7.6) 0.8 (0.4-1.6) 1.4 (0.7-2.7) 

Patients with visits 

(n=7,833) 
10,758 52 4.8 (3.7-6.3) Referent 1.8 (1.3-2.5) 

General population 

(n=47,495)  
65,196 178 2.7 (2.4-3.2)  - Referent 

TNF=tumour necrosis factor, ACS=acute coronary syndrome, HR=hazard ratio, CI=confidence interval 

  



Supplementary Table S7. Crude incidence rates and hazard ratios for the risk of incident acute 

coronary syndrome associated with EULAR response 5±3 months after start of a first TNF inhibitor in 

subgroups of patients with rheumatoid arthritis, with follow-up maximized to one year 

 
N ACS  

Person- 

years 

Crude IR 

(95% CI) 

HR, adjusted 

for age and 

sex (95% CI) 

HR, fully 

adjusted (95% 

CI)* 

Women (n=5,268), EULAR response 

Good   4 1,904 2.1 (0.8-5.6) 0.3 (0.1-1.1) 0.5 (0.1-1.5) 

Moderate   15 1,834 8.2 (4.9-14) 1.1 (0.5-2.4) 1.3 (0.5-2.9) 

None 10 1,332 7.5 (4.0-14) Referent Referent 

Men (n=1,596), EULAR response 

Good   5 669 7.5 (3.1-18) 0.6 (0.2-1.9) 0.7 (0.2-2.5) 

Moderate   7 446 16 (7.5-33) 0.9 (0.3-2.8) 1.0 (0.3-3.4) 

None 6 408 15 (6.6-33) Referent Referent 

Age ≤64 years at inclusion (n=5,197), EULAR response 

Good   5 2,133 2.4 (1.0-5.8) 0.5 (0.2-1.5) 0.6 (0.2-1.8) 

Moderate   10 1,714 6.0 (3.2-11) 1.1 (0.4-2.8) 1.0 (0.4-2.5) 

None 7 1,286 5.4 (2.6-11) Referent Referent 

Age >64 years at inclusion (n=1,667), EULAR response 

Good   4 517 7.7 (2.9-21) 0.4 (0.1-1.4) 0.5 (0.1-1.9) 

Moderate   12 615 20 (11-34) 1.1 (0.4-2.3) 1.2 (0.5-3.2) 

None 9 454 20 (10-38) Referent Referent 

Patients with one or more cardiovascular risk factor(s)† (n=1,195), EULAR response 

Good   3 347 8.4 (2.7-26) 0.7 (0.2-2.8) 1.6 (0.3-8.5) 

Moderate   12 429 28 (16-49) 2.0 (0.7-5.8) 4.5 (1.2-17) 

None 5 359 14 (6.0-35) Referent Referent 

Patients without any cardiovascular risk factor† (n=5,669), EULAR response 

Good   6 2,215 2.7 (1.2-6.0) 0.4 (0.1-1.0) 0.4 (0.2-1.2) 

Moderate   10 1,850 5.4 (2.9-10) 0.7 (0.3-1.5) 0.7 (0.3-1.6) 

None 11 1,393 7.9 (4.4-14) Referent Referent 

RA disease duration >10 years (n=2,592), EULAR response 

Good   5 940 5.3 (2.2-13) 0.5 (0.2-1.5) 0.5 (0.2-1.6) 

Moderate   12 932 13 (7.3-23) 1.0 (0.4-2.3) 1.0 (0.4-2.5) 

None 9 631 14 (7.4-27) Referent Referent 

RA disease duration ≤10 years (n=4,272), EULAR response 

Good   4 1,109 2.4 (0.9-6.5) 0.4 (0.1-1.4) 0.5 (0.2-1.9) 

Moderate   10 1,347 7.4 (4.0-14) 1.1 (0.4-2.8) 1.3 (0.5-3.4) 

None 7 1,633 6.3 (3.0-13) Referent Referent 

EULAR=European League Against Rheumatism, TNF=tumour necrosis factor, ACS= acute coronary syndrome, 

IR= incidence rate, CI=confidence interval, HR= hazard ratio, RA=rheumatoid arthritis 

*Adjusted for sex, age, county of inhabitance, start year for the TNF inhibitor therapy, prevalent hypertension, 

diabetes mellitus, cerebrovascular disease, other atherosclerotic disease, long RA disease duration, joint 



surgery and the socioeconomic factors education level, sick leave and disability pension. †Cardiovascular risk 

factors=a prevalent diagnosis or hypertension, diabetes mellitus, cerebrovascular disease and/or other 

atherosclerotic disease at start of TNF inhibitor therapy.  

 


