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ONLINE ONLY MATERIAL 
 
eMethods 1.  
Potential confounders: description and measurement  
 

Potential confounders, selected a priori, included individual, physician, hospital and community-level variables: 

• Age 
• Sex 
• Comorbidities were measured in the administrative databases during or 1 year prior to the AF index 

hospitalization and included cardiovascular (acute myocardial infarction, coronary artery disease, 
hypertension, valvular disease, congestive heart failure and stroke) and non-cardiovascular (bleeding, 
diabetes, cancer, acute or chronic renal failure and chronic obstructive pulmonary disease. The ICD9 and 
ICD10 diagnostic codes used to identify these diseases are listed in eTable 1. 

• Warfarin use in the year before the index hospitalization that is not related to AF 
• AF-related procedures measured at the index hospitalization using procedure codes specific to the RAMQ 

database include:  insertion of pacemaker or implantable cardioverter defibrillator, cardioversion and 
ablation.  

• Warfarin anti-coagulation medication prescribed in the day when the AF treatment was initiated 
• A binary indicator of primary/secondary AF diagnosis at the index hospitalization was included as a proxy 

for the severity of the AF symptoms at admission. Further refinement of the diagnosis at admission was not 
considered necessary, because (i) admission diagnoses that could have been potential confounders were 
included in the comorbidity measures, and (ii) the distribution of non-AF diagnoses at admission was 
relatively similar among the patients treated with rhythm vs. rate control medications. Indeed, the most 
frequent non-AF diagnoses at admission were cardiovascular and respiratory and were similarly distributed 
in the two groups (acute myocardial infarction, congestive heart failure, coronary artery disease, COPD and 
pneumonia accounted for 42% of all non-AF diagnoses in the rhythm control group and 37% of all 
diagnoses in the rate control group). The decision was further supported by sensitivity analyses that showed 
similar results when the treatment effect was estimated in the full sample vs. a sample restricted to patients 
hospitalized with a primary AF diagnosis (data not shown).  

• The length of the index AF hospitalization was considered a proxy for the frailty of the patient at discharge. 
• Concurrent medications included warfarin prescribed at the same time with the initial treatment, 
• The prescribing physician’s specialty was categorized as: cardiovascular (cardiologists and cardiovascular 

surgeons), internal medicine, general practitioner (GP) and other 
• The hospital yearly volume of AF patients was measured as the number of patients in our AF cohort treated 

in a given hospital in the year of the index AF hospitalization. 
• Socio-economic markers of patient’s area of residence were derived from census data.5 
• Year when treatment was initiated, to account for the possible change in prescription patterns and treatment 

protocols after the publication of the AFFIRM trial 

All potential confounders were adjusted for in the weighted Kaplan-Meier and multivariable analyses using either 
propensity scores or direct covariate adjustment.  Finally, for descriptive purposes only, we also calculated the 
CHADS2 score, a stroke prediction score specific for patients with AF, using five covariates available in the 
database: age, hypertension, history of stroke, congestive heart failure and diabetes.6,7 
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eMethods 2.  
Propensity score models 
 
 
An alternative method for removing bias due to observed confounding relies on the propensity score (PS) 
methodology (8).  We  used a multivariable logistic regression model to estimate, for each patient, his/her PS, i.e. 
his/her predicted probability of being treated with rhythm control drugs conditional on all a priori selected observed 
potential confounders.  
 
To evaluate the ability of the PS to balance covariates, we compared the distribution of the 25 a priori selected 
covariates between the two treatment groups, separately for each of the 10 PS strata. Because we made 250 
comparisons (25 covariates * 10 PS strata) we used the Bonferoni corrected p < 0.0002 as the statistical significance 
cut-off for these comparisons. All 25 potential confounders where balanced within strata determined by the PS 
deciles, with the exception of age in the 2nd decile of the PS (p-value Wilcoxon test <0.0001). However, of the 
difference is of little clinical importance (median age 81 vs 82) and is unlikely to indicate any systematic differences 
in the treatment effects across the PS strata. 
 
Depending on the analysis, the PS score has been used in several ways: adjustment for PS in the main analyses using 
flexible spline models, 9,10 and, in secondary analyses the following: adjustment for both PS and observed 
covariates, adjustment for PD decile dummies with or without observed covariates and matching on PS score11.  
Finally, to test the robustness of our results to different confounding control methods, results from the analyses using 
propensity scores (described above) were compared with results from conventional Cox models with time-dependent 
effects for baseline treatment adjusted for covariates only. The results of the comparison are presented in eTable x 
and show the results are robust to different methods of confounding control.  
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eMethods 3.  
Cox model with time-dependent covariates to account for treatment switches during follow-up  
 
To account for potential treatment changes during the follow-up,  in secondary analyses we categorize the “current 
treatment” based on the cross-classification of  

(i) initial AF prescription (rhythm or rate),  
(ii) the most recent AF prescription, and  
(iii) a history of previous switches (none or at least one). 

 
The time-dependent variable representing the "current treatment" has, thus, 6 possible categories (notice that some 
of the 8 possible combinations are logically impossible) and, depending on changes during the follow-up in (ii) and 
(iii)  a study subject can switch from one category to another throughout his/her follow-up time. Accordingly, the 
data is organized in the counting processes format and analyzed by Cox-regression model with 5 time-dependent 
covariates (using the subjects who started and maintained rate control therapy as the reference group) adjusted for all 
a priori selected potential confounders. 
 
 In this model the proportionality of hazards assumption was tested with the interactions between each exposure 
category and the follow-up time. Because the proportionality of hazard was rejected for most of the treatment 
categories (eTable6), we report HRs and 95% CIs at selected time points. The HR at a corresponding point in time 
quantifies the relative risks of immediate death,  for rhythm vs. rate control drugs, among patients who were 
followed until that time (i.e. have not died and were not censored until that time).  
 
The main comparison of interest was between the subgroup of patients treated continuously with the rhythm control 
drugs and those treated continuously with the rate control drugs (reference), but we report in eTable6 results for all 
categories.  
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eMethods 4.  
Bias analysis 
 
To assess the robustness of our results to potential unobserved confounding, we performed bias analyses in which 
we adapted to multivariable setting an approach proposed by Greenland12 and used in previous studies by our 
group.13  The extension to the multivariable setting was necessary in order to account for the strong confounding 
effect of several observed confounders. We generated a hypothetical binary unobserved confounder with 40% 
prevalence among those treated with rate control drugs who were alive at the end of the follow-up and increased 
incrementally the magnitude of unobserved confounding by varying across several scenarios its association with (i) 
the treatment, and (ii) the outcome. The direction of the association between the unobserved confounder and the 
treatment/outcome was selected so that the unobserved confounder could generate a spurious effect of treatment in 
the direction observed in the study, as shown below. Finally, we assessed the robustness of our results to potential 
unobserved confounding by calculating, for each scenario, how the hazard ratios for rhythm vs. rate control therapy 
changes after adding the unobserved confounder to the multivariable Cox model used in our main analyses (adjusted 
for all our a-priori selected potential confounders). 

A hypothetical binary unobserved confounder that could result in a spurious lower mortality for patients in the 
rhythm control group should reduce the patient’s odds to be treated with rhythm control drugs, while, at the same 
time, increasing the patient’s odds of death. Consequently, when generating the unobserved confounder, we varied 
across 9 scenarios the magnitude of the association between this hypothetical confounder and (i) the rhythm control 
treatment (OR = 0.3, 0.5 and 0.75); and (ii) death (OR 1.3, 2 and 3.5). We then re-estimated the multivariable Cox 
model while adjusting for the simulated confounder. The PH assumption was always violated, regardless of the 
strength of the unobserved confounding. Accordingly, we compared the time dependent treatment effects estimated 
in our main analyses with the time-dependent treatment effects estimated when the hypothetical confounder was 
added to the model.  The bias analysis suggests that our estimates and conclusions regarding long-term mortality are 
robust against bias due to weak and moderate unobserved confounding. Indeed, the difference in 8-year mortality 
between the two groups becomes non-significant only in the scenarios with extreme assumptions, in which the 
confounder increases by >3 times the patient’ probability of death (OR = 3.5) and decreases by 2 or 3 times the 
patient’ probability of being treated with rhythm control drugs (OR = 0.5, HR 0.89, 95% 0.78-1.01 and OR = 0.3, 
HR 0.93, 95% 0.82-1.06). To our knowledge, there is no known unobserved factor that could have such a strong 
impact on both the treatment choice and the mortality. On the other hand, because the hypothetical unobserved 
confounder increases the mortality in the rhythm control group at all time points during the follow-up, the treatment 
effect estimates that were originally close to null (like those for short-term mortality at 1 and 3 years) were shifted 
towards a significantly higher mortality in the rhythm control group even in scenarios with weaker confounding 
(data not shown). However, this will not affect our conclusions that rhythm control therapy appears to be associated 
with lower long-term mortality than the rate control therapy. 
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eTable 1.  
ICD9/10 codes used to identify atrial fibrillation and comorbidities in administrative databases 
 
 
Comorbidity Codes ICD-9/ICD-10 

 
Atrial fibrillation* 4273, 427.31, 427.32 / I48 
Bleeding  Gastrointestinal haemorrhage: 528.0-528.9,530.7,531.0,531.2, 531.4, 

531.6, 532.0, 532.2, 532.4, 532.6, 533.0, 533.2, 533.4, 533.6, 534.0, 
534.2, 534.4, 534.6/ K92.0, K92.1, K92.2, K25.2, K25.4, K25.6, K26.0, 
K26.2, K26.4, K26.6, K27.0, K27.2, K27.4, K27.6, K28.0, K28.2, K28.4, 
K28.6, K29.0; 
Intraocular haemorrhage:362.8, 379.2 / H43.1, H35.6; 
Aortic aneurysm dissection/rupture:441.0, 441.1, 441.3 / I71.0, I71.1, 
I71.3, I71.5, I71.8; 
Hematuria: 599.7 / N02, R31; 
Hemoptysis:786.3 / R04.2; 
Epistaxis: 784.7 / R04.0; 
Intra-cranial bleeding: 431.0-432.9 / I61; 

Diabetes 250.0-250.9/ E10 – E14; 
Acute myocardial infarction  410.0-410.9, 412.0-412.9 / I21, I22, I25.2; 
Coronary artery disease  410.0-414.9 / I20- I24, I25 (excl I25.3, I25.8) 
Hypertension  401.0-405.9 / I10- I15; 
Valvular disease  424.0-424.9, 394.0-397.9 / I34- I38, I05- I09; 
Congestive heart failure  428.0-428.9 /  I25.5, I42, I50 
Stroke  Ischemic cerebrovascular disease: 434.0-434.9, 436.0-436.9 /I63, I64; 

TIA: 435.0-435.9 / G45 (excl. G45.4); 
Retinal infarct: 362.3 / H34.1 

Cancer 140.0-208.9/ C00-C97 
Renal disease Acute renal failure: 584.0-584.9, 586.0- 586.9/N17, N19; 

Chronic renal failure: 585.0-585.9, 403.0-404.9, V45.1, V56 / N18, 
Z99.2, T82.4, Z49, I12.0, I13.1, I13.2, N03.2-N03.7, N05.2-N05.7 

Chronic obstructive pulmonary 
disease (COPD) 

490.0-492.9, 494.0-494.9, 496.0-496.9/J40 –J44, J47 

* The accuracy of the ICD coding of atrial fibrillation diagnosis has been evaluated, with a specificity of 99% and a 
positive predictive value of 97%.1-4 
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eTable 2.   
Rhythm and rate control drugs included in the study 
 
Rhythm Control 
 

Rate Control  

Amiodarone 
Disopyramide 
Flecainide 
Mexiletine 
Procainamide 
Propafenone 
Quinidine 
Sotalol 

Beta-Blockers                      
Acebutolol 
Atenolol 
Bisoprolol 
Carvedilol 
Labetalol  
Metoprolol 
Nadolol 
Oxprenolol 
Pindolol 
Propranolol 
Timolol 
 

Calcium Channel Blockers 
Diltiazem 
Verapamil 
 

Digitalis 
Digoxin 
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eTable 3. 
Results from the full Cox model (i.e. adjusted for all a priori selected covariates (eMethods 1) 
with fixed treatment measurement (at baseline) and time-dependent effects of the treatment on 
the death hazard. 
 

 HR (95% CI) 
Rhythm vs. Rate Treatment†  
        1-year post treatment initiation 1.05 (1.00, 1.11) 
        5-years post treatment initiation 0.89 (0.83, 0.96) 
        8-years post treatment initiation 0.79 (0.69, 0.89) 
Age at the index AF admission (per year increase) 1.06 (1.05, 1.06) 
Male sex  1.19 (1.15, 1.24) 
Bleeding  1.04 (0.96, 1.12) 
Diabetes  1.27 (1.22, 1.32) 
Acute myocardial infarction  1.07 (1.01, 1.12) 
Coronary artery disease  1.05 (1.01, 1.10) 
Hypertension  0.95 (0.91, 0.98) 
Valvular disease  1.14 (1.09, 1.20) 
Congestive heart failure  1.37 (1.32, 1.43) 
Stroke  0.97 (0.90, 1.04) 
Cancer  2.53 (2.40, 2.66) 
Chronic or acute renal failure  1.40 (1.34, 1.46) 
Chronic obstructive pulmonary disease 1.50 (1.44, 1.56) 
Warfarin (only patients with valvular disease) 1.22 (1.12, 1.33) 
Cardioversion 0.89 (0.80, 0.98) 
Ablation 0.51 (0.13, 2.03) 
Pacemaker   0.85 (0.74, 0.98) 
Implantable cardioverter-defibrillator 0.78 (0.39, 1.55) 
Warfarin  0.75 (0.72, 0.78) 
 AF was the principal diagnosis at admission 0.80 (0.77, 0.84) 
Length of stay (days)  1.00 (1.00, 1.00) 
Specialty of prescribing physician 
          Cardiovascular  reference 
          Internal medicine  1.06 (0.99, 1.15) 
          General practitioner  1.09 (1.04, 1.15) 
          Other  1.23 (1.13, 1.33) 
          Missing  1.11 (1.04, 1.19) 
Hospital volume (per 100 increase in hospital volume) 1.01 (1.00, 1.01) 
Median income‡ in the area of residence  (per 10,000 increase) 0.99 (0.97, 1.00) 
Year first prescription 
          1999 reference 
          2000 0.95 (0.90, 1.01) 
          2001 0.90 (0.85, 0.96) 
          2002 0.92 (0.86, 0.98) 
          2003 0.79 (0.74, 0.85) 
          2004 0.80 (0.74, 0.86) 
          2005 0.75 (0.69, 0.81) 
          2006 0.84 (0.77, 0.91) 
          2007 (1st trimester) 0.78 (0.65, 0.94) 

AF, atrial fibrillation; † he time -dependent effect of rhythm vs rate control therapy at 1, 5 and 8 years post-
treatment initiation is estimated from the interaction between baseline treatment (rhythm vs rate) and follow-up 
time. 
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eTable 4.  
Distribution of rhythm/rate control drugs at the first prescription after discharge (in decreasing order of frequency) 
 

Percent of patients  First rhythm or rate control prescription post-discharge Treatment 
classification 

Number 
patients Full sample 

N = 26,130 
Rhythm group 

N = 6,402  
Rate group 
N = 19,728 

Metoprolol Tartrate Rate 4,603 17.6 - 23.3 
Digoxin  Rate 3,355 12.8 - 17.0 
Diltiazem HCL Rate 2,996 11.5 - 15.2 
Bisoprolol Fumarte Rate 1,746 6.7 - 8.8 
Digoxin + Metoprolol Tartrate Rate 1,723 6.6 - 8.7 
Amiodarone HCL Rhythm 1,677 6.4 26.2  
Sotalol HCL Rhythm 1,487 5.7 23.2  
Digoxin + Diltiazem HCL Rate 1,318 5.0 - 6.7 
Atenolol Rate 884 3.4 - 4.5 
Verapamil HCL Rate 619 2.4 - 3.1 
Amiodarone HCL + Metoprolol Tartrate Rhythm 523 2.0 8.2  
Bisoprolol Fumarte + Digoxin Rate 475 1.8 - 2.4 
Propafenone HCL Rhythm 396 1.5 6.2  
Amiodarone HCL + Digoxin Rhythm 381 1.5 5.9  
Acebutolol HCL Rate 342 1.3 - 1.7 
Digoxin + Verapamil HCL Rate 299 1.1 - 1.5 
Amiodarone HCL + Diltiazem HCL Rhythm 257 1.0 4.0  
Atenolol + Digoxin Rate 227 0.9 - 1.1 
Amiodarone HCL + Bisoprolol Fumarte Rhythm 218 0.8 3.4  
One rate drug other than above (carvedilol, labetalol HCL, nadolol, oxprenolol 
HCL, pindolol, propranolol HCL, timolol maleate)  

Rate 283 1.1 - 1.4 

One rhythm drug other than above (disopyramide, flecainide acetate, 
procainamide HCL, quinidine bisulfate) 

Rhythm 58 0.2 0.9  

Combination of two rate drugs, other than above Rate 631 2.4 - 3.2 
Combination of two rhythm drugs, other than above Rhythm 1 0.0 0.0  
Combination of one rhythm and one rate drugs, other than above Rhythm 1,068 4.1 16.7  
Combination of three or more rate drugs Rate 227 0.9 - 1.1 
Combination of a rhythm drug with two or more rhythm/rate drugs Rhythm 336 1.3 5.2  
Total - 26,130 100 100 100 
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eTable 5.  
Results robustness to confounding control method 
 
A. Alternative models that assume proportionality of hazards for the effect of initial treatment on mortality  
 

Cox model Confounding control HR rhythm vs rate  
(95% CI) 

Is proportionality of hazards 
assumption correct? 
p-value treatment *follow-up 
time interaction 

 
Statistical adjustment for covariates 

 
1.00 (0.96, 1.04) 

 
No (p < 0.0001) 

Statistical adjustment for propensity score 0.98 (0.94, 1.03) No (p < 0.0001) 

 
Full population,  
full follow-up 
N population = 25,718† 
N events = 12,746 

Statistical adjustment for both covariates and propensity score 1.00 (0.96, 1.04) No (p < 0.0001) 

 
Statistical adjustment for covariates 

 
1.02 (0.97, 1.06) 

 
No (p = 0.006) 

Statistical adjustment for propensity score 1.00 (0.96, 1.05) No (p = 0.006) 

 
Full population, 
censor follow-up at 5 years  
(replicate AFFIRM)  
N population = 25,718† 
N events = 11,429 

Statistical adjustment for both covariates and propensity score 1.02 (0.97, 1.06) No (p = 0.006) 

 
Statistical adjustment for covariates 

 
0.88 (0.77, 1.00) 

 
Yes (p = 0.27) 

Statistical adjustment for propensity score 0.88 (0.78, 1.00) Yes (p = 0.32) 

 
Survivors to 5 –years,  
time zero year 5 
(late effects post AFFIRM follow-up)  
N population = 5,803 
N events = 1,317 

Statistical adjustment for both covariates and propensity score 0.88 (0.77, 1.00) Yes (p = 0.27) 

HR, hazard ratio;CI, confidence interval; *covariates measured at baseline (we assume that once we account for differences at baseline, all changes in covariates 
during the follow-up are due to treatment); † the N population is lower than the 26,130 study sample because 412 subjects with missing data for at least one covariate 
were not included in the analysis.  
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B.  Alternative models that do not assume proportionality of hazards for the effect of initial treatment on mortality  
 

 
HR rhythm vs rate (95% CI) Exposure modelling Confounding control PH  

testing 
 

1 year 5 years 8 years 

None, crude model <.0001* 0.84 (0.80, 0.89) 0.71 (0.67, 0.77) 0.63 (0.55, 0.72) 
Statistical adjustment  
   for covariates <.0001* 1.05 (1.00, 1.11) 0.89 (0.83, 0.96) 0.79 (0.69, 0.89) 
   for PS <.0001* 1.04 (0.99, 1.10) 0.87 (0.81, 0.94) 0.76 (0.67, 0.86) 
   for covariates and PS <.0001* 1.06 (1.01, 1.11) 0.89 (0.83, 0.95) 0.78 (0.68, 0.88) 
   for PS decile dummies <.0001* 1.04 (0.99, 1.09) 0.86 (0.80, 0.92) 0.74 (0.65, 0.84) 
   for covariates and PS decile dummies  0.0002* 1.05 (1.00, 1.11) 0.90 (0.84, 0.96) 0.80 (0.70, 0.91) 
Matching on propensity score†  0.02* 1.05 (0.98, 1.12) 0.93 (0.85, 1.01) 0.85 (0.72, 0.99) 

Baseline fixed-in-time  
exposure 
 (equivalent ITT, ignores 
switches) 

Main results:  
Statistical adjustment for PS (flexible)‡  

0.0003§ 1.03 (0.95, 1.11) 0.89 (0.81, 0.96) 0.77 (0.62, 0.95) 

HR, hazard ratio; CI, confidence interval;PH, proportionality of hazards;PS, propensity score; * PH assumption tested by the interaction between treatment and 
follow-up time, p-value interaction term reported; § PH assumption tested by a likelihood ratio test between model with time-fixed effects and model with flexible 
(spline-based) time-dependent effects; † The sample is reduced due to matching: 5952 rhythm control patients matched 1:1 with 5952 rate control patients, using a 
SAS developped algorithm11;† the difference between the main analysis and sensitivity analyses is that the time-dependent effect of rhythm vs rate control therapy is 
modeled using flexible methods that allow for any shape for the change over time in the rhythm vs rate control effect, while all other methods assume a linear 
change; 
 

 
 
 
 



Ionescu-Ittu R. Rhythm vs. rate control in AF treatment 

 12

eTable 6.  
Results Cox regression model with time-dependent covariates (eMethods2) 
 

HR rhythm vs rate (95% CI) Exposure modelling PH  
testing 
 

1 year 5 years 8 years 

Baseline Rate      – No switch  – Last Rate - reference reference reference 
Baseline Rhythm – No switch  – Last Rhythm <.0001* 1.01 (0.95, 1.07) 0.76 (0.68, 0.85) 0.61 (0.50, 0.75) 
Baseline Rate      – Switch       – Last Rate 0.01* 1.29 (1.07, 1.57) 0.97 (0.83, 1.13) 0.78 (0.58, 1.05) 
Baseline Rate      – Switch       – Last Rhythm 0.21* 1.21 (1.08, 1.37) 1.10 (0.97, 1.26) 1.03 (0.81, 1.31) 
Baseline Rhythm – Switch       – Last Rate 0.05* 1.14 (1.03, 1.28) 0.98 (0.88, 1.09) 0.87 (0.72, 1.06) 
Baseline Rhythm – Switch       – Last Rhythm 0.07* 1.22 (1.09, 1.37) 1.00 (0.88, 1.14) 0.86 (0.67, 1.10) 

HR, hazard ratio; CI, confidence interval; PH, proportionality of hazards;* PH assumption tested by the interaction between treatment and follow-up time, p-
value interaction term reported;  
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eTable 7. 
Clinical characteristics of full population vs those with more than 5-years of follow-up (patients who experience the long-term 
protective effect of rhythm control drugs). 
 

Median (IQR) or Percentage   
Full sample 
N =26,130 

Patients with ≥5-years of  
N =5,897 

 

Rhythm 
N =6,402 

Rhythm 
N =19,728 

Rhythm 
N =1,992 

Rate 
N =3,905 

Patient demographics     
Age at the index AF admission (years) 77 (72-82) 80 (74-85) 75 (70, 79) 77 (72-82) 
Male sex  46.9 43.0 42.7 39.8 
Comorbidity history*     
Bleeding  4.6 5.1 3.2  3.0 
Diabetes  21.1 22.4 16.0  17.8 
Acute myocardial infarction  20.1 17.5 14.5  15.1 
Coronary artery disease  45.1 43.4 37.4 38.8 
Hypertension  54.4 57.2 51.3 53.7 
Valvular disease  21.4 22.4 19.3 20.8 
Congestive heart failure  27.8 31.8 18.4 23.3 
Stroke  6.0 7.1 6.3 7.4 
CHADS score  2 (1-2) 2 (1-3 1 (1,2) 2 (1, 2) 
Cancer  9.4 10.0 3.5 4.0 
Chronic or acute renal failure  19.6 20.6 10.0 9.7 
Chronic obstructive pulmonary disease 26.2 28.0 17.3 20.9 

AF, atrial fibrillation; IQR, inter-quartile range; *comorbidities were measured in the year before and during the index AF hospitalization. 
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