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case-control study that sotalol is associated with a lowered prostate cancer risk28 but does not associate with sur-
vival17. Beta-blockers as a group have been linked with prolonged cancer survival29.

We estimated the association between use of digoxin, sotalol or other antiarrhythmic drugs and overall 
cancer mortality and separately lung, colorectal, pancreatic, liver, bladder, renal and CNS cancer mortality in a 
population-based cohort of Finnish men.

Results
Population characteristics. A total of 78,615 men with data from the SII prescription database were 
included in the study. Of these 9,023 (11.5%) had used at least one antiarrhythmic drug during the follow-up; 
6,329 (8.1%) had used digoxin and 2,304 (2.9%) had used sotalol. The median age at baseline was 59 years among 
the never-users of antiarrhythmic drugs and 63 years among men with any antiarrhythmic drug use during the 
follow-up.

During the median follow-up of 17.0 years after baseline, 28,936 (36.8%) men died. There were 8,889 cancer 
deaths altogether, and the most frequent individual cancers were lung cancer (2,384 deaths), colorectal cancer 
(861 deaths) and pancreatic cancer (782 deaths) (Table 1).

In general, the use of other drugs (NSAIDs, aspirin, statins, antidiabetic drugs, antihypertensive drugs, 
alpha-blockers and 5-alpha-reductase inhibitors) was more common and the Charlson comorbidity index (CCI) 
was higher among antiarrhythmic drug users compared to non-users (Table 1).

Antiarrhythmic drug use and overall cancer mortality. Antiarrhythmic drug use in general 
was associated with increased cancer mortality in both age-adjusted and multivariable-adjusted analyses 
(multivariable-adjusted HR 1.43, 95% CI 1.34–1.53,). A similar risk increase was observed for men with digoxin 
use (HR 1.59, 95% CI 1.47–1.72) and sotalol use (HR 1.16, 95% CI 1.03–1.31) (Table 2). The risk increase attenu-
ated with increasing amount, duration and intensity of drug use but there was no risk decrease even in long-term 
use (Table 3). Furthermore, the risk elevation tended to decrease also in lagged analysis estimating long-term 
effects of antiarrhythmic drug use (Table 2).

Antiarrhythmic drug use Digoxin use Sotalol use

Never Ever P-value Never Ever P-value Never Ever P-value

Characteristics of Participants

Number of participants 69,592 9,023 72,286 6,329 76,311 2,304

Median Age (IQR) 59 (55–63) 63 (59–67) 0.00 59 (55–63) 63 (59–67) 0.00 59 (55–63) 63 (59–67) 0.00

Median BMI (IQR) 26.3 (24.2–28.7) 27.2 (24.8–30.3) 0.00 26.3 (24.2–28.7) 27.4 (25.1–30.9) 0.00 26.3 (24.2–29.0) 27.2 (25.0–30.2) 0.00

Baseline cancer diagnosis 
(any) 2,822 (4.1%) 457 (5.1%) 0.00 2,956 (4.1%) 323 (5.1%) 0.00 3,165 (4.1%) 114 (4.9%) 0.06

Charlson comorbidity index 0.00 0.00 0.00

0 50,305 (72.3%) 4,703 (52.1%) 52,097 (72.1%) 2,911 (46.0%) 53,653 (70.3%) 1,355 (58.8%)

1 3,192 (4.6%) 614 (6.8%) 3,322 (4.6%) 484 (7.6%) 3,683 (4.8%) 123 (5.3%)

2 or greater 16,095 (23.1%) 3,706 (41.1%) 16,867 (23.3%) 2,934 (46.4%) 18,975 (24.9%) 826 (35.9%)

Cancer death

Overall cancer death 7,873 (11.3%) 1,016 (11.3%) 8,143 (11.3%) 746 (11.8%) 8,622 (11.3%) 267 (11.6%)

Lung cancer death 2,090 (3.0%) 294 (3.3%) 2,152 (3.0%) 232 (3.7%) 2,320 (3.0%) 64 (2.8%)

Colorectal cancer death 770 (1.1%) 91 (1.0%) 792 (1.1%) 69 (1.1%) 846 (1.1%) 15 (0.7%)

Pancreatic cancer death 714 (1.0%) 68 (0.8%) 734 (1.0%) 48 (0.8%) 762 (1.0%) 20 (0.9%)

Gastric cancer death 316 (0.5%) 27 (0.3%) 321 (0.4%) 22 (0.3%) 336 (0.4%) 7 (0.3%)

Hepatic cancer 425 (0.6%) 48 (0.5%) 436 (0.6%) 37 (0.6%) 454 (0.6%) 19 (0.8%)

Renal cancer 251 (0.4%) 35 (0.4%) 259 (0.4%) 27 (0.4%) 277 (0.4%) 9 (0.4%)

Non-Hodgkin lymphoma 256 (0.4%) 46 (0.5%) 267 (0.4%) 35 (0.6%) 295 (0.4%) 7 (0.3%)

Bladder cancer 190 (0.3%) 29 (0.3%) 198 (0.3%) 21 (0.3%) 215 (0.3%) 4 (0.2%)

Central nervous system 
cancer 191 (0.3%) 17 (0.2%) 198 (0.3%) 10 (0.2%) 203 (0.3%) 5 (0.2%)

Prevalence of medication use

NSAIDs 54,837 (78.8%) 7,436 (82.5%) 0.00 57,145 (79.1%) 5,128 (81.0%) 0.00 60,311 (79.0%) 1,962 (85.2%) 0.00

Aspirin 10,732 (15.4%) 1,647 (18.3%) 0.00 11,287 (15.6%) 1092 (17.3%) 0.00 11,894 (15.6%) 485 (21.1%) 0.00

Statins 28,014 (40.3%) 4,840 (53.6%) 0.00 29,540 (40.9%) 3,314 (52.4%) 0.00 31,489 (41.3%) 1,374 (59.6%) 0.00

Antidiabetic drugs 13,321 (19.1%) 2,572 (28.5%) 0.00 13,871 (19.2%) 2,022 (31.9%) 0.00 15,274 (20.0%) 619 (26.8%) 0.00

Antihypertensives 44,472 (63.9%) 8,459 (93.7%) 0.00 46,878 (64.9%) 6,053 (95.6%) 0.00 50,731 (66.5%) 2,200 (95.5%) 0.00

Alpha-blockers 18,442 (26.5%) 2,901 (32.2%) 0.00 19,399 (26.8%) 1,944 (30.7%) 0.00 20,554 (26.9%) 789 (34.2%) 0.00

Table 1. Population characteristics in the Finnish Randomized Study of Screening for Prostate Cancer.
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use was 1.04 (95% CI 0.97–1.12). For digoxin and sotalol users the HRs were 1.01 (95% CI 0.93–1.10) and 1.03 
(95% CI 0.91–1.17), respectively.

Both overall antiarrhythmic drug use (HR 1.13, 95% CI 1.05–1.21) and digoxin use (HR 1.13, 95% CI 1.05–
1.23) were associated with increased cancer mortality in a sensitivity analysis adjusted by the CCI. However, the 
risk estimates were lower compared to the main analyses. In this analysis, sotalol use had no effect on cancer 
mortality (HR 0.98, 95% CI 0.86–1.10). In addition, the CCI was independently associated with an increased risk 
of cancer death; HR 1.51, 95% CI 1.50–1.52 per increase of one point.

All-cause mortality among antiarrhythmic drug users was increased compared to non-users (HR 2.14, 95% 
CI 2.07–2.21). Digoxin users had an even greater risk of death (HR 2.52, 95% CI 2.43–2.61), whereas sotalol 
users had a minor, but nevertheless statistically significant, increase in mortality (HR 1.35, 95% CI 1.27–1.44). 
Excluding prevalent cancers at baseline from analysis did not modify results (Table S2).

Compared to the users of other antiarrhythmic drugs, digoxin users had an increased risk of cancer death (HR 
3.06, 95% CI 2.64–3.54). Sotalol use was not associated with cancer mortality (HR 1.12, 95% CI 0.99–1.32 in a 
similar sensitivity analysis.

Discussion
The usage of antiarrhythmic drugs was associated with elevated overall cancer mortality and with increased lung 
cancer mortality in this retrospective cohort study. Digoxin users had a more prominent increase in risk estimates 
for cancer death, compared to overall antiarrhythmic drug users. The individual cancer types with increased mor-
tality by digoxin use were lung cancer, colorectal cancer, bladder cancer and non-Hodgkin lymphoma. Usage of 
sotalol and cancer mortality had no association in the age-adjusted analysis but in the multivariable analysis users 
had a statistically significant increase in the risk of cancer-specific death.

Digoxin’s mechanism of action differs from other classic antiarrhythmic drugs. Vaughan Williams classifi-
cation is used to categorize antiarrhythmic agents by mechanism of action. Class I is divided to subclasses Ia, Ib 
and Ic, all of which are Na+-channel blockers. Class II includes beta-blockers (excluding sotalol) and Class III 
K+-channel blockers. Finally, Ca2+-channel blockers form class IV and agents with unknown or other mecha-
nisms form class V. Digoxin belongs to the Class V and is a Na+/K+-ATPase inhibitor. This increases intracel-
lular Na+-concentration leading to decreased activity of Na+/Ca2+-exchanger. Eventually, this cascade results in 
increased concentration of calcium-ions, which might induce apoptosis7,10.

All antiarrhythmic drugs Digoxin Sotalol

Overall cancer 
mortality

Lung cancer 
mortality

Pancreatic 
cancer mortality

Overall cancer 
mortality

Lung cancer 
mortality

Pancreatic 
cancer mortality

Overall cancer 
mortality

Lung cancer 
mortality

Pancreatic 
cancer 
mortality

HR (95% CI)a HR (95% CI)a HR (95% CI)a HR (95% CI)a HR (95% CI)a HR (95% CI)a HR (95% CI)a HR (95% CI)a HR (95% CI)a

Cumulative quantity of medication useb

DDD tertiles

1st tertile 1.85 (1.67–2.05) 2.22 (1.84–2.67) 1.30 (0.87–1.92) 1.97 (1.76–2.21) 2.47 (2.00–3.04) 1.31 (0.83–2.07) 1.18 (0.97–1.44) 1.29 (0.88–1.88) 0.84 (0.38–1.88)

2nd tertile 1.39 (1.25–1.55) 1.88 (1.56–2.28) 0.95 (0.62–1.45) 1.59 (1.39–1.81) 2.03 (1.59–2.58) 1.14 (0.69–1.88) 1.15 (0.93–1.43) 1.17 (0.77–1.76) 1.07 (0.51–2.25)

3rd tertile 1.10 (0.97–1.25) 1.07 (0.83–1.38) 0.84 (0.54–1.32) 1.22 (1.06–1.41) 1.77 (1.39–2.27) 0.78 (0.45–1.35) 1.14 (0.92–1.42) 0.79 (0.47–1.34) 1.07 (0.51–2.26)

Duration of medication usec

Year tertiles

1st tertile 1.72 (1.56–1.89) 2.14 (1.80–2.55) 1.14 (0.78–1.67) 1.84 (1.66–2.05) 2.46 (2.04–2.96) 1.35 (0.90–2.02) 1.32 (1.09–1.60) 1.53 (1.07–2.18) 0.72 (0.30–1.74)

2nd tertile 1.36 (1.22–1.51) 1.72 (1.41–2.09) 0.77 (0.49–1.23) 1.61 (1.41–1.84) 2.18 (1.72–2.76) 0.86 (0.48–1.52) 1.00 (0.81–1.22) 0.88 (0.57–1.35) 0.74 (0.33–1.65)

3rd tertile 1.13 (0.98–1.30) 1.06 (0.79–1.43) 1.17 (0.75–1.82) 1.17 (0.99–1.38) 1.37 (0.99–1.88) 0.86 (0.47–1.56) 1.21 (0.95–1.53) 0.84 (0.48–1.49) 1.75 (0.90–3.38)

Intensity of medication use (DDDs/year)d

Intensity tertiles

1st tertile 1.91 (1.72–2.11) 2.26 (1.87–2.74) 1.25 (0.83–1.89) 2.13 (1.91–2.38) 2.71 (2.22–3.30) 1.30 (0.82–2.05) 1.19 (0.97–1.46) 1.25 (0.85–1.86) 1.18 (0.59–2.36)

2nd tertile 1.42 (1.26–1.59) 1.75 (1.41–2.16) 1.08 (0.71–1.66) 1.49 (1.28–1.74) 1.93 (1.46–2.56) 0.91 (0.49–1.71) 1.22 (0.99–1.50) 1.04 (0.67–1.61) 1.10 (0.52–2.32)

3rd tertile 1.10 (0.98–1.24) 1.30 (1.05–1.61) 0.80 (0.52–1.23) 1.20 (1.06–1.37) 1.68 (1.33–2.11) 0.97 (0.61–1.53) 1.08 (0.87–1.34) 0.99 (0.63–1.56) 0.71 (0.29–1.71)

Table 3. Cancer mortality by amount, duration and intensity of antiarrhythmic drug use in the the Finnish 
Randomized Study of Screening for Prostate Cancer. aFrom Cox regression model adjusted for age, screening 
trial arm (only for overall cancer mortality) and use of cholesterol-lowering, antidiabetic and antihypertensive 
drugs, aspirin and other NSAIDs, and 5alpha-reductase inhibitors and alpha-blockers. bTertile cut-points for 
cumulative amount of medication use: All antiarrhythmic drugs combined 1st tertile: 1–280 DDD, 2nd tertile: 
281–1,400 DDD, 3rd tertile: more than 1,400 DDD; Digoxin 1st tertile: 1–200 DDD, 2nd tertile: 201–960 DDD, 
3rd tertile: more than 960 DDD; Sotalol 1st tertile: 1–200 DDD, 2nd tertile: 201–1,230 DDD, 3rd tertile: more than 
1,230 DDD. cTertile cut-points for cumulative duration of medication use: All antiarrhythmic drugs combined 
1st tertile: 1–2 years, 2nd tertile: 3–7 years, 3rd tertile: longer than 7 years; Digoxin 1st tertile: 1–2 years, 2nd tertile: 
3–6 years, 3rd tertile: longer than 6 years; Sotalol 1st tertile: 1 year, 2nd tertile: 2–5 years, 3rd tertile: longer than 5 
years. dTertile cut-points for intensity of medication use: All antiarrhythmic drugs combined 1st tertile: 1–116 
DDDs/year, 2nd tertile: 117–228 DDDs/year, 3rd tertile: more than 229 DDDs/year; Digoxin 1st tertile: 1–100 
DDDs/year, 2nd tertile: 101–170 DDDs/year, 3rd tertile: more than 170 DDDs/year; Sotalol 1st tertile: 1–120 
DDDs/year, 2nd tertile: 121–285 DDDs/year, 3rd tertile: more than 285 DDDs/year.
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Divergences between users and non-users (confounding by indication) provide a likely explanation for the 
observed increase in cancer mortality. When we analyzed the association between cardiac insufficiency (the indi-
cation) and cancer mortality, a comparable risk elevation was observed. Furthermore, the risk increase tended 
to disappear with increasing amount, duration and intensity of antiarrhythmic drug use, suggesting that the 
increased mortality is unlikely to be caused by antiarrhythmic drug use but rather by residual confounding by 
unmeasured background differences between antiarrhythmic drug uses and non-users. If the drugs did indeed 
increase the risk, an opposite trend would be presumed.

Digoxin users are likely more fragile than non-users, which may cause non-causal risk differences in epide-
miological studies. This explanation was supported by subgroup analyses stratified by the CCI; among men with 
a low co-morbidity burden, digoxin use was associated with an increased risk of cancer death. However, among 
men with a high co-morbidity burden, the risk difference disappeared. This confirms that the risk association is 
modified by background co-morbidities. Further, the CCI was an independent risk factor for cancer death. In the 
competing risk analyses antiarrhythmic drug use was not associated with cancer mortality, further supporting the 
notion that use of digoxin or other antiarrhythmic drugs does not affect cancer mortality when non-cancer deaths 
are taken into account. When compared to users of other antiarrhythmic drugs, digoxin users had an increased 
cancer mortality. Therefore, the co-morbidity burden may differ even between users of different antiarrhythmic 
drugs.

Our main results are slightly inconsistent with previously published ones. There are no studies concerning 
overall cancer mortality and few studies about individual cancer types. In vitro studies have suggested that digoxin 
might have a suppressive effect on lung neoplasms via multiple mechanisms; it has been shown that digoxin hin-
ders tumor progression by inhibiting the activation of an important oncogene Src4. Moreover, digoxin decreases 
the expression of VEGF and NDRG1 through inhibition of HIF-1alpha synthesis5 and induces autophagy through 
the regulation of mTOR and ERK1/2 signaling pathways in non-small cell lung cancer cells6. A Swedish study 
observed that digoxin users had a diminished risk of lung neoplasms (HR 0.55, 95% CI 0.39–0.79) compared to 
users of organic nitrates30. Nonetheless, these chemopreventive features of digoxin did not translate into dimin-
ished lung cancer mortality in our large population-based study.

One population-based cohort study regarding colorectal cancer survival has previously been published26. 
The study included 10,357 patients with a colorectal cancer diagnosis and during the median follow-up of 4.8 
years 2,724 colorectal cancer–specific deaths occurred. Before model adjustments digoxin use was associated 
with elevated colorectal cancer–specific mortality (HR 1.25, 95% CI 1.07–1.46), but the association disappeared 
after adjustment for confounders (HR 1.10, 95% CI 0.91–1.34). In our study, digoxin users had slightly elevated 
colorectal cancer mortality in the multivariable adjusted analysis. This inconsistency is probably due to differences 

Figure 1. Overall cancer mortality by overall antiarrhythmic drug use and by digoxin use versus non-use 
stratified by patient characteristics in the the Finnish Randomized Study of Screening for Prostate Cancer.
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