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TRIAL FIBRILLATION IS THE

most common clinically sig-

nificant cardiac arrhythmia.

It is also a potent risk factor
for ischemic stroke, increasing the risk
of stroke 5-fold and accounting for ap-
proximately 15% of all strokes nation-
ally.! Symptomatic atrial fibrillation may
also reduce quality of life, functional sta-
tus, and cardiac performance.” It is as-
sociated with higher medical costs as
well as an increased risk of death.?
Specifying the prevalence of atrial fi-
brillation in the United States has im-
portant implications for understand-
ing the population burden of disability
and medical costs associated with this
arrhvthmia.

Context Atrial fibrillation is the most common arrhythmia in elderly persons and a
potent risk factor for stroke. However, recent prevalence and projected future num-
bers of persons with atrial fibrillation are not well described.

Objective To estimate prevalence of atrial fibrillation and US national projections of
the numbers of persons with atrial fibrillation through the year 2050.

Design, Setting, and Patients Cross-sectional study of adults aged 20 years or
older who were enrolled in a large health maintenance organization in California and
who had atrial fibrillation diagnosed between July 1, 1996, and December 31, 1997.

Main Outcome Measures Prevalence of atrial fibrillation in the study population
of 1.89 million; projected number of persons in the United States with atrial fibrilla-
tion between 1995-2050.

Results A total of 17974 adults with diagnosed atrial fibrillation were identified dur-
ing the study period; 45% were aged 75 years or older. The prevalence of atrial fi-
brillation was 0.95% (95% confidence interval, 0.94%-0.96%). Atrial fibrillation was
more common in men than in women (1.1% vs 0.8%; P<.001). Prevalence increased
from 0.1% among adults younger than 55 years to 9.0% in persons aged 80 years or
older. Among persons aged 50 years or older, prevalence of atrial fibrillation was higher
in whites than in blacks (2.2% vs 1.5%; P<.001). We estimate approximately 2.3 mil-
lion US adults currently have atrial fibrillation. We project that this will increase to more
than 5.6 million (lower bound, 5.0; upper bound, 6.3) by the year 2050, with more
than 50% of affected individuals aged 80 years or older.

Conclusions Our study confirms that atrial fibrillation is common among older adults
and provides a contemporary basis for estimates of prevalence in the United States.
The number of patients with atrial fibrillation is likely to increase 2.5-fold during the
next 50 years, reflecting the growing proportion of elderly individuals. Coordinated
efforts are needed to face the increasing challenge of optimal stroke prevention and
rhythm management in patients with atrial fibrillation.

JAMA. 2001;285:2370-2375 WwWW jama.com




Figure 2. Prevalence of Diagnosed Atrial Fibrillation Stratified by Age and Sex
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Figure 3. Projected Number of Adults With Atrial Fibrillation in the United States Between

1995 and 2050
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Worldwide Epidemiology of Atrial Fibrillation
A Global Burden of Disease 2010 Study
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Background—The global burden of atrial fibrillation (AF) is unknown.

Methods and Results—We systematically reviewed population-based studies of AF published from 1980 to 2010 from
the 21 Global Burden of Disease regions to estimate global/regional prevalence, incidence, and morbidity and mortality
related to AF (DisModMR software). Of 377 potential studies identified, 184 met prespecified eligibility criteria. The
estimated number of individuals with AF globally in 2010 was 33.5 million (20.9 million men [95% uncertainty interval
(UI), 19.5-22.2 million] and 12.6 million women [95% UI, 12.0-13.7 million]). Burden associated with AF, measured
as disability-adjusted life-years, increased by 18.8% (95% UI, 15.8-19.3) in men and 18.9% (95% UI, 15.8-23.5) in
women from 1990 to 2010. In 1990, the estimated age-adjusted prevalence rates of AF (per 100000 population) were
569.5 in men (95% UI, 532.8-612.7) and 359.9 in women (95% UI, 334.7-392.6); the estimated age-adjusted incidence
rates were 60.7 per 100000 person-years in men (95% UI, 49.2-78.5) and 43.8 in women (95% UI, 35.9-55.0). In 2010,
the prevalence rates increased to 596.2 (95% UI, 558.4-636.7) in men and 373.1 (95% UI, 347.9-402.2) in women;
the incidence rates increased to 77.5 (95% U, 65.2-95.4) in men and 59.5 (95% UI, 49.9-74.9) in women. Mortality
associated with AF was higher in women and increased by 2-fold (95% UI, 2.0-2.2) and 1.9-fold (95% UI, 1.8-2.0)
in men and women, respectively, from 1990 to 2010. There was evidence of significant regional heterogeneity in AF
estimations and availability of population-based data.

Conclusions—These findings provide evidence of progressive increases in overall burden, incidence, prevalence, and
AF-associated mortality between 1990 and 2010, with significant public health implications. Systematic, regional
surveillance of AF is required to better direct prevention and treatment strategies. (Circulation. 2014;129:837-847.)

Key Words: atrial fibrillation m epidemiology m incidence m prevalence m risk factors, prevention



Table 1.
for Men and Women

Estimated Age-Adjusted Prevalence Rates With 95% Uncertainty Intervals of Atrial Fibrillation (per 100 000 Population)

1990

1995

2000

2005

2010

Men
Global, all ages
Age =35y
Developed countries
Developing countries
Women
Global, all ages
Age =35y
Developed countries
Developing countries

569.5 (532.8-612.7)

1307.4 (1222.5-1407.3

(

(
608.2 (547-0-693.5)
546.6 (503.0-599.6)

359.9 (334.7-392.6

826.5 (768.4-902.3

362.5(319.3-422.3
(

)
)
)
358.2 (329.8-393.0)

)

578.1 (541.2-620.9)

1327.3 (1243.2-1425.7

(

(
625.6 (564.0-712.5)
551.1 (506.6-604.8)

363.4 (338.5-395.3)
834.7 (776.6-909.2)
370.1 (326.7-429.5)
359.0 (330.8-394.0)

)

586.8 (549.8-629.5)

1347.6 (1263.4-1445.8

(

(
643.1 (580.3-730.2)
555.8 (511.0-610.1)

366.7 (342.0-397.8)
842.3 (784.7-915.5)
377.5 (334.0-436.8)
359-8 (331.5-395.0)

)

595.1 (557.3-639.0)

1366.6 (1281.0-1467.1

(

(
660.0 (594.5-740.8)
561.3 (517.5-618.4)

360.6 (345.5-399.9)
849.0 (792.4-919.6)
385.1 (340.1-446.8)
360.9 (331.6-396.0)

)

596.2 (558.4-636.7)

1368.5 (1280.8—-1462.7

(

(
660.9 (597.1-738.2)
565.7 (522.9-617.6)

373.1 (347.9-402.2)
856.8 (797.7-923.5)
387.7 (343.8-450.0)
366.1 (337.4-400.8)

)




Prevalence of atrial fibrilation and flutter (per 100,000) by region, 2010
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AF prevalence rate

* The low prevalence rates (2010) were
estimated in the Asia—Pacitic region tor
both men and women (0.3402% and
0.196%, respectively).

 The highest rates were estimated Iin
North America (0.9257% for men and
0.5208% for women)



Table 2. Estimated Age-Adjusted Incidence Rates with 95%
Uncertainty Intervals of Atrial Fibrillation (per 100000 Person-
years) for Men and Women

1990 2010
Men
Global, all ages 60.7 (49.2-78.5) 77.5(65.2-95.4)
Age =35y 141.0 (114.6-182.6) 181.2 (152.6-222.8)
Developed countries 78.4 (67.5-91.9) 123.4 (107.6—-141.5)
Developing countries 50.0 (33.8-76.8) 53.8(38.7-79.8)
Women
Global, all ages 43.8 (35.9-55.0) 59.5 (49.9-74.9)
Age =35y 102.0 (83.9-127.9) 139.7 (117.1-175.3)
Developed countries 52.8 (45.0-62.9) 90.4 (77.8-104.5)
Developing countries 36.0 (24.5-54.7) 40.0 (27.2-62.6)




A

- Incldence rates

AF Iincidence rates were lowest in Asia—

Pacific region for both men and women
(0.038% and 0.0198%, respectively).

The highest rates were estimated in North
America (0.2645% for men and 0.1963%
for women).
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Projections on the number of individuals

with atrial fibrillation in the European Union,
from 2000 to 2060
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Aims Since atrial fibrillation (AF) is associated with increased risks of cardiovascular and cerebrovascular complications, esti-
mations on the number of individuals with AF are relevant to healthcare planning. We aimed to project the number of
individuals with AF in the Netherlands and in the European Union from 2000 to 2060.

Methods Age- and sex-specific AF prevalence estimates were obtained from the prospective community-based Rotterdam Study.

and results Population projections for the Netherlands and the European Union were obtained from the European Union’s statistics
office. In the age stratum of 55—59 years, the prevalence of AFwas 1.3%in men (95% Cl: 0.4-3.6%) and 1.7% in women
(95% Cl: 0.7 —4.0%). The prevalence of AFincreased to 24.2%inmen (95% Cl: 18.5-30.7%), and 16.1%in women (95% Cl:
13.1-19.4%), for those =85 years of age. This age- and sex-specific prevalence remained stable during the years of
follow-up. Furthermore, we estimate that in the European Union, 8.8 million adults over 55 years had AF in 2010
(95% Cl: 6.5-12.3 million). We project that this number will double by 2060 to 17.9 million (95% ClI: 13.6—-23.7
million) if the age- and sex-specific prevalence remains stable.

Conclusion We estimate that from 2010 to 2060, the number of adults 55 years and over with AF in the European Union will more
than double. As AF is associated with significant morbidities and mortality, this increasing number of individuals with AF
may have major public health implications.



Table3 Projected number ofadults with atrial fibrillation in The Netherlands and the European Union between 2000 and
2060

Year The Netherlands Age >75 Total %" European Union (in millions) Age >75 Total %"

(in thousands)

ST S Age-c:?S o SRR Age<75
2000 982 1129 83.9 127.3 2111 1.3 34 39 29 43 72 1.5
2005 1102 121.1 92.7 138.6 2313 1.4 37 42 3.1 4.9 79 1.6
2010 1281 1315 103.1 156.5 259.6 1.6 4.2 4.6 32 56 8.8 1.8
2015 1512 145.0 119.8 176.3 296.1 1.7 4.8 5.0 34 6.3 9.8 1.9
2020 1759 1622 135.6 202.5 338.0 20 53 54 38 6.9 10.7 2.1
2025 2039 183.5 139.0 248.4 3875 22 59 5.8 4.0 7.7 1.7 23
2030 2313 205.7 145.5 2915 436.9 25 6.6 6.3 42 8.6 12.9 2.5
2035 2558 2269 147.1 335.7 482.8 27 7.2 6.9 44 9.7 14.1 27
2040 2729 2443 140.8 3763 5171 29 7.9 74 44 109 15.3 29
2045 284.1 2565 129.4 411.3 540.7 3.1 8.4 7.9 43 120 16.3 3.1
2050 2910 262.7 1223 4314 553.7 32 8.9 8.2 42 129 17.1 33
2055 2917 2619 125.4 428.1 553.6 32 9.2 8.4 42 134 17.6 34
2060 289.7 2580 129.6 418.1 547.7 32 9.4 8.5 4.1 13.8 17.9 3.5

*Percentage of total population.
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Figure | Projected number of adults with atrial fibrillation in the Netherlands between 2000 and 2060.
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Figure 2 Projected number of adults with atrial fibrillation in the European Union between 2000 and 2060.




Articles

@

CrossMark

Lancet 2015; 386: 154-62
Published Online

May 8, 2015
http://dx.doi.org/10.1016/
S0140-6736(14)61774-8
See Comment page 113
*Contributed equally

National Heart, Lung, and
Blood Institute's Framingham
Study, Framingham, MA, USA
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50 year trends in atrial fibrillation prevalence, incidence, risk
factors, and mortality in the Framingham Heart Study:
a cohort study

Renate B Schnabel, Xiaoyan Yin, Philimon Gona, Martin G Larson, Alexa S Beiser, David D McManus, Christopher Newton-Cheh, Steven A Lubitz,
Jared W Magnani, Patrick T Ellinor, Sudha Seshadri, Philip A Wolf, Ramachandran 5 Vasan, Emelia | Benjamin*, Daniel Levy*

Summary
Background Comprehensive long-term data on atrial fibrillation trends in men and women are scant. We aimed to
provide such data through analysis of the Framingham cohort over 50 years.

Methods We investigated trends in incidence, prevalence, and risk factors for atrial fibrillation and its association with
stroke and mortality after onset in 9511 participants enrolled in the Framingham Heart Study between 1958 and 2007.
We analysed trends within 10 year groups (1958-67, 1968-77, 1978-87, 1988-97, and 1998-2007), stratified by sex.

Findings During 50 years of observation (202417 person-years), 1544 cases of new-onset atrial fibrillation occurred
(of whom 723 [47%] were women). Between 1958—67 and 1998-2007, age-adjusted prevalence of atrial fibrillation
quadrupled from 20-4 to 96 - 2 cases per 1000 person-years in men and from 13-7 to 49- 4 cases per 1000 person-years
in women; age-adjusted incidence increased from 3-7 to 13-4 new cases per 1000 person-years in men and from
2-5 to 8-6 new cases per 1000 person-years in women (p,..,<0-0001 for all comparisons). For atrial fibrillation
diagnosed by electrocardiograph (ECG) during routine Framingham examinations, age-adjusted prevalence per
1000 person-years increased (12.6 in 1958-67 to 25.7 in 1998-2007 in men, p,.=0-0007; 8.1 to 11.8 in women,
Puwa=0-009). However, age-adjusted incidence of atrial fibrillation by Framingham Heart Study ECGs did not change
significantly with time. Although the prevalence of most risk factors changed over time, their associated hazards for
atrial fibrillation changed little. Multivariable-adjusted proportional hazards models revealed a 74% (95% CI 50-86%)
decrease in stroke (hazards ratio [HR] 3.77, 95% CI 1-98-7-20 in 1958-1967 compared with 1998-2007; p,,,=0-0001)
and a 25% (95% CI -3-46%) decrease in mortality (HR 1.34, 95% CI 0.97-1-86 in 1958-1967 compared with
1998-2007; p,..;=0-003) in 20 years following atrial fibrillation onset.

Interpretation Trends of increased incidence and prevalence of atrial fibrillation in the community were probably
partly due to enhanced surveillance. Measures are needed to enhance early detection of atrial fibrillation, through

increased awareness coupled with targeted screening programmes and risk factor-specific prevention.

Funding NIH, NHLBI, NINDS, Deutsche Forschungsgemeinschaft.
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1958-67 1968-77 1978-87 1988-97 1998-2007 P
Men
Number at risk 1925 2399 2569 2595 2128
Person-years at risk 14044 17 448 19223 19196 17 270
Age, yearst 55.0 (5-8) 58.6(8-1) 60-4(9-9) 60-8 (10-6) 63-1(10-5)
Atrial fibrillation based on all sources
Mumber of atrial fibrillation cases 40 101 166 266 248
Crude incidence rate 2.85 579 864 13-86 14-36 <0-0001
Age-adjusted incidence rate 370 731 9-07 14-32 13-37 <0:0001
Age-adjusted period prevalence 204 377 523 81.8 962 <0.0001
Atrial fibrillation based on Framingham Heart Study
Clinic ECGs
Number of atrial fibrillation cases 23 38 56 70 81
Crude incidence rate 1.61 212 2.81 343 430 <0.0001
Age-adjusted incidence rate 183 2.55 2-86 335 375 0-06
Age-adjusted period prevalence 126 191 240 257 257 0-0007
Women
Number at risk 2401 2924 3174 3315 2857
Person-years at risk 18356 23360 25254 25046 23220
Age, yearst 55-0(5-8) 596 (8-4) 627 (107) 62:9(11-8) 647 (11-9)
Atrial fibrillation based on all sources
Number of atrial fibrillation cases 35 90 161 194 243
Crude incidence rate 1.91 3.85 638 775 10-47 <0.0001
Age-adjusted incidence rate 2.52 4.69 547 614 8.55 <0.0001
Age-adjusted period prevalence 137 251 295 343 49-4 <0-0001
Atrial fibrillation based on Framingham Heart Study
clinic ECGs
Number of atrial fibrillation cases 21 46 51 o] 52
Crude incidence rate 110 1.88 1-93 191 213 0-03
Age-adjusted incidence rate 131 211 164 1-40 1.58 013
Age-adjusted period prevalence 81 14-8 139 12:6 118 0-009

Data are n or mean (SD). All participantswere 50-89 years of age and free of atrial fibrillation at enrolment. Atrial fibrillation incidence rates are per 1000 person-years of
follow up. Adjusted incidence rateswere calculated using direct standardisation of sex-pooled and time-pooled 10-year age groups. Atrial fibrillation prevalence rates are
person-years lived by atrial fibrillation individuals per 1000 total person-years lived during each period, ie, by all person-years contributed by survivors (including those

developed atrial fibrillation before the period) at the beginning of the period. Atrial fibrillation cases include all those participants who developed atrial fibrillation in or before

the corresponding period. For the first period, during which there was no participant in the 80-89 year age group, the incidence rates were standardised to the overall
distribution among the remaining age groups only. *p,....was obtained with Poisson regression. tMean age is for the population at risk for development of atrial fibrillation;

age is the earliest eligible age within a decade.

Table 1: Atrial fibrillation incidence rates and age-adjusted period prevalence, by sex and decade




1958-67 1968-77 1978-87 1988-97 1998-2007 Puws’ Trend direction

Number of new-onset atrial fibrillation cases 70 178 284 399 434
Smoking 27(409%)  35(223%)  60(217%)  62(15-6%)  55(127%) 00002  Decrease
Alcohol consumption
None 25(42-4%)  53(317%) 127 (467%) 168 (427%) 186 (44-0%) 0-64 No trendt
Mild 28(47-5%)  92(551%) 122 (44-9%) 200 (50-9%) 214 (50-6%) 028 No trendt
Moderate or heavy 6 (10-2%) 22 (13-2%) 23 (8:5%) 25 (6-4%) 23 (5-4%) 0-005 Decrease
Body-mass index
Normal (<25 kg/m?) 20(303%)  56(357%) 107 (39:9%) 115(30-4%) 105 (277%) 00009  Decrease
Overweight (25-30 kg/m?) 28 (42-4%)  68(433%) 101(377%) 173(458%) 140(36-9%) 0-42 No trendt
Obese (=31 kg/m?) 18 (27-3%) 33(21:0%) 60(224%) 90(23-8%) 134(354%)  <0-0001  Increase
Systolic blood pressure
Optimal (<120 mm Hg) 5 (7-1%) 19(107%) 36(127%) 53(133%) 88(203%)  <0-0001 Increase
Normal (120-129 mm Hg) 9 (12-9%) 13 (7-3%) 32 (11-3%) 57 (14-3%) 73(16-9%) 0-001 Increase
High-normal (130-139 mm Hg) B8 (11-4%) 23 (12-9%) (18 0%) 75(18-8%) 91(21-0%) 0-009 Increase
Stage | hypertension (140-159 mm Hg) 21 (30-0%) 64 (36-0%) 9 (35-0%) 134 (33-6%) 108 (24-9%) 0-001 Decrease
Stage IHIV hypertension (=160 mm Hg) 27 (38-6%) §9(331%) 65(23-0%) 80(201%) 73 (16:9%) <0-0001 Decrease
Hypertension treatment 15 (22-1%) 55(32:9%) 135(477%) 219 (55-4%) 257 (59-8%) <0-0001 Increase
Diabetes 4(57%) 25(14-0%) 44 (157%) 66 (167%) 80(19-6%) 0-004 Increase
Electrocardiographic left ventricular hypertrophy 9 (12.9%) 21(11-8%) 19 (6-9%) 23 (6-2%) 12 (2.9%) <0.0001 Decrease
Significant heart murmur 14 (20-0%) 32 (18-9%) 52(19-2%) 42 (107%) 31(8-1%) <0-0001 Decrease
Prevalent heart failure 4 (57%) 15 (8-4%) 17 (6-0%) 23 (5-8%) 15 (3:5%) 0-009 Decrease
Prevalent myocardial infarction 6 (8-6%) 16 (9-0%) 27 (9-5%) 45(113%) 47 (10-8%) 0-27 No trendt

Data are n (%). In total 1365 (88.4%) atrial fibrillation cases were identified with index examinations. The remaining 179 patients were excluded from this analysis for
missing eligible index examinations. This table presents the age-adjusted and sex-adjusted prevalence of baseline characteristics for atrial fibrillation cases with index
examination. For each characteristic, prevalence in different decades are predicted values from a logistic model where the characteristic is the outcome variable, decade as
main predictor if the trend test is significant, with age and sex as covariates. The observed prevalence by sex is presented in the appendix. The prevalence might not add up
to exactly 1 for multiple categorical variables because of rounding. *p values are obtained from logistic models adjusting for age and sex fitted on observed data. ttrend was
not statistically significant.

Table 2: Baseline characteristics in individuals with new-onset atrial fibrillation, by decade




—— 1998-2007
—1988-97
—1578-87
—— 196877
—1958-67

5 5
atrisk Time from atrial fibrillation diagnosis (years) Time from atrial fibrillation diagnosis (vears)
1958-67 17 11 22 16
196877 56 33 42 22
1978-87 75 44 59 31
1988-g97 141 81 89 45
1998-2007 112 23 - 29

Figure: Age-adjusted survival after new onset of atrial fibrillation, by sex and decade, in men and women
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The risk of atrial fibrillation in the general male
population: a lifetime follow-up of 50-year-old men

Zacharias Mandalenakis', Lotta Von Koch', Henry Eriksson', Mikael Dellborg!,
Kenneth Caidahl"2, Lennart Welin', Annika Rosengren', and Per-Olof Hansson'

"Department of Molecular and Clinical Medicine/Cardiology, Institute of Medicine, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden; and
*Department of Molecular Medicine and Surgery, Karolinska Institute, Stockholm, Sweden

Received 1 October 2014; accepted after revision 2 February 2015; online publish-ahead-of-print 4 April 2015

Aim This study aimed to estimate the prevalence, incidence rate, and lifetime risk of developing atrial fibrillation (AF) in a
population-based study of Swedish men.

Methods and The study is a part of "The Study of Men Born in 1913’, whichis a longitudinal prospective cohort study of 855 menbornin

results 1913 and living in the city of Gothenburg in Sweden. They were followed from the age of 50 years until 98 years with
repeated examinations and data from the Swedish National Hospital Discharge Register. A total of 185 (21.6%) men
developed AF. The prevalence of AF increased from 0.4% at 50 years old, to 1.9% by 60 years old, to 4.6% by 70 years
old, to 12.5% by 80 years old, and to 15.7% by 90 years old. The lifetime risk of developing AF was 22.5%.

Conclusion Atrial fibrillation is rare at the age of 50 in Swedish men, but it increases exponentially with age, markedly accelerating
after 70 years old. In nonagenarians, one of five men has or has had AF.

Keywords Atrial fibrillation e Epidemiology e Incidence e Prevalence e Population-based studies e Lifetime risk
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Atrial Fibrillation In Athletes: Pathophysiology, Clinical
Presentation, Evaluation and Management
Mohit K. Turagam, MD, Greg C. Flaker, MD, Poonam Velagapudi, MD, Sirisha Vadali, MD, Martin A. Alpert, MD

From the Division of Cardiovascular Medicine University of Missouri- School of Medicine, Columbia, Missouri, USA.

Abstract

Atrial fibrillation (AF) is the most common cardiac arrhythmia in athletes, especially in middle-aged athletes. Studies have demonstrated
that athletes who engage in endurance sports such as runners, cyclists and skiers are more prone to AF than other athletes. The effects of
exercise on the onset and progression of AF is complex. Triggers of AF in athletes may include atrial ectopy and sports supplements. Substrates
for AF in athletes include atrial remodeling, fibrosis, and inflammation. Modulators of AF in athletes include autonomic activation, electrolyte
abnormalities, and possibly, gastroesophageal reflux. Management of AF in athletes with rate-controlling agents and antiarrhythmic drugs

remains a challenge and can be associated with impaired athletic performance. The value of catheter ablation is emerging and should be
considered in suitable athletes with AF.
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Table 1:

Selected Controlled Studies of the Prevalence of AF in

Athletes

Study Type Number Age/Gender Type of exercise Prevalence of
of AF in athletes/
subjects controls (%)

Karjalainen et 795 35-39 years,/ Male Cross country 53/09

al*® Running

Baldesberger 196 ~66 years/ Male Cyclists vs. golfers  10/0

et al*”

Mont et al® 216 <65 years/ Male + Endurance 63/15

Female athletes

Elosua et al*® 109 41-55 years/ Male Endurance 32/14

athletes

Heidbuchel 60 years/83% Male, Cycling, running,

et al?? 17% Female or swimming

Molina et al*® 557 48 years Marathon runners  5/0.7

vs. sedentary

Grimsmo et 78 54-62 years- Group | Cross-country 128

al*t 12-80 years- Group |l runners, skiers

87-92 years- Group Il



European Heart Journal - Cardiovascular Pharmacotherapy Advance Access published December 27, 2016

European Heart Journal - Cardiovascular Pharmacotherapy ORIGINAL ARTICLE
eunorean  doi10.1093/ehjcvp/pvw036 Atrial fibrillation
CARDIOLOGY*

Thiazolidinediones are associated with a
decreased risk of atrial fibrillation compared
with other antidiabetic treatment: a nationwide
cohort study

Jannik Langtved Pallisgaard1’2*, Tommi Bo Lindhardt’ ’2, Laila Staerk1’2,
Jonas Bjerring Olesen’, Christian Torp-Pedersen?®, Morten Lock Hansen®, and
Gunnar Hilmar Gislason®>**

1Uni\.'ersit)f Hospital Gentofte and Herlev, Kildegaardsvej 28, 2900 Hellerup, Copenhagen, Denmarl; ZFaculty of Health and Medical Sciences Blegdamsvej 3B, 2200, Copenhagen,
Denmark; *Institute of Health Science and Technology, Fredrik Bajers Vej 7D, 9220 Aalborg, Denmark; Zealand University Hospital Roskilde, Sygehusvej 10, 4000 Roskilde,
Denmark; *Danish Heart Foundation, Vognmagergade 7, 3. sal, 1120 Copenhagen, Denmark; and “National Institute of Public Health University of Southern Denmark, Oster
Farimagsgade 5 A, 1353 Copenhagen, Denmark

Received 20 September 2016; revised 25 October 2016; editorial decision 28 October 2016; accepted 1 November 2016

Aim The aim of this study was to investigate the association between thiazolidinediones (TZDs) vs. other antidiabetic
drugs and risk of atrial fibrillation (AF) in diabetic patients.

Method Diabetes mellitus (diabetes) increases the risk of AF by approximately 34%. TZD is an insulin sensitizer that also has

and results anti-inflammatory effects, which might decrease the risk of AF compared with other antidiabetic drugs. We used data
from the Danish nationwide registries to study 108 624 patients with diabetes and without prior AF who were treated
with metformin or sulfonylurea as first-line drugs. The incidence of AF was significantly lower with TZD as the second-
line antidiabetic treatment compared with other second-line antidiabetic drugs (P<0.001). The 10 year cumulative inci-
dence [95% confidence interval (95% Cl)] of AF was 6.2% (3.1-9.3%) with TZD vs. 10.2% (9.8-10.6%) with other anti-
diabetic drugs. The decreased risk of AF remained significant after adjusting for age, sex, and comorbidities with a hazard
ratio (95% Cl) of 0.76 (0.57-1.00), P=0.047 associated with TZD treatment compared with other antidiabetic drugs.

Conclusion Use of a TZD to treat diabetes was associated with reduced risk of developing AF compared with other antidia-
betic drugs as second-line treatment.

Keywords Atrial fibrillation e Diabetes mellitus e Thiazolidinediones e Prevention e Complications e Glitazones
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group’ and the ‘other group’ in patients exclusively treated with
metformin as first-line antidiabetic drug. The model takes into
account competing risk of death. P-value from Fine and Gray com-
peting risks regression model.



TZD vs other anti-diabetic treatment
Hazard Ratio

Model (95% Confidence Inverval) pValue
Univariate —.— 0.58 (0.44-0.77) <0.001
Age and sex adjusted -—H 0.72 (0.54-0.94) 0.018

——i 0.76 (0.57-1.00) 0.047

Fully adjusted

favors TZD treatment favors other treatment
| | | |
02 06 1.0 2.0

Hazard Ratio (95% Confidence Inverval)

Figure 3 Cox hazard ratio of atrial fibrillation in the ‘TZD group’ with ‘other group’ as reference. The ‘fully adjusted’ model is adjusted for age, sex,
stroke, heart failure, all cancer, hyperthyroidism, ischaemic heart disease, chronic obstructive pulmonary disease, chronic kidney disease, liver disease,

vascular disease, hypertension, statin use, prior CABG, and prior PCI.
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Allopurinol and the risk of atrial fibrillation in the
elderly: a study using Medicare data

Jasvinder A Singh, %3 Shaohua Yu?

ABSTRACT

Objective To assess the effect of allopurinol use on
the risk of incident atrial fibrillation (AF) in the elderly.
Methods We used the 5% random Medicare Claims
data from 2006 to 2012 to examine the association of
allopurinol use and incident AF in a cohort of patients
with an absence of AF at baseline (at least 365 days).
Multivariable-adjusted Cox regression analyses compared
allopurinol exposed and non-expased periods for the risk
of AF, controlling for age, sex, race, Charlson—Romano
comorbidity index and use of statins, diuretics, ACE
inhibitors and f-blockers. HR with 95% Cls was
calculated. Sensitivity analyses considered a longer
baseline period (365 days vs 183 days) and individual
comorbidities.

Results There were 9244 episodes of indident
allopurinol use in 8569 beneficiaries, of which 1366
episodes (14.8%) had incident AF. In multivariable-
adjusted analyses, allopurinol use was associated with
an HR of 0.83 (95% CI 0.74 to 0.93) for incident AF. In
a separate multivariable-adjusted model, compared with
no allopurinal use, longer allopurinol use durations were
associated with a lower HR of AF: 180 days—2 years,
0.85 (95% CI 0.73 to 0.99) and >2 years, 0.65 (95%
C10.52 to 0.82). Other factors significantly associated
with a higher hazard of AF were: age 75—<85 years and
>85 years, higher Charlson index score and current f3-
blocker use. Sensitivity analyses confirmed these findings
with minimal/no attenuation of HRs.

Conclusions Allopurinol use was associated with a
reduced risk of incident AF in the elderly, espedially its
use for >6 months duration. Future studies should assess
the mechanisms underlying this beneficial effect of
allopurinol.

Allopurinol is the most commonly used urate-
lowering therapy for the treatment of hyperuricae-
mia in patients with gout.!' ' Allopurinol is a
purine analogue. As a structural isomer of hypo-
xanthine (a naturally occurring purine in humans),
allopurinol competes with the substrate for the
enzyme xanthine oxidase, which then leads to
reduced uric acid production. In addition to block-
ing wuric acid production, inhibition of xanthine
oxidase causes an increase in hypoxanthine and
xanthine. Allopurinol reduces oxidative stress,>~'
16-20

improves endothelial  function, reduces  left

. 21 22 . :
ventricular mass and has an anti-ischaemic

action.”? Emerging research supports a potential
cardioprotective effect of allopurinol including
improved outcomes for myocardial infarction (MI),
heart failure?*2° and mortality,””2? although two
recent studies failed to find this association.*” *!
On the other hand, with the exception of one
abstract that suggested the association of allopur-
inol and AF in a single-centre study,* there are no
published studies assessing this association. This is
an important area for study, given the prevalence of
AF and the availability of allopurinol as a low-cost,
generic drug that is well tolerated.

Our study objective was to explore the associ-
ation of allopurinol with the incidence of AF in the
elderly. Specifically, using the Medicare claims data,
we assessed  whether (1) allopurinol use (vs
non-use) and (2) allopurinol use duration, were
associated with the risk of incident AF, in the US
elderly, 65 years and older.

METHODS
Study cohort and population of interest
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Table 5 Sensitivity analysis additionally adjusted for diabetes, hypertension, PVD and CVD: association of risk factors with hazard of atrial
fibrillation in patients who received allopurinol with an absence of atrial fibrillation in the baseline period before the index date of allopurinol

episode

Age (in years)
65—<75
75—<85
>85

Gender
Male
Female

Race
White
Black
Other

Diabetes

Hypertension

PVD

CVvD

Statins

B-blockers

Diuretics

ACE inhibitors

Allopurinol

Allopurinol duration*
0 days
1-180 days
181 days-2 years
>2 years

Ref, referent category.
*Based on person day count.

Univariate

HR (95% Cl)

Ref
1.47 (1.31 to 1.66)
2.12 (1.83 to 2.46)

Ref
1.04 (0.93 to 1.15)

Ref

0.83 (0.70 to 0.97)
0.69 (0.58 to 0.83)
1.24 (1.12 to 1.38)
1.21 (0.97 to 1.51)
1.44 (1.29 to 1.62)
1.24 (1.09 to 1.41)
0.95 (0.72 to 1.24)
1.58 (1.22 to 2.05)
1.09 (0.85 to 1.40)
0.99 (0.72 to 1.36)
0.86 (0.77 to 0.97)

Ref

0.94 (0.80 to 1.11)
0.90 (0.77 to 1.04)
0.68 (0.54 to 0.65)

p Value

<0.0001
<0.0001

0.50

0.02
<0.0001
<0.0001

0.08
<0.0001

0.001

0.69

0.0005

0.51

0.95

0.01

0.46
0.16
0.0009

Multivariable-adjusted (model 1)

HR (95% Cl)

Ref
1.48 (1.31 to 1.67)
2.12 (1.85 to 2.51)

Ref
0.94 (0.84 to 1.05)

Ref

0.82 (0.69 to 0.96)
0.64 (0.53 to 0.77)
1.28 (1.15 to 1.44)
1.06 (0.85 to 1.33)
1.29(1.14 to 1.46)
1.09 (0.95 to 1.25)
0.86 (0.64 to 1.14)
1.62 (1.24 to 2.13)
0.99 (0.75 to 1.29)
0.96 (0.69 to 1.33)
0.83 (0.74 to 0.93)

p Value

<0.0001
<0.0001

024

0.01
<0.0001
<0.0001

0.61
<0.0001

022

0.29

0.0005

092

0.78

0.0015

Model 1=Allopurinol use+age+race+gender+diabetes+hypertension+PVD+CVD+[-blockers+diuretics+ACE inhibitors+statins.
Model 2=Allopurinol duration+age+race+gender+diabetes+hypertension+PVD+CVD+p-blockers+diuretics+ACE inhibitors-+statins.
Bold indicates statistically significant associations with a p-value of <0.05.

CVD, cerebrovascular disease; PVD, peripheral vascular disease.

Multivariable-adjusted (model 2)

HR (95% Cl)

Ref
1.48 (1.31 to 1.67)
2.16 (1.85 to 2.51)

Ref
0.93 (0.84 to 1.04)

Ref

0.81 (0.69 to 0.95)
0.64 (0.53 to 0.76)
1.28 (1.15 to 1.43)
1.07 (0.85 to 1.33)
1.29(1.14 to 1.46)
1.09 (0.95 to 1.24)
0.86 (0.64 to 1.14)
1.62 (1.23 to 2.12)
0.99 (0.75 to 1.29)
0.95 (0.69 to 1.33)

Ref

0.92 (0.78 to 1.08)
0.85 (0.73 to 0.99)
0.65 (0.52 to 0.82)

p Value

<0.0001
<0.0001

0.23

0.009
<0.0001
<0.0001

0.58
<0.0001

0.23

0.29

0.0005

0.91

0.78

0.32
0.04
0.0002
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Arrhythmogenesis and Contractile Dysfunction
in Heart Failure

Roles of Sodium-Calcium Exchange, Inward Rectifier Potassium Current,
and Residual 3-Adrenergic Responsiveness

Steven M. Pogwizd,* Klaus Schlotthauer,* L1 L1, Weilong Yuan, Donald M. Bers

Abstract—Ventricular arrhythmias and contractile dysfunction are the main causes of death mn human heart tailure (HF).
In a rabbit HF model reproducing these same aspects of human HF, we demonstrate that a 2-fold functional upregulation
of Na*-Ca’" exchange (NaCaX) unloads sarcoplasmic reticulum (SR) Ca*" stores, reducing Ca’" transients and
contractile function. Whereas f3-adrenergic receptors (3-ARs) are progressively downregulated in HF, residual B-AR
responsiveness at this critical HF stage allows SR Ca** load to increase. causing spontaneous SR Ca** release and
transient inward current carried by NaCaX. A given Ca’* release produces greater arrhythmogenic inward current in HF
(as a result of NaCaX upregulation), and =~50% less Ca*" release is required to trigger an action potential in HF. The
mward rectifier potassium current (Jg;) 1s reduced by 49% 1 HF, and this allows greater depolarization for a given
NaCaX current. Partially blocking 7, in control cells with bartum mimics the greater depolarization for a given current
mjection seen in HF. Thus, we present data to support a novel paradigm in which changes in NaCaX and /Iy;, and residual
B-AR responsiveness, conspire to greatly increase the propensity for triggered arrhythmias in HF. In addition, NaCaX
upregulation appears to be a critical link between contractile dysfunction and arrhythmogenesis. (Cire Res. 2001;88:
1159-1167.)
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Dissociation Between lonic Remodeling and Ability to
Sustain Atrial Fibrillation During Recovery From
Experimental Congestive Heart Failure

Tae-Joon Cha, MD; Joachim R. Ehrlich, MD; Liming Zhang, MSc; Yan-Fen Shi, MD;
Jean-Claude Tardif, MD; Tack Ki Leung, MD; Stanley Nattel, MD

Background—Congestive heart failure (CHF) downregulates atrial transient outward (/,,), slow delayed rectifier (/,), and
L-type Ca*" (Is,;) currents and upregulates Na™-Ca®" exchange current (/ycx) (ionic remodeling) and causes atrial
fibrosis (structural remodeling). The relative importance of ionic versus structural remodeling in CHF-related atrial
fibrillation (AF) is controversial.

Methods and Results—We measured hemodynamic and echocardiographic parameters, mean duration of burst pacing—
induced AF (DAF), and atrial-myocyte ionic currents in dogs with CHF induced by 2-week ventricular tachypacing (240
bpm), CHF dogs allowed to recover without pacing for 4 weeks (REC), and unpaced controls. Left ventricular ejection
fraction averaged 58.6*1.2% (control), 36.2%x2.3% (CHF, P<<0.01), and 57.9£1.6% (REC), indicating full hemody-
namic recovery. Similarly, left atrial pressures were 2.2+0.3 (control), 13.1%1.5 (CHF), and 2.4+0.4 (REC) mm Hg.
CHEF reduced /,, density by ~65% (P<<0.01), decreased /., density by =50% (#<<0.01), and diminished /, density by
~40% (P<<0.01) while increasing Iycx density by =110% (P<<0.05). In REC, all ionic current densities returned to
control values. DAF increased in CHF (1132+207 versus 14.3* 8.8 seconds, control) and remained increased with REC
(1014252 seconds). Atrial fibrous tissue content also increased i CHF (2.10.2% for control versus 10.2+0.7% for
CHF, P<0.01), with no recovery observed in REC (9.4*=0.8%, P<<0.01 versus control, P=NS versus CHF).

Conclusions—With reversal of CHF, there is complete recovery of ionic remodeling, but the prolonged-AF substrate and
structural remodeling remain. This suggests that structural, not ionic, remodeling 1s the primary contributor to AF
maintenance in experimental CHF. (Circulation. 2004;109:412-418.)
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Changes of ERP and Duration of AF
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lonic Determinants of the Action Potential
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Kir3-based Inward Rectifier Potassium Current:
Potential Role in Atrial Tachycardia Remodeling
Effects on Atrial Repolarization and Arrhythmias

Tae-Joon Cha,* Joachim R. Ehrlich,** Denis Chartier,

Xiaon-Yan QI, Ling Xiao, Stanley Nattel,

*Kosin universtiy, Busan, South Korea
**J. W. Goethe-University, Frankfurt, Germany
Montreal heart institute, Montreal, Canada

Circulation 2006, 113: 1730-1737
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Hypercholesterolemia Induces Up-regulation of K, ,, Cardiac
Currents via a Mechanism Independent of
Phosphatidylinositol 4,5-Bisphosphate and G3y™
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Background: K, channels play a key role in controlling the heart rate.

Results: K, ¢, currents are enhanced by cholesterol enrichment and high cholesterol diet.

Conclusion: Cholesterol plays a critical role in modulating Iy sy, in atrial cardiomyocytes.

Significance: The increase in [ ¢, following cholesterol enrichment is likely to play a critical role in hypercholesterolemia-

induced dysfunction of the heart.

Hypercholesterolemia is a well-known risk factor for cardio-
vascular disease. In the heart, activation of K., mediates the
vagal (parasympathetic) negative chronotropic effect on heart
rate. Yet, the effect of cholesterol on K, ¢, is unknown. Here we
show that cholesterol plays a critical role in modulating K, ¢,
currents (Iy 5¢y) in atrial cardiomyocytes. Specifically, choles-
terol enrichment of rabbit atrial cardiomyocytes led to
enhanced channel activity while cholesterol depletion sup-
pressed Iy ycy,- Moreover, a high-cholesterol diet resulted in up
to 3-fold increase in Iy 4, in rodents. In accordance, elevated
currents were observed in Xenopus oocytes expressing the
Kir3.1/Kir3.4 heteromer that underlies Iy 5c;,. Furthermore,
our data suggest that cholesterol affects I 4, via a mechanism
which is independent of both PI(4,5)P, and Gfv. Interestingly,
the effect of cholesterol on Iy ¢, is opposite toits effect on I, in
atrial myocytes. The latter are suppressed by cholesterol enrich-
ment and by high-cholesterol diet, and facilitated following cho-
lesterol depletion. These findings establish that cholesterol
plays a critical role in modulating Iy 5¢), in atrial cardiomyo-
cytes via a mechanism independent of the channel’s major
modulators.

brane excitability in cardiac, neuronal, and endocrine cells (5).
Loss of Kir3 channel activity leads to cardiac abnormalities (6),
neuronal hyperexcitability, and seizures in the brain (7, 8),
hyperactivity and reduced anxiety (9). In the heart, the atrial
K, ¢, channels are heterotetrameric proteins that consist of two
pore-forming subunits, Kir3.1 (GIRK1) and Kir3.4 (GIRK4)
(10). Activation of K, o, by acetylcholine (ACh) (6, 11, 12) via
the muscarinic M2 receptor and pertussis toxin-sensitive G
proteins mediates the vagal negative chronotropic effect (1-4).
Thus, activation of K, channels can terminate paroxysmal
supraventricular tachycardia (PSVT), ie a rapid cardiac
rhythm (13). On the other hand, vagal stimulation predisposes
to atrial fibrillation (AF) (14), which can lead to thromboembo-
lism and stroke (15, 16). Thus, while Kir3.4 knock-out mice
exhibit a mild tachycardia and blunted heart rate regulation by
M2 receptors (17), Kir3.4 knock-out mice are also resistant to
AF caused by vagal stimulation without any change in atrioven-
tricular node function or ventricular arrhythmias (14).

We recently reported cholesterol sensitivity of representa-
tive homomeric Kir channels using the Xenopus oocyte heter-
ologous expression system (18). Kir3.4*, the highly active Kir3.4
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Attenuation of Acetylcholine Activated Potassium
Current (/kacn) by Simvastatin, Not Pravastatin in Mouse
Atrial Cardiomyocyte: Possible Atrial Fibrillation
Preventing Effects of Statin
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National University College of Medicine, Seoul, South Korea, 3 Department of Molecular Biology, Kosin University College of Medicine, Busan, South Korea

Abstract

Statins, 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors, are associated with the prevention of atrial fibrillation (AF) by
pleiotropic effects. Recent clinical trial studies have demonstrated conflicting results on anti-arrhythmia between lipophilic
and hydrophilic statins. However, the underlying mechanisms responsible for anti-arrhythmogenic effects of statins are
largely unexplored. In this study, we evaluated the different roles of lipophilic and hydrophilic statins (simvastatin and
pravastatin, respectively) in acetylcholine (100 uM)-activated K* current (Ixach, recorded by nystatin-perforated whole cell
patch clamp technique) which are important for AF initiation and maintenance in mouse atrial cardiomyocytes. Our results
showed that simvastatin (1-10 uM) inhibited both peak and quasi-steady-state lxacp in @ dose-dependent manner. In
contrast, pravastatin (10 uM) had no effect on lkach. Supplementation of substrates for the synthesis of cholesterol
(mevalonate, geranylgeranyl pyrophosphate or farnesyl pyrophosphate) did not reverse the effect of simvastatin on lgscp,
suggesting a cholesterol-independent effect on lgach. Furthermore, supplementation of phosphatidylinositol 4,5-
bisphosphate, extracellular perfusion of phospholipase C inhibitor or a protein kinase C (PKC) inhibitor had no effect on
the inhibitory activity of simvastatin on lxach. Simvastatin also inhibits adenosine activated Ixach, however, simvastatin does
not inhibit /ac, after activated by intracellular loading of GTP gamma S. Importantly, shortening of the action potential
duration by acetylcholine was restored by simvastatin but not by pravastatin. Together, these findings demonstrate that
lipophilic statins but not hydrophilic statins attenuate Ixacy in atrial cardiomyocytes via a mechanism that is independent of
cholesterol synthesis or PKC pathway, but may be via the blockade of acetylcholine binding site. Our results may provide
important background information for the use of statins in patients with AF.
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