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Abstract
Heart failure (HF) is associated with an overall stroke rate that is too low to justify anticoagulation
in all patients. This study was conducted to determine if vascular risk factors can identify a
subgroup of individuals with heart failure with a stroke rate high enough to warrant
anticoagulation. The REGARDS study is a population-based cohort of US adults aged ≥45 years.
Participants are contacted every six months by telephone for self- or proxy-reported stroke and
medical records are retrieved and adjudicated by physicians. Participants were characterized into
three groups: HF without atrial fibrillation (AF), AF with or without HF, and neither HF nor AF.
Cardiovascular risk factors at baseline were compared between participants with and without
incident stroke in HF and AF. Stroke incidence was assessed in risk factor subgroups in HF
participants. Of the 30,239 participants, those with missing/anomalous data were excluded. Of the
remaining 28,832, 1,360 (5%) had HF without AF, 2,528 (9%) had AF, and 24,944 (86%) had
neither. Prior stroke/TIA (p=0.0004), diabetes (DM) (p=0.03) and higher systolic blood pressure
(p=0.046), were associated with increased stroke risk in participants with HF without AF. In
participants with HF without AF, stroke incidence was highest in those with prior stroke/TIA and
DM (2.4 [1.1, 4.0] per hundred personyears). The combination of prior stroke/TIA and DM
increases the incidence of stroke in participants with HF without AF. No analyzed subgroup had a
stroke rate high enough to make it likely that the benefits of warfarin would outweigh the risks.

INTRODUCTION
Heart failure (HF) ranks second as a cause of cardiogenic stroke after atrial fibrillation (AF)
with about 60,000 strokes per year(1), compared with about 105,000 strokes per year in AF.
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(2) In the US, HF affects about twice as many people (5 million) as AF (2.3 million)(3).
Two community studies have shown the risk of incident stroke in HF to be 2 to 3 times that
of the general population. In the Framingham study, the adjusted risk of stroke associated
with HF was 2.1 in women and 2.7 in men.(4) In a recent Olmsted County, Minnesota study,
stroke risk among those with HF was 2.9 times that of the control population risk over 5
years.(5)

The dilated left ventricle in HF is thought to be a source of cerebral embolism.(6) The stroke
rate in HF has been assessed at 47.4 per 1000 persons over 5 years in a meta-analysis(7) and
clinical studies put the rate at about 1.6% per year.(1) This is however much lower than the
stroke rate in AF (76.0 per 1000 persons over 2 years).(8) Stroke risk stratification tools can
identify individuals with AF in whom the risk of stroke is sufficiently high (stroke rate 3%
to 5% per year)(9) to justify treatment with warfarin. The Congestive heart failure,
Hypertension, Age greater than 75 years, Diabetes and Stroke (CHADS2) scheme identifies
about 60% of individuals with AF having this stroke rate.(10) For HF without AF there are
no clinical risk stratification tools for identifying a subgroup with a stroke rate high enough
to justify anticoagulation. Up to 28% of HF individuals in sinus rhythm are currently treated
with warfarin.(11;12) Many individuals with HF on warfarin may not be benefiting from it
or may be suffering needless hemorrhagic complications. The aims of this study were firstly
to examine the annual stroke rate in participants of the REGARDS study with HF without
AF and also in subgroups of participants with vascular risk factors to determine if a
subgroup with a stroke rate high enough to warrant anticoagulation can be identified. A
second aim was to compare stroke risk factors between participants with HF and participants
with AF. A third aim was to develop a stroke risk stratification scheme, similar to CHADS2
for HF.

METHODS
Design

The REasons for Geographic And Racial Differences in Stroke (REGARDS) study is a
population-based study of black and white adults aged 45 years and older drawn as a
stratified random sample of the general population living in the stroke belt, stroke buckle
and the rest of the nation.(13;14) The stroke belt region with the highest rates of stroke
mortality compared to the rest of the nation is defined as the eight southern states of North
Carolina, South Carolina, Georgia, Tennessee, Mississippi, Alabama, Louisiana, and
Arkansas and the coastal plain of North Carolina, South Carolina, and Georgia is referred to
as the “stroke buckle” due to even higher stroke mortality than the rest of the stroke belt.(13)
Enrollment was in January 2003 through October 2007. The cohort consists of 30,239
participants, 45% men, 55% women; 58% white, 42% black ; 56% residing in the stroke belt
and 44% in the remaining 40 contiguous states, being followed biannually by telephone to
ascertain cognitive function, stroke and other outcomes

Procedures
REGARDS is approved by the Institutional Review Boards of institutions participating in
the data collection activities. Participants were recruited from commercially-available lists
of US residents using mail and telephone contact methods. Those who agreed to participate
answered demographic, quality of life, health behavior, and medical history information;
reported HF symptoms (two questions); and reported stroke history and symptoms using the
Questionnaire for Verifying Stroke-free Status (QVSFS) (15) all via a computer-assisted
telephone interview. During a subsequent home visit, written informed consent was
obtained, as well as blood and urine samples, resting electrocardiogram (ECG), and blood
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pressure and body mass index measures. Medication audits also were performed. Further
methodological details are available elsewhere(13).

Measures
Heart failure—For the diagnosis of HF, we included participants who self-reported both
orthopnea and paroxysmal nocturnal dyspnea (PND), and also included participants without
AF who had current use of digoxin at baseline. Orthopnea and PND are both major
components of the Framingham HF criteria and we use this definition of HF. Used together
they give a sensitivity for a diagnosis of HF of 75% (95%CI: 72%, 78%), a specificity of
47% (41%, 53%), and a positive predictive value of 83% (80%, 85%).(16) Digoxin use in
persons without AF has a specificity of about 99% and a sensitivity of about 28% for the
diagnosis of HF.(17)

Stroke/transient ischemic attack (TIA)—Presence of prior stroke/TIA was determined
by using the QVSFS questionnaire(15;18) The first two items of this questionnaire elicit
history of physician-verified stroke, mini-stroke, or TIA; a positive response on either of
these items at study baseline indicates presence of prior stroke/TIA history.

Demographics—Age, sex, race, and region were ascertained by self-report.

Socioeconomic status—(SES) was represented by income and education levels. Annual
income was categorized into three levels: less than $20K, $20–34K, $35–74K and ≥74K and
refused. Education was categorized into four levels: below high school, high school, some
college education and college graduate.

Health behavior—Alcohol and smoking histories were defined as follows: alcohol
consumption— current, previous or no (lifelong abstinence) use; smoking—current vs.
never or past smoker. The Short-Form 12-Item (SF-12)(19) health survey was administered
to evaluate health-related quality of life mental and physical component scores.

Co-morbidities—The following definitions were used: diabetes (DM)—fasting glucose
≥126 ml/dL, non-fasting glucose ≥200 ml/dL, or self-reported use of DM medications;
hypertension—systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure≥90
mmHg (average of two BP measurements), or self-reported use of hypertension
medications; AF—based on ECG diagnosis, or a positive response to the question “Has a
doctor or other health professional ever told you that you had atrial fibrillation?”;(20)
ischemic heart disease-based on self-reported history of myocardial infarction, coronary
bypass, angioplasty, or stenting, or based on electrocardiographic evidence of myocardial
infarction; high sensitivity C-reactive protein; estimated glomerular filtration rate (based on
the CKD-EPI equation);(21) warfarin use at baseline.

Incident stroke—Participants and/or proxies were contacted biennially by telephone for
suspected stroke events.(14) For proxy reported deaths, interview was conducted with next
of kin. Once a potential event was identified, the medical records were retrieved and
available information was centrally adjudicated by at least two physician members of a
committee of stroke experts. Stroke events were confirmed following the World Health
Organization (WHO) definition as “rapidly developing clinical signs of focal, at times
global, disturbance of cerebral function, lasting more than 24 hours or leading to death with
no apparent cause other than that of vascular origin.”(22) Events not meeting the WHO
definition but characterized by symptoms lasting <24 hours with computed tomographic or
magnetic resonance brain imaging consistent with acute ischemia or hemorrhage were
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classified as “clinical strokes.” Strokes were further classified into ischemic or hemorrhagic.
This analysis included WHO and clinical ischemic stroke.

Statistical Methods
After excluding participants with missing data on medications or AF, and without any
follow-up, participants were characterized as having HF without AF, AF with or without
HF, and neither HF nor AF. Descriptive statistics both overall and by exposure (AF, HF
without AF, neither HF nor AF) were computed, using either means/standard deviations, or
frequencies and percents, and analysis of variance (ANOVA), t-tests or chi-square tests of
association were used to test for differences across exposure groups. Distributions of
continuous variables were inspected for normality. Stroke incidence rates were computed by
exposure group, and a log-rank test was used to determine whether there were differences in
the time until stroke between the groups. A Kaplan-Meier plot was generated to show the
univariate associations between exposure and stroke. Cox’s Proportional Hazards model was
fitted to assess the relationship between AF, HF without AF, or neither and stroke, both
univariately (Model 0) and after adjustment for demographic factors (Model 1: age, sex,
race, region, education, income, age*race), lifestyle factors (Model 2: Model 1 + alcohol
use, smoking), SF-12 components (Model 3: Model 2 +Mental health component summary
score of SF12, physical component summary score of SF12), and comorbidities (Model 4:
Model 3 +hypertension, SBP, DM, prior stroke/TIA, ischemic heart disease, estimated
glomerular filtration rate, C-reactive protein, warfarin use) and also to compare the stroke
risk among HF participants, for different levels of significant risk factors. Interactions were
assessed between the main exposure and hypertension and DM. Among participants with
HF, age, sex, SBP, hypertension, DM and history of prior stroke/TIA at baseline were
compared between those with and without incident stroke using t-tests or chi-square tests.
Cox models were used to compare the stroke risk among HF participants, for different levels
of risk factors. All models that include both age and race also included the interaction
between the two, given the known existence of that interaction, to adjust for the differential
relationship between race and stroke by age. In addition, we performed a sensitivity analysis
excluding participants on warfarin, in order to assess the impact they have on the results
(n=564).

RESULTS
Of 30,239 participants in the REGARDS study, 56 were excluded due to anomalous data
values, 26 were excluded because they did not have a medications form completed and
another 699 because they did not have data regarding their AF status. Another 552
participants were excluded due to lack of information regarding follow-up time, and another
74 were excluded due to SBP out of range or missing. Thus, 28,832 were included in the
cohort for analysis. Among those, a total of 2528 were categorized as having AF (9%), 1360
with HF (5%), and the remainder (24,944) with neither. 677 (2%) had both AF and HF. Of
the 1360 with HF, 1028 were classified based on their orthopnea/PND status, 299 were
classified based only on digoxin use, and the remaining 33 met both criteria.

Table 1 shows the baseline demographic factors, lifestyle factors, SF-12 components, and
comorbidities, overall and by HF/AF group. In addition, Table 1 contains the number and
frequency of strokes in each group, as well as the average length of follow-up in each
exposure group. With the exception of region, all factors assessed differ by HF/AF group.

With respect to stroke rates, among those without either HF or AF, the incidence rate is 0.40
per 100 person-years (95% CI: 0.37, 0.44), while for those with AF, the incidence rate is
0.85 per 100 person-years (95% CI: 0.69, 1.0), and for those with HF alone, the incidence
rate is 0.69 per 100 person-years (95% CI: 0.49, 0.93). Among those with both AF and HF,
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the incidence rate is 1.04 per 100 patient years (95% CI: 0.69, 1.45). Figure 1 depicts the
Kaplan-Meier curves for the three groups.

The Cox models, assessing the hazard of stroke for those in the AF and HF groups,
compared to those with neither AF nor HF showed that even after multivariable adjustment,
there is a significant relationship between HF/AF and stroke, with those with AF 1.5 times
(1.2, 2.0) more likely to experience a stroke, and those with HF 1.2 times (0.81, 1.8) more
likely to experience a stroke. Neither of the interactions assessed was statistically significant
(HF/AF with hypertension: p=0.092, HF/AF with DM: p=0.43).

Table 2 compares the specific risk factors (age, sex, SBP, hypertension, DM and prevalent
stroke/TIA at baseline) between those with and without incident stroke, among participants
in the AF group, while Table 3 does the same, among those in the HF group. Among those
in the AF group, only older age and prior stroke/TIA are significantly associated with
incident stroke, while higher SBP is marginally associated with incident stroke. Among
those in the HF alone group, SBP, DM, and prior stroke/TIA all differ between those with
and without incident stroke. Table 4 shows that there is an increasing hazard ratio for stroke
in participants with HF with additional risk factors and participants with prior stroke/TIA
and DM were more likely to have stroke than those with diabetes alone. Sensitivity analyses
excluding those on warfarin yielded similar results.

DISCUSSION
Our stroke incidence of 0.69 per 100 person years in participants with HF in the absence of
AF is at the lower end of stroke incidence observed in recent HF trials (0.7 to 1.5% per
year).(12;23) Our incidence was lower than in previous population studies(5;24) that found
HF stroke rates between 0.8% and 3.2% per year. The Olmsted County study(5) which
started in 1979 had a mortality rate (85% over 4.3 years), which is much higher than modern
HF mortality rates. HF mortality has been falling due to improved medical management
such as the widespread use of angiotensin converting enzyme inhibitors, and this is likely
also to have reduced stroke rates in HF. Falling incidence of stroke has been noted in AF,
with modern risk factor management(10;25) which probably explains our low AF stroke
rates as well.

In participants with HF without AF, the combination of prior stroke/TIA and DM is
associated with an incidence of stroke (2.4; 95%CI: 1.1,4.0) per hundred-person years,
similar to that of the “moderate” stroke risk group by AF stratification schemes (2.2; 95%CI:
1.1,3.5 per hundred person-years).(26) This incidence is still below the stroke rates that
would be predicted by CHADS2 for the same risk factor combination in persons with AF
(3.89 per hundred patient years),(25) and below commonly accepted rates (3% to 5%(9)) for
warfarin anticoagulation There is however, increasing evidence that stroke risk during the 30
days after HF onset, may be almost double (hazard ratio 5.79, 95% CI 2.15–15.62)(27) the
five year HF stroke risk (standardized morbidity ratio 2.9, 95% CI 2.2–3.8)(5), with a
persisting smaller effect up to six months. This may also be true for the acute period after a
stroke.(28;29) This suggests that during these acute periods, the stroke rates in the subgroup
with prior stroke and diabetes may reach 4 to 5% percent per year and would justify
anticoagulation. Further data are needed, however, on stroke incidence in these situations.

The most commonly used indicator for anticoagulation in HF is a decreased cardiac ejection
fraction (EF).(30) EF does not appear to be a strong risk factor for stroke however(1) and
reduced EF by itself is not a reliable method of identifying a high stroke risk population in
HF as recent trials have shown.(12;23) In HF additional risk factors of DM and prior stroke/
TIA increase the risk of stroke, however the number and risk weighting of risk factors for
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stroke is smaller in HF than in AF.(31) For example, in AF, prior stroke/TIA is a very strong
risk factor imparting an adjusted risk of 9.79 (9.33–10.24)(31) for stroke compared with our
finding of a hazard ratio of 3.5 (1.3–9.5) for stroke in participants with prior stroke/TIA
among those with HF. This difference between HF and AF may reflect the much higher
propensity for recurrent left atrial appendage thrombus in AF than left ventricular thrombus
formation in HF.

There is only one other cohort study to investigate risk factors for stroke in persons with HF,
(5) which found prior stroke, age and diabetes to be independent risk factors. No attempt
was made to define subgroups with an increased stroke rate. Our findings support their
data(5) that prior stroke/TIA and DM are risk factors for incident stroke in HF. Unlike that
study, we did not find age to be a risk factor for stroke in HF, but those data showed only a
very small increased (×1.04) risk with age. Framingham data showed that the effects of HF
on stroke become progressively weaker with age,(32) which is the opposite to that seen in
AF and age is unlikely to be an important HF stroke risk factor. We did not find
hypertension to be a significant risk factor for stroke, but mean systolic blood pressure was
higher in HF individuals with new stroke than in those without. We have previously shown a
relationship between the lowest tertile of SBP and the risk of prevalent stroke/TIA in HF,
which we could not confirm with this study using incident stroke.(33) It is possible that this
may reflect more aggressive blood pressure treatment post stroke.

A limitation of this study is that we based the diagnosis of HF principally on the presence of
orthopnea and PND. These are two of the major Framingham clinical HF criteria, and a
diagnosis of HF requires the presence of two major criteria. Used together, orthopnea and
PND, have a very good positive predictive value for the diagnosis of HF.(16;34;35) and
have been used together to diagnose HF in previous studies.(36) In order to include
asymptomatic participants with chronic HF, we added digoxin use as a second criterion for
HF. Both our criteria have a high specificity (75%–99%) for the diagnosis of HF(16;17) but
relatively low sensitivity. This lack of sensitivity likely resulted in a small admixture of HF
cases in the “Neither HF nor AF” group. This may have biased our results towards the null,
but is unlikely to have qualitatively affected our conclusions, because our HF cases
represent a small percentage of the total cohort (5.5%). Participants with both HF and AF
were all assigned to our AF group, but since the stroke risk of AF is higher than that of HF
this would not have affected our results. The high rate of AF in this study (9%) may be due
to using self-report of AF to diagnose AF. This enables detection of past episodes of
paroxysmal AF that would not be detected by only using ECGs. Major strengths of this
study are the large cohort size, which has allowed for a statistically robust analysis in the HF
subgroup and the large proportion of African American participants in whom HF is frequent.
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Figure 1.
Legend: Red: atrial fibrillation; Blue: heart failure without atrial fibrillation; black: neither
heart failure nor atrial fibrillation.

Pullicino et al. Page 9

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pullicino et al. Page 10

Ta
bl

e 
1

C
ha

ra
ct

er
is

tic
s 

by
 d

ia
gn

os
tic

 g
ro

up

V
ar

ia
bl

e
A

ll
P

ar
ti

ci
pa

nt
s

(n
=2

8,
83

2)

N
ei

th
er

 H
F

or
 A

F
(n

=2
4,

94
4)

A
F

 w
it

h
or

w
it

ho
ut

H
F

(n
=

25
28

)

H
F

w
/o

A
F

(n
=

13
60

)

p-
va

lu
e

A
ge

 (
m

ea
n,

 S
T

D
)

64
.9

 (
9.

4)
64

.7
 (

9.
3)

67
.6

 (
9.

7)
63

.7
 (

9.
6)

<
0.

00
01

M
al

e 
se

x
12

98
1 

(4
5%

)
11

28
8 

(4
5%

)
11

57
 (

46
%

)
53

6 
(3

9%
)

<
0.

00
01

B
la

ck
 r

ac
e

11
77

8 
(4

1%
)

10
20

7 
(4

1%
)

91
5 

(3
6%

)
65

6 
(4

8%
)

<
0.

00
01

R
eg

io
n

0.
00

3

  B
el

t
99

61
 (

35
%

)
85

74
 (

34
%

)
87

12
 (

35
%

)
51

5 
(3

8%
)

  B
uc

kl
e

60
51

 (
21

%
)

51
70

 (
21

%
)

57
1 

(2
3%

)
31

0 
(2

3%
)

  N
on

-b
el

t
12

82
0 

(4
4%

)
11

20
0 

(4
5%

)
10

85
 (

43
%

)
53

5 
(4

5%
)

E
du

ca
ti

on
<

0.
00

01

  <
H

ig
h 

Sc
ho

ol
35

61
 (

12
%

)
29

14
 (

12
%

)
34

7 
(1

4%
)

30
0 

(2
2%

)

  H
ig

h 
Sc

ho
ol

74
39

 (
26

%
)

63
57

 (
26

%
)

70
4 

(2
8%

)
37

8 
(2

8%
)

G
ra

du
at

e

  S
om

e 
C

ol
le

ge
77

16
 (

27
%

)
66

74
 (

27
%

)
66

4 
(2

6%
)

37
8 

(2
8%

)

  C
ol

le
ge

 G
ra

d
10

09
5 

(3
5%

)
89

85
 (

36
%

)
80

9 
(3

2%
)

30
1 

(2
2%

)

In
co

m
e

<
0.

00
01

  <
$2

0,
00

0
51

42
 (

18
%

)
41

83
 (

17
%

)
56

2 
(2

2%
)

39
7 

(2
9%

)

  $
20

,0
00

– 
$3

4,
00

0
69

69
 (

24
%

)
59

69
 (

24
%

)
65

2 
(2

6%
)

34
8 

(2
6%

)

  $
35

,0
00

– 
$7

4,
00

0
86

07
 (

30
%

)
76

34
 (

31
%

)
67

5 
(2

7%
)

29
8 

(2
2%

)

  >
= 

$7
4,

00
0

45
93

 (
16

%
)

41
72

 (
17

%
)

29
7 

(1
2%

)
12

4 
(9

%
)

  R
ef

us
ed

35
21

 (
12

%
)

29
86

 (
12

%
)

34
2 

(1
4%

)
19

3 
(1

4%
)

A
lc

oh
ol

 U
se

<
0.

00
01

  C
ur

re
nt

14
92

2 
(5

2%
)

13
18

4 
(5

3%
)

11
64

 (
46

%
)

57
4 

(4
2%

)

  P
as

t
52

25
 (

18
%

)
43

36
 (

17
%

)
56

4 
(2

2%
)

32
5 

(2
4%

)

  N
ev

er
86

85
 (

30
%

)
74

24
 (

30
%

)
80

0 
(3

2%
)

46
1 

(3
4%

)

Sm
ok

in
g

<
0.

00
01

  C
ur

re
nt

41
45

 (
14

%
)

35
68

 (
14

%
)

32
4 

(1
3%

)
25

3 
(1

9%
)

  P
as

t
11

56
7 

(4
0%

)
98

68
 (

40
%

)
11

47
 (

46
%

)
55

2 
(4

1%
)

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2014 July 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pullicino et al. Page 11

V
ar

ia
bl

e
A

ll
P

ar
ti

ci
pa

nt
s

(n
=2

8,
83

2)

N
ei

th
er

 H
F

or
 A

F
(n

=2
4,

94
4)

A
F

 w
it

h
or

w
it

ho
ut

H
F

(n
=

25
28

)

H
F

w
/o

A
F

(n
=

13
60

)

p-
va

lu
e

  N
ev

er
13

01
3 

(4
5%

)
11

41
4 

(4
6%

)
10

48
 (

42
%

)
55

1 
(4

1%
)

SB
P

 (
m

ea
n,

 S
T

D
)

12
8 

(1
7)

12
7 

(1
7)

12
8 

(1
8)

12
9 

(1
8)

0.
00

4

H
yp

er
te

ns
i v

e 
(n

, %
)

17
02

2 
(5

9%
)

14
30

0 
(5

7%
)

17
40

 (
69

%
)

98
2 

(7
2%

)
<

0.
00

01

D
ia

be
ti

c 
(n

, %
)

60
58

 (
22

%
)

49
36

 (
20

%
)

63
9 

(2
6%

)
48

3 
(3

7%
)

<
0.

00
01

M
C

S 
(m

ea
n,

 S
T

D
)

54
 (

8)
54

 (
8)

53
 (

10
)

50
 (

11
)

<
0.

00
01

P
C

S 
(m

ea
n,

 S
T

D
)

47
 (

11
)

47
 (

10
)

42
 (

12
)

38
 (

12
)

<
0.

00
01

W
ar

fa
ri

n 
U

se
56

4 
(2

2%
)

40
1 

(2
%

)
56

4 
(2

2%
)

91
 (

7%
)

<
0.

00
01

St
ro

ke
/T

I 
A

 r
ep

or
te

d 
(@

)b
as

el
in

e
28

60
 (

10
%

)
21

63
 (

9%
)

45
6 

(1
8%

)
24

1 
(1

8%
)

<
0.

00
01

ST
D

: s
ta

nd
ar

d 
de

vi
at

io
n

SB
P:

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e 

(m
ill

im
et

er
s 

of
 m

er
cu

ry
)

M
C

S:
 m

en
ta

l h
ea

lth
 c

om
po

ne
nt

 s
um

m
ar

y 
sc

or
e 

of
 S

ho
rt

-F
or

m
 1

2-
It

em
 s

ur
ve

y
PC

S:
 p

hy
si

ca
l c

om
po

ne
nt

 s
um

m
ar

y 
sc

or
e 

of
 S

ho
rt

-F
or

m
 1

2-
It

em
 s

ur
ve

y
H

F:
 h

ea
rt

 f
ai

lu
re

A
F:

 a
tr

ia
l f

ib
ri

lla
tio

n

* p-
va

lu
es

 f
ro

m
 A

N
O

V
A

 f
or

 c
on

tin
uo

us
 v

ar
ia

bl
es

, a
nd

 χ
2  

te
st

s 
of

 a
ss

oc
ia

tio
n 

fo
r 

ca
te

go
ri

ca
l v

ar
ia

bl
es

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2014 July 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pullicino et al. Page 12

Table 2

Relationship between stroke and risk factors, among those with atrial fibrillation.

All AF
(n=2528)

AF, w/incident
stroke
(n=90)

AF, w/o
incident
stroke

(n=2438)

p-value*

Age 67.6 (9.7) 72.9 (8.5) 67.4 (9.6) <0.0001

Male Sex 1157 (46%) 44 (49%) 1113 (46%) 0.55

SBP 128 (18) 132 (18) 128 (18) 0.06

HTN (n, %) 1740 (69%) 68 (74%) 1673 (69%) 0.25

Diabetes (n, %) 639 (26%) 30 (34%) 609 (26%) 0.11

Prior
Stroke/TIA

456 (18%) 32 (36%) 424 (17%) <0.0001

SBP: systolic blood pressure (millimeters of mercury)
HTN: hypertension
AF: atrial fibrillation

*
p-value for comparison between AF with incident stroke vs. AF without incident stroke, from t-tests for continuous variables, and χ2 tests of

association for categorical variables
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Table 3

Relationship between stroke and risk factors, among those with heart failure without atrial fibrillation

All HF
(n=1360)

HF, w/incident
stroke
(n=38)

HF, w/o
incident
stroke

(n=1322)

p-value*

Age 63.7 (9.6) 65.1 (10.3) 63.7 (9.6) 0.42

Male Sex 536 (39%) 18 (47%) 518 (39%) 0.31

SBP 129 (18) 135 (17) 129 (18) 0.046

HTN (n, %) 982 (72%) 29 (76%) 953 (72%) 0.56

Diabetes (n, %) 483 (37%) 20 (54%) 463 (36%) 0.03

Prior
Stroke/TIA

241 (17%) 16 (42%) 225 (17%) 0.0004

SBP: systolic blood pressure (millimeters of mercury)
HTN: hypertension

*
p-value for comparison between AF with incident stroke vs. AF without incident stroke, from t-tests for continuous variables, and χ2 tests of

association for categorical variables
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Table 4

Hazard ratio and stroke incidence among those with heart failure without atrial fibrillation

Hazard ratio
for stroke

(ref=HF alone)

Stroke incidence
per 100 patient

years

All HF 0.69 (0.49,0.93)

HF+DM 1.9 (0.82,4.5) 0.72 (0.24,1.2)

HF+prior stroke/TIA 3.5 (1.3,9.5) 1.3 (0.47,2.5)

HF+prior stroke/TIA+DM 6.4 (2.7,15.1) 2.4 (1.1,4.0)

HF: heart failure
DM: diabetes
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