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Abstract
Background and Purpose Stroke occurring with atrial fibrillation (AF) is more likely to be fatal or more severe than non-AF stroke based on clinical series, but data from prospective epidemiological studies are sparse and inconsistent.
Methods Over 40-year follow-up of the original 5070 Framingham cohort, 501 initial ischemic strokes, including 103 with AF, were analyzed. Stroke severity was rated as none, mild, moderate, severe, or fatal. Since 1981, functional status indicated by the Barthel index has been evaluated acutely and at 3, 6, and 12 months. Severity and functional status of AF strokes were compared with non-AF strokes using χ2 test and Student's t test. Thirty-day mortality was assessed by logistic regression analyses.
Results AF was associated with increased stroke severity (P=.048). Thirty-day mortality was greater in AF strokes than in non-AF strokes (25% versus 14%). The multivariate-adjusted odds ratio for 30-day mortality for AF subjects was 1.84 (95% confidence interval, 1.04 to 3.27). Since 1981, follow-up was available for 150 initial ischemic strokes, including 30 with AF. Compared with the non-AF group, the AF group had poorer survival and more recurrences during 1 year of follow-up. The AF subjects had lower mean Barthel index scores acutely (29.6 versus 58.6, P<.001) and at 3 months (P=.005), 6 months (P=.003), and 12 months (P=.130) after stroke among survivors.
Conclusions Ischemic stroke associated with AF was nearly twice as likely to be fatal as non-AF stroke. Recurrence was more frequent, and functional deficits were more likely to be severe among survivors. Since stroke is usually the initial manifestation of embolism in AF, prevention is critical to reducing disability and mortality.
Key Words: atrial fibrillation ■ stroke outcome ■ risk factors ■ mortality ■ disability evaluation

Copyright © 1996 by American Heart Association

Atrial fibrillation (AF) is the most prevalent chronic cardiac arrhythmia in the elderly and is associated with a fourfold to fivefold increase in the risk of stroke.1 2 3 Whether stroke occurring in the presence of AF tends to be more severe than non-AF stroke is unresolved. Fisher reported in a series of consecutive hospitalized stroke patients with AF that more than 70% of the strokes were lethal or resulted in an unacceptable neurological deficit.4 However, in more recent comparison studies, although some suggested a possible role of AF in the risk for more severe stroke,5 6 7 8 9 10 11 12 others did not show this association.2 13 14 15 This inconsistency might be due to differences in setting (hospital or population), study design (case-series, case-control, or follow-up study), and/or outcome measurement (neurological deficit, functional disability, or death at various time points after stroke). Moreover, few of these reports were population-based prospective epidemiological studies.11 12 14 15 We believe that further clarification of the relation between AF and stroke outcome is important to enhance the knowledge and understanding of the burden from AF. Using the long-term prospective follow-up of the original Framingham Study cohort, the present study analyzed the first-ever ischemic strokes occurring over a 40-year period. We studied the influence of AF on stroke severity, mortality, and functional disability by means of systematic and serial assessments in stroke subjects.
Subjects and Methods
The Framingham cohort of 5070 men and women between 30 and 62 years of age and free of cardiovascular disease including stroke at study entry has been examined once every 2 years since the time period 1948 through 1950. The details of the study design, implementation, and diagnosis criteria have been published previously.16 Briefly, at each routine biennial examination, physical examinations and laboratory work including a 12-lead electrocardiogram (ECG) were performed, and risk factors for cardiovascular diseases were systematically evaluated. In addition, detailed medical information surrounding all interim illness was sought and reviewed. AF was identified both at the time of biennial evaluation and on interim hospitalizations or outside examinations. Onset of AF was defined as the time of the first documentation on ECG with no prior history of AF. Prophylactic anticoagulation was rarely used for prevention of stroke or systemic embolism in these Framingham AF subjects. In the present study, other risk factors of interest documented before stroke included coronary heart disease, valvular heart disease (defined as the presence of a loud cardiac murmur), hypertension, antihypertensive therapy, congestive heart failure, cigarette smoking, and diabetes.
Stroke surveillance was maintained by daily monitoring of all admissions to the only general hospital in the town. Since 1968, whenever possible, a study neurologist has examined subjects with suspected stroke at the time of acute hospitalization. The clinical records for each cerebrovascular event were reviewed by a panel of investigators that included a neurologist. Prior to the availability of CT scan, most stroke subjects had lumbar puncture, brain scan, electroencephalogram, and skull radiograph. In recent years, at least one CT scan of the brain has been obtained in 85% of stroke cases. On the basis of the detailed clinical, laboratory, and radiological data, stroke subtypes were determined using uniform criteria. Ischemic stroke was considered present if there was sudden onset of a localizing neurological deficit lasting for 24 hours, in the absence of intracranial hemorrhage (assessed by CT scan or in prior years by clinical and laboratory findings) and other disease processes causing focal brain deficits. Stroke severity was evaluated on the basis of the neurological deficits present during the hospitalization. These deficits were classified into four categories: none, no deficit/impairment; mild, a deficit was present in visual, communication, motor, and/or sensory realms, but the impairment was not sufficient to interfere with functional independence; moderate, the deficit was severe enough that the patient required assistance in any one of these domains; and severe, the patient was functionally dependent on others in two or more domains. Stroke resulting in death within 30 days after onset was considered fatal.
Since 1981, a protocol for standardized serial assessment of stroke subjects has been used. Stroke patients were examined in the hospital within 48 hours after onset and again at 3, 6, and 12 months after stroke. Detailed neurological examination, determination of functional status, and evaluation of cognitive functions were conducted at each examination by a neurologist and a neurological nurse. Functional performance was measured using a modified Barthel index (BI) for activities of daily living (ADL).17 18 The composite BI is scaled over a 100-point range, with 100 representing complete independence and 0 corresponding to complete dependence. To express disability more explicitly, three levels of ADL were determined according to the BI: A score of 40 or less defined a group of patients with severe dependence in ADL; a score of 85 or above indicated mild to no dependence in ADL; and an intermediate score implied moderate dependence in ADL. During the follow-up, medical data for each recurrent stroke were reviewed at the regular panel meetings, and the serial assessment continued despite the recurrence.
In the present study, only the first-ever ischemic stroke events were analyzed. Stroke subjects associated with AF were defined as those persons whose AF was documented before or at the time of stroke onset. Otherwise the strokes were considered to be non-AF events. For this study, 40 years of follow-up data (1950 through 1991) were available for analyses.
Statistical Analysis
Comparison was made between stroke subjects with and without AF. Continuous data were compared with Student's t test and categorical data with the χ2 test. Logistic regression modeling was applied to analyze the impact of AF on 30-day mortality. A bivariate model, adjusting for age, was first used to examine each potential predictor of outcome. Variables with a value of P<.1 in the bivariate model were entered into a multivariate model with AF and age as forced-in variables, and then a backward stepwise method was used to select the final model. Survival and recurrence after stroke were estimated by the Kaplan-Meier product-limit method, and the log-rank test was used for comparison between groups. The two-tailed significance level was set at P=.05.
Results
During 40 years of follow-up in the cohort of 5070 subjects, an initial ischemic stroke occurred in 508 (220 men and 288 women). Among the stroke subjects, 104 (20%) had AF documented before (n=85) or at the time of (n=19) stroke onset. Seven subjects (6 non-AF and 1 AF) whose stroke severity could not be determined were excluded, leaving 398 non-AF and 103 AF strokes for analyses. The AF subjects differed significantly from the non-AF subjects in several respects: They were older, they had a higher prevalence of congestive heart failure and valvular heart disease, and fewer smoked cigarettes (Table 1).
Stroke Severity
Severity of stroke was related to the presence of AF and was more likely to be severe or fatal in the AF subjects (P=.048, Table 2). Since age is an important determinant of stroke outcome, we compared stroke severity between subjects with and without AF in three age strata: <65, 65 to 74, and ≥75 years. With decreased sample sizes after stratification, the differences in stroke severity were not statistically significant (Table 2). However, AF strokes were more likely to be fatal.
30-Day Mortality
To analyze the influence of AF on the poststroke 30-day mortality, AF was entered into a bivariate logistic regression model adjusting for age. The age-adjusted odds ratio for AF was 1.76 (95% confidence interval, 1.02 to 3.02). The effect of AF was then evaluated by a multivariate model adjusting for age, coronary heart disease, and cigarette smoking, the latter two of which were selected with a value of P<.1 in age-adjusted bivariate models. In the multivariate model, age, cigarette smoking, and AF were each significantly associated with the risk of death within 30 days (Table 3). Mortality was increased 1.84-fold in the presence of AF.
Survival and Functional Status After Stroke in Subjects Since 1981
During the 10-year period since 1981, post-stroke follow-up was available for 150 subjects with first-ever ischemic stroke, including 30 associated with AF. The AF subjects were older than the non-AF subjects (mean±SEM, 81.1±1.6 versus 77.6±0.7 years, P=.025). Comparison of other clinical features between the AF and non-AF strokes for these 150 subjects was similar to that for all the stroke subjects shown in Table 1.
By 1 year of follow-up, 63% (19/30) of the AF subjects and 34% (41/120) of the non-AF subjects had died. Stroke recurred in 23% (7/30) of the AF group and 8% (9/120) of the non-AF group. Most recurrent strokes in AF subjects occurred within 30 days (5/7). Recurrence within 30 days was less common in non-AF subjects, occurring in only 2 of 9. Thus, survival was significantly poorer and the recurrence rate was significantly higher in subjects with AF compared with those without AF (Figure). The 30-day mortality after stroke in association with AF was 30% (9/30) compared with 17% (20/120) in non-AF subjects; this was similar to the 30-day mortality in the entire cohort, 25% for AF strokes and 14% for non-AF strokes (Table 2).
Acutely, subjects with AF had a significantly lower mean BI score compared with subjects without AF (Table 4). After adjustment for other potential confounders including variables listed in Table 1, this association persisted with no substantial change in the magnitude of difference. Nearly three quarters of AF subjects were severely dependent in ADL, compared with about one third of non-AF subjects. Among the survivors at 3 months and 6 months after stroke, the AF group continued to have significantly lower mean scores than the non-AF group. At 12 months of follow-up, subjects with AF performed at a lower functional level than the subjects without AF, although the difference was no longer significant.
Discussion
We systematically evaluated the influence of AF on the outcome of ischemic stroke. Stroke constitutes the most common lethal and disabling neurological disease of adult life.19 Most of the previous studies of stroke outcome emphasized only mortality. In the present study, we evaluated both mortality and disability in stroke subjects. The 30-day mortality is a distinct and commonly used indicator for stroke outcome. Stroke severity based on the number of neurological impairments at the acute stage, and disability in functional status measured by BI, whose reliability and validity are well established,17 18 provide an added dimension to outcomes research. One scale categorizes the specific neurological deficits, and the other measures the impact of disability on daily activities in self-care.
In evaluating the impact of AF on stroke outcome, we selected only prestroke factors as potential confounders to adjust for in the multivariate analyses. Unlike most other outcome studies, we did not include possible “poststroke” prognostic factors that reflected either the general condition of the patients such as level of consciousness and degree of hemiparesis or the site and size of the lesions shown in imaging studies. The rationale for this decision is that currently for stroke, primary prevention provides the greatest potential for reducing the burden of this disease. Identifying not only the predictors associated with higher risk of stroke but also the “prestroke” factors associated with poorer stroke outcome underscores the efforts in modifying the risk factors before the event occurs.
Our study showed that stroke severity in the AF subjects was greater than in the non-AF subjects. The poorer outcome in the AF subjects was mostly reflected in the high early mortality. The finding of a significantly higher 30-day mortality in AF strokes, 25% versus 14%, was similar to the previous reports with the range of 23% to 35% in AF subjects versus 7% to 14% in non-AF subjects.10 11 13 As stroke was more lethal in older age, it seems that the difference in mortality between AF and non-AF subjects also became more evident in the extreme elderly, although the differences did not reach statistical significance. It is notable that half of the strokes in AF subjects 75 years of age or older were either severe or fatal. This strongly suggests that prevention of stroke with warfarin anticoagulation in elderly subjects with AF is warranted.
The multivariate-adjusted odds ratio of 30-day fatality in our study was 1.84, an estimate lower than that in a community-based stroke registry (odds ratio, 3.5; with a 95% confidence interval, 1.9 to 6.2, adjusted for age and infarction subtypes).11 This variation might be due in part to the variables selected to adjust for in logistic regression.
Only a few studies evaluated AF as a prognostic factor for functional outcome after stroke.2 4 6 7 9 13 Some of these studies were descriptive and did not include analytical comparisons,4 6 13 whereas others combined functional status with mortality in the outcome assessment.7 9 Moreover, comparison of disability as a stroke consequence among studies is hampered by variability in the selection of subjects, in the rating system or measuring instrument used, and in the time of assessment. In general, most of these reports showed that AF patients were older and more disabled. In our study, comparison of the functional status indicated by BI between subjects with and without AF revealed that the largest difference was at the acute stage: Nearly three quarters of AF subjects, compared with approximately one third of non-AF subjects, were severely dependent in ADL. This difference was not attributable to other factors such as age and heart diseases. Overall, acute stroke severity was significantly greater in AF-associated stroke.
At 3 months after stroke, 75% of the AF subjects remained moderately or severely dependent in ADL. A pooled analysis of control subjects in five clinical trials of antithrombotic therapy in AF showed that 44% (36/81) of the strokes left a functional deficit 1 to 3 months after the event.20 Older age (10 years older on average) and greater comobidity in our AF subjects than in those controls of the clinical trials might contribute to the poorer functional performance.
The difference of functional status between AF and non-AF subjects decreased at 12 months after stroke and was no longer statistically significant. This decrease of difference might be explained by the poorer survival for AF subjects during the follow-up period as shown in the Figure. More AF subjects died. Those AF survivors might have better functional performance with higher average BI scores, and thus the disparity with the non-AF subjects diminished. It was also likely that the small number of stroke survivors with AF might have affected the power of comparison.
Several hypotheses of pathogenesis are of interest with respect to the association of AF with worsened stroke outcome. Some authors speculated that the higher prevalence of ischemic heart disease and congestive heart failure in AF subjects would have contributed to a reduced cerebral blood flow when the cerebral autoregulatory mechanisms are impaired as in an ischemic region.21 In the present study, AF itself seemed to carry an excess risk of early mortality and poor functional outcome independent of the underlying cardiac disease. Other researchers have found that chronic AF may cause a significant reduction in regional cerebral blood flow.22 On the other hand, in terms of the stroke mechanism, collateral circulation in the brain may be less developed in patients with a sudden interruption of blood flow caused by an embolus than in those who suffer a stroke as the result of an underlying chronic arterial atherosclerotic disease.2 9 These two factors may further compromise the cerebral circulation, increase the infarction size, and retard the recovery of function after ischemia associated with AF.
Study Strengths and Limitations
This study was based on a general population sample and thus minimized the bias of case selection encountered in hospital-based series that were more likely to contain an excess of more severe stroke. The prospective design allowed all risk factors to be ascertained before the stroke event and eliminated possible outcome-associated bias. Therefore, our findings provide the least distorted picture of stroke outcome in terms of survival and functional status. However, we did not evaluate social and psychological factors that might be as important as biological factors in determining the functional outcome of these stroke patients.23 24 The fact that not every stroke survivor could attend each set time follow-up examination might have introduced some bias into our analyses. Nevertheless, we believe that this bias would not substantially affect the findings since the major reason for subjects not receiving a detailed follow-up neurological examination and functional evaluation was geographical.
Conclusions and Clinical Implications
We found that stroke patients with AF had higher mortality, more recurrences, graver severity, and poorer functional status than those without AF. These unfavorable outcomes were particularly prominent in the early poststroke course. Therefore, not only did subjects with AF have increased risk of stroke but the strokes that occurred were more serious. Since stroke is usually the initial manifestation of embolism in AF, primary prevention remains key to reduction of stroke mortality and morbidity in persons with AF.
Figure 1. One-year Kaplan-Meier survival and stroke recurrence curves for 120 non-AF subjects and 30 AF subjects. AF indicates atrial fibrillation.Table 1. Clinical Characteristics in Stroke Subjects With and Without Atrial Fibrillation (Table view)	 	AF (n=103)	Non-AF (n=398)
	Age, years*†	75.4±1.0	71.2±0.5
	Male	37%	45%
	CHD	20%	19%
	CHF†	33%	11%
	VHD†	37%	13%
	HBP	57%	60%
	HRx	40%	36%
	Smoking†	14%	34%
	Diabetes	25%	19%


AF indicates atrial fibrillation; CHD, coronary heart disease; CHF, congestive heart failure; VHD, valvular heart disease; HBP, high blood pressure; and HRx, antihypertensive therapy.
*Mean±SE.
†P<.001, χ2 test.


Table 2. Stroke Severity in Subjects With and Without Atrial Fibrillation (Table view)	 	All Ages	Age <65	Age 65-74	Age ≥75
	Stroke Severity	AF (n=103)	Non-AF (n=398)	AF (n=13)	Non-AF (n=97)	AF (n=31)	Non-AF (n=140)	AF (n=59)	Non-AF (n=161)
	None	21%	19%	46%	29%	25%	21%	14%	13%
	Mild	21%	26%	15%	26%	32%	27%	17%	26%
	Moderate	17%	26%	15%	25%	18%	27%	19%	25%
	Severe	14%	14%	8%	12%	13%	14%	17%	15%
	Fatal	25%	14%	15%	8%	13%	11%	34%	21%
	P*	.048	 	.576	 	.752	 	.221	 


AF indicates atrial fibrillation.
*χ2 test, comparing AF group with non-AF group.


Table 3. Multivariate Regression Model for the Risk of Poststroke 30-Day Mortality (Table view)	Variable	Odds Ratio* (95% Confidence Interval)	P
	Age (/10 yrs)	1.66 (1.27-2.17)	<.001
	Smoking	1.87 (1.07-3.27)	.028
	CHD	1.74 (0.98-3.08)	.061
	AF	1.84 (1.04-3.27)	.036


CHD indicates coronary heart disease; AF, atrial fibrillation.

Table 4. Barthel Index at Acute Stage of Stroke and at 3-Month, 6-Month, and 12-Month Follow-up (Table view)	Time	Barthel Index	AF	Non-AF	P*
	Acute	 	n=30	n=120	 
	 	Mean±SE	29.6±6.9	58.6±3.5	<.001
	 	Dependence level†	 	 	 
	 	 Severe	73.3%	32.5%	 
	 	 Moderate	6.7%	28.3%	<.001
	 	 Mild/none	20.0%	39.2%	 
	 	 	 	 	 
	3 Months	 	n=12	n=49	 
	 	Mean±SE	49.7±10.4	79.5±4.4	.005
	 	Dependence level	 	 	 
	 	 Severe	58.3%	16.3%	 
	 	 Moderate	16.7%	20.4%	.009
	 	 Mild/none	25.0%	63.3%	 
	 	 	 	 	 
	6 Months	 	n=11	n=57	 
	 	Mean±SE	46.1±11.6	79.0±4.1	.003
	 	Dependence level	 	 	 
	 	 Severe	36.4%	15.8%	 
	 	 Moderate	36.4%	17.5%	.050
	 	 Mild/none	27.3%	66.7%	 
	 	 	 	 	 
	12 Months	 	n=10	n=55	 
	 	Mean±SE	64.3±10.7	80.3±4.0	.130
	 	Dependence level	 	 	 
	 	 Severe	30.0%	10.9%	 
	 	 Moderate	30.0%	25.5%	.214
	 	 Mild/none	40.0%	63.6%	 


AF indicates atrial fibrillation.
*Student's t test for Barthel index (BI) as a continuous variable, χ2 test for BI as a categorical variable.
†For definitions of dependence level, refer to the text.
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	Age, years*†	75.4±1.0	71.2±0.5
	Male	37%	45%
	CHD	20%	19%
	CHF†	33%	11%
	VHD†	37%	13%
	HBP	57%	60%
	HRx	40%	36%
	Smoking†	14%	34%
	Diabetes	25%	19%


AF indicates atrial fibrillation; CHD, coronary heart disease; CHF, congestive heart failure; VHD, valvular heart disease; HBP, high blood pressure; and HRx, antihypertensive therapy.
*Mean±SE.
†P<.001, χ2 test.
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	Stroke Severity	AF (n=103)	Non-AF (n=398)	AF (n=13)	Non-AF (n=97)	AF (n=31)	Non-AF (n=140)	AF (n=59)	Non-AF (n=161)
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	P*	.048	 	.576	 	.752	 	.221	 


AF indicates atrial fibrillation.
*χ2 test, comparing AF group with non-AF group.


 Table 3. Multivariate Regression Model for the Risk of Poststroke 30-Day Mortality	Variable	Odds Ratio* (95% Confidence Interval)	 P 
	Age (/10 yrs)	1.66 (1.27-2.17)	<.001
	Smoking	1.87 (1.07-3.27)	.028
	CHD	1.74 (0.98-3.08)	.061
	AF	1.84 (1.04-3.27)	.036
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 Table 4. Barthel Index at Acute Stage of Stroke and at 3-Month, 6-Month, and 12-Month Follow-up	Time	Barthel Index	AF	Non-AF	P*
	Acute	 	n=30	n=120	 
	 	Mean±SE	29.6±6.9	58.6±3.5	<.001
	 	Dependence level†	 	 	 
	 	 Severe	73.3%	32.5%	 
	 	 Moderate	6.7%	28.3%	<.001
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	3 Months	 	n=12	n=49	 
	 	Mean±SE	49.7±10.4	79.5±4.4	.005
	 	Dependence level	 	 	 
	 	 Severe	58.3%	16.3%	 
	 	 Moderate	16.7%	20.4%	.009
	 	 Mild/none	25.0%	63.3%	 
	 	 	 	 	 
	6 Months	 	n=11	n=57	 
	 	Mean±SE	46.1±11.6	79.0±4.1	.003
	 	Dependence level	 	 	 
	 	 Severe	36.4%	15.8%	 
	 	 Moderate	36.4%	17.5%	.050
	 	 Mild/none	27.3%	66.7%	 
	 	 	 	 	 
	12 Months	 	n=10	n=55	 
	 	Mean±SE	64.3±10.7	80.3±4.0	.130
	 	Dependence level	 	 	 
	 	 Severe	30.0%	10.9%	 
	 	 Moderate	30.0%	25.5%	.214
	 	 Mild/none	40.0%	63.6%	 


AF indicates atrial fibrillation.
*Student's t test for Barthel index (BI) as a continuous variable, χ2 test for BI as a categorical variable.
†For definitions of dependence level, refer to the text.
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