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ABSTRACT

Background Little is known about the epidemiol-
ogy and prognosis of syncope in the general popu-
lation.

Methods \We evaluated the incidence, specific caus-
es, and prognosis of syncope among women and men
participating in the Framingham Heart Study from
1971 to 1998.

Results Of 7814 study participants followed for an
average of 17 years, 822 reported syncope. The inci-
dence of a first report of syncope was 6.2 per 1000 per-
son-years. The most frequently identified causes were
vasovagal (21.2 percent), cardiac (9.5 percent), and or-
thostatic (9.4 percent); for 36.6 percent the cause was
unknown. The multivariable-adjusted hazard ratios
among participants with syncope from any cause, as
compared with those who did not have syncope, were
1.31 (95 percent confidence interval, 1.14 to 1.51) for
death from any cause, 1.27 (95 percent confidence in-
terval, 0.99 to 1.64) for myocardial infarction or death
from coronary heart disease, and 1.06 (95 percent
confidence interval, 0.77 to 1.45) for fatal or nonfatal
stroke. The corresponding hazard ratios among par-
ticipants with cardiac syncope were 2.01 (95 percent
confidence interval, 1.48 to 2.73), 2.66 (95 percent con-
fidence interval, 1.69 to 4.19), and 2.01 (95 percent con-
fidence interval, 1.06 to 3.80). Participants with syn-
cope of unknown cause and those with neurologic
syncope had increased risks of death from any cause,
with multivariable-adjusted hazard ratios of 1.32 (95
percent confidence interval, 1.09 to 1.60) and 1.54 (95
percent confidence interval, 112 to 2.12), respectively.
There was no increased risk of cardiovascular mor-
bidity or mortality associated with vasovagal (includ-
ing orthostatic and medication-related) syncope.

Conclusions Persons with cardiac syncope are at
increased risk for death from any cause and cardio-
vascular events, and persons with syncope of un-
known cause are at increased risk for death from any
cause. Vasovagal syncope appears to have a benign
prognosis. (N Engl J Med 2002;347:878-85.)

Copyright © 2002 Massachusetts Medical Society.

YNCOPE, defined as a sudden loss of con-

sciousness associated with the inability to main-

tain postural tone, followed by spontaneous

recovery, is relatively common. However, the
epidemiology and prognosis of syncope in the com-
munity have not been well described. Data are lim-
ited on the cumulative incidence’2? and lifetime prev-
alence37 of syncope.
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Although syncope has many possible causes, several
studies have used three categories of cause — cardiac,
noncardiac, and unknown — to examine the progno-
sis of syncope prospectively.® Previous studies of syn-
cope were conducted in emergency departments,®12
in general hospitals,!317 and among highly selected
subgroups of patients with syncope of unknown
cause.!827 Little is known about the prognosis of syn-
cope due to specific causes in the general population.
We conducted a study to evaluate the incidence and
prognosis of syncope due to specific causes among
participants in the Framingham Heart Study.

METHODS
Study Sample

The study sample consisted of participants in the original Fra-
mingham Heart Study and in the Framingham Offspring Study
who underwent routine clinical examinations between 1971 and
1998. The details of the study design and selection criteria have
been described elsewhere.28:2 We examined all reports of syncope
in study participants undergoing a qualifying clinical examination.
Syncope reports were coded as “yes,” “no,” or “maybe.” A commit-
tee of physicians reviewed all episodes coded as “maybe.” Possible
episodes of syncope were coded as definite only if the participant’s
chart contained additional medical information confirming a syn-
copal event that had not been available at the time of the initial
clinical evaluation. We excluded 120 equivocal reports of synco-
pe, 101 reports of syncope from participants who had not had an
examination within four years before the index report (to mini-
mize possible recall bias), 47 reports of syncope due to head trau-
ma, and 7 reports of syncope with incomplete records. All partic-
ipants undergoing examination in the Framingham Heart Study
provided written informed consent; the content and procedures of
the examinations were reviewed and approved by the institutional
review board of Boston Medical Center.

Incidence

The overall incidence rate of syncope and the incidence rates for
syncope with specific causes were calculated by dividing the num-
ber of participants with syncope by the total number of person-
years of follow-up in each subgroup. For the calculation of inci-
dence rates in different age groups, we categorized participants
according to their age halfway between the time of the clinical
examination preceding the report of syncope and the time of the
index examination for syncope. We calculated the cumulative in-
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cidence by assuming a constant incidence over time, using the fol-
lowing formula:

cumulative incidence = 1—e~1a

where e is the natural logarithm constant (2.718), I denotes the
incidence rate, and At denotes the duration of follow-up.

Causes of Syncope

The cause of syncope was assigned according to a clinical diag-
nosis made by two physicians (an internist and a cardiologist) on
the basis of documentation provided by the examining Framing-
ham Heart Study physician and information obtained during rou-
tine clinic visits from the medical history, physical examination,
and electrocardiographic examination. In addition, the physicians
reviewed all available hospital and outpatient medical records per-
taining to each instance of syncope. Generally, the discharge di-
agnosis was used for participants evaluated at an outside hospital,
as long as this diagnosis was supported by associated records. For
other participants, the diagnosis of the examining Framingham
Heart Study physician was used. If a cardiovascular cause was sus-
pected, a second evaluation was performed by another Framing-
ham Heart Study physician. If these evaluations did not agree, the
physician reviewers evaluated available data to assign a cause.

Reports of syncope were classified into eight categories accord-
ing to cause: cardiac cause (including ischemia and arrhythmias),
unknown cause, stroke or transient ischemic attack, seizure disorder,
vasovagal cause, orthostatic cause, medication, and other, infrequent
causes (including cough syncope, micturition syncope, and situa-
tional syncope). These eight categories were reduced to four etio-
logic categories for the outcome analysis: cardiac cause, unknown
cause, neurologic cause (including syncope due to stroke, transient
ischemic attack, and seizure), and vasovagal or other cause (includ-
ing vasovagal syncope, orthostatic syncope, medication-induced
syncope, and syncope due to other identified causes). Secondary
analyses were also performed after we excluded syncope due to sei-
zure from the category of neurologic syncope. When a participant
did not seek medical attention for syncope and the history, physical
examination, and electrocardiographic findings were not indicative
of any of the specific causes, the cause was classified as unknown.
The physicians who confirmed the diagnoses of syncope and as-
signed the causes were unaware of subsequent outcomes.

Recurrence of Syncope

The first episode of syncope reported by a participant during
a clinical examination was treated as the first syncopal event. If more
than one syncopal event was reported between clinic visits, we
counted only one episode of syncope. Episodes reported at subse-
quent clinical examinations were considered recurrences of syncope.

End Points

The participants in the follow-up sample were followed for up
to 25 years. A prospective cohort design was used to study three
outcomes in relation to syncope: death from any cause, myocardial
infarction or death from coronary heart disease (which included
both sudden and nonsudden death from coronary heart disease),
and fatal or nonfatal stroke. All outcome events were reviewed with
the use of all pertinent available medical records and adjudicated on
the basis of previously published criteria.30 Data from 95 partici-
pants who reported syncope during their last index examination
were excluded from the outcome analysis, because no follow-up
data were available for them. For each participant with syncope, we
randomly selected two participants without syncope who under-
went clinical examination at the Framingham Heart Study clinic dur-
ing the same examination cycle, matched according to age and sex.

Statistical Analysis

All statistical analyses were performed with SAS software (version
6.12).31 The age-, sex-, and category-specific incidence rates of syn-

cope were computed. The survival rates among participants with
syncope due to specific causes were examined with Kaplan—Meier
survival curves.3? Age- and multivariable-adjusted Cox proportion-
al-hazard regression models33 were used to analyze the risk of each
outcome of interest among participants with cause-specific syncope
(four etiologic categories) as compared with participants without
syncope. We evaluated the outcomes of interest by using dummy
variables for each of the four etiologic categories. Multivariable mod-
els were adjusted for age, sex, presence or absence of a history of car-
diovascular disease (myocardial infarction, coronary heart disease,
stroke or transient ischemic attack, congestive heart failure, atrial fi-
brillation, and intermittent claudication), smoking status, presence
or absence of hypertension, systolic blood pressure, presence or ab-
sence of diabetes, total cholesterol level, heart rate, and use or non-
use of cardiac medication, including antihypertensive medications.
Hypertension was a dichotomous variable defined as a systolic blood
pressure of at least 140 mm Hg, a diastolic blood pressure of at least
90 mm Hg, or current use of antihypertensive medication. The pres-
ence or absence of a history of cardiovascular disease, smoking status,
presence or absence of diabetes, use or nonuse of cardiac medication,
and normal or elevated total cholesterol level (with an elevated level
defined as at least 200 mg per deciliter [5.2 mmol per liter]) were
also included in the model as dichotomous variables. Age, systolic
blood pressure, and heart rate were included as continuous variables.

RESULTS

We followed 7814 participants (3563 men and
4251 women) for an average of 17.0 years (median,
19.1; interquartile range, 10.6 to 23.6) during 133,164
person-years of follow-up. The participants had a
mean (+£SD) age of 51.1+14.4 years (range, 20 to 96).
A total of 822 participants (348 men and 474 wom-
en; mean age, 65.8 years) reported syncope. After ex-
cluding participants without follow-up (those whose
first episode of syncope was reported at the last index
examination ), we included 727 participants in the out-
come analysis.

Incidence

The overall incidence rate of a first report of syn-
cope was 6.2 per 1000 person-years. The incidence
rates increased with age, with a sharp rise at 70 years
(Fig. 1). The age-adjusted incidence was 7.2 per 1000
person-years among both men and women. The age-
adjusted incidence rate among participants with car-
diovascular disease was nearly twice that among par-
ticipants without cardiovascular disease (10.6 vs. 6.4
per 1000 person-years). The incidence rates of first re-
ports of cardiac syncope, syncope of unknown cause,
syncope due to stroke or transient ischemic attack,
syncope due to seizure, vasovagal syncope, orthostat-
ic syncope, medication-induced syncope, and syncope
of other causes were 0.59, 2.26, 0.26, 0.30, 1.31,
0.58, 0.42, and 0.47 per 1000 person-years, respec-
tively. Assuming a constant incidence rate over time,
we calculated a 10-year cumulative incidence of syn-
cope of 6 percent.

Causes of Syncope

The distributions of causes in men and women, re-
spectively, were as follows: cardiac causes (13.2 per-
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Figure 1. Incidence Rates of Syncope According to Age and Sex.

The incidence rates of syncope per 1000 person-years of follow-up increased with age among
both men and women. The increase in the incidence rate was steeper starting at the age of 70
years. Syncope rates were similar among men and women.

cent and 6.7 percent), unknown cause (31.0 percent
and 40.7 percent), stroke or transient ischemic attack
(4.3 percent and 4.0 percent), seizure disorder (7.2
percent and 3.2 percent), vasovagal cause (19.8 per-
cent and 22.2 percent), orthostatic cause (8.6 percent
and 9.9 percent), medication (6.3 percent and 7.2 per-
cent), and other causes (9.5 percent and 6.1 percent).
The causes of syncope according to cardiovascular dis-
case status at base line are shown in Table 1. Overall,
56 percent of participants with a syncopal episode re-
ported seeing a doctor or visiting a hospital for eval-
uation.

Recurrence of Syncope

Five hundred seventy participants (78.4 percent)
reported only one episode of syncope. One hundred
fifty-seven participants (21.6 percent) reported one or
more recurrences of syncope (17.6 percent reported
one recurrence, 3.3 percent two recurrences, and 0.7
percent three or more recurrences). The rate of recur-
rence among participants with a history of syncope
was higher than the incidence of a first episode of syn-
cope among those without such a history (multivari-
able-adjusted hazard ratio, 23.2; 95 percent confi-
dence interval, 14.2 to 37.9). The risk of recurrence
was especially high among participants with cardiac
syncope (multivariable-adjusted hazard ratio, 30.0;
95 percent confidence interval, 14.9 to 60.3).
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Follow-up

The characteristics of the 2181 study participants
who were eligible for follow-up are shown in Table 2.
As compared with those without syncope, participants
with syncope of any cause, and in particular those with
cardiac syncope, were more likely to have a history of
coronary artery disease or cerebrovascular disease and
to take cardiac or antihypertensive medications. Dur-
ing a mean follow-up of 8.6 years (median, 7.7), there
were 847 deaths from all causes, 263 myocardial in-
farctions or deaths from coronary heart disease, and
178 fatal or nonfatal strokes.

Participants with cardiac syncope had lower surviv-
al than those without syncope, as shown by Kaplan—
Meier survival curves (Fig. 2). Multivariable-adjusted
Cox proportional-hazard regression models showed
that the risk of death was increased by 31 percent
among all participants with syncope and was doubled
among participants with cardiac syncope, as com-
pared with those without syncope. Syncope of un-
known cause and neurologic syncope were associated
with an increased risk of death from any cause, and
neurologic syncope was also associated with a three-
fold risk of stroke (Table 3). Vasovagal syncope (in-
cluding orthostatic syncope, medication-related syn-
cope, and syncope due to other, infrequent causes)
was not associated with an increased risk of any of the
major outcomes.

WWw.nejm.org

Downloaded from www.nejm.org on November 24, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



INCIDENCE AND PROGNOSIS OF SYNCOPE

TABLE 1. CAUSES OF SYNCOPE ACCORDING TO SEX AND THE PRESENCE OR ABSENCE
OF CARDIOVASCULAR DISEASE AT BASE LINE.

CARDIOVASCULAR CARDIOVASCULAR ToTAL

DISEASE ABSENT DISEASE PRESENT SAMPLE
CAUSE (N=599) (N=223) (N=822)

MEN WOMEN MEN WOMEN

(N=232) (N=367) (N=116) (N=107)
percent of subjects

Cardiac 6.5 3.8 26.7 16.8 9.5
Unknown* 31.0 41.7 31.0 37.4 36.6
Stroke or transient ischemic attack 1.7 2.5 9.5 9.4 4.1
Seizure 7.3 3.3 6.9 2.8 4.9
Vasovagal 24.1 24.5 11.2 14.0 21.2
Orthostatic 9.5 10.9 6.9 6.5 9.4
Medication 7.3 6.5 4.3 9.4 6.8
Othert 13.0 6.8 3.5 3.7 7.5

*When a participant did not seek medical attention for syncope and the history, physical examina-
tion, and electrocardiographic findings were not consistent with any of the specific causes, the cause
was considered to be unknown.

tCough syncope, micturition syncope, and situational syncope were included in the category of
other causes.

TABLE 2. CHARACTERISTICS OF THE FOLLOW-UP SAMPLE.

PARTICIPANTS
WITHOUT SYNCOPE

CHARACTERISTIC PARTICIPANTS WITH SYNCOPE (N=1454)
CARDIAC UNKNOWN NEUROLOGIC VASOVAGAL OR
CAUSE CAUSE CAUSE OTHER CAUSE ~ TOTAL
(N=71)* (N=272)  (N=72) (N=312)t  (N=727)
Mean age (yr) 71.1 68.5 67.2 62.2 65.9 659
Female sex (%) 40.9 65.1 44 .4 58.0 57.6 57.6
Smoking (%) 16.9 18.4 347 20.8 20.9 18.2
Hypertension (%) 78.9 63.6 52.8 53.9 59.8 57.8
Diabetes (%) 7.0 44 9.7 6.7 6.2 6.9
Mean body-mass index} 26.2 26.0 25.4 259 259 26.3
History of myocardial infarction or 36.6 9.6 11.1 5.8 10.7 7.6
coronary heart disease (%)
History of stroke or transient ischemic 11.3 8.8 38.9 6.1 10.9 5.0
attack (%)
Use of antihypertensive medications (%) 60.6 45.6 38.9 36.2 424 36.1
Use of other cardiac medications (%) 49.3 18.4 18.1 14.1 19.5 11.8
History of atrial fibrillation (%) 18.3 7.0 11.1 35 7.0 3.8
Intraventricular heart block (%) 18.3 5.9 8.3 6.7 7.7 6.3

*Cardiac syncope was attributed to arrhythmia in 36 participants (50.7 percent), myocardial ischemia or infarction in
22 (31.0 percent), cardiac arrest in 6 (8.5 percent), aortic stenosis or other valvular disease in 5 (7.0 percent), hypertensive
crisis in 1, and carotid-sinus syncope in 1.

1This category includes vasovagal, orthostatic, medication-induced, and other, infrequent causes of syncope.

$The body-mass index is the weight in kilograms divided by the square of the height in meters.
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Figure 2. Overall Survival of Participants with Syncope, According to Cause, and Participants without

Syncope.

P<0.001 for the comparison between participants with and those without syncope. The category “Vas-
ovagal and other causes” includes vasovagal, orthostatic, medication-induced, and other, infrequent

causes of syncope.

Secondary analyses were also performed to examine
the relations of cause-specific syncope to the outcomes
of interest after exclusion of data from 40 participants
who had syncope due to seizures. The findings were
similar to the results shown in Table 3, except that the
association between neurologic syncope and death
from any cause was no longer statistically significant
(hazard ratio, 1.24; 95 percent confidence interval,
0.81 to 1.89).

Because cardiac syncope might have been preferen-
tially diagnosed in participants with syncope who were
already known to have cardiovascular disease, we also
performed secondary analyses stratified according to
the presence or absence of known cardiovascular dis-
ease. The results were similar in the two groups (data
not shown). In addition, to address the possibility that
syncope of unknown cause might have been associat-
ed with poor outcomes because persons with this di-
agnosis received a different level of medical care, we
performed analyses stratified according to whether the
participant sought or did not seek medical care for
the syncopal event (130 and 131 participants, respec-
tively). The data from 11 participants were excluded
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from this analysis because information on whether
they sought medical care was not available. As com-
pared with participants without syncope, participants
with this diagnosis who sought medical care had a
higher risk of death from any cause (multivariable-
adjusted hazard ratio, 1.47; 95 percent confidence in-
terval, 1.14 to 1.90), although their risk of myocardial
infarction or death from coronary heart disease was
not significantly elevated (adjusted hazard ratio, 1.07;
95 percent confidence interval, 0.63 to 1.83). Partic-
ipants with syncope of unknown cause who did not
seek medical care had a higher risk of myocardial in-
farction or death from coronary heart disease (adjust-
ed hazard ratio, 1.60; 95 percent confidence interval,
1.04 to 2.48), but their risk of death from any cause
was not significantly elevated (adjusted hazard ratio,
1.23; 95 percent confidence interval, 0.94 to 1.60).

DISCUSSION

In this population-based study, we found a similar
incidence of syncope in men and women. The inci-
dence was almost doubled in participants with a his-
tory of cardiovascular disease. Mortality was about 30
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TABLE 3. HAZARD RATIOS FOR THE OUTCOMES OF INTEREST IN PARTICIPANTS

WITH SYNCOPE AS COMPARED WITH PARTICIPANTS WITHOUT SYNCOPE.

CAUSE OF SYNCOPE

Any cause
Death from any cause
Myocardial infarction or death from coronary heart disease
Fatal or nonfatal stroke
Cardiac
Death from any cause
Myocardial infarction or death from coronary heart disease
Fatal or nonfatal stroke
Unknown
Death from any cause
Myocardial infarction or death from coronary heart disease
Fatal or nonfatal stroke
Neurologic (including seizure)
Death from any cause
Myocardial infarction or death from coronary heart disease
Fatal or nonfatal stroke
Vasovagal or otherq
Death from any cause
Myocardial infarction or death from coronary heart disease

Hazarp RATIO
(95% CONFIDENCE INTERVAL)

ADJUSTED FOR
AGE AND SEX

1.43 (1.25-1.64)t
147 (1.15-1.88)t
1.19 (0.87-1.62)

241 (1.78-3.26)t
3.56 (2.29-5.55)1
2.67 (1.43-4.98)t

1.36 (1.13-1.65)f
1.43 (1.00-2.03)§
0.72 (0.43-1.22)

1.98 (1.45-2.72)t
1.02 (0.48-2.17)
3.12 (1.82-5.36)t

MULTIVARIABLE-
ADJUSTED*

1.31 (L14-151)t
1.27 (0.99-1.64)
1.06 (0.77-1.45)

2.01 (1.48-2.73)t
2.66 (1.69-4.19)t
2.01 (1.06-3.80)§

1.32 (1.09-1.60)%
1.31 (0.92-1.86)
0.66 (0.39-1.11)

1.54 (1.12-2.12)t
0.79 (0.37-1.69)
2.96 (1.69-5.18)f

Fatal or nonfatal stroke

1.17 (0.95-1.44)  1.08 (0.88-1.34)
1.16 (0.80-1.68)  1.03 (0.71-1.49)
0.93 (0.57-1.52)  0.87 (0.54-1.42)

*The values are adjusted for age, sex, smoking status, presence or absence of hypertension, systolic blood pressure,
presence or absence of diabetes, total cholesterol level, heart rate, reported use or nonuse of cardiac medications (includ-
ing antihypertensive medications), and presence or absence of a history of cardiovascular disease (myocardial infarction,
coronary heart disease, stroke, congestive heart failure, atrial fibrillation, and intermittent claudication).

1P<0.001.
1P<0.01.
§P<0.05.

{This category includes vasovagal, orthostatic, medication-induced, and other, infrequent causes of syncope.

percent higher among all participants with syncope
and among those with syncope of unknown cause
than among those without syncope; this increase was
due largely to an increased risk of death from myocar-
dial infarction or coronary heart disease. Cardiac syn-
cope doubled the risk of death from any cause and in-
creased the risk of fatal and nonfatal cardiovascular
events. Neurologic syncope was associated with an in-
creased risk of death from any cause and an increased
risk of stroke.

Although the incidence of syncope rose sharply with
advancing age, the age-specific annual incidence of
syncope for those above 80 years of age in our study
(about 2 percent) was considerably lower than that re-
ported by Lipsitz et al. (6 percent) in an elderly insti-
tutionalized population (mean age, 87 years).! Overall,
37 percent of syncopal events in our sample were due
to unknown causes. The distribution of causes of syn-
cope that we observed is similar to that reported else-
where.3435 For example, Linzer et al. reported that, on
average, 34 percent of syncopal episodes could not be
assigned to an etiologic category after a standard eval-
uation with a detailed history taking, physical exam-
ination, and electrocardiography.3¢

N Engl ] Med, Vol. 347, No. 12 -

Our findings are consistent with those of Kapoor!?
in suggesting that cardiac syncope is associated with
increased risks of premature death and cardiovascular
events. Whether or not there was a history of cardio-
vascular disease, we found that participants with a di-
agnosis of cardiac syncope were more likely to have a
poor outcome than those without syncope.

Several other studies have evaluated the outcome of
syncope of unknown cause.!$-27 The results suggested
that among subjects with syncope that was initially
classified as being of unknown cause and that was lat-
er found to have a cardiac cause, the risk of death was
higher than in the general population. Electrophys-
iological studies and electrocardiographic monitoring
in highly selected subgroups of patients37-#! have sug-
gested that 45 to 80 percent of cases of syncope clas-
sified as being of unknown cause could be assigned a
cardiac cause. It is likely that many participants in our
study with syncope of unknown cause had unrecog-
nized cardiac syncope, with its attendant risk of an ad-
verse outcome.

Participants with syncope of neurologic cause had
more than twice as high a risk of fatal or nonfatal
stroke as subjects without syncope. The increased risk
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is probably attributable to a high risk of stroke, often
recurrent, in participants with neurologic syncope who
had preexisting cerebrovascular disease.

Among participants with syncope of identified
cause, by far the largest subgroup consisted of those
with syncope of vasovagal or other causes, including
orthostatic and medication-induced syncope. Among
these participants we found no increase in the risk of
death from any cause or in the risk of myocardial in-
farction or death from coronary heart disease, in com-
parison to those without syncope, even though the
statistical power to detect such increases was high
(96 percent power to detect a 50 percent increase in
the risk of death from any cause; 84 percent power to
detect a 75 percent increase in the risk of myocardial
infarction or death from coronary heart disease).

This study involved a population-based sample free
of selection bias and an extensive period of follow-up.
However, some limitations should be noted. We at-
tempted to minimize misclassification of participants
according to whether or not they had previously had
an episode of syncope by excluding those who had
not undergone a clinical examination within four years
before an examination at which they reported synco-
pe. However, a four-year interval may constitute a
long recall period, especially for older patients. Differ-
ential recall bias is unlikely to have affected our find-
ings, because our prospective cohort design ensured
that exposures were ascertained before the outcomes.
Problems with recall, however, may have contributed
to underestimation of the incidence of syncope and
hazard ratios for adverse outcomes associated with this
diagnosis.*2

Another concern is possible misclassification of par-
ticipants according to etiologic categories of synco-
pe.#3 Although we did not develop explicit criteria for
confirming a given cause of syncope, we sought to
minimize misclassification by having diagnoses as-
signed by the consensus of two physician reviewers,
unaware of the study outcomes, who reviewed all re-
lated outside records and Framingham Heart Study
examination records. The presence of other risk fac-
tors for cardiovascular disease or the presence of car-
diovascular disease may have contributed to cardio-
vascular risk among participants with syncope, but
our findings persisted after we adjusted for these fac-
tors in multivariable models and in secondary analy-
ses stratified according to the presence or absence of
known cardiovascular disease. Finally, our study sam-
ple consisted almost entirely of middle-aged and older
white men and women, and thus the results may not
be generalizable to other populations.

Our findings suggest that persons with cardiac syn-
cope constitute a high-risk group predisposed to mor-
bidity and premature mortality from cardiovascular
disease who should be monitored closely. Persons with
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syncope of unknown cause appear to constitute a
mixed group at increased risk for death; this result
suggests that further diagnostic testing may be war-
ranted in these patients. The increased risk of stroke
in participants with neurologic syncope may be attrib-
utable to preexisting cerebrovascular disease. Our re-
sults also provide reassurance that vasovagal syncope
has a benign prognosis.

Supported by grants (NO1-HC-38038 and NS-17950) from the National
Heart, Lung, and Blood Institute.

REFERENCES

1. Lipsitz LA, Wei JY, Rowe JW. Syncope in an elderly, institutionalised
population: prevalence, incidence, and associated risk. Q J Med 1985;55:
45-54.

2. Savage DD, Corwin L, McGee DL, Kannel WB, Wolt PA. Epidemio-
logic features of isolated syncope: the Framingham Study. Stroke 1985;16:
626-9.

3. Dermksian G, Lamb LE. Syncope in a population of healthy young
adults: incidence, mechanisms, and significance. JAMA 1958;160:1200-7.
4. Idem. Cardiac arrhythmias in experimental syncope. JAMA 1958;168:
1623-30.

5. Lamb LE, Green H, Combs JJ, Chessman SA, Hammond J. Incidence
of loss of consciousness in 1,980 Air Force personnel. Aerosp Med 1960;
31:973-88.

6. Williams RL, Allen PD. Loss of consciousness: incidence, causes and
clectroencephalographic findings. Aerosp Med 1962;33:545-51.

7. Murdoch BD. Loss of consciousness in healthy South African men: in-
cidence, causes and relationship to EEG abnormality. S Afr Med J 1980;
57:771-4.

8. Kapoor WN, Karpf M, Wicand S, Peterson JR, Levey GS. A prospective
evaluation and follow-up of patients with syncope. N Engl ] Med 1983;
309:197-204.

9. Day SC, Cook EF, Funkenstein H, Goldman L. Evaluation and out-
come of emergency room patients with transient loss of consciousness. Am
J Med 1982;73:15-23.

10. Eagle KA, Black HR, Cook EF, Goldman L. Evaluation of prognostic
classifications for patients with syncope. Am J Med 1985;79:455-60.

11. Lee RT, Cook EF, Day SC, Goldman L. Long-term survival after tran-
sient loss of consciousness. J Gen Intern Med 1988;3:337-43.

12. Martin TP, Hanusa BH, Kapoor WN. Risk stratification of patients
with syncope. Ann Emerg Med 1997;29:459-66.

13. Silverstein MD, Singer DE, Mulley AG, Thibault GE, Barnett GO. Pa-
tients with syncope admitted to medical intensive care units. JAMA 1982;
248:1185-9.

14. Houdent C, Morcamp D, Séréni D, et al. Pronostic a un an des li-
pothymies et pertes de connaissance bréves apres 65 ans: etude multicen-
trique de 188 cas. Presse Med 1988;17:626-9.

15. Kapoor WN. Evaluation and outcome of patients with syncope. Med-
icine (Baltimore) 1990;69:160-75.

16. Kapoor WN, Hanusa BH. Is syncope a risk factor for poor outcomes?
Comparison of patients with and without syncope. Am J Med 1966;100:
646-55.

17. Getchell WS, Larsen GC, Morris CD, McAnulty JH. Epidemiology of
syncope in hospitalized patients. J Gen Intern Med 1999;14:677-87.

18. Morady F, Shen E, Schwartz A, et al. Long-term follow-up of patients
with recurrent unexplained syncope evaluated by electrophysiologic test-
ing. ] Am Coll Cardiol 1983;2:1053-9.

19. Doherty JU, Pembrook-Rogers D, Grogan EW, et al. Electrophysio-
logic evaluation and follow-up characteristics of patients with recurrent un-
explained syncope and presyncope. Am J Cardiol 1985;55:703-8.

20. Olshansky B, Mazuz M, Martins JB. Significance of inducible tachy-
cardia in patients with syncope of unknown origin: a long-term follow-up.
J Am Coll Cardiol 1985;5:216-23.

21. Kapoor WN, Cha R, Peterson JR, Wieand HS, Karpf M. Prolonged
clectrocardiographic monitoring in patients with syncope: importance of
frequent or repetitive ventricular ectopy. Am J Med 1987;82:20-8.

22. Krol RB, Morady FE, Flaker GC, et al. Electrophysiologic testing in pa-
tients with unexplained syncope: clinical and noninvasive predictors of out-
come. ] Am Coll Cardiol 1987;10:358-63.

23. Bass EB, Elson JJ, Fogoros RN, Peterson J, Arena VC, Kapoor WM.

www.nejm.org

Downloaded from www.nejm.org on November 24, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



INCIDENCE AND PROGNOSIS OF SYNCOPE

Long-term prognosis of patients undergoing electrophysiologic studies for
syncope of unknown origin. Am J Cardiol 1988;62:1186-91.

24. Kushner JA, Kou WH, Kadish AH, Morady E Natural history of pa-
tients with unexplained syncope and a nondiagnostic electrophysiologic
study. ] Am Coll Cardiol 1989;14:391-6.

25. SraJS, Anderson AJ, Sheikh SH, et al. Unexplained syncope evaluated
by electrophysiologic studies and head-up tilt testing. Ann Intern Med
1991;114:1013-9.

26. Gougéllo JP, Victor J, Dupuis JM, Tadei A. Exploration électrophysi-
ologique pour le diagnostic et le pronostic des syncopes de cause indéter-
minée. Presse Med 1995;24:387-92.

27. Olshansky B, Hahn EA, Hartz VL, Prater SP, Mason JW. Clinical sig-
nificance of syncope in the Electrophysiologic Study versus Electrocardio-
graphic Monitoring (ESVEM) trial. Am Heart ] 1999;137:878-86.

28. Dawber TR, Meadors GE, Moore FE Jr. Epidemiological approaches
to heart disease: the Framingham Study. Am J Public Health 1951;41:279-86.
29. Kannel WB, Feinleib M, McNamara PM, Garrison R], Castelli WP. An
investigation of coronary heart disease in families: the Framingham Oft-
spring Study. Am J Epidemiol 1979;110:281-90.

30. Kannel WB, Wolf PA, Garrison RJ. Framingham Heart Study, section
34: some risk factors related to the annual incidence of cardiovascular dis-
case and death in pooled repeated biennial measurements: 30 year follow-
up. Bethesda, Md.: National Institutes of Health, 1987. (NIH publication
no. 87-2703.)

31. SAS/STAT software: changes and enhancements through release 6.12.
Cary, N.C.: SAS Institute, 1997:413-20, 873-948.

32. Kaplan EL, Meier P. Nonparametric estimation from incomplete ob-
servations. ] Am Stat Assoc 1958;53:457-81.

33. Cox DR. Regression models and life-tables. J R Stat Soc [B] 1972;34:
187-220.

34. Martin GJ, Adams SL, Martin HG, Mathews J, Zull D, Scanlon PJ.
Prospective evaluation of syncope. Ann Emerg Med 1984;13:499-504.
35. Kapoor WN. Workup and management of patients with syncope. Med
Clin North Am 1995;79:1153-70.

36. Linzer M, Yang EH, Estes NA III, Wang P, Vorperian VR, Kapoor
WN. Diagnosing syncope. Part 1. Value of history, physical examination,
and electrocardiography: Clinical Efficacy Assessment Project of the Amer-
ican College of Physicians. Ann Intern Med 1997;126:989-96.

37. Hess DS, Morady F, Scheinman MM. Electrophysiologic testing in the
evaluation of patients with syncope of undetermined origin. Am J Cardiol
1982;50:1309-15.

38. Teichman SL, Felder SD, Matos JA, Kim SG, Waspe LE, Fisher JD.
The value of electrophysiologic studies in syncope of undetermined origin:
report of 150 cases. Am Heart J 1985;110:469-79.

39. Linzer M, Pritchett EL, Pontinen M, McCarthy E, Divine GW. Incre-
mental diagnostic yield of loop electrocardiographic recorders in unex-
plained syncope. Am J Cardiol 1990;66:214-9.

40. Moazez F, Peter T, Simonson J, Mandel WJ, Vaughn C, Gang E. Syn-
cope of unknown origin: clinical, noninvasive, and electrophysiologic de-
terminants of arrhythmia induction and symptom recurrence during long-
term follow-up. Am Heart ] 1991;121:81-8.

41. Linzer M, Yang EH, Estes NA III, Wang P, Vorperian VR, Kapoor
WN. Diagnosing syncope. Part 2. Unexplained syncope: Clinical Efficacy
Assessment Project of the American College of Physicians. Ann Intern Med
1997;127:76-86.

42. Barry D. Differential recall bias and spurious associations in case/
control studies. Stat Med 1996;15:2603-16.

43. Dosemeci M, Wacholder S, Lubin JH. Does nondifferential misclassi-
fication of exposure always bias a true effect toward the null value? Am J
Epidemiol 1990;132:746-8.

Copyright © 2002 Massachusetts Medical Society.

FULL TEXT OF ALL JOURNAL ARTICLES ON THE WORLD WIDE WEB

Access to the complete text of the Journal on the Internet is free to all subscribers. To use
this Web site, subscribers should go to the Journal’s home page (http://www.nejm.org)
and register by entering their names and subscriber numbers as they appear on their
mailing labels. After this one-time registration, subscribers can use their passwords to log
on for electronic access to the entire Journal from any computer that is connected to the
Internet. Features include a library of all issues since January 1993 and abstracts since
January 1975, a full-text search capacity, and a personal archive for saving articles and
search results of interest. All articles can be printed in a format that is virtually identical
to that of the typeset pages. Beginning six months after publication the full text of all
original articles and special articles is available free to nonsubscribers who have completed

a brief registration.

N Engl ] Med, Vol. 347, No. 12 - September 19,2002 - www.nejm.org - 885

Downloaded from www.nejm.org on November 24, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



