CLINICAL STUDIES

Sudden unexpected cardiac death as a function of
time since the detection of electrocardiographic and
clinical risk factors in apparently healthy men:
The Manitoba Follow-Up Study, 1948 to 2004

T Edward Cuddy MD MSc FRCPC FACC FAHA, Robert B Tate PhD

TE Cuddy, RB Tate. Sudden unexpected cardiac death as a
function of time since the detection of electrocardiographic
and clinical risk factors in apparently healthy men: The
Manitoba Follow-Up Study, 1948 to 2004. Can ] Cardiol
2006;22(3):205-211.

PURPOSE: As the first and only manifestation of ischemic heart dis-
ease, sudden unexpected cardiac death (SUCD) is a serious clinical
and epidemiological concern. Prospective population studies permit
the identification of risk factors for SUCD. Knowledge of the short-
and long-term risks for SUCD are key to understanding the basis of
any intervention. The present paper explores the effect of time since
the detection of factors on the risk for SUCD.

SUBJECTS AND METHODS: The Manitoba Follow-Up Study is a
longitudinal, prospective study of 3983 originally healthy young men
who have been followed with routine medical examinations since
1948. During 56 years of follow-up, SUCD occurred in 171 men. This
analysis examined 21 possible risk factors for SUCD, including clini-
cal findings, social variables and electrocardiographic abnormalities.
Time-dependent covariate Cox proportional hazard models were used
to estimate age-adjusted relative risks for SUCD. In multivariate mod-
els, the relative risk of SUCD was estimated as a function of time since
the documentation of each risk factor.

RESULTS: Excess alcohol consumption and T wave changes were
associated with a high short-term risk for SUCD. Arterial hyperten-
sion and ST/T changes had sustained excess risk over both the short
and long term. Newly developed left bundle branch block was a highly
significant short-term risk that diminished with time.
CONCLUSION: These findings add new information for the clinical
management of risk factors. The identification of time since the detec-
tion of these risk factors is an important consideration to reduce

SUCD.
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La mort cardiaque subite et inattendue comme
fonction de temps apres la détection des
facteurs de risque cliniques et
électrocardiographiques chez des hommes
apparemment en santé : L’étude de suivi du

Manitoba, 1948 a 2004

OBJECTIF : A titre de premitre et seule manifestation d’une cardiopathie
ischémique, la mort cardiaque subite et inattendue (MCSI) est une
préoccupation clinique et épidémiologique sérieuse. Des études de
population prospectives permettent de repérer les facteurs de risque de la
MCSL. Il est essentiel de connattre les risques a court et a long terme de la
MCSI pour comprendre le fondement de toute intervention. Le présent
article analyse leffet du temps aprés la détection de facteurs affectant le
risque de MCSI.

SUJETS ET METHODOLOGIE : Létude de suivi du Manitoba est une
étude longitudinale prospective aupres de 3 983 jeunes hommes en santé
au départ, suivis dans le cadre d’examens médicaux réguliers depuis 1948.
Pendant ce suivi de 56 ans, une MCSI a tué 171 hommes. Cette analyse a
permis de repérer 21 facteurs de risque possibles de MCSI, y compris les
observations cliniques, les variables sociales et les anomalies
électrocardiographiques. Les modeles des hasards proportionnels de Cox
au moyen de covariables en fonction du temps ont été utilisés pour évaluer
les risques relatifs de MCSI ajustés selon I'dge. Dans des modeles
multivariés, le risque relatif de MCSI a été évalué comme fonction du
temps depuis la documentation de chaque facteur de risque.
RESULTATS : Une consommation d’alcool excessive et des changements
de Ponde T s’associent a un risque élevé de MCSI a court terme.
Lhypertension artérielle et les changements ST/T s’accompagnaient d’'un
risque supplémentaire soutenu tant a court qu'a long terme. De nouveaux
blocs de branche gauche représentaient un risque considérable a court
terme, qui diminuait au fil du temps.

CONCLUSION : Ces observations s'ajoutent a I'information utile pour
la prise en charge clinique des facteurs de risque. Lidentification du temps
aprés la détection de ces facteurs de risque constitue un facteur important
pour réduire la MCSI.

oronary heart disease is the leading cause of death world-

wide (1). In 1997, it accounted for approximately 36% of
all deaths in Canada (1). Sudden cardiac death has been
defined, according to the World Health Organization, as death
within 24 h of cardiac symptoms (2). Ischemic heart disease
(IHD) is manifested in one out of every three Canadian men
during their lifetime (3) and may be diagnosed as angina pec-
toris, myocardial infarction or sudden cardiac death. Sudden

cardiac death accounts for 25% of all deaths due to IHD (4).
Sudden unexpected cardiac death (SUCD) has been defined as
death in the absence of prior clinical or electrocardiographic
(ECQG) evidence of IHD, and accounts for 15% of all IHD (4).

In North America, the incidence rates of angina pectoris
and myocardial infarction have fallen over the past few
decades, attributed mainly to primary and secondary preven-
tion strategies, while the incidence of SUCD has remained
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relatively constant (4-8). Although the risk factors for SUCD
closely parallel those for all IHD, the incidence of SUCD can
only be reduced through primary prevention because there are
no prior clinical cardiac indications (9). Hence, only prospec-
tive studies of healthy people with routinely collected data can
monitor specific risk factors for SUCD. Risk factors that can be
detected by routine noninvasive examinations and that allow
for the determination of time effects on the risk for SUCD are
especially important in designing appropriate interventions.

The Manitoba Follow-Up Study (MFUS) is an ongoing,
prospective, longitudinal study of cardiovascular disease in
3983 men. The prospective design of MFUS and routine med-
ical examination of study members makes it possible to docu-
ment the onset of clinical findings or ECG abnormalities and,
hence, to estimate the risk of SUCD as a function of the time
since the detection of these risk factors, and to delineate short-
and long-term risks.

METHODS

The MFUS has followed a cohort of 3983 men since July 1, 1948.
This cohort is comprised primarily of aircrew recruits to the Royal
Canadian Air Force during World War II. All cohort members
were free of evidence of IHD upon entry to the study. Their mean
age was 31 years, with 90% aged 20 to 39 years. Annual contact
with cohort members has been maintained, and routine medical
examinations, resting ECGs, blood pressure readings and body
build measurements obtained. The initial aim of the MFUS was to
investigate the prognostic significance of ECG abnormalities as
they appeared in otherwise healthy individuals (10). By 2004,
1323 men, or 33% of the cohort, were alive, at a mean age of
84 years. The MFUS is ongoing, with other research interests
extended to explore the parameters of successful aging (11).

Risk factors for SUCD
Twenty-one factors, including 10 clinical findings, three social
factors and eight ECG abnormalities identified during routine
contacts, surveys and medical examinations with cohort members
over the 56 years of follow-up were considered as risk factors. Only
risk factors noted before the diagnosis of IHD were considered.

Clinical risk factors included aspects of blood pressure, clinical
vascular disease, body build and lifestyle choices. Specifically, a high
resting heart rate was defined as a resting heart rate of at least
100 beats/min on two successive examinations. Hypertension was
defined as a resting blood pressure of at least 160 mmHg systolic or
at least 95 mmHg diastolic on two readings. Isolated systolic hyper-
tension was defined as a systolic blood pressure of at least
160 mmHg with a diastolic blood pressure of less than 90 mmHg on
two routine examinations. High pulse pressure was present if the dif-
ference between the systolic and diastolic blood pressure was at least
65 mmHg on two routine examinations. A body mass index of at
least 27 kg/m? defined overweight and at least 30 kg/m? defined
obesity. Alcohol abuse was defined as self-reported, physician-
reported or family member-reported heavy consumption of alco-
hol. Diabetes was considered to be present when reported by a
physician or when there was a fasting blood sugar over
6.1 mmol/L. Other vascular diseases included diseases of the aorta,
aortic aneurysm or peripheral vascular disease. Stroke included
definite stroke with neurological deficit, suspected stroke or tran-
sient ischemic attack.

Three social factors were considered as fixed-time covariates.
Smoking history was based on self-reports from periodic question-
naires where study members were classified as ‘ever smoked’ or
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‘never smoked’. A family history of premature cardiovascular dis-
ease was defined as present if a parent or sibling of the MFUS
member died from or had documented IHD before 60 years of age.
Occupation was characterized by noting whether a study member’s
primary employment was as a pilot during the early post-war years
of the study (between 1948 and 1968).

ECG evidence of thythm and conduction disturbances, as well
as nonspecific changes, were noted. Atrial fibrillation was defined
as when an ECG showed atrial activity with fibrillatory waves
replacing normal atrial activation, followed by irregular QRS
activity. Ventricular premature beats were defined when present
on greater than 10% of the QRS complexes on an ECG. First-
degree atrioventricular block was defined as a PR interval at least
0.22 s. Right bundle branch block (RBBB) was defined as a nor-
mal early QRS but with the termination directed anterior and to
the right, and with the QRS complex measuring at least 0.12 s.
Left bundle branch block (LBBB) was defined as an abnormal
QRS complex, absent septal Q waves, a broadened QRS of at least
0.12 s, and with the axis directed generally to the left and posterior
and with secondary ST changes. Left ventricular hypertrophy
(LVH) was defined as increased voltages at lead I, AVL, leads II,
III or AVE or leads V1, V2, or leads V5, V6. Further, the combi-
nation of increased QRS voltage of at least 26 mm at V5 and V6
or at least 36 mm at V1 and V2 was used. ST and T wave abnor-
malities were coded according to the Minnesota codes 4.1, 4.2,

4.4,5.2,53 and 5.4 (12).

Statistical methodology

The Cox proportional hazard model was the primary statistical
model used to assess risk factors for SUCD. ‘Time zero’ for all models
was set as the date of entry to the study (July 1, 1948). Follow-up
time for each member was determined as the time from entry to
the earliest of: date of diagnosis of IHD; June 30, 2004; or death.

Ten clinical findings and eight ECG abnormalities were mod-
elled as time-dependent covariates. Smoking, family history of
cardiac disease and pilot occupation were considered as fixed-time
covariates. A binary indicator was defined for each of the time-
dependent covariates, taking the value zero when absent and a
value of one from the time when the abnormality was first detected
to the end of follow-up. Modelled with age at entry, age-adjusted
relative risk (RR) for SUCD and 95% confidence intervals were
calculated for these risk factors. A lifetime prevalence (P) of each
risk factor was defined as the proportion of the total cohort with
evidence of the risk factor during follow-up. From the age-adjusted
RR and P, the population attributable risk for each factor was cal-
culated as P*(RR-1)/(1+P*[RR-1]).

Because of prospective data acquisition, the date of each find-
ing can be used to determine the time since the detection of each
risk factor at any point along the time course of the study. Cox
models with age and three binary indicator variables for categories
of time since detection (one day to five years, five to 10 years and
longer than 10 years) were fit for each risk factor. The RR calcu-
lated from the coefficients for each of these three time intervals
can be interpreted as the risk of SUCD associated with the factor
during a specific interval of time since detection relative to the
risk of SUCD for a man still free of the factor. These Cox models
served two purposes: to assess the validity of the proportionality
assumption of the model and to determine whether the risk of
SUCD might increase, decrease or remain constant with time
since the detection or documentation of a risk factor. All signifi-
cant (p<0.05) factors identified from the age-adjusted single risk
factor analyses were examined in a multivariate analysis using a
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backward stepwise algorithm to determine the independent effects
of these time-sensitive risk factors.

RESULTS

Over the 56-year duration of the MFUS, 171 men experienced
SUCD. The time between the onset of symptoms and SUCD
was determined for each man from family or friends in 51% of
cases, from medical doctors or coroners in 41%, and from
bystanders in the remaining 8%. Death occurred within sec-
onds in 44% of cases, within minutes in 29%, and between 1 h
and 24 h in 27%. Hence, while all participants met the WHO
definition (2), the majority (73%) met the revised criteria of
death within 1 h of symptom onset (13).

In a separate analysis, to be reported subsequently, autopsies
were performed on 58 of these participants, and coronary heart
disease was confirmed as the cause of death in each case. An
additional 44 men complained of chest pain, new and unusual
indigestion, or new and significant dyspnea in the immediate
premortem period. Thus, 60% of these men had either firm or
presumptive evidence of acute IHD; of the remainder of these
men, the majority were witnessed to be sudden and were unex-
pected in all cases. Information to suggest acute coronary dis-
ease was provided by rescue teams, physicians or coroners’
reports in most of these cases. Only 11 SUCD cases were with-
out any clinical information.

Figure 1 (displays the incidence of SUCD  as
deaths/1000 person-years of observation within five-year age
groupings. Incidence was less than 1/1000 person-years before
55 years of age and rose rapidly thereafter with age. The mean
age at SUCD was 65 years, with 29% of SUCD cases occurring
before 60 years of age.

The first columns in Table 1 show the frequency and mean
age with standard deviation of clinical findings. High heart
rate, overweight, obesity, diabetes, hypertension, abnormal
pulse pressure and alcohol abuse were documented at a mean
age below 65 years. The prevalence of diabetes, isolated sys-
tolic hypertension, alcohol abuse and peripheral vascular dis-
ease was less than 10%. Overweight (49%) and hypertension
(38%) were very common. A significant (p<0.05) age-adjusted
RR for SUCD was found for all clinical factors except isolated
systolic hypertension. The RR of SUCD ranged from 1.61 for
obesity to a high of 2.85 for alcohol. Attributable risks were
moderately high (above 0.25) for hypertension, overweight
and pulse pressure. For high heart rate, diabetes, alcohol and
stroke, attributable risks ranged from 0.10 to 0.15. The RR of
SUCD for alcohol consumption, stroke and peripheral vascu-
lar disease declined with time since detection, and became
insignificant over longer time. The RR increased with time for
overweight, obesity and pulse pressure. Hypertension was sig-
nificantly associated with SUCD at all time intervals and with
an RR that increased over time since detection.

The prevalence of ECG abnormalities shown in Table 2
varied considerably, as did the age-adjusted RR of SUCD. The
attributable risk was low, all under 0.15 for atrial fibrillation,
ventricular premature beats, first-degree atrioventricular
block, RBBB and LBBB. In contrast, the RR of SUCD associ-
ated with nonspecific ST or T wave changes and their com-
bined changes, coupled with their high prevalence, resulted in
a substantial attributable risk. Examination of the effects of
these abnormalities with time interval since detection revealed
a very high short-term significant risk that diminished with
time for LVH and LBBB. The RR of SUCD associated with
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Figure 1) Incidence of sudden umexpected cardiac death in the
Manitoba Follow-Up Study (1948-2004)

ST wave, T wave, and ST or T wave combined, was high ini-
tially and remained significantly increased at each time interval.

Models of fixed covariates were nonsignificant, with an esti-
mated RR of 1.54 (95% CI 0.95 to 2.50) for a family history of
premature cardiovascular disease and an RR of 1.64 (95% CI
0.96 to 2.80) for smoking history. A significant age-adjusted RR
of 1.47 (95% CI 1.04 to 2.07) was found for occupational his-
tory of pilot (versus not a pilot).

Table 3 presents the final multivariate model for SUCD,
with age and clinical findings, as well as ECG abnormalities.
After age adjustment, five significant factors were found: alco-
hol, hypertension, obesity, ST changes and T wave changes. In
this model, alcohol was significant in the short term only.
Hypertension and overweight became significant five years
after detection. T wave abnormalities were significant early,
and ST changes were significant over all time periods (both
early and late after detection).

DISCUSSION

Although some of the clinical findings and ECG abnormalities
may be transient over time, all were analyzed with considera-
tion for the time from date of first detection. It seemed prefer-
able to model these factors as time-dependent indicators rather
than taking the last measurements before the man’s death and
the last measurements at the end of follow-up for those alive.
Our model provides a novel approach to understanding
changes over time of risk for SUCD. Risk factors had both
short- and long-term significance, as well as independent
effects, in the multivariate model. High short-term risks were
shown for excess alcohol consumption and newly developed
LBBB. Long-term risks for obesity, and short- and long-term
risks for hypertension, ST changes and T changes were thus
demonstrated.

The average age at SUCD in the MFUS cohort was
65.5 years, five years younger than the average age of death of
the 2660 decedents in the cohort as a whole. Many of the men
with SUCD died at a relatively young age, in their 40s and 50s,
which is consistent with reports from the Framingham Heart
Study (9,14).

Short- and long-term analyses of men and women with sud-
den cardiac death from the Framingham Heart Study were pre-
sented by Cupples et al (14), but their results were presented at
years 8 and 28 of the study. It is not possible to determine the
number of men without prior IHD who were in each category of
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TABLE 1

Clinical findings and risk of sudden unexpected cardiac death (SUCD): Manitoba Follow-up Study, 1948-2004

Number

Age (years),

Number

Age-adjusted Attributable

Time since detection of finding (RR [95% Cl])

Clinical finding (% of cohort) mean * SD with SUCD RR (95% ClI) risk 1 day to 5 years  Five to 10 years Over 10 years
High heart rate 755 (19.0) 53.8+19.1 33 1.92 (1.31-2.82) 0.15 2.53 (1.24-5.19) 2.13 (0.87-5.22) 1.71 (1.07-2.75)
Overweight 1949 (48.9) 41.4+12.0 100 1.75 (1.29-2.38) 0.27 0.51 (0.12-2.08) 1.39 (0.64-3.04) 1.91 (1.39-2.62)
Obesity 635 (15.9) 48.7+13.1 34 1.61(1.10-2.36) 0.09 0.79 (0.20-3.20) 2.80 (1.36-5.72) 1.52 (0.97-2.37)
Diabetes 395 (9.9) 63.2£11.0 19 2.14 (1.31-3.48) 0.10 2.43 (1.14-5.20) 0.86 (0.21-3.46) 2.74 (1.42-5.28)
Hypertension 1529 (38.4) 58.0+11.8 77 2.29 (1.66-3.16) 0.33 1.79 (1.02-3.16) 1.82 (1.01-3.28) 2.77 (1.90-4.04)
Isolated systolic 373 (9.4) 69.3+£9.40 14 1.54 (0.87-2.72) 0.05 1.19 (0.44-3.23) 1.51 (0.55-4.12) 2.00 (0.86-4.64)
hypertension
Pulse pressure 1824 (45.8) 60.8+12.9 80 2.07 (1.48-2.90) 0.29 1.55 (0.90-2.68) 2.14 (1.28-3.59) 2.40 (1.60-3.60)
Alcohol abuse 346 (8.7) 59.6+11.4 18 2.85(1.74-4.66) 0.10 5.92(3.19-10.96) 1.34 (0.33-5.42) 1.67 (0.68-4.09)
Stroke 431 (10.8) 70.2£10.5 14 1.99 (1.13-3.50) 0.10 2.85 (1.44-5.64) 1.68 (0.53-5.32) 0.95 (0.23-3.87)
Peripheral vascular 291 (7.3) 67.6+10.5 11 1.90 (1.02-3.54) 0.06 2.47 (1.08-5.62) 1.99 (0.63-6.30) 1.07 (0.26-4.35)
disease
TABLE 2
Electrocardiographic (ECG) abnormalities and risk of sudden unexpected cardiac death (SUCD): Manitoba Follow-up Study,
1948-2004
Number Age (years), Number Age-adjusted Attributable Time since detection of finding (RR [95% CI])
ECG abnormality (% of cohort) mean * SD with SUCD RR (95% ClI) risk 1 day to 5 years 5to 10 years Over 10 years
Atrial fibrillation 273 (6.9) 69.6+10.3 8 1.48 (0.72-3.08) 0.03 1.9 (0.70-5.15)  1.47 (0.36-5.99) 1.03 (0.25-4.21)
VPB 900 (22.6) 59.5+13.1 41 1.59 (1.10-2.30) 0.12 1.17 (0.54-2.52)  1.57 (0.76-3.23) 1.79 (1.14-2.81)
AV block 466 (11.7) 59.7+18.6 14 0.99 (0.57-1.72) 0 1.85(0.81-4.22)  0.41 (0.06-2.96) 0.82 (0.38-1.76)
RBBB 196 (4.9) 62.8+15.7 8 1.49 (0.73-3.05) 0.02 0.72 (0.10-5.14)  0.98 (0.14-7.05) 2.03 (0.89-4.61)
LBBB 85 (2.1) 65.3+13.7 7 3.25(1.51-7.01) 0.05 7.47 (3.03-18.38) - 1.94 (0.48-7.89)
LVH 463 (11.6) 57.8+14.7 27 2.32 (1.53-3.51) 0.13 3.93(2.06-7.48) 4.18 (2.12-8.23) 1.14 (0.56-2.33)
ST changes 887 (22.3) 62.0+11.3 49 3.26 (2.29-4.66) 0.34 4.5 (2.85-7.09) 2.7 (1.40-5.21) 2.46 (1.40-4.31)
T waves 1477 (37.1) 61.9+13.3 66 2.66 (1.91-3.72) 0.38 3.63 (2.33-5.66) 2.4 (1.37-4.22) 2.13 (1.34-3.39)

AV Atrioventricular; LBBB Left bundle branch block; LVH Left ventricular hypertrophy; RBBB Right bundle branch block; VPB Ventricular premature beats

that report. Two reports of time-dependent risk of sudden
death were found, but these dealt with patients with prior IHD
(15,16). It appears that the MFUS analysis of time dependence
after detection of risk factors for SUCD in men without prior
[HD is unique.

A high resting heart rate was significant, with an RR of 1.92
for SUCD in univariate analysis, but dropped in multivariate
analysis for unknown reasons. A high resting heart rate may
reflect a high sympathetic tone compared with those individu-
als with lower heart rates (17) and may predict cardiovascular
or hypertensive disease and sudden death (18); however, the
risk for SUCD was not identified.

Overweight and obesity were themselves fairly common,
and both demonstrated a long-term risk for SUCD. Moderate
and severe obesity has been linked to sudden death (19), as
well as to late potentials on signal-averaged ECGs, which pre-
dict a risk of ventricular arrhythmias, or sudden death (20).
Lesser degrees of obesity pose an uncertain risk. Diabetes is said
to be a risk for sudden death, but those data arise from cases
with autonomic neuropathy (21), which was not present in
MFUS participants. Diabetes was infrequent in the MFUS,
appeared later in life, and although it was a significant risk for
SUCD on univariate analysis, it was not a significant risk fac-
tor in the multivariate analysis.

Hypertension was highly prevalent and had a high attrib-
utable risk as a consequence. After age adjustment, the risk
for SUCD was high, and the risk increased with time since
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detection. Systolic hypertension, diastolic hypertension and
hypertension defined on the basis of both blood pressures were
all considered for this analysis, and all yielded approximately
the same RR. Only the combined systolic and diastolic blood
pressure elevation definition is presented in the current paper.
Hypertension has been identified as a risk for cardiovascular
and cerebrovascular morbidity and mortality in young and old
patients alike (22-25). Pulse pressure elevation occurred at a
lower mean age than the average age at SUCD, was frequent,
had a high attributable risk and was significant in the long
term in single-variable, age-adjusted analysis. Only hyperten-
sion remained significant in the multivariate model.

Excess alcohol consumption remained a significant factor
over the short term in the multivariate analysis. This short-
term increased risk may be partly due to the method of identi-
fying those with excess consumption because, in many cases,
this information was provided by either family members or by
physicians before the man’s imminent death, or via clinical
information as part of autopsy reports. Light to moderate alco-
hol consumption may be protective (26-28), whereas heavy or
excess alcohol consumption is a risk factor for cardiovascular
disease (29,30). The relationship between alcohol dose and
risk of cardiovascular death has been reported to be nonlinear
or J-shaped. Alcohol in excess increases blood pressure (31)
and is likely arrhythmogenic (32).

Many studies have shown stroke and peripheral vascular
disease to be markers of arteriosclerotic vascular disease and,

Can J Cardiol Vol 22 No 3 March 1, 2006



therefore, they appear as predictors of coronary disease
(33,34). Both stroke and peripheral vascular disease were high
short-term risks, but not long-term risks, for SUCD. Because of
the high short-term risk for SUCD, it is reasonable to suppose
that men with either stroke or peripheral vascular disease did
not live long enough to present a long-term risk for SUCD.

Atrial fibrillation was relatively uncommon in this cohort
of men without prior IHD, and occurred well beyond the aver-
age age of men with SUCD. Therefore, it had a low attributa-
ble risk and was not a significant risk factor. Ventricular
premature beats were common but were not significantly asso-
ciated with SUCD. This finding is supported by the
Framingham Heart Study in men with SUCD (35,36) and by
Rose et al (37). This finding is in contrast to prior reports from
the MFUS conducted in younger men, relating ECG data to all
deaths due to cardiovascular disease (38,39). Although ventric-
ular premature beats and ventricular arrhythmias may be risk
factors for sudden death, they remain unsolved therapeutic prob-
lems. Antiarthythmic treatment can be hazardous (40), and
although newer treatment with angiotensin-converting enzyme
inhibitors (41), beta-blocking agents (42) or lipid-lowering
agents such as statins may be of benefit, these treatments have
not been tested to prevent SUCD in a disease-free population,
such as the population described herein. First-degree atrioven-
tricular block and RBBB were both uncommon in the MFUS
and were not independently associated with SUCD.

New-onset LBBB is a very important high short-term risk
for SUCD. In days, or even up to five years after its appear-
ance, it carried a high relative risk 7.47 for SUCD. The preva-
lence of LBBB was low, occurring in only seven individuals
with subsequent SUCD. Despite a low attributable risk, it must
be considered to be a marker for underlying coronary disease
and a warning that SUCD may ensue. MFUS has presented
data on the short-term risk of LBBB and SUCD (39), and
although new-onset LBBB was noted to be a harbinger of late
cardiovascular disease, hypertension or sudden death, SUCD
was not examined separately in the Framingham Heart Study
(9,36). In another report (14), intraventricular block was a risk
factor for SUCD, but the number of LBBB cases was small.

LVH was moderately common but was not significant, prob-
ably because of the concomitant effect of hypertension. LVH
was a significant short- and long-term risk in the study by
Cupples et al (14), but they included ST changes in the defi-
nition of LVH.

New ST changes conveyed high risks for SUCD, and
T wave changes were only less so in the short term, but both
remained significant over longer terms. These factors probably
reflect underlying IHD, and this idea is supported by more
recent studies employing newer diagnostic techniques (43). In
a subsequent study of autopsy cases from MFUS; it will be pos-
sible to consider the specificity of ST and T wave changes
related to the extent and area of the ischemic damage. For
now, it must be said that the development of these ST and
T wave changes should be considered relevant to the risk of
SUCD, both in the short and long term, even if the man is
asymptomatic.

Smoking is a known risk factor for IHD but was not signifi-
cantly associated with SUCD in the present study. One expla-
nation lies with our operational definition of smoking in this
analysis as ever smoked versus never smoked. Many study
members smoked at the end of World War II, when they were
younger, but the vast majority had stopped smoking by 40 years
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TABLE 3

Relative risk with 95% confidence intervals for sudden
unexpected cardiac death from stepwise multivariate Cox
proportional hazard model: Manitoba Follow-Up Study,
1948-2004

Risk factor

RR (95% Cl)

Age 1.05 (1.03-1.08)
4.39 (2.35-8.20)
1.18 (0.55-2.54)
1.37 (0.77-2.43)
1.79 (1.25-2.57)
0.46 (0.11-1.88)
1.63 (1.19-2.23)
During first five years following detection of T wave changes 2.09 (1.24-3.52)
1.27 (0.79-2.04)
2.54 (1.48-4.36)
1.96 (1.15-3.34)

During first five years following reported alcohol abuse
More than five years since reported alcohol abuse
During first five years following diagnosis of hypertension
More than five years since diagnosis of hypertension
During first five years following diagnosis of obesity

More than five years since diagnosis of obesity

More than five years since detection of T wave changes
During first five years following detection of ST changes

More than five years since detection of ST changes

of age. By the time of our analysis, the label of smoking may
not have correctly reflected a man’s current smoking status. In
that case, ex-smokers would have dominated the analysis. It is
well accepted that the effect of smoking on later cardiovascu-
lar disease is nullified when the individual stops smoking
(44,45).

The high risk of the occupation of pilot cannot be
explained, and may be attributed to personality type or the
stress of flying, but we have no data to support any explanation
in this regard. The assessment of the effect of family history
was not significant and may be related to the timing of the
acquisition of that information in 1974. At that time, the aver-
age age of these men was 56; many had already died, which
may have made the family history data inconclusive.

The MFUS can be criticized because it includes only men.
Women in the Framingham Heart Study (14,36,46) had simi-
lar risk factors for SUCD compared with men, but women had
a peak incidence 20 years older than men, and hemoglobin and
glucose levels were of greater importance in women. Precise
information concerning alcohol consumption is always diffi-
cult to obtain, even in personal interviews, but our method of
collection of the data on these men’s alcohol consumption is
similar to methods of other studies (26-30). Temporal changes
in the treatment of primary risk factors may have confounded
our data collected over a long time interval. However,
Elveback et al (5) found that over 20 years, there was little
change in the incidence of SUCD in either men or women.
Our report does not include cholesterol or other newer bio-
chemical markers, but the latter are unproven in long-term
epidemiological trials (47). Cholesterol levels have not been
found to be important risk factors for SUCD, especially in older
men and women (16,46). The MFUS has the strength of a sys-
tematic, prospective collection of clinical and ECG data span-
ning 56 years in originally healthy young men. We present
time-related risk factors that can be determined by any medical
practitioner and we provide a time base to assess each relative

risk for SUCD.

CONCLUSIONS
The incidence of SUCD increases with age. After age adjust-
ment, excess alcohol consumption is a high short-term risk, an
important hazard independent of other factors, and carries
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social and health support implications. Overweight must be
recognized as a problem with long-term consequences, and
poses a challenge for both clinicians and public health person-
nel. Hypertension is not a novel risk factor for SUCD, but the
fact that the risk increases over time after detection emphasizes
the need for treatment at any age or time. This information
must continue to be provided for medical and lay people alike.
The follow-up of hypertensive patients to assure adherence to
treatment goals is of paramount importance. On the other
hand, the importance of newly developed ST or T wave
changes or LBBB must be recognized because of the very high
short-term risk for SUCD. The risk related to ST and T wave
changes persists over longer periods of time.

Our study has added important new information to the
understanding of the epidemiology of SUCD. We have
explored clinical, ECG and social variables, and reported that
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the effects of many of these factors are not constant, but rather
have varying effects, with examples of both increasing and
decreasing magnitude with intervals of time following first
detection. These findings demonstrate early warning signs of
SUCD, as well as those risks that persist over time. They must
be added to the armamentarium of the practitioner at all pro-
fessional levels, including the cardiologist.
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