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EPIDEMIOLOGIC STUDIES of arterio¬
sclerotic heart disease (ASHD) based on

death rates are numerous. Differences in death
rates between ethnic, racial, and social groups
have stimulated further prospective and cross

sectional studies of cardiovascular disease.
The differences between urban and rural areas

and among different geographic areas of the
United States have generated many hypotheses,
a number of which remain unclear at present.
The accuracy of the reporting of the underlying
cause of death on a death certificate may be
poor, and therefore the reliability of reported
death rates may be questionable. Differences
among geographic areas and between various
racial, social, and ethnic groups within com¬

munities can be caused by variations in certi¬
fication of the underlying cause of death by
physicians.
However, adequate studies to determine

whether the large differences in death rates be-
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tween areas of the United States actually reflect
a difference in the incidence of the disease or are

only due to artifacts of certification of cause of
death practices or diagnostic methods of phy¬
sicians have not been completed.
Several types of studies have attempted to

determine the accuracy of the underlying cause

of death on the death certificate. These studies
can be divided into three categories.

1. A query of physicians who signed the death
certificates to determine the criteria of diag¬
nosis, followed by a comparison between the un¬

derlying cause reported on the death certificate
and a diagnosis made by another physician
using the information provided by the physician
signing the certificate (1).

2. An evaluation of the cause of death state-
ment by reviewing available medical informa¬
tion and comparing the cause of death as deter¬
mined independently by two or more physicians.
The second method differs from the first only in
that records are reviewed rather than using in¬
formation supplied by the physician who certi¬
fied the cause of death (2-4>).

3. A comparison of pathology observed at

autopsy with the underlying cause of death
(5, 6). This type of study is limited by the
selectiveness, according to the circumstances of
death, with which autopsies are performed and
by the lack of correlation between certain clini¬
cal diagnoses and pathological observations.

Studies that attempt to measure the accuracy
of arteriosclerotic heart disease as the under¬
lying cause of death are difficult for several
reasons.

1. A high proportion of deaths attributed to
arteriosclerotic heart disease are sudden and
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unexpected, and frequently both the clinical and
pathological information are meager.

2. Because of the association of several car¬

diovascular diseases in the same person, the
choice of a single underlying cause of death is
frequently arbitrary.

3. A high proportion of deaths attributed to
arteriosclerotic heart disease are certified by the
medical examiner or coroner. Changing pat¬
terns as well as variations in certification by
medical examiners among communities may
influence both geographic differences in rates
and trends in mortality attributed to arterio¬
sclerotic heart disease.
As part of an epidemiologic study of sudden

and unexpected death, we determined the clini¬
cal criteria for the diagnosis of arteriosclerotic
heart disease as reported on the death certifi¬
cate and whether arteriosclerotic heart disease
was a principal cause of death or an associated
disease.

Method of Study
A stratified systematic sample of all deaths

from nontraumatic causes of Baltimore resi¬
dents aged 20-64 years who died between June
15, 1964, and June 14, 1965, was obtained from
the records of the Baltimore City Health De¬
partment. A total of 1,857 deaths, or 49.6 per¬

cent of all deaths of Baltimore residents during
the study period, comprised the sample (table

Included in the 1,857 deaths were the follow¬
ing groups: (a) all deaths of persons less than
40 years old, (b) all deaths occurring outside a

hospital, (c) 25 percent of deaths in hospitals
of persons aged 40-64 that were certified by
the medical examiner, (d) 33 percent of deaths
in hospitals not so certified, and (e) all deaths
of Baltimore residents aged 20-64 occurring
outside the city, except those occurring in State
hospitals.
After death certificates had been obtained, the

deaths were classified into a high and a low
probability of sudden death before further re¬

view. The high and low probability of sudden
death was determined from information on the
death certificate, including estimated length of
treatment, cause of death, and interval from the
onset of the disease until death.
The group of deaths that were classified as

low probability were not reviewed further, and
only the information on the death certificates
was obtained for this group. A total of 408
(25.4 percent) of all deaths in Baltimore City
were in this low probability category. How¬
ever, all deaths in which the death certificates
mentioned cardiovascular disease were thor-
oughly reviewed, as well as the remaining deaths

Table 1. Deaths in sample and deaths attributed to arteriosclerotic heart disease before and
after adjustment for sampling, by age group, Baltimore, June 15,1964-June 14,1965
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classified as being a high probability of sudden
death, Available information was reviewed in
order to determine the causes of death and the
accuracy of the diagnosis.
For deaths certified by the medical examiner

of Baltimore City, his records were reviewed
including a report by a nonmedical investigator
employed by the medical examiner's office who
determines the date and place of death, the cir-
cumstances associated with the death, and ob-
tains information from the next-of-kin, hos¬
pital, and physicians about the medical history
of the dead person. The medical examiner's
report also includes results of an investigation
conducted by the police department.
For all inhospital deaths, the hospital record

was abstracted by a physician and the admitting
diagnosis, length of hospitalization, diagnostic
information, and causes of death were obtained.
The results of the electrocardiogram in the hos¬
pital record were accepted as the diagnosis, and
no attempt was made to reinterpret the electro¬
cardiogram. When there was more than one

electrocardiogram, the most abnormal record-
ing, excluding a terminal arrhythmia such as

asystole and fibrillation, was selected as the
diagnosis.
In the deaths occurring outside of a hospital

and not certified by the medical examiner, a

letter was sent to the certifying physician re-

questing information about the cause of the per-
son's death, degree of disability, and medical
history. In these deaths the physicians' rec¬

ords, such as electrocardiograms, were not re¬

viewed so that only the physicians' interpreta-
tions of clinical findings were the basis of our

classifications.

Results

Distribution of arteriosclerotic heart disease
deaths. In 553 (29.8 percent) of the 1,857
deaths in the original sample arteriosclerotic
heart disease was considered to be the principal
cause of death. After we had adjusted for sam¬
pling by multiplying by four the deaths in the
hospital of persons aged 40-64 certified by the
medical examiner and by multiplying by three
the deaths of those aged 40-64 not so certi¬
fied (the inverse of the sampling fractions),
1,098 deaths of persons aged 40-64 and 29

deaths of those 20-39 were estimated as hav¬
ing been caused by arteriosclerotic heart disease.
In table 1 the distribution of these 1,098 deaths
is presented by place of death before and after
adjusting for sampling.

Criteria for the diagnosis of arteriosclerotic
heart disease. Because of the difficulty of ob-
taining detailed information about deaths
outside of Baltimore, the discussion is limited
to deaths in Baltimore City only. In 452 of the
488 deaths in which we decided that arterio¬
sclerotic heart disease was the principal cause

of death,ASHD was also stated to be the under¬
lying cause of death on the certificate (rubrics
420 and 422, International Classification of Dis¬
eases, 7th revision) while for the remaining 36,
arteriosclerotic heart disease was either the im¬
mediate or contributing cause on the death
certificate (table 2).
In 170 of the 488 deaths we attributed to

arteriosclerotic heart disease, the death had
been certified by the medical examiner. In 69
(40.6 percent) of the 170 deaths, the diagnosis
was based on an autopsy examination, and in
the remaining 101 deaths the diagnosis was

Table 2. Underlying cause of death as re¬

ported in vital records of 488 deaths de¬
termined to be due to arteriosclerotic heart
disease,1 Baltimore City deaths only, un-

1 Arteriosclerotic heart disease deaths includes deaths
attributed to myocardial infarction, coronary insuffi-
ciency, coronary thrombosis, atherosclerotic heart
disease, arteriosclerotic heart disease, coronary artery
disease, and angina pectoris.
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based either on a past history of arteriosclerotic
heart disease or on the rapidity of the death.
Of the 170 deaths, 122, of persons aged 40-64

years, were considered sudden deaths. Sudden
death was defined in this study as "An individ¬
ual who died due to natural causes and who was

not restricted to his house, hospital, or other
institution and who was able to function in the
community 24 hours prior to death. The time
interval for the onset of the fatal event until
death was less than 24 hours."
In table 3 the frequency of autopsy of the

sudden deaths certified by the medical examiner
is presented according to the final diagnosis
and history of arteriosclerotic heart disease.
Clearly, if the dead person had a history of
heart disease, the medical examiner would cer-

tify the cause of death as arteriosclerotic heart
disease or hypertensive heart disease, usually
without an autopsy examination; if the dead
person had no history of arteriosclerotic heart
disease, then an autopsy examination and an¬

other diagnosis (other than arteriosclerotic
heart disease) would be much more likely.
Whether or not the medical examiner would
find a cause of death other than arteriosclerotic
heart disease if the bodies of persons with a

history of arteriosclerotic heart disease were

autopsied cannot be determined. A study of
autopsy observations of all sudden deaths or

an unbiased sample of sudden deaths is needed.
Approximately 35.7 percent (174) of the 488

deaths before adjusting for sampling were

listed on the death certificate as having occurred
in a hospital and were not certified by the medi¬
cal examiner (table 4). However, 57 (32.0 per¬
cent) of the 174 deaths in hospitals were of
persons dead on arrival at the hospital. In 57
(32.0 percent) of the 174 deaths in a hospital
attributed to arteriosclerotic heart disease and
not certified by the medical examiner, an au¬

topsy examination had been performed. In no

instance did the pathologist report that a diag¬
nosis other than arteriosclerotic heart disease
was the principal cause of death.
Although many of the persons were found to

have had a recent myocardial infarction, in
others the observations were of severe athero-
sclerosis. Because of the considerable variation
of autopsy reports among hospitals, no attempt
was made to enumerate the specific manifesta-
tions of coronary artery disease reported on

each autopsy protocol. In 63 of the remaining
69 deaths without autopsy and of persons not
dead on arrival, the electrocardiogram was in-
terpreted as showing a myocardial infarction
or another abnormality suggestive of coronary
artery disease (table 4). In three of the five
deaths in which no EKG report was available,
the person had died after a few hours in the
hospital, and it is quite possible that the EKG
was not reported on the clinical record. In the
other two deaths in which the EKG was normal,
the person had been admitted to the hospital

Table 3. Final diagnosis of sudden deaths, medical examiner-certified, of persons 40-64
years (unadjusted sample), by history of arteriosclerotic heart disease and by autopsies per¬
formed
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with another diagnosis and had died suddenly
in the hospital, apparently of acute coronary
disease.
There were 144 deaths that had occurred out¬

side of a hospital and 57 persons that were dead
on arrival at the hospital (table 4). The ma¬

jority of these were medically unattended just
before death, and the diagnosis of arterioscle¬
rotic heart disease was based on either a history
of arteriosclerotic heart disease, the rapidity of
death, and the absence of other significant dis¬
eases that may have caused the death. As
noted in table 5, 120 (62 percent) of these 192
deaths in which no autopsies were performed

were considered sudden deaths, and 72 not-
sudden deaths. In the 120 sudden deaths, 95
(79 percent) of the persons had a history of
heart disease while for the remaining 25 the
diagnosis of arteriosclerotic heart disease was

based principally on the rapidity of death.
Also, in about three-fourths (55) of the 72 not-
sudden arteriosclerotic heart disease deaths
there was a history of heart disease.
Deaths outside of Baltimore City. There

were 42 sudden and 23 not-sudden deaths at¬
tributed to arteriosclerotic heart disease that
had occurred outside of Baltimore City. Al¬
though we were successful in most cases in ob-

Table 4. Evaluation of the diagnosis of arteriosclerotic heart disease deaths of Baltimore City
residents aged 20-64 years, unadjusted sample

1 All diagnostic categories are mutually exclusive.

Table 5. Criteria for diagnosis of arteriosclerotic heart disease deaths outside a hospital,1
Baltimore residents aged 20.64 years

1 Includes deaths outside a hospital and those dead on arrival and not autopsied.
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taining information as to whether or not the
death was sudden and obtaining summaries of
hospital records, the inability to review avail¬
able clinical records in their entirety limited our

interpretation of the accuracy of these death
certificates.
Deaths in which arteriosclerotic heart disease

was not the principal cause of death. On 478
death certificates, arteriosclerotic heart disease
was listed as the underlying cause of death.
In 452 of these deaths, we decided that arterio¬
sclerotic heart disease was the principal diag¬
nosis (table 2). In another 26 in which
arteriosclerotic heart disease was listed as an

underlying cause, additional information sug¬
gested another diagnosis as the most likely cause
(table 6). In 19 of these 26 cerebrovascular
disease was the principal cause of death. The
physician usually certified cerebrovascular dis¬
ease as the immediate cause or, in several in¬
stances, had attributed the death to "CVD"
which was classified by the health department
coder as cardiovascular rather than cerebro¬
vascular disease. Of. the 43 deaths in which
arteriosclerotic heart disease was a contributing
cause, 26 were attributed to hypertensive heart
disease (table 6). Most of these deaths were

certified by the medical examiner and were sud¬
den deaths. It is likely that in this age group,

Table 6. Reclassification of cause of deaths
in which the death certificate listed arterio¬
sclerotic heart disease as underlying or

contributing cause

deaths attributed to hypertensive heart disease
are probably caused by a combination of hyper¬
tensive and arteriosclerotic heart disease.
In six deaths cancer was considered to be the

principal diagnosis. All patients had terminal
metastatic cancer, and there was little doubt that
cancer rather than heart disease was the prin¬
cipal cause of death.
Deaths with no mention of arteriosclerotic

heart disease on the death certificate. We at¬
tempted to determine whether any deaths in
which the diagnosis of arteriosclerotic heart dis¬
ease did not appear on the death certificate may
have had significant clinical coronary artery
disease. This was done in several ways.

1. In deaths of persons aged 40-64 years
certified by the medical examiner, autopsy pro-
tocols were reviewed to see if arteriosclerotic
heart disease might be a cause of death. The
medical examiner's reports were also examined
for mentions of a history of arteriosclerotic
heart disease. Autopsies were performed in 46,
or 80.7 percent, of the 57 sudden deaths not at¬
tributed to arteriosclerotic or hypertensive
heart disease and in 14, or 44 percent, of the 32
not-sudden deaths. Eeview of the autopsy and
examiner's reports revealed no evidence that
any of these deaths should have been attributed
to arteriosclerotic heart disease.

2. For 316 deaths in hospitals not certified
by the medical examiner and in which the diag¬
nosis of arteriosclerotic heart disease or hyper¬
tensive heart disease was not listed on the death
certificate, autopsy protocols and clinical rec¬

ords were reviewed. Autopsy protocols were

available in 66 (20.9 percent) of the 316 deaths.
The pathologist did not consider arteriosclerotic
heart disease as the most likely cause of death
of any of these persons. A review of the 316
hospital records also failed to reveal instances
of death attributable to arteriosclerotic heart
disease not reported on the death certificate.

3. In 54 deaths outside of a hospital not cer¬

tified by the medical examiner and not due to
arteriosclerotic heart disease, hypertensive dis¬
ease, or cerebrovascular disease, the physician
had reported a history of heart disease in 7,
but in 5 of the 7 the diagnosis of arterio¬
sclerotic heart disease was also listed on the
death certificate. Also, in 14 (36 percent) of 39
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deaths outside of a hospital due to cerebrovascu¬
lar disease, the physician had reported a history
of arteriosclerotic heart disease. In 4 of these
14 the diagnosis of arteriosclerotic heart disease
did not appear on the death certificate.

Discussion
We have previously reported that 60 percent

of arteriosclerotic heart disease deaths that had
occurred to Baltimore residents during a 1-year
period were sudden (7). Because of the rapid¬
ity of these deaths clinical data to support the
diagnosis of arteriosclerotic heart disease as

listed on the death certificate are meager. Even
in those deaths in which autopsies were per¬
formed the pathological information may not be
conclusive. A recent myocardial infarction or

coronary thrombosis may be noted in only a

small percent of the sudden cardiac deaths
(3, 8-11). Frequently, the only pathological
finding reported is a significant degree of
atherosclerosis.
After adjusting for sampling we found that

only 33.3 percent of all those whose deaths were

attributed to arteriosclerotic heart disease in¬
cluding both sudden and not-sudden deaths sur¬

vived long enough to be admitted to the hos¬
pital, and only 19 percent survived longer than
24 hours in a hospital (7). Therefore clinical
information at the time of the fatality is avail¬
able in only a small number of the deaths.
Many of the sudden deaths were either un-

witnessed or occurred with great rapidity (7),
so that it was not possible to obtain detailed in¬
formation about symptoms before death.

Actually, we are left with only two criteria
that determine why many of the deaths are cer¬

tified as being caused by arteriosclerotic heart
disease; a history of heart disease as reported
in 50 percent of the sudden and 65.3 percent of
the not-sudden deaths and the rapidity of
death (7).

If we accept the evidence from autopsy stud¬
ies that most deaths of healthy persons that are

rapid and occur within 1 or 2 hours after onset
of symptoms were due to arteriosclerotic heart
disease, and that individuals with a history of
heart disease who died suddenly had most likely
succumbed because of their heart disease, then
a basis for the diagnosis of the arteriosclerotic

heart disease deaths does exist. However, if we
are skeptical of the adequacy of the autopsy
studies and believe that persons with a history
of arteriosclerotic heart disease also die sud¬
denly because of a cerebrovascular accident, rup-
tured abdominal aneurysm, or pulmonary em-

bolism, then the criteria for the certification
leave much to be desired.

It is possible that geographic differences in
arteriosclerotic heart disease death rates may
reflect differences in the frequency with which
sudden deaths are certified as caused by arterio¬
sclerotic heart disease. If a diagnosis other
than arteriosclerotic heart disease was stated as

the cause of death in the unwitnessed and less
than 2-hour categories, then the death rate in
white males in this study aged 40-64 would
be 60 percent lower. Also, within any geo¬
graphic area, the relationship of arteriosclerotic
heart disease death rates to such factors as socio¬
economic status, race, and occupation may be
affected by the proportion of sudden deaths cer¬

tified as having been due to arteriosclerotic
heart disease.
Much of the knowledge of the pathogenesis

of coronary artery disease and its distribution in
different geographic areas is based on observa¬
tions at autopsy; since many of these studies are

limited either to deaths occurring in hospitals or
deaths certified by the medical examiner, but
rarely both, an unknown bias exists. We do
not know whether the pathology of coronary
disease is similar in those that survived long
enough to reach a hospital and in those who died
suddenly outside of a hospital or were dead on

arrival at the hospital. We found that deaths
in which autopsies were performed were differ¬
ent in several ways from deaths without a subse-
quent autopsy, especially in the frequency of a

history of heart disease, so that the deaths which
were followed by autopsy may not be a repre¬
sentative sample of all deaths.

Arteriosclerotic heart disease deaths of Ne-
groes and whites of lower socioeconomic class
were more likely to be certified by a medical
examiner (12). This factor must be considered
in comparing the prevalence of arteriosclerotic
heart disease in various racial and social groups
when studies are based on autopsies performed
in hospitals.
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Further exploration of arteriosclerotic heart
disease mortality in different communities is
clearly indicated. Whether the differences in
death rates between geographic areas of the
United States can be substantiated by careful
study should be determined. Our understand-
ing of the pathogenesis of arteriosclerotic heart
disease may be considerably enhanced if the
factor or factors responsible for differences in
mortality rates can be delineated. However, in-
vestigators should be wary of attempting to set
rigid cri'teria for the diagnosis of deaths from
arteriosclerotic heart disease. Consider that in
a large metropolitan community with two medi-
cal schools, several other affiliated teaching hos-
pitals, and a very active medical examiner's of-
fice, we still have based our diagnoses of deaths
caused by arteriosclerotic heart disease on what
many believe to be minimal criteria.

Summary
Nontraumatic deaths of Baltimore residents

aged 20-64 years, occurring between June 15,
1964, and June 14,1965, were investigated. The
accuracy of the diagnosis listed on the death
certificate was determined by reviewing avail-
able medical information and from interviews
of next-of-kin or other relatives or friends of
the dead person.
A stratified sample of approximately 50 per-

cent (1,857) of the total deaths was reviewed.
In 553 (29.8 percent) of these 1,857 deaths ar-
teriosclerotic heart disease was considered to be
the principal cause of death. Of the 553 deaths
due to arteriosclerotic heart disease 488 (88.4
percent) occurred within Baltimore City. In
452 (92.6 percent) arteriosclerotic heart disease
(rubrics 420 and 422) had been considered as
the underlying cause of death and in the other
36 (7.4 percent) as either an immediate or con-
tributing cause. Because of the rapidity of the
events leading up to the deaths attributed to
arteriosclerotic heart disease, the accuracy of
the diagnosis is often based only on a history of
heart disease, suddenness of the death, and the
absence of other significant diseases.
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