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Abstract
Objectives—To compare nosologist coding of death certificate’s underlying cause of death with
adjudicated cause of death for subjects age 65+ in the Cardiovascular Health Study (CHS).

Design—Observational study.

Setting—Four communities: Forsyth County North Carolina (Wake Forest University),
Sacramento County California (University of California at Davis), Washington County Maryland
(Johns Hopkins University), and Pittsburgh Pennsylvania (University of Pittsburgh).

Participants—Men and women ages 65 and over participating in CHS, a longitudinal study of
coronary heart disease and stroke, and who died through June 2004.

Measurements—The CHS centrally adjudicated underlying cause of death for 3194 fatal events
from 6/1989–6/2004 using medical records, death certificates, proxy interviews and autopsies, and
results were compared with underlying cause of death assigned by a trained nosologist based on
death certificate only.

Results—Comparison of 3194 CHS vs. nosologist underlying cause of death revealed moderate
agreement except for cancer (kappa=0.91, 95% CI:0.89–0.93). Kappas varied by category:
CHD=0.61 (95% CI:0.58–0.64), stroke=0.59 (95% CI:0.54–0.64), COPD=0.58 (95% CI:0.51–
0.65), dementia=0.40 (95% CI:0.34–0.45), and pneumonia=0.35 (95% CI:0.29–0.42). Differences
between CHS and nosologist coding of dementia were found especially in older ages in both sex
and race categories. CHS classified 340 (10.6%) of deaths due to dementia, while nosologist
coding classified only 113 (3.5%) with dementia as the underlying cause.
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Conclusion—Studies that use only death certificates to determine cause of death may result in
misclassification and potential bias. Changing trends in cause-specific mortality in older
individuals may be a function of classification process rather than incidence and case fatality.
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INTRODUCTION
Death certificates are the main data source for many mortality studies. These data are often
used to identify public health problems, allocate funding, and set new goals. Previous
studies suggest that death certificates, compared with other data sources, may misclassify
the underlying cause of death, especially in older individuals with multiple comorbidities.
This misclassification has been attributed, in part, to variations in coding, unrecognized
limitations of the death certificate format, and changing trends in diagnostic technology,
such as magnetic resonance imaging (MRI) and molecular pathology, in the diagnosis and
classification of various diseases such as cancer and dementia (1,2). Additionally, physicians
tend to overstate cardiovascular causes of death compared with subsequent autopsy or
review of hospital discharge data (3).

Diseases such as Alzheimer’s disease (AD) represent a leading cause of death in the elderly.
Beginning with mortality data for 1994, AD in the United States became common enough to
become a major category of cause of death (4). In some populations only a quarter of deaths
in demented patients had this disease on the death certificate (5). Similar underreporting of
deaths related to vascular dementia takes place. In some studies, less than half of vascular
dementia related deaths were correctly classified (6). Disparities on death certificates were
found in coding of pulmonary, cardiac and cancer co-morbidities in demented versus non-
demented patients.

Inaccuracy in reporting the underlying cause of death for elderly patients may therefore
mask the growing impact of dementia as an important cause of death and associated
comorbidities. Inaccurate death certificate causes of death data for older individuals may
limit interpretations of time trends, geographic differences, variations by demographic
characteristics and changing risk factors and medical care. All of these problems have drawn
attention to the potential benefit of revised nosology coding structures. In this paper, we
compare nosologist coding of death certificate diagnosis of underlying cause of death to
adjudicated cause of death for all fatal events in the Cardiovascular Health Study (CHS)
cohort for deaths in ages 65 and over occurring through June 2004.

METHODS
The CHS is an observational study of the incidence and natural history of coronary heart
disease (CHD) and stroke in men and women ages 65 and over. (7) Recruitment, design and
methods have previously been described (8). Briefly, Medicare beneficiaries were recruited
in four communities: Forsyth County North Carolina (Wake Forest University), Sacramento
County California (University of California at Davis), Washington County Maryland (Johns
Hopkins University), and Pittsburgh Pennsylvania (University of Pittsburgh). Initial
recruitment of 5201 subjects was completed in 1989–1990, and a supplemental cohort of
687 African-Americans was recruited in 1992–93 resulting in a total recruitment yield of
5888. (8) The study underwent Institutional Review Board review and approval. All subjects
provided informed consent to participate in the study. Annual assessments including various
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risk factor measurements and medical/personal history were completed through 1998–99
(Study Year 11), and again in 2005–2006 (Study Year 18).

Morbidity and mortality surveillance was conducted at every six-month interval after the
baseline visit during each annual in-person assessment and semi-annual telephone
surveillance call. Methods for ascertainment, investigation and adjudication of all clinical
events, both morbid and fatal, have been previously described (9,10). In summary, deaths
were ascertained at the field centers by proxy report, local obituaries, Social Security Death
Index searches, searches of Medicare claims data, and other means. All staff and
adjudicators were trained according to CHS protocol and procedures. Field center data
collection included hospital, physician’s office and/or nursing home records, death
certificates, autopsies, and narrative interviews from proxies providing circumstances of the
death especially when it was out of the hospital. Abstracted data included hospital diagnostic
and procedure codes with associated text fields, death certificate diagnoses, and other
information pertaining to the study criteria for underlying cause of death categories. All
deaths were locally classified and centrally adjudicated by a group of physicians
representing each field center and the data coordinating center to determine underlying
cause of death. A local physician adjudicator reviewed all the supporting documentation and
assigned an underlying cause of death. Abstracted and adjudicated data were electronically
transmitted, and copies of the abstraction forms and sterilized source documents were
mailed to the data coordinating center in Seattle. Deaths packets from the four sites were
compiled and distributed to the physician adjudicators for review at face-to-face central
adjudications. Prior hospitalization codes, diagnoses, and adjudication results for all morbid
events during the study were summarized to provide historical information leading to the
death. Medicare data were used to identify unreported clinical events. Classification of each
underlying cause of death was proposed using standardized criteria, with discussion being
critical to the adjudication process. Both the cardiac and stroke committees’ adjudicators
have remained stable throughout the study, and are strongly represented by geriatricians and
other physicians experienced in the clinical syndromes and treatment of the elderly.

The CHS classification categories and definitions for underlying cause of death are shown in
Table 1. Group 5 (Non-cardiovascular) provides the adjudication committee a text field for
underlying cause of death, which is the condition that sets in motion the train of events
leading to death. The text field list of causes is later grouped into subcategories. The
adjudicators are not informed about the cause of death coding by the nosologist. Quality
control efforts by readjudication for approximately 300 events, including of a sample of
deaths (N=94), revealed good agreement, Kappa=0.78.

There were a very small number of deaths (n=74) for which no other documentation
pertaining to the fatal event was available except for the death certificate. In these cases,
other sources of information were used to assist in the CHS adjudication process including
medical record data from prior morbid events, and data collected at the clinic visits or
surveillance calls such as medical history and medications. These additional data collected
over the duration of the study provided supplemental information above and beyond the
death certificate alone, and therefore these cases were included in the analysis.

The CHS does not classify any deaths as due to an underlying cause of congestive heart
failure. The CHS classification focuses on the etiology of the heart failure, which is
considered a mechanism of death rather than an underlying cause. CHS classifies deaths as
being from CHD or valvular disease most commonly when the mechanism is congestive
heart failure (CHF). In this analysis, the CHF deaths classified by the nosologist were
combined with the nosologist CHD deaths in an effort to harmonize the two classification
systems for analysis.
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In a patient who had a stroke with a persistent aspiration and who later died of pneumonia,
even if this pneumonia occurred years after the stroke, CHS classified the death due to
stroke (‘late effects of stroke’). Nosologist coding would reflect the pneumonia as the
underlying cause in this case where the stroke was remote and may not have even been
mentioned on the death certificate.

The CHS identified dementia as the underlying cause of death in many older individuals,
and the subsequent immediate causes of death such as pneumonia and septicemia that occurs
at the time of the death were secondary to the dementia. Other CHS coding rules include
rarely classifying risk factors such as diabetes, hypertension and hyperlipidemia as an
underlying cause of death. The CHS focuses on the specific organ system leading to the
death such as CHD, peripheral vascular disease, associated diabetes-related infection, and
renal failure with refusal or withdrawal of dialysis.

All death certificates were also coded for underlying cause of death by a trained and
experienced nosologist without any other supporting information about the circumstances of
death or any knowledge of the central adjudication committees’ classification. All
nosologists coding death certificates are trained to code underlying cause of death using
standardized general principles and selection rules based on the listed causes of death on the
certificates. Interpretations are made on the probability of the sequence of the conditions
using detailed algorithms and tables with instructions for determining causal relationships
and modifications for complex co-morbidities. These principles and rules were established
by the World Health Organization to be used internationally, and the National Center for
Health Statistics enhanced the documentation based on the Automated Classification of
Medical Entities (ACME) selection system using the International Classification of Diseases
(ICD). (11) Once the nosologist determined the underlying cause of death, these ICD codes
were grouped into categories, also shown in Table 1. The ninth revision of the codes was
used in order to maintain consistency over the duration of the study (12). Nosologist coding
only included a 3-digit integer code without any digits to the right of decimal.

Statistical analyses were conducted using SPSS and SAS Statistical Packages. Frequency
distribution and descriptives were run prior to the analysis on both nosologist coded data and
the mortality review form completed at the death adjudication. SPSS Chi-square test was
used to compare nosologist coding with CHS mortality review coding. P-values of <0.05
were considered statistically significant. SAS was used to determine measures of agreement
(Kappa) for individual events classified by the two groups. Although neither the CHS nor
nosologist coding are considered a ‘gold standard’, sensitivity and specificity are reported to
reflect the comparison of the two methods, based on the additional data in CHS used to
supplement the death certificate alone. The analyses presented here represent all centrally
adjudicated deaths through June 2004 with an associated nosologist ICD-9 code for
underlying cause of death.

RESULTS
A total of 3209 deaths were adjudicated in CHS covering the period through June 30, 2004.
After removing any deaths without a nosologist code, the total number of deaths for this
analysis is 3194; virtually all deaths in the cohort through this period. The agreement
between categorical causes of death for the CHS classification and nosologist codes are
shown in Table 2.

Based on the CHS adjudication, 26.1% of overall deaths were attributed to CHD, 23.8% to
cancer, 10.6% to dementia, 8.9% to cerebrovascular disease, 5.7% to chronic pulmonary
disease, 5% to pneumonia, and the remaining to other causes. Based on the nosologist
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coding, 27.5% were from CHD/CHF, 22.8% were due to cancer, 10.4% to cerebrovascular
disease, 5.8% to pneumonia, and 4.2% to chronic pulmonary disease. Of the 760 CHS
cancer and 727 nosologist cancer deaths, both classified 692 of the deaths as cancer (Kappa
=0.91, 95% CI: 0.89–0.93), and both sensitivity and specificity were high at 91% and 99%,
respectively. Although specificity remained high in all other categories, sensitivity varied
greatly ranging from only 29% for dementia to 74% in the combined CHD/CHF category.
Of the 832 CHS CHD deaths and 877 nosologist CHD/CHF deaths, both matched 612 as
CHD (Kappa =0.61, 95% CI: 0.58–0.64). Unlike cancer and CHD, other causes of death
were found to have similar overall totals; however the actual cases classified by both
adjudications were different. For example, cerebrovascular disease was the cause of death
for 285 CHS cases and 332 nosologist cases yet both agreed on cerebrovascular disease as
the cause of death for only 195 (Kappa =0.59, 95% CI: 0.54–0.64). Similarly, for chronic
pulmonary disease CHS classified 182 deaths versus 135 by the nosologist yet only 95 were
classified as chronic pulmonary disease by both (Kappa =0.58, 95% CI: 0.51–0.65).
Pneumonia was classified by CHS in 161 cases, 185 by the nosologist, but only 67 were
classified by both (Kappa=0.35, 95% CI: 0.29–0.42). In contrast to the 10.6% of cases
classified as dementia by CHS, only 3.5% of the nosologist coded deaths were attributed to
dementia. CHS classified 340 deaths from dementia while the nosologist classified only 113
dementia deaths, and 97 deaths were considered to be from dementia by both (Kappa =0.40,
95% CI: 0.34–0.45). The remaining figures focus on the causes of death with the greatest
number of cases.

Underlying cause of death as coded by CHS compared to the nosologist by both gender and
age are shown in Figure 1A and B.

For both genders in the youngest age group, cancer and CHD comprised the majority of
deaths (66–75% of deaths in men and 65–70% of deaths in women), and remained the
leading underlying causes of death up to the oldest age group. In the three oldest age groups
for men, the CHS classified dementia as the third leading underlying cause of death
compared with stroke by the nosologist. In the oldest men, cancer was no longer among the
top three leading causes of death, and dementia became the second leading cause of death by
CHS coding. Dementia became the second leading underlying cause of death in women 85
and over in CHS as compared to stroke for nosologist coding.

Cause of death by age and race are shown in Figure 1C and D. Cancer and CHD were the
two leading underlying causes of death in both whites and blacks for 65–94 year olds. In 85–
89 year old whites, dementia was the third leading underlying cause of death by CHS while
stroke remained the third leading underlying cause by the nosologist. In 90–94 and 95 plus
year old whites, dementia was to the second leading underlying cause of death by CHS. The
nosologist continued to classify stroke as the third leading underlying cause of death in the
oldest whites. Stroke was the third leading underlying cause of death in the youngest group
by both classifications, and remained either second or third by the nosologist coding in all
age groups. However, CHS classified dementia at the same proportion as CHD as the second
leading underlying cause of death in 80–84 year old blacks, second in 85–89 year olds and
tied for second with stroke in the oldest age group.

DISCUSSION
Comparison of the adjudicated CHS underlying cause of death with the nosologist coding of
death certificates resulted in some important differences. The generally accepted leading
causes of death in older people, including coronary heart disease, cancer and stroke, were
well represented in both classifications (2). However, although the total number of deaths by
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both CHS and the nosologist for CHD and stroke was similar, the actual deaths classified by
each method were often different, and the agreement was only modest.

Differences in the classification findings were primarily related to dementia as the
underlying cause of death. By age 75, dementia emerged as a prominent cause of death only
in CHS. The CHS adjudication placed dementia as the second or third leading cause of death
in the two older age groups for both genders and races. This was not consistent with
nosologist coding. The nosologist coding of CHS dementia cases often reflected coding by
the more immediate causes of death such as pneumonia (N=50) and sepsis (N=10) that were
available on the death certificate, when information on underlying dementia was not
documented on the certificate. In other instances, the nosologist coded deaths as
cardiovascular (N=46). Underreporting of dementia on death certificates has been observed
in other studies (5,13).

The CHD and stroke mortality rates were similar for the CHS and the nosologist
classification. However, the agreement between the two methods was only modest, and a
large number of individuals classified as deaths from one cause by the nosologist could be
considered misclassified from the point of view of CHS. In studies of older adults, methods
used to classify causes of death should be clearly explained (10). It is possible that variations
among studies in association of risk factors and fatal outcomes may be a function of the
classification system for causes of death.

The lack of physician training in completing cause of death information on certificates has
contributed to the problems associated with using death certificates as the sole source of
mortality tracking (3). Especially in nursing homes where deaths in elderly are common,
physicians are expected to complete death certificates on patients with whom they may have
had little or no contact, have limited clinical documentation, and may have little knowledge
of the actual events immediately preceding the death. The underlying cause of death is
sometimes omitted from the certificate entirely, which may include only the immediate
cause or a list of comorbid conditions not necessarily interconnected but possibly
contributing to the death. Training of physicians should include capture of the underlying,
not just immediate or primary cause. Death certificates with the only cause of death as
‘cardiorespiratory arrest’ are still being accepted, despite evidence suggesting better training
at completion of certificates results in a reduction of the overuse of cardiac causes (14).
Twelve such cases listing only ‘cardiorespiratory arrest’ were noted in CHS.

CHS classified only an underlying cause of death without classifying any immediate or
secondary causes. The nosologist was charged with coding only an underlying cause as well.
Limiting the classification system in this way may have led to biases forcing the selection of
one single cause when the deaths were multifactorial due to other contributing conditions. A
coding scheme to capture multiple causes or comorbid conditions could have increased the
agreement between the two classifications. The CHS physician adjudicators were primarily
geriatricians, potentially leading to another bias towards classifying underlying causes of
death more common to geriatric syndromes such as dementia. This may have resulted in
another explanation for the large differences in agreement with the nosologist, who may
classify cases in a different manner.

The CHS methods to classify cause of death used very detailed and comprehensive
collection and review of documentation. Mortality statistics still remain the only easily
accessible complete ascertainment of the comparative health of populations over time,
across and within populations. Most of the deaths in the United States occur in older
individuals. The many comorbid conditions common in older adults sometimes make it
difficult to attribute death to a single specific underlying cause of death. One study
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following Alzheimer’s disease cases from initial diagnosis to death revealed impairment of
cognition may decrease patients’ ability to recognize and report medical symptoms, and thus
impact their clinical course. (15) The growing epidemic of dementia-related deaths is
masked by the current vital statistics. The critical question is whether these older individuals
die with dementia or because of their dementia.

CONCLUSION
There is no national database of incident chronic disease such as CHD in the United States
except in certain areas and states that have cancer registries. Medicare provides counts of
hospitalizations but does not distinguish between prevalent and incident events. There is also
no national database that measures case fatality, the other component of determination of
mortality rates. The measure of public health, therefore, depends on quality mortality
statistics (16,17).

Unfortunately, without high quality cause-specific mortality data, variation in disease rates
by geographic area, by demographic characteristics and, most important, by time are
difficult to interpret (18–21). Some of these include determining whether the reported rising
age-specific death rate due to dementia is simply a change in certificate practices and better
diagnosis or whether it is an increased incidence; possibly a function of better survival to
older ages of at-risk populations with vascular disease, hypertension, diabetes, etc., which
may be risk determinants for vascular brain pathology of dementia. Similarly, it is difficult
to determine if the apparent increase in septicemia death is just a function of death certificate
coding practices, and if the growing interest in diabetes mellitus will result in an increase in
diabetes listed as the underlying cause of death and an “epidemic” of diabetes mortality. The
results of this analysis comparing detailed adjudication of fatal events to death certificate
coding is not evidence that one approach is superior, but rather to illustrate that the
differences between the approaches do impact trends and geographic variation in mortality
statistics.
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Figure 1.
Figure 1A. CHS and Nosologist Underlying Cause of Death by Age, Men (N=1574)
Figure 1B. CHS and Nosologist Underlying Cause of Death by Age, Women (N=1620)
Figure 1C. CHS and Nosologist Underlying Cause of Death by Age, White (N=2724)
Figure 1D. CHS and Nosologist Underlying Cause of Death by Age, Black (N=445)
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Table 1

CHS Classification Definitions and Nosologist ICD Categories for Underlying Cause of Death

Category/ICD Code CHS Underlying Cause of Death Categories

1 Atherosclerotic coronary heart disease, includes: definite fatal MI (no known non-atherosclerotic cause, and definite
MI within 4 weeks of death, definite fatal CHD (no known non-atherosclerotic cause, and one or both of the
following: chest pain within 72 hours of death or a history of chronic ischemic heart disease in the absence of
valvular heart disease or noischemic cardiomyopathy) and possible fatal CHD (no known non- atherosclerotic cause,
and death certificate consistent with underlying cause)

2 Cerebrovascular (includes acute and late effect of stroke)

3 Atherosclerotic disease other than coronary or Cerebrovascular disease (includes ruptured abdominal aortic aneurysm
and peripheral vascular disease)

4 Other cardiovascular disease, not codable as 1–3 (includes valvular heart disease, hypertensive renal disease,
pulmonary embolism and endocarditis)

5 Non-cardiovascular disease (includes all other causes of death not codable as 1–4, natural, accidental, homicide and
suicide

Nosologist Underlying Cause of Death ICD Code Categories

410–411,413– 414,429 Coronary heart disease

428 Congestive heart failure

434,436–438 Cerebrovascular disease

440–444,557 Other atherosclerotic disease

390–398,415–427 Other cardiac disease

290,294,331 Dementia

332 Parkinson’s disease

140–208 Cancer

490–496, 518–519 Chronic pulmonary disease

480–486, 507 Pneumonia

038, 599 Sepsis, Urosepsis

580–593 Renal Failure

570–579 Liver Disease

530–540, 555–569 Gastrointestinal disease

250–279 Diabetes

783 Failure to thrive

280–289 Blood disease

Other Assigned an underlying cause of death other than above

CHS=Cardiovascular Health Study, ICD=International Classification of Diseases, MI=myocardial infarction, CHD=coronary heart disease
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