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HIGHLIGHTS

The term “multiple cause of death” refers to the fact that most people die of more than a single cause of
death. In the United States, up to 20 causes of death can be reported on the death certificate. These
causes of death represent the sequence of medical conditions directly leading to death as well as other
contributing medical conditions which the physician felt had a bearing on the death, but were not directly
associated with the causal sequence. The totality of all of these conditions on the death certificate is
called multiple cause of death.

Traditionally, mortality data are tabulated and analyzed using only a single cause of death, “the
underlying cause of death”. This report goes beyond the usual analysis of mortality data, and covers not
only the underlying cause of death, but also the other causes of death reported on the death certificate. It
includes an examination of the causes of death in terms of the “underlying cause’, the “other than
underlying cause”, and “any mention”, which is a composite of the underlying cause and the other than
underlying cause. The following are the 1995 multiple cause of death highlights:

« A tota of 735,028 causes of death were mentioned on the 224,213 death certificates among
Cdliforniaresidents, which are equivalent to an average of 3.3 causes per death. (Figure 1)

*  Of the 224,213 resident deaths in California, 196,335 or 87.6 percent of the deaths had two or more
causes reported on the death certificate, while 27,878 or 12.4 percent of the deaths reported only a
single cause. (Figure 1)

* Anaysisof the leading causes of death by the underlying cause, the other than underlying cause,
and any mention revealed some type of heart disease as the number one cause of death in
Cdlifornia. (Tables 1A-1C, Table 3, and Table 5)

* The rank ordering of causes of death depends heavily upon the scheme utilized to group specific
diagnostic conditions into broad categories (Table 1A and Table 5), and whether or not the ranking
is based on the underlying cause or any mention of a cause. (Table 6)

*  Whenever a large proportion of deaths is due to a combination of multiple diseases or diagnostic
conditions, then analysis of a single underlying cause of death excludes a considerable amount of
pertinent data. A good example is diabetes mellitus where 75.1 percent of the deaths due to this
cause was assigned as the other than underlying cause, and only 24.9 percent was assigned as the
single underlying cause of death. (Table 1A)
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6355.
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INTRODUCTION

Multiple cause of death data provide an alternative view of mortality compared to statistics based on only
a single underlying cause. With life expectancy increasing among Americans, correlated increases are
occurring in the number of diagnostic conditions a person has at the time of death.! Older people, in
most cases, have multiple complications at the time of death rather than a single condition or cause.? As
aresult, whenever alarge proportion of deaths is due to a combination of multiple diseases or diagnostic
conditions, then analysis of a single underlying cause of death excludes a considerable amount of
pertinent data and becomes increasingly less meaningful.

Researchers as far back as 1940 began to point out the “importance of tabulating multiple causes of
death”.® These early efforts were hampered by the lack of computer technologies currently available.
Nevertheless, work persisted through the years because it was felt that analysis of multiple cause of death
data yielded important information and insight into the course of mortality.* The following benefits have
been associated with the study of multiple cause of death data °:

» disease combinations that seem to go with high mortality can be studied.
» non-fata diseases which merely contribute to death can be better understood.

* increases or decreases in the prevalence of a given cause of death can be more accurately
described.

In comparison to the analysis of a single cause of death, multiple cause of death data reveal more clearly
the connection between mortality, age at death, and certain chronic diseases, such as diabetes mellitus.®
In addition, multiple cause of death data show more substantive information pertaining to other key
factors associated with multiple causes, including the decedent’s gender and race/ethnicity.’

The coexistence of chronic conditions (e.g., comorbidity) is considered common in the older population.
However, systematic evaluation of the prevalence, patterns, and impact of comorbidity in representative
populations have been limited.®2 Studies related to comorbidity as it applies to mortality have also been
limited, abeit, the use of multiple cause of death data in examining comorbidity appears to have
potential. The study of comorbidity would be especially enlightening for those diagnostic categories
which are mentioned more often as an “other than underlying cause of death”. This would allow a more
comprehensive analysis of these types of conditions and the effects of specific multiple causes of death.

This report presents tabulations of the total number of deaths due to any mention of the selected
diagnostic categories. Any mention is comprised of the underlying cause and other than underlying
cause, which are compared and contrasted. The purpose of this report is to examine the relative number
of deaths due to any given diagnostic category (e.g., Diseases of the Heart) as an underlying cause, and
asan other than underlying cause. Data are presented for the traditional ten leading causes of death, a
non-traditional listing of the leading causes of death, and the 72 selected causes used by the National
Center for Health Statistics (NCHS) including AIDS, Alzheimer's disease, injury by firearms, drug-
induced desaths, and alcohol-induced deaths.



METHOD

Cause of death data presented in this report are based on diagnostic information reported on the death
certificate by a medical certifier, usually the attending physician. The diagnoses are then codified
according to the International Classification of Diseases, Revision 9 (ICD-9) by nosologists.’ The ICD-9
coding scheme classifies al known human diseases, injuries, and external causes at the time the list is
adopted by the World Hedth Organization. Medica workers throughout the world contribute to its
compilation, organization, and definition of diseases. The ICD-9 was adopted in 1975, and it was
implemented for use beginning with deaths occurring in 1979.

Since 1968, NCHS has annually compiled data from all death certificates filed in the United States and
made these data available through a series of public use tape files called “Multiple Cause of Death Files’.
These files include the International Classification of Disease codes for the underlying cause of death and
for any contributing conditions, up to 20, that were reported on the death certificate (14 conditions before
1979). Also included on these files are demographic and geographic information related to the decedent.

The source of the data presented in this report was the 1995 Multiple Cause of Death File provided by
NCHS. Cause of death data residing on this file are stored in three different formats: the entity axis, the
record axis; and the underlying cause of death. The entity axis provides, in essence, an unaltered list of
all 735,028 diagnostic conditions in ICD-9 coded form that were reported on the 224,213 desth
certificates registered in California. The record axis codes are derived from the entity axis codes through
a computerized process called TRANSAX for “Trandation of Axis’. The TRANSAX program is used to
convert the entity axis codes into record axis codes for record (or person) based analysis. This
conversion process combines, modifies, and/or deletes the entity axis codes into a set of codes that best
describe the overall diagnostic conditions reported on the death certificate. As aresult, the 735,028 entity
axis codes were reduced to 445,008 record axis codes. The entity axis codes are also processed through
another computer program called ACME for “Automated Classification of Medical Entities’. This
program edits the entity axis codes and assigns the underlying cause of death by applying a predefined
algorithm to these codes based on traditional ICD rules. Quality assurance of the aforementioned cause
of death data are performed on an ongoing basis by nosologists who code the diagnostic conditions at the
state level as well as nosologists at NCHS who periodically review and verify data on a sample of death
certificates submitted by the states.*°

Issues related to the validity and reliability of the single underlying cause of death data have been a
continuous concern for public health researchers. This concern becomes increasingly important when
analyzing multiple cause of death data, which are the sequence of conditions contributing to the morbid

process that eminently resulted in death. Most of the data quality issues, as they relate to cause of death
data, pertain to the varied procedures used by the certifiers to report the medical conditions on the death
certificate. Some of the reporting variations may be attributed to: differences in the interpretation of the

death certificate instructions among certifiers; differences in the level of detail used to report causes of

death on the certificate among certifiers ; and differences in the medical opinions among certifiers in
terms of what existing diagnostic conditions may be related to a death. Previous studies have shown that

the aforementioned reporting problems have been identified in the analysis of multiple cause of death
data related to Alzheimer's disease and a cohol-related mortality.***? These problems are also inherent

among nonfatal conditions such as obesity, epilepsy, and various mental health problems. Depending on
the type of analysis, caution should be taken when examining
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multiple causes of death, especially those that are rare causes of death or nonfatal in nature. In spite of
these known limitations, cause of death data have rarely mised researchers. As stated by Kleinman,
when “viewed in proper context and used with care, vital statistics represent an invaluable source of data
on the nation’s health™*3

California resident death data, presented in Figure 1, were compiled using the 735,028 entity axis codes
to quantify the number of causes listed on the 224,213 death certificates in 1995. The 445,008 record
axis codes were used to quantify the number of deaths by underlying and other than underlying cause
of death for each cause of death category shown in Tables 1A-6. A specia computer algorithm was used
to compile the record axis codes into the selected cause of death categories. The traditional ten leading
causes of death presented in Table 1A are based on the ICD-9 groupings found in the annual report, Vital
Satistics of California 1995.1* Tables 1B and 1C are based on a set of 1CD-9 groups, which are non-
traditional, but provide an aternative view of the ten leading causes of death. Tables 2-6 are based on the
standard 72 selected group causes of death developed by NCHS plus deaths due to acquired immune
deficiency syndrome, Alzheimer’s disease, injury by firearms, drug-induced deaths, and a cohol-induced
deaths.

Further details regarding how diagnostic conditions are reported on the death certificate by the medical
certifier, and how NCHS develops the Multiple Cause of Death Files can be found in the Appendix of
this report.



RESULTS
Deaths by the Number of Causes Listed on the Death Certificate

In 1995, there were 224,213 deaths among residents of California according to the data compiled from
the NCHS Multiple Cause of Death File. This count differs from what is shown in the California annual
report Vital Satistics of California 1995 (222,626) by 1,587 desths, or less than 1.0 percent.’* This
insignificant difference is primarily due to the deaths among California residents who died in another
state. These deaths are omitted from California s annual Death Statistical Master File because the desth
certificate data reallocated to California by other states cannot be feasibly processed. However, there are
other significant differences in the data, namely, the results of the data based on multiple causes of death
versus those based on a single underlying cause of death as presented in California’'s annua report.
These differences are discussed later in the analyses.

All death records have at least one cause of death. The number of causes that can be reported on a death
record can vary up to 20 causes. Among Californiaresidents, the greatest number of causes reported on a
death certificate was 14 causes in 1995. Two deaths had that many causes. One person was a 26 year-
old male, while the other was a 50 year-old male. The 50 year-old male had the following 14 causes
reported on his death certificate:

|ICD-9 CODE DIAGNOSTIC CONDITION
998.1 Hemorrhage or hematoma complicating a procedure
997.3 Respiratory complications (Mendel son’ s syndrome/pneumonia)
E879.8 Other (abnormal reaction of patient, or of later complication (blood transfusion))
786.3 Hemoptysis (cough with hemorrhage/pulmonary hemorrhage)
997.4 Gastrointestinal complications
E879.8 Other (abnormal reaction of patient, or of later complication (blood transfusion))
428.0 Congestive heart failure
359.4 Toxic myopathy
496 Chronic airways obstruction, not elsewhere classified
799.1 Respiratory Failure (cardiorespiratory failure/respiratory arrest)
E870.5 Aspiration of fluid or tissue, puncture and catheterization
540.0 With generalized peritonitis (acute appendicitis)
998.1 Hemorrhage or hematoma complicating a procedure
999.9 Other and unspecified complications of medical care, not elsewhere classified

Since the entity axis codes were used for this analysis, duplicate codes are allowable. Therefore, 2 of the
14 causes of death (998.1 and E879.8) reported on the certificate of the 50 year-old male were duplicate
codes. It might be instructive for the reader to attempt to select the single underlying cause of death from
the 14 causes of death. This may prove to be a difficult task. Later in the report, the underlying cause of
death assigned by the ACME program will be given.

As shown in Figure 1, most of the death records had far fewer multiple causes of desth than the 14 causes
shown above. The average number was 3.3 causes per death record in 1995. Of the 224,213 Cdifornia
resident deaths, 19.8 percent (44,425) had four causes reported on the death certificate, while 25.4
percent (56,882) had three causes, and another 22.1 percent (49,457) had two causes. Only 12.4 percent
(27,878) of the records reported a single cause of death, whereas 87.6 percent (196,335) of the records
had two or more causes.
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FIGURE 1
DEATHS BY THE NUMBER OF CAUSES LISTED ON THE DEATH CERTIFICATE
CALIFORNIA RESIDENTS, 1995
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Source: National Center for Health Statistics, Multiple Cause of Death File.
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Ten Leading Causes of Death (Traditional)

The ten leading causes of death, as reported in the Vital Satistics of California 1995, have been
compiled for many years. This traditional table has been constructed to draw attention to the most
important causes of death in terms of the number of deaths attributed to each diagnostic category, as an
underlying cause of death. As shown in Table 1A, certain diagnostic conditions are combined into
more or less large groups, such as diseases of the heart, whereas others stand aone as one ICD-9 code,
such as chronic liver disease and cirrhosis. These categories have been reported for the past severa
years, and tend to change very little from one year to the next. Table 1A aso shows the number and
percent of deaths by the underlying cause and the other than underlying cause. Within each
diagnostic category, the counts of underlying causes and the other than underlying causes are
unduplicated. This means that the two counts are mutually exclusive and can be summed to equal the
total the number of any mention of a specific diagnostic condition. For example, 68,329 deaths had
diseases of the heart assigned as the underlying cause, and another 51,200 deaths had diseases of the
heart assigned as the other than underlying cause. The sum of these two counts (119,529) is the total
number of deaths that had any mention of diseases of the heart on the death certificates.

As shown in Table 1A, the percent of any mention as it pertains to the underlying cause (50.4) for all
causes of death among Californians was essentially equal to the percent of other than underlying cause
(49.6). However, proportional variations exist among the ten leading causes of death between the
underlying cause and the other than underlying cause. The largest variations were among deaths due
to suicide, homicide, acquired immune deficiency syndrome, malignant neoplasms, and diabetes
mellitus. Virtualy all of the deaths due to suicide (99.8 percent) and homicide (99.4 percent) were
automatically assigned as an underlying cause. The mgority of deaths due to acquired immune
deficiency syndrome (91.6 percent), and malignant neoplasms (86.6 percent) were assigned as an
underlying cause, and were respectively 10.9 and 6.5 times greater than their other than underlying
cause percentages. In contrast, most of the deaths due to diabetes mellitus (75.1 percent) were assigned
asan other than underlying cause of death. This percentage was 3.0 times greater than its underlying
cause percentage. Diabetes mellitus is a good example of comorbidity, and the need for more in-depth
analysis into the coexistence of chronic conditions using the multiple cause of death data. The diabetes
mellitus data also show the limitations of analyzing only the single underlying cause, and not taking
into consideration the other than underlying causes. Although diabetes mellitus had the highest
inverse proportiona difference between the underlying cause and the other than underlying cause,
the majority of the deaths due to chronic obstructive pulmonary disease, and pneumonia and influenza
were also assigned as the other than underlying cause.

Figure 2 illustrates the percent distribution of California’s ten leading causes of death for the underlying
cause and the other than underlying cause in 1995. This chart clearly shows that variations exist
among the leading causes of death in terms of the relative number of causes selected as the underlying
cause and asthe other than underlying cause.

Further, the ten traditional categories shown in Table 1A and Figure 2 reflect a somewhat arbitrary
grouping of diagnostic codes. For example, ICD-9 codes for “diseases of the digestive system” are not
traditionally grouped together for analysis, while the ICD-9 codes for “diseases of the heart” are grouped
together. With this in mind, careful consideration should be taken before formulating and analyzing
specific groups of diagnostic codes.



State of Califarria
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TABLE 1A
TEN LEADING CAUSES OF DEATH BASED ON UNDERLYING CAUSE'
BY ANY MENTION OF CAUSE, UNDERLYING CAUSE, AND OTHER THAN UNDERLYING CAUSE
CALIFORMIA, 1985
(BY PLACE OF RESIDENCE])
TRADITIONAL TEN LEADING CAUSES OF DEATH
INTERMATIDMAL
CLASSIFICATION MUMBER OF DEATHS PERCEMT OF ANY MENTION
CAUSE OF DEATH OF DISEASES
[8TH REVISIOM) ANY UMDERLYING | OTHER THAM UMDERLYING OTHER THAM
CODE NUMBER MENTION CALUSE UNDERLYING CAUSE UNDERLYING
Tatal of Al Causas 004-Tix, ESO0-EQRG 445,008 1242113 220,795 504 495
1 Disegses of the Heart 390308, 402, 404-479 119,529 GE 20 A1.200 A7 2 a4za
2 Malignant Meoblasms 140-208 29,397 21423 Tard lls] 134
3 Carabrovascular Disease 430435 28,865 16,235 13,626 54 4 456
4 Chronic Obstructive Fulmonary Cisease 4901406 25038 10,792 14,746 423 arT
& Pneumania and Influsnza AELART 25315 10 566 14,755 417 fata i
6 Unirfentional Injurias ER00-ERad 14 545 9253 5,202 636 364
7 Acguired Immune Deficiency Syndrome 42044 T4 B 455 petal=! 916 @4
§  Diabares Mellius 240 20523 5,104 15419 249 fih|
9 sucide Ed50-ES59 3,703 2,644 g 19 B (1
10 Homicide EQBILESGY 3594 3572 21 a4 05
Al Oer Causes Fesiduals 135,995 HET9S a7, 160 2857 [

1 Calses of desth &e based on the sama (CD-9 groups as presermead inthe Vilal Sfatishics of Calformia, 1955 Tabls 58 p. 162
2 "Cnhar Then Underkying Causa" 1s & compilaion of the Immediate, Intermediate, and Cantributing Causes of Death

Mate: Calumn 1 "Cause of Death” refars to diagnostic conditians
Calumn 2 Ay Wention" 15 the sum of tha "Underking” and “Cthar Than Undsdving” causes
Calumn 4 "Undarying Causa” refars to the one cingle diagnostic conditdon which started the process of daath.

Calumn S "Other Than Underking” refers to the disgnostic conditions comprising those mulipe causes which did not start the process of death.

Saurca Matonal Centar iar Heafth Statisics, Mutlple Cause of Death File, 1935



FIGURE 2
PERCENT DISTRIBUTION OF
THE TEN LEADING CAUSES OF DEATH
FOR UNDERLYING CAUSE AND OTHER THAN UNDERLYING CAUSE
CALIFORNIA RESIDENTS, 1995
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Source: Table 1A
Ten Leading Causes of Death (Non-Traditional)

Table 1B depicts an dternative listing of the ten leading causes of death in California by including two
non-traditional diagnostic categories, diseases of the digestive system and diseases of the nervous system.
The data is arrayed using the traditional ten leading underlying causes of death along with the two non-
traditional cause of death groups. The resulting table drops suicide and homicide as the ninth and tenth
leading cause of death. The diagnostic group, diseases of the digestive system, moves into the list as the
seventh leading cause of death and the diagnostic group, diseases of the nervous system, moves into the list
as the tenth leading cause of death. All other diagnostic groups remain relatively unchanged in their order
on the list.

As mentioned earlier, the grouping of diagnostic conditions shown in Table 1A is more or less arbitrary, or
a least merely traditional. A comparison of the datain Table 1A with Table 1B clearly demonstrates that
the list of the ten leading causes of death can be atered simply by the diagnostic conditions that are
selected for inclusion and the method used to group these conditions.
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TABLE 1B
TEM LEADING CAUSES OF DEATH BASED OM UNDERLYING CAUSE'
EY ANY MENTION OF CAUSE, UNDERLYING CAUSE, AMD OTHER THAMN UNDERLYING CAUSE”
CALIFORNIA, 1995
(BY PLACE OF RESIDEMCE)
NON-TRADITIONAL TEN LEADING CAUSES OF DEATH
INTERMATIOMAL
CLASSIFICATION MUMBER OF DEATHS PERCEMNT OF ANY MEMTION
CAUZE OF DEATH OF DISEASES
ETH REVISION) ANY UNDERLYING | OTHER THAMN UNDERLYING OTHER THAM
CODE MNUMEBER MENTION CAUSE UNDERLYING CAUSE UNDERLYING
Toital of Al Causes 001-7a%, EEI0-ES53 473 603 23 ATE 244 031 485 515
1 |Dizeases af the Heart 3900338, 402, 409429 119,529 iz 329 51,200 572 428
2 |Malicnant Meopksme 140-208 59,397 | 51423 T.a74| BEE 134
A Cerebrovascular Disescs 430438 2o BEs | 15 239 13,626 | s 45 6
4 Chronic OEstructive Pulmanary Disease 450495 25 538 10,792 14 746 423 Sr.T
5 | Praumania and Influanza AA0AET 15315 10,556 14 753| 417 6.3
G Lnintentanal Injuries EEI0-ES3 14 345 9,253 0,297 GAE 264
T Diseases af the Digestive Zystern 520579 083z 3,135 12,697 391 Gno
& Acquired Immuna Daficiency Syndrome 12044 7.044] B 455 Saa| 91 f4
9 |Diabetes Mellibus 2450 0 523 G0 15219 2449 a1
10 Dizeases of the Mersus System 220-353 15,060 4 4391 10 569 2858 Tz
All Other Causes Residuas 135 858 38 798 a7 160 B8 s

! Causes of death ars based on the sams IC0L9 groups as presented in the ¥iter Fehsbcs of Calformia, 18395 Table 5.9, p. 152
 "oher Then Underking Cause" is a compilation of the Immediate, Intermediate, and Contri buting Causes of Death.

Mota: Calurrn 1 "Cause of Death” refars to diagnostic conditons
Colmn 3 Ay Mertion” is the sum of the "Underking” and "Cther Than Underying” causes.
Cobmn 4 "Underkhing Cause” refars b the ona single diagnosh ¢ condition which started the process of death

Comn 3 "Other Than Underbing” refers to e diagrostic conditions comprising thosa multple causes which did not start the process of death

Source: Matonal Center for Heallh Stabstics, Multiple Cause of Death File, 1955,



Table 1C shows the “non-traditional ten leading causes of death” based on the total number of any
mention of a diagnostic condition. This new listing shows the leading causes of death with a different
perspective by ranking the causes by the total number of any mention instead of the underlying cause. As
a result, the diagnostic category, symptoms, signs, and ill-defined conditions, moves into the list as the
third leading cause of death and acquired immune deficiency syndrome drops off the list. The rank order
of the other leading causes of death in Table 1C remains relatively similar to the causes listed in Table 1B,
except unintentiona injuries, which went from rank six in Table 1B to rank ten in Table 1C.

Comparable to Table 1A and 1B, Table 1C includes some diagnostic conditions that encompass a rather
large number of different ICD-9 codes. Such a category is diseases of the heart, the number one cause of
death in all three of these tables. Researchers may question the ranking of diseases of the heart due to its
categorical broadness, in that the number one ranking may simply be attributed to the large number of 1CD-
9 codes that are included in this category. However, the number of deaths from other broader categories
was substantialy lower than the number of deaths due to diseases of the heart. For example, the number of
deaths involving any mention of diseases of the heart (119,529) was 8.2 times greater than the number of
unintentional injuries (14,545), even though the category, unintentional injuries, is comprised of more ICD-
9 codes.

As shown in Table 1C, malignant neoplasms had the highest proportion (86.6 percent) of any mention
assigned as the underlying cause, followed by unintentional injuries (63.6 percent), and diseases of the
heart (57.2 percent). At the other extreme, symptoms, signs, and ill-defined conditions had the highest
proportion (95.3 percent) of any mention assigned as the other than underlying cause. Diabetes mellitus
(75.1 percent) and diseases of the nervous system (70.2 percent) were also disproportionately coded as the
other than underlying cause, and were the second and third highest proportions respectively. The later
three diagnostic conditions, as the data suggest, merely contribute to some other diagnostic condition, and
were not determined to be the underlying cause. As aresult, symptoms, signs, and ill-defined conditions,
and diseases of the nervous system were not ranked as one of the traditional ten leading causes of death
based on the underlying cause shown in Table 1A.

Table 1C avoids the problem of “properly” selecting the underlying cause. Instead, the table measures the
causes of death as a composite, any mention, rather than a single underlying cause imputed by a computer
algorithm. The problem of selecting an underlying cause from a number of multiple causes has not been
readily resolved (see Appendix for further discussion). Earlier in this report, we instructed the reader to
attempt to select the single under lying cause for the 50 year-old male that had 14 causes of death listed on
his death certificate. The underlying cause of death selected by the ACME program was ICD-9 code
E870.5, “aspiration of fluid or tissue, puncture and catheterization (any, except heart catheterization)”.

The data shown in Tables 1A, 1B, and 1C are al equally “correct”. Each table basically presents data
using various methods of categorizing the ten leading causes of death. These tables also demonstrate the
potential use of studying the other than underlying causes conjointly with the underlying cause to obtain
amore in-depth understanding of multiple causes and their effects upon one another.2 Moreover, the study
of multiple causes provides a more accurate portrayal of mortality when deaths are attributed to a number
of concurrent diagnostic conditions.*
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TABLE1C
TEM LEADING CAUSES OF DEATH BASED OM ANY MENTION OF CAUSE'
EY ANY MENTION OF CAUSE, UNDERLYING CAUSE, AND OTHER THAN UNDERLYING CAUSE®
CALIFORMIA, 1995
{B% PLACE OF RESIDENCE)
NON-TRADITIONAL TEN LEADING ANY MENTION OF CAUSES
INTERMATIOMAL
CLASSIFICATION NUMBER OF DEATHS PERCENT OF ANY MEMTION
CAUSE OF DEATH OF DISEASES
BTH REVISION) ANY LUNDERLYING | OTHER THARN UNDERLYING OTHER THAM
CODE NUMBER MENTION CAUSE LUMNDERLYING CAUSE UNDERLYIMNG
Tatal of All Causes 001 -7a8, EBIO-ESS A45 008 224 713 230 795 Ab4 495
1 |Dizeases of the Heart JO0L39%, 4032, 404-429 119,539 iz, 329 51,200 8Tz 4.8
2 |Malignant Maopksme 140-208 59,397 | 59423 7,074 HEE 134
3 Symptams, Sians, & Il-Defined Conditions THNLTGE 51,083 ] 44 fi5d | 47 G653
4 [Cerebrovascular Disesse 430-425 29 865 16,229 13,626 44 456
S |Chranic Obstructive Pulmanary Disease A0-456 25 538 10 792 14 746 423 arT
G [Preumania and Influenza 480487 25315 100 356 1€ 759 417 8.2
T Diseases of the Digestve Systern BA0-5TY )83z 3135 12,697 301 G
& |Diabetos Melits 7500 0 523 5.104] 15,414 245 751
9 Diseases of the Merwous System 320.289 15 De0 4431 10,569 288 Tz
10 [Unintendanal Injuries ES0-E949 14,545 9,253 5,292 GAG 364
All Other Causes Foesidugs 63,321 araaz 258249 ah.2 40.5

" Causes of death are hased on diffsrsrt I20L9 groups as presented in the VWitel Stefishics of Califorie, 1855 Table 59, p. 132

1 "her Than Underking Cause” is a compilation of the Immediate, Intermediate, and Contibuting Causes of Death.

Mota: Calumn 1"Cause of Death” refars to diagnostic condibons
Colmn 3 "Ary Mertion” is the sum of the "Underying” and "Cther Than Underying” causes.
Cobmn 4 "Undering Cause” refiers o the ona single diagnostc conditionwhich started the process of death

Colmn 3 "Other Than Underbing” refars to the diagrostic conditions comprising thosa multple causes which did not start the process of death

Source: Mational Center for Health Stabstics, Multiple Cause of Death File, 1983,



Selected Causes of Death (77 Causes)

Table 2 presents a more detailed list of diagnostic conditions than the ten leading causes of death. These
diagnostic conditions are the standard 72 group causes of death developed and reported by NCHS.
Acquired immune deficiency syndrome, Alzheimer’s disease, injury by firearms, drug-induced deaths, and
alcohol-induced deaths were also added to the list because these causes have become increasingly
important in the past few years. The standard 72 group causes are arrayed in ascending order by ICD-9
code. The 5 additional group causes, which are not mutually exclusive of the standard 72 group causes, are
added to the end of the table. Also included in this table are some of the important subtotals for various
causes of death groups. For example, infectious & parasitic diseases are comprised of twelve subcategories
including tuberculosis, which in turn, is comprised of two more subcategories.

Table 2 issimilar to the Table 1 series, in that the total number of any mention and the number and percent
of deaths due to the underlying and the other than underlying cause are presented for each of the
diagnostic categories. This table can be used as a “look-up” table to locate a specific diagnostic condition,
as a cause of death, and to assess the number of deaths due to that diagnostic condition as an underlying
cause versus an other than underlying cause. For example, of the 224,213 California resident deaths in
1995, there were 59,397 persons who died with any mention of malignant neoplasms. In 51,423 or 86.6
percent of those deaths, malignant neoplasms was the underlying cause of death, while the remaining
7,974 or 13.4 percent of the deaths were assigned as the other than underlying cause.

This table can aso be used to make comparisons between two or more diagnostic conditions. For example,
out of the 224,213 deaths among Californians in 1995, there were 20,650 deaths due to any mention of
hypertension with or without renal disease, of which 1,376 or 6.7 percent of those deaths were assigned as
the underlying cause, and 19,274 or 93.3 percent of the deaths were assigned as the other than
underlying cause. In comparison, deaths due to any mention of acute myocardial infarction had relatively
the same number of deaths as hypertension with or without renal disease. However, of the 20,358 deaths
due to any mention of acute myocardial infarction, 17,934 or 88.1 percent of the deaths were assigned as
the underlying cause, while only 2,424 or 11.9 percent were assigned as the other than underlying
cause. The difference between the two diagnostic conditions as it pertains to their underlying cause
proportions is significant. On the other hand, if the data are analyzed by any mention of the diagnostic
conditions, then hypertension with or without renal disease is equally as important as acute myocardial
infarction as a cause of death. Hence, the principal difference in the two diagnostic conditions is attributed
to the process in which the ACME computer program selects the underlying cause from the multiple
causes listed on the death certificate. This further emphasizes the importance of studying multiple causes
of death versus only a single underlying cause, and the impact that other than underlying causes can have
upon any mention of certain diagnostic conditions. The following anayses of the standard 72 group
causes plus the 5 additional group causes will substantiate the advantages of analyzing multiple causes of
death, and the aternative approaches that can be used to study various diagnostic conditions.
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TABLE Z
SELECTED CAUSES OF DEATH BASED ON SEVENTY-SEVEN CATEGORIES'
BY AMY MENTION OF CAUSE, UNDERLYING CAUSE AND OTHER THAMN UNDERL YING CAUSE®
CALIFORNLA RESIDENTS, 1995
CAUSE OF DEATH IN ASCENDING ORDER OF ICD-2 CODE
INTERMATIONAL PERCEMNT OF
CLASSFICATION NUMBER OF DEATHS ANY MENTION®
CAUSE OF DEATH OF DISEASES
{8TH REWISION) ANY UMDERLYING | OTHER THAM | UNDERLYING | OTHER THAN
CODE HUMBER MENTION CALSE UNDERLYIMG CALSE LMDERLYIMNG
Told, 72 Sekxcied Calses no1-v59, EAN0-E999 592,545 22413 355,332 ars Gz.2
Infacticus & Parasiic Digeasas” a01-124 18,464 B GO6 4,768 471 529
1 Shigelosis & Amebiasis 00, G ] 3 [ - -
2 Certain Cther Inbestinal Infections OoT-Cee 164 ar Y A 40.9
Tuberculosis* 010-018 A4 184 iTh 41 4 SR
3 Raspiraton Tubercuasis 010012 349 152 197 4205 ]
d Cither TubencUioss 013018 126 42 = 233 G T
5 whooping Caough 033 <] | 1] - .
[i] Sireptococca Sore Throat, Scalatng, and Ergsipalas 034005 P 1 1 B -
1 Wieningoceoca Infection 036 34 32 ) ad 1 50
] Saptcenmiz 03g B,963 A46 £,516 S0 b5
g Acute Poliormgelitis 045 1] 0 1] £
jla] Waaskes D55 1 1 ] - -
1 Yiral Hapatitis LT 1,045 G0 481 vl 443
12 ayphiks 08-CeaT 23 A 24 - -
12 All Ciher Ffectious and Parasitic Diseases 0003, D05, 020-032,
COT, 035-D44, D4A-054,
DSE-CEES, O71-0m, 098-13%9 8,404 T.310 1,75 ==in) 140
) Malonant Meopiasme Indudng Lisnghatic & Harnaio ol elic TIEsuas® 1-40- 20 50,397 514323 774 EEE 124
14 Waligrant Meoplasms  LipCiralFhanm 140-145 1,182 a3n 262 TTE 222
15 Waligrant Mecplasms. Cigestive OrgansParitonsum 150-158 14,201 12,4349 1,762 =l ] 124
& MWalignant Mecplasms. Respiratongdintrathoracic Crgans 160-165 15,663 14,225 1438 1 9.3
17 alignant Meoplasmrs: . Breast 174-1TS 5,333 4,290 1,045 20 1965
18 Ivlalignant Meoplasmrs. Genital Cngans 17a-187 8,050 5,807 2,43 T2 e
14 Ivlalignant Meoplasms Ui nary C'rgans 188158 2738 2108 631 To 230
g Ivtaligniant Mecplasms: Al Other & Unspecified Sites 170172, 190-199 17,384 6,360 11,024 MG 634
by Levkamia 2043168 2,547 1,987 55 Tad i i
) Oither hutslignant Meoplasms of Lymphat c and Hematopoietic Tissues 20030 4,353 3077 ure 1T 2a
) Eenign Meoplesms, Carcinoma n Sil, and
Neoplesme of Uncartain Bahavior and of Linspecifiad Mature Mg 1,364 EOS 158 A4 4 556
. Diisbates Maliis 250 20523 5104 15418 e B 751
P Mutnbenal Deficiencies 26020 3279 128 2151 aa Gt
25 ANEMIES 200-555 o022 295 4,767 2.1 B9
2 Feningitis J20-3F2 214 T4 144 39 fifi
Magr Card ovascula Diseasas” JA0-448 138,346 an.21 45,325 == A M9
Diggsses of e Heat R0 407, 404429 119,524 G339 571,200 aTE 428
25 Rhaumalic: Fewar and Rhaumallc Hearn Dicgsse 300-268 1,153 543 E15 4G9 53
] Hypemengiwe Heam Cisaases 402 4,730 anza 1,002 =0 AR
0 Hypertensive Heat and Renal Ciseass 404 477 o 167 EE0 350
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TABLE 2 ([continued)
SELECTED CAUSES OF DEATH BASED ON SEVENTY-SEVEN CATEGORES'
BY ANY MENTION OF CAUSE, UNDERLYING CAUSE, AMD OTHER THAN UNDERLYING CAUSE®
CALFFORMIA RESIDENTS, 1995
CAUSE OF DEATH IN ASCENDHNG ORDER OF ICD-3 CODE
INTERMATIOMAL PERCZENT OF
CLASSIFICATION HUMBER OF DEATHS ANY MENTION
CAUSE OF DEATH OF MSEASES
[BTH REVISION) ANY UMDERLYING | OTHER THAM | UMDERLVYING | OTHER THAMN
CODE NUMBER MENTIOM CAUSE UNDERLYING CAUSE UNDERLYING
Ischemic Heart Dlisesss® 410-414 58,422 46,342 12,080 T8.3 AT
3 Acute hipocardia Infarction 410 20,358 17,834 2424 ; g
a2 Cither Acube and Subacute Forms of Ischemic Heart Disesse 411 33 52 201 15.2 =]
3 Angina Fectons 413 T3 48 325 i &
24 Qi hityocand al Infarction and
Cihesr Fomms of Chroric Ischemic Heart Disesrse 412, 414 49,532 28,308 21,224 5T.2 422
a5 Cthar Diseasas of Endocardium 424 4,081 1,654 2437 40.4 s
28 | ANCer Hesrt Diseases 415-423, 475420 47 568 16,453 81,116 169 B3
A7 | Hypartarsion it o without Renal Disease 401, 403 20,650 1,3TH 18,274 BT Hid
| Cerebrovascular Disseses” 430435 29,865 16,239 13,626 44 456
X Inracerebrd and Orther Infracranial Hemorhage 431432 3,629 2,538 1,091 B9.9 SR
B Cerabiral Thromiaosis and UnspsCiled Qoclsion of Cersbiral Amsnes 4340, 434 4 2421 1415 1,106 561 433
40 Cerabral Embelizm 4341 245 B2 153 54 ra7
4 AlliJther and Late Effects of Carebrovascular Diseages 430, 433, 935438 24,446 12,224 12,262 400 0.4
42 Athercsclencsic 440 10,997 1,036 9,061 1.8 224
K] Other Dissases of Artenes, Arenoles, and Capilanss dd1-448 5317 2531 2ATE 44.0 i ]
A4 feoute Bronchitis and Bronchialitis a1 201 50 181 4.8 751
Preumcnia and flusnza® 430487 25315 10,556 14,759 41.7 A
45 | Pnsumania A90-4EE 25,23 10,504 14,730 41.6 34
46 | Infuenza 487 2| 53 20 B4.2 BE
Chirgnic berictive Pulmonany Disseasas and Aliad Condiions” 490406 23,538 10,792 14,746 433 1T
47 Eranchitis, Chranic and Linsg=cilied 490-4591 fa i} 424 afd 41T 23
43 Emgitysema 452 4733 15974 2,258 46.6 s34
49 Asthima 493 1,494 A52 B4z 4315 =64
0 | Other Chrone Obstructive Pumonary Digeases and Alled Conditions 494408 19,054 7,741 11,300 406 244
51 |Uicer of Stomach and Duodanum 531-533 2128 320 1,300 A Bl15
52 Appendicitis 540543 105 A7 a8 44 .8 552
53 Hemia of Abdominal Cawaty and
Intastinal Cbrstruction withow kention of Harmia 550-553, 560 1,961 5320 1441 6.5 T35
= Chrenic Liver Disssse and Cirthosis 571 6,133 3,564 2560 584 415
) Choklithiasis and Cither Disorders of Galbladder AT4-GTE Tan anG 414 425 T 5
(Maphriis, Maphrodc Syndrome, and kephnosic? 580-580 13,102 1161 11,841 ED @1
) Acube Glomenlenephiis and Maphnotc Sydrome JA0-581 137 18 10E 15.0 &30
a7 Chronic Ghmeruoneplns, Mephntis and Mephropatte, Mol Specifed
| a5 Acule ar Chronic, and Rend Sckrosis, and Unspadfied SE2-583, 987 42 160 43z 2.0 730
= | RenalFailure, Disarders Resulng From impalred Rens Function, and
Sl Kidney of Unlnoen Cadss G- 58H SA8-SED 12,554 gg2 11,572 TE o2z
=) It ons of Kidney 580 295 148 147 502 492
1] Hyperplasia of Prostats 600 288 a7 k| 18.8 03
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TABLE 2 [continued)
SELECTED CAUSES OF DEATH BASED 08 SEVENTY.SEVEM CATECORIES
B ANY MENTION OF CAUSE, UNDERLYING CALUSE, AND 0THER THAN UNDERLYRG CALISE
CALIFORMIA RESIDENTS, 1885
CAUSE OF DEATH IN ASCENINNG ORDER OF IC0.5 CODE
FTERMATIOMNAL PERCENT OF
CLASSIFICATION MUMBER OF DEATHS ANY MENTION?
CAUSE OF DEATH OF DISEASES
{9TH REVISION]) ANY UNDERLYING | OTHERTHAM | LMDERLYING | OTHER THAM
CODE MUMBER BEENTION CALSE UHDERLYRG CALSE UNDERLYING
Complications of Pragnancy, Childirth, and the Psurpsarium? EADETE 54 b 15 T46 254
i1 Prgsgreanoy With Abortiva Ouboome EILE3E K i o - -
2 Caher Complcations of Presgrancy, Chilkkarh, and he Feuserium FACLATE bl 41 1% 73.2 265
£} Congenital Bnarnal es T40L 758 1,490 1,484 AQE 751 240
Certain Condtions Originabng inthe Pennatal Period® TELTTY 2194 1 AG% T26 G693 RN
G4 Eirth Trauma, Intrautaring Hypod a, Birth Aspinea, and
R rstiofy CISiness Syndrome TEF-THY 38T 230 167 5.8 433
5] Cher Conditions Criginating in the: Perinsia Ped ol TAO-TES, TT0-T72 2,158 1,296 10 ara 4r2
66 Syrptoms, S one, &nd LD efined Conditions TELTEE 51,083 2388 ], Gid 4.7 a
LE) Al Other Dizaazas 200-246, #51.250, 270L370,
236-213, 222-3F6, J30-33T,
240-28, 4514965, 467470,
497-530, 534-5108 554-550,
S1-5T0, 57T 3, BTG-OTH,
S01-509, BO1-E2Y, BEOLTI0 71,1320 17,813 53,607 M6 754
Accidents and Adverss Effects” ESu-ESQ48 14,545 9,253 5,292 GaG G4
o] bAeiir Vakiiele Ao dens EBI-ERZS 4497 4430 52 988 1.2
o] Al CEher Accicknis and Adverae EMects ESNI-ERDT, EGIG-E843 10,039 4414 5,285 477 573
70 Sucide ESSOLEQSE 3,703 3,604 ] 4998 b
T Hamicide and Legs Intervertion ECRLEQTE 3670 3,644 N 90.4 i3
Acoulired immune Dafciancy Synodome™ -0 T 044 fA55 aEw na 4
AEhelmers Disesse™ 3210 4372 1,720 2,852 383 BOLT
Irqury by Fireamis® EQ22, EAGL.0LEYS5.4,
E4G5 0-E965.4, E470,
ESS5 0-EQES 4 4,739 4,730 a 998 0.z
CigHnduced Daatre™ T, 0, 0 2-A05 5,
Edal-E85E, EZO0.0-E550 5,
E2d 0 Esad)-EE0 S 3,088 2917 T 75.0 250
Alcohal-induced Deathe™ 131,303, 305.0, 357 5,
4255 5253 571 0-5T13,
TO0.3, EAGD 4032 4,032 1] 100.0 oo
T Addtional catagon es that ara not & part of NCHS' T2 causs of death groups
™ hcludad insakcied Catagorias within the MCHS' 72 causa of dasth oroups
' The Seseniy-9even calegarnies include NCHS' T2 cause of dedth groups plus acouired i mmune ceficiency sndrome, Alzheimers disease, inung by ire-armns, dugHnduced deaths, and akohoHnduced degths
* mCaner thar Linclerhying Calse” consists of te immediate, intenmmedse, and connbuing causes of death,
¥ Pecent not caloidated for o sonostic condiions where Ay Mention” 5 less than 30 abssre ons
Source: Mational Cerer for Heaith St stics, hub ple Cause of Death Filke, 1995



Table 3 shows the standard 72 group causes plus acquired immune deficiency syndrome, Alzheimer’s
disease, injury by firearms, drug-induced deaths, and a cohol-induced deaths ranked in descending order by
the number of underlying causes. In the event of atie, the causes are then ranked in descending order by
any mention. The subtotals of the diagnostic categories presented in Table 2, which are not a part of the
standard 72 group causes nor the 5 additional group causes, are excluded from this table (i.e., diseases of
the heart, cerebrovascular diseases, €tc.).

As shown in Table 3, the leading cause of death among California residents in 1995 was “old myocardial

infarction/other chronic ischemic heart disease”, which is a subcategory of diseases of the heart. A total of

28,308 persons died of this diagnostic condition or 11.6 percent of all deaths in California. Moreover, the

number of deaths due to “old myocardia infarction/other chronic ischemic heart disease” was 57.8 percent

higher than the second leading cause of death, acute myocardial infarction, which had 17,934 deaths. Like
“old myocardial infarction/other chronic ischemic heart disease’, acute myocardia infarction is aso a
subcategory of diseases of the heart. The third leading cause of death, al other diseases, encompasses all

of the residual causes of death that are not mentioned in the other standard 71 causes of death. This group,

however, does contain diseases such as multiple sclerosis, Huntington's chorea, Jakob-Creutzfeld disease,

and Parkinson’s disease to name a few well known but statistically less important diseases in terms of the

number of deaths with which they are associated. The number of deaths due to all other diseases was
17,513. The diagnostic group, al other heart diseases, was the fourth leading cause with 16,452 deaths.

The fifth and sixth leading causes of death were two different types of malignant neoplasms, “malignant

neoplasms. respiratory/intrathoracic organs’ with 14,225 deaths and “malignant neoplasms. digestive
organg/peritoneum” with 12,439 deaths. The diagnostic group, “al other and late effects of

cerebrovascular diseases’, was the seventh leading cause of death with 12,224 deaths, while “pneumonia’

was the eighth leading cause of death with 10,504 deaths. The ninth and tenth leading causes of death were
“other chronic obstructive pulmonary diseases (C.O.P.D.) and allied conditions” and “all other infectious

and parasitic diseases’, which had 7,742 and 7,310 deaths respectively. This list of ten leading causes is
considerably different than the traditional ten shown in Table 1A. For example, suicide and “homicide and

legal intervention” are the ninth and tenth leading causes of death on Table 1A, whereas in Table 3, they
are the twentieth and twenty-first leading causes of death.

Table 3 demonstrates that the grouping of 1CD-9 codes into smaller diagnostic conditions, athough based
on underlying cause aone, has a marked effect on the ranking of the causes of death. In the discussion of
Table 1C, a question was raised concerning the apparent relationship between the number of 1CD-9 codes
comprising a diagnostic condition and the number of deaths, in that conditions comprised of a greater
number of 1CD-9 codes will also experience a greater number of deaths. This assumption does not hold
true in all cases as dluded to earlier. Among the standard 72 group causes, “old myocardial
infarction/other chronic ischemic heart disease”, which encompasses only two ICD-9 codes, was the
number one cause of death in Table 3. Furthermore, the second ranked cause of death in Table 3, acute
myocardia infarction, is comprised of only a single ICD-9 code.
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TABLE 3
SELECTED CAUSES OF DEATH BASED ON SEVENTY.SEVEN CATEGORIES'
BY ANY MENTION OF CAUSE, UNDERLYING CAUSE, AND OTHER THAMN UNDERLYING CAUSE®
CALIFORMIA RESIDENTS, 1935
CAUSE OF DEATH IN DESCENDING ORDER BY THE NUMBER OF DEATHS FOR UNDERLYING CAUSE
INTERMATICHAL PERCENT OF
CLASSIFICATION MUMEER OF DEATHS ANY MENTION
RANK CAUSE OF DEATH OF CISEASES o ) )
[2TH REVISION) AMNY UMDERLYING | OTHERTHAMN | UMDERLYIMG | OTHER THAM
CODE NUMBER MENTION CAUSE UNDERLYING CAUSE UNDERLYIMNG

Totd, T2 Salacked Causas (01-Tiry, ERD0LERi G151 243458 Tz a2 A5 A0.5

1 Ol btyocarcial Infarch ond Cther Chronie lBchernic Heat Dissase 412414 49 532 x3.a08 21,224 = al1.s
2 |Acute Myocarchal infarchon 410 20450 17,854 F4M 31 1143
3 Al Char Diseacss 240-246, . BA0TIS 71,120 17,513 SA 0T 26 754
4 Al Cthar Heart Disssrsas 415423, 425420 Ay o6g 16452 31,116 5.8 a3l
& Malignant Meoplasms: Respiratanginratharaci c drgans 160-165 15 663 14,225 1438 an g 9.3
G |Malignant Meoplasms: Digestve OrgarsFentonsum 150-1548 14,20 12454 1,762 76 124
T Al Cehar 3nd Lats Efects of Cerakaovas il Disaaces 430,433, 435438 24 ABR 12,224 12,262 489 a0.1
g Preumcnia 480-486 252344 10,504 14,730 4.6 58.4
4 Crber Z 0 F D and Alied Conditions 40405 19,051 1742 11,409 406 544
10 Al Ceher infect ous and Parasific Dissames 001-003, ., 098139 504 7.310 1,104 a5.0 4.0
(Al Acguirad Irmune Deficiency Sywdroms™ 42044 7044 G455 SR 916 a4
12 Malignant Heoplasms: Al Cthar & Urspacifisd Sitss 1T0-173, 1201689 17 284 5,360 11,024 A6 634
13 Malignant Meoplasms: Genital Organs 178-187 2,050 5807 2243 T2 R
14 Ciabetes MElis 250 ] 5104 15419 L ] Th.1
15 Al Cher Accidents snd Adverze Effects B2 ERNT B Eon 10,0598 4814 .265 471 523
16 jury b4 Firearmes™ E922, .. B985 LENETS 4,738 4,730 a HaE 0z
17 MWotor Wehicle Accidents E&10-EBIS 4401 4438 52 SR 1.2
18 ialignant Meoplasms: Breast 174175 5455 d 2a0 1045 o 196
14 AlcohaHraucsd Deaths™ 201, Bzl 4052 41052 [ 100 (I
mn Sucide Ea50-E359 3703 3694 a WHE 0z
21 Harmi cide and Legal ntarardon EDG0-EATE 3670 3540 21 w4 0.g
iz Chroric Liver Dissase and Cirthosis a1 G133 2,56 2569 A 4148
23 Crther Mal gnamt e oplesms of Lynphatic and Hematopao etic Tissoes 200-203 4,262 3,277 Gvs TTA 2248
24 |Hyperensive Hear Disease 402 4,730 2028 1702 £ 0 6.0
5 Fitracanstsia and Other ntracranla Hemorhags 431432 1629 2548 1,091 [==R] a0
i Symptoms, Signs, and Il-Defined Conditions Ta0-799 S1.083 2,304 43,684 4.7 a5.2
T Crher Diseases of Areries, Artenokes, and Capillaries 441448 5317 2341 2 8TE d44.0 AE.0
2B Dng-hduced Deaths™ a2 .. EQ80OESEDS 2055 z317 T TS0 250
it Maligrant Maoplasms: Urinary Crosns 188159 2733 2,108 31 7o 230
a0 Leukemia 204-208 25847 1.8907 a0 Te4 NE
a1 Errpty==ma 492 4,233 1,974 2,259 4G5 534
32 Birerosclerosis 440 10,987 1,836 Q061 1TE 824
33 Alzheimer's Dissase™ i3 4372 1,720 2652 323 607
M Ciher Disagsss of Endocandium 424 4,0m 1654 24 404 506
5 Congenital Anomaiss T40-T53 1,880 1404 405 751 LR
B Censbrd Thrombosis/Unspec fied Coclusion of Cersbral Arteries 434.0, 424.0 2521 1415 1,106 55 43.9
T |Hypertansion wath or withau Renal Disasse 4071, 403 20 BE0 1478 19,27, 7 g3a
3B Crret Canditicns S ginating in the Paringtal Pariod TRO-T6E, TT0TTE 2,158 1,248 10 STE 422
a0 Ranal Failure, Disorders Resdting From Impsa red Renal Function SE4-GRE, SEE-5EE 12,554 ag2 11572 TE 922
40 talignant Meoplasms: LipiraliPhanym 1401489 1,182 ] 262 TR 222
41 Ulcer of Stemach and Cuadanum 231-533 2124 G20 1308 25 612
42 Berhma 443 1484 532 42 436 564
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TABLE 3 {ceniinued)
SELECTED CAUSES OF DEATH BASED ON SEVENTY-SEVEN GATEGORIES
BY ANY MENTION OF CALSE, UNDERLYING CAUSE AND OTHER THAN UNDERLYING CALSE
CALIFORMA RESIDEMTS, 1986
CAUSE OF DEATH [N DESCENDING ORDER BY THE NUMBER OF DEATHS FOR UNDERLYING CAUSE
RTERMATIONAL PERCEMT OF
CLASSIFICATION JMEBER OF DEATHS ANY MENTION®
FLAMNE CALFSE OF DEATH OF DISERSES
(ATH REVISION] AMY UMDERLYING | OTHER THAM | UNDERLYING | OTHER THAMN
CODE MUMEER BAE NTIOMN CAUSE UNDERLYING CAUSE UNDERLYING
2 E&nign, Cancinoma i S, and Lncertsn Meopasms 210-239 1,364 B0% 758 444 i)

dd ird Hepatitis 070 1,058 EO& 481 R57 443
A5 Rheumatic Fever and Rhaumatic Heart Diseaze 390-395 1,168 543 615 4649 531
L] Hemia and Intastinal Obstruct on vathout ention of Hemia 54510-553, 580 1,961 520 1441 26.5 7356
47 Sapticemia 033 062 A6 8,516 50 @l
45 Eraneritis, Chronic and Urspacifiad 490-491 BEE 434 A4 477 S22
49 Herertensive Heart and Renal Cisease A4 v A 167 G50 50
2 Credslithiasis ard Gther Digorders of Galbladder ard-575 20 a06 414 42.5 S5
51 Aneniss J30-385 5,022 55 4. TEY 51 L
52 Eirth Traumaiintravten ne Hypoma!As phye alRiespi ratony Distress TGT-TEY AET 220 167 Gfi A 433
53 Al Ciher Extemal Causas EQ&0-E999 197 vz 28 BT3 12.7
=4 Chranic GlomarulonsghrtisMephntisTephropattw'Renal Sclarosis 5972-583, 827 502 160 433 2r.n 20
55 Fespiraton Tubsroulnsls 110-012 240 152 187 430 a4
=5 Infections of Kicney a4 295 146 147 an2 498
S ritritional Deficienc e 280-268 3,278 128 3151 38 51
58 Zartain Cther Intsatinal Infections 0ar-009 164 ar BT 581 40.9
=] fuleningitis 320322 18 T4 144 Aa4 G5
0 Cargbra Embolism 4341 245 G2 183 253 4.1
&1 Hypsrplasia of Prostate ] 288 ar x| 198 2.2
G Cithier Acube and Subacule Farms of Ischan c Heat Diseacs 411 RS a2 291 15.2 o B
=53 Irflienza 447 i g2 24 4.2 A5 E
= Acuts Broachibs and Bronchiclins A6 201 50 151 2.0 rEN
B5 Angira Pectons 413 T3 a8 335 128 a7
B Appendicitis d0-543 105 A7 58 44.8 552
&r Cther Tuberculesis Mot Resgi rakon] a13-018 126 2 a4 333 5N
i Other Cormpllcations of Pregnanday, Chi ki, snd the Paurmarium A40-676 bl a1 15 T332 ik
==} heningococal naction 136 R 32 2 B 58
[l FAGLE FHomendonsghts ard Nephngtc Syndme aG0-581 127 13 108 15.0 ol
F Syphilis 090007 ] 4 24 Z z
s thigelicsis & Ametiasis 00, 00e a K G =
13 ‘WWhoaping Cough 033 3 A 0 -
74 Fragnancy With Abartive Jutcame: G20-639 a i a -
fis] Slrep Throal"scanat naknsd palss 034-035 2 1 | -
fl=] fesrsles [155] 1 1 n - -
T Acue Polommysltis 045 Jul a a -

™ Included in selecid categores within the MCHS' TZ cause of death groups
The SEvENDy-Sven caleqon es incude NCHS' T2 cause of degth Qroups phs scouiresd i mmune defl ciency syndrome, ARheimer's disease, injury By Hire-amms, diegHnduced deaths,

1 .
]

Source Mational Center for Heakh Stemistics, hufiple Causs of Death File, 12645

and dcchobinduced deaths

Ot than Unclerlying Cause” corsists of the immed ate, intarmediate, and cortributing causes of death
Parcent not calGulated for chaqnasos coreltians whers "Amy Merdion” iS5 ka5 than 30 obssrean ons.



Tables 4A and 4B respectively show the 77 group causes of death in descending order by the percent of
underlying cause and the other than underlying cause relative to the total number of any mention. In the
event of atie, the causes are then ranked in descending order by any mention. As shown in Table 4A, all
of the alcohol-induced deaths were assigned as the underlying cause of death, and as a result, it was the
diagnostic condition with the highest proportion of any mention assigned as the underlying cause (100.0
percent). Injury by firearms and suicide were tied for the second highest proportion (99.8 percent) of any
mention assigned as the underlying cause. However, suicide was the highest percentage of any mention
assigned as the underlying cause among the standard 72 group causes, which excludes acohol-induced
deaths and injury by firearms. Other diagnostic conditions with 90 percent or more of their any mention
assigned as the underlying cause include: homicide and legal intervention (99.4 percent); motor vehicle
accidents (98.8 percent); meningococcal infection (94.1 percent); acquired immune deficiency syndrome
(91.6 percent); and “malignant neoplasms: respiratory/intrathoracic organs’ (90.8 percent). At the other
extreme, the diagnostic condition in Table 4B with the highest proportion of any mention assigned as the
other than underlying cause was nutritional deficiencies at 96.1 percent. Other diagnostic conditions
with 90 percent or more of their any mention assigned as the other than underlying cause include:
symptoms, signs, and ill-defined conditions (95.3 percent); septicemia (95.0 percent); anemias (94.9
percent); hypertension with or without renal disease (93.3 percent); and renal failure, disorders resulting
from impaired rena function (92.2 percent). Most of the deaths due to these diagnostic conditions appear
to merely go aong with some other more definite cause, which is ultimately selected as the underlying
cause of degth.

Interesting questions can be raised concerning the data presented in Tables 4A and 4B. In the assignment
of the underlying cause by the ACME program from the multiple causes listed on the death certificate, a
few categories appear to be equitable in terms of whether or not they are assigned as the underlying cause
or remain asan other than underlying cause. The diagnostic conditions that meet this criterion are those
that have between 45 and 55 percent of their any mention assigned as the underlying cause. The
following are the diagnostic conditions that meet this criterion: infections of the kidney; all other and late
effects of cerebrovascular diseases; bronchitis, chronic and unspecified; al other accidents and adverse
effects; rheumatic fever and rheumatic heart disease; and emphysema. This leads to the question: how can
some diagnostic conditions be selected equally as either an underlying cause or as an other than
underlying cause? A subsequent implied question is: why are some diagnostic conditions assigned more
frequently as an underlying cause, while others are more often assigned as an other than underlying
cause? For example, acquired immune deficiency syndromeisan underlying cause in 91.6 percent of the
deaths in which that diagnostic condition is mentioned. In contrast, septicemia is an underlying cause in
only 5.0 percent of the deaths in which that diagnostic condition is mentioned.

Questions like these have been raised by previous researchers.>*® The only brief answer liesin the fact that
the constellation of diagnostic conditions on a death certificate affects the selection of a particular single
diagnosis as the underlying cause. However, it is interesting that some diagnostic conditions are
disproportionately selected as an underlying cause, regardiess of the other multiple causes listed on the
death certificate, whereas other diagnostic conditions are rarely selected as the underlying cause.
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TABLE 44
SELECTED CAUSES OF DEATH BASED ON SEVENTY-SEVEN CATEGORIES"
BY ANY MENTION OF CALUSE, UNDERLYING CAUSE, AND OTHER THAN UNDERLYING CAUSE’
CALIFORMIA RESIDENTS, 1885
CAUSE OF DEATH [N DESCENDING DRDER BY THE FERCENT OF DEATHS FOR UNDERLYING CAUSE
INTERMATIONAL PERCENT OF
CLASSIFICATION HUMBER OF DEATHS ANY MENTION®
Frahi CALSE OF DEATH OF CHEEASES
{9TH REVISITN]) ANY UMDERLYING | OTHERTHAM | UNDERLYING | OTHER THAM
CODE MUMEER MENTION CAUSE UNDERLYING CALUSE UNDERLYING
Tekdd, 17 Sekxted Causes O0H-799 B0 ERed SHLBSO 245310 268544 450 -0
1 AlcchoHnducsd Daaths™ 21, .., EBED 4,042 4032 1] 100.0 on
2 Injury b4 Firearms™ EQEE, ... E9ES.D-EMEE 4 4,730 4,730 2 aog 0z
3 Euicide E350-E254 2,703 3 694 ] R 0z
4 Homicids and Legal Inbervarntion E3G0-EA74 AATO 3 649 1 ad4 06
5 Mictor Wehick Accidents E&10-E825 44491 4454 52 a8 1.2
3 Meningococcal infaction 036 34 32 4 94 1 58
7 Acquired Irmrnane Diefi ciency Syndrome®* 042.044 7,044 B A55 =1L 016 a4
Z  |hdignant Meoplassms Respiratorgbirathorscic Orgars 160165 15 Bl 14,225 1438 i z
=] AcLe bhyocardial Infarction 410 20,355 17,934 7424 BE1| 114
] dignant Meoptzsms. Digestive Orgsn s Pan insum 140-159 14,201 12439 1,762 BT A| 124
11 Al Crhes Edermal Caugas E920-E934 187 172 25 873 127
12 All Cihsr Infectious and Perasitic Cissases oo-003, L, G139 2504 7,310 1,194 260 14.0
12 Malignant Meoplksms. Ereast 174-175 5,335 4,240 1,45 g04 186
14 Leukamia 204-208 2547 1,987 850 TE4 216
15 hizlignant Meoplasms Lip'CralPhanyr 140.149 1,182 Q20 262 Tra P
16 Cither kgl gnant Meoplasms of Lymphatc and Hematopoietic Tissuas 200.203 4,252 AT arh T !
17 Mslignart Meopleams: Linany Organs 184189 2,738 2108 B3 I a0
18 [Congenital Ancmales 740-754 1,960 1494 445 7ol 248
19 Cirug-Indis ed Deaths™ 2492,... E9400LE940 5 3056 237 LA 75.0 =]
20 Cither Corrglcatiang of Pregnandy, Chilcdrh, snd the Paurparium G40-676 afi 41 15 732 2GR
21 Mdicnant Meoplzsms Ganital Croars 179-187 #2050 5807 2,243 21| 278
22 Intracarebed and Cthar Inracranial Harmomhags 431432 2620 2538 1,081 E0g a1
22 Hypsrtensive Heart and Renal Cisease A4 47T o 16T i) 250
e Irflusnza 487 a1 52 29 fid 2 a5
5 Hypertensive Heart Diseass 402 4,730 3025 1,702 B4.0 &0
. |Cerain Cther Intestinal nfections 007.009 164 ar 67 591 404
27 Chranic Liver Digeass and Cirrhosis 51 5133 1564 2564 581 41 8
&8 [Other Conditions Qriginating in the Pennata Pericd T Tag, 710774 2050 1,245 10 ara 42k
sl il hhyncardid Infarclioniooher Chrani o 1schemic Heart Diseass 417,414 49,532 28 306 21,224 57.2 478
an Birth Traumakirauten e Hao st Asphyed aRespiraong DISrass TET-TAHY AET 220 167 568 437
3 Carabrd Thigrnbosisiinspec fad Occlusion of Cersbral Anarias 4340,4345 2521 1415 1,108 afi 1 438
iz ird Hepatitls 07 1,086 BOS 431 557 443
2 Irfections of Hidney 540 205 142 147 0.2 428
24 All Cher and Late Effacts of Cerebrovascular Ciseases 430, 433 435428 4 486 12,224 12,362 404 501
a5 Eronchitiz, Chronic and Unspedfied 490431 BEG 424 A6 47.7| 533
5 All Oher Accidents and Adverse Effects E&00-E807 E&2E-EXT 10,009 4,814 £ 285 477 523
37 Eheurnatc Fever and Rhaumatic Heart Diseaze 390.398 1,158 Ea3 E15 468 534
% Emphyzema 492 4,233 1474 2,258 4.6 a4
e Appendicis 340-543 105 ar il 448 el
40 Benign, Carcinoma n Situ, and Lncertain Meoplasms 210-239 1,364 B05 739 444 0]
41 Cither Diseases of Artsries, Aftefialas, and Capilaras 441445 537 3 2476 440 =50
42 asglhena 493 1404 652 842 436 54
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TABLE 4A [continued]
SELECTED CAUSES OF DEATH BASED 0N SEVENTY-SEVEN CATEGORIES'
BY ANY MEMTICH OF CALUSE, UNDERLYING CAUSE, AND OTHER THAN UNDERLYING CAUSE
CALIFORMA RESIDENTS, 1995
CAUSE OF DEATH IN DESC ENDING ORDER BY THE PERCENT OF DEATHS FOR UNDERLYING CAUSE
BTERMATIONAL PERCENT OF
CLASSIFICATION HNUMBER OF DEATHS ANY MENTION®
R CALKSE OF DEATH OF ISEASES

[8TH REVISION] ANY UNDERLYING | OTHERTHAW | UNDERLYING | OTHER THAM

CODE MUMEER MENTION CAUSE UNDERLYIMNG CALSE UNDERLYING
43 Fespiratory Tuberculosis 010-012 240 152 197 436 =54
dd Cholelithuasis and Cther Disorders of Galbladder 574575 T20 306 414 415 578
45 Frneumonia 30486 P 10,504 14,730 416 54
15 Cither C0 F.Dand Allied Conditions 494406 19,051 7,742 11,304 406 S84
47 |[Other Diseases of Endocardium 424 4,051 1554 2437 404 Sk
43 AlzfEimers Cisease™ 30 4372 1,720 2,652 9.3 =8|
A4 LACes of Stomach @nd Dusdenum ) 331-333 2,128 aan 1,309 ang 515
= Paignant Meoplzsms: Al Othar & Lingpecif ed Sites 1TEATE, 180199 17,284 B 360 11,024 AR A 24
51 Meningilis 320-322 218 4 144 3348 5.1
52 Cther Tubarculosis (ot Reaspiraton 013-018 126 A2 a4 ] EE.T
5 Chranic Glomerulonsphntisiephntis™ephropathyRenal Sderozis 582-583, 587 a0z 160 432 ] Tan
| Hemia and intesting Gbsmich on without Mention of Hemia 50653, 580 1,861 520 1.441 65 R
5 Cerabra Emboism 434 1 245 B2 183 253 a7
W [Acue Brenchibs and Bronchicling il 2m alr 151 248 fa
= Criabares Maliia 2450 523 5,104 15418 244 A
53 All Cher Dligessses 2A0LFAE, . BE0-T739 71,120 17,5913 53,607 248 54
) Fevsrlashs of Prosisia finn 66 ar 231 19.4 s
=8 S BT = T 4400 0,887 1,036 o067 176 a4
&1 Al Cher Heart Diseasss 415423, 425924 T, 56E 16452 51,118 16.9 =<
G2 Cther Acute and Subacuts Forms of Ischami c Heart Diseass 411 343 52 291 152 4.8
&3 Acus Blomerdonsphritis and Mephrotic Syndiome 580-581 127 14 108 15.0 5.0
£ Angira Pectons 413 ara ] 325 1249 871
ES Renal Failure, Cizarders Resuting From inpaired Rena Funchan Sl 596 S add 12 554 gg2 11,572 TH qz22
GG |Hhertension with ar wathout Renal Ciseass A1, 402 205G 1,376 15,274 £.7 233
o7 ANenlEs 2a0-285 S022 295 4. TAT A 4.9
) Septicsmia N34 862 it &.518 5.0 #5.0
[=%] SIRIOMmE, Signs, and I-Cefined Condiions T40-789 571,083 2,399 48,684 4.7 @53
Fin] Futriicnal Deficienc s 260-269 3,278 1328 ER | a4 =
71 Eyphilis 030-0a7 ] 4 24 - -
s Zhigelicsis & Ametiasis 004, e 4 K} ]
i3 Whooping Cough 033 3 3 a
74 Fragnancy With Aborfive Oubcarnes §30-639 3 3 1]
1% [Steep Throat'Seanab natrys petss 134035 2 1 1
Els] Meisles 055 1 1 1] - -
i Acuie Polommyallis 045 n n 1]

™ Included in salected categonies within the NCHS' 77 cause of death aroups
The senaniy-seven calagan e indude NOHS' T2 causs of doath groups ps acquired immuna deh cisncy syndrame, ARheimars disaacs, inury by fire-amis, diugHnducad daaths,

S0UrT

and alcchobinduced daaths.

Fationsl Cantsr for Healh Statishcs, Muliple Cause of Daath Fila, 1955,

“Cither than Underlying Cause" comsists of the immed ale, intermadiate, and corfribuing causes of death
Percent not calculated for diagnostic condions where "Any Mention” IS k5s than 30 abserat ons.
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TAELE 4B
SELECTED CAUSES OF DEATH BASED ON SEVENTY-SEVEN C#TEI._;GRIES'
BY ANY MEMTION OF CAUSE, UNDERLYING CAUSE, AND OTHER THAM UMDERLYING CAUSE®
CALIFORMIA RESIDENTS, 1985
CAUSE OF DEATH IN DESCENDNNG ORDER BY THE PERCENT OF DEATHS FOR OTHER THAN UNDERLYING CAUSE
INTERMATIOMAL FERCEMT OF
) CLASSIFICATION MUKEBER OF DEATHS ANY MENTION’
RAMNK CALISE OF DEATH OF DISEASES
{ATH REVISHON) ANY UMODERLYING | OTHER THAN | UNDERLYIMNG | OTHER THAMN
CODE NHUMBER MEMNTION CAUSE UNDERLYIMNG CALSE LHDERLYIMG
Total, T2 Sekected Causes 001700, EQQ0-EA00 gla i 243450 72352 385 B05
1 Hurrlt onat Cefl ienclas 260-269 3zm 12E 315 39 96.1
2 |Symptoms, Signs, ard IDetined Cond fiars TA0-TE 51,053 2 45 654 47 853
g Septicemia 036 45682 446 5916 a0 g5.0
4 Anarmiss 260285 a0z 5 4. TBT a1 844
g Hy psrtenaion sith or withul Fenal Diseass a01, 403 20 530 137 18,274 a7 833
6 |Renal Falus, Disorckers Resuing From mparad Renal Function S54-580, 399-550 1224 g2 11,472 78 B23|
T [Angina Pectors 411 273 4 325 124 871
4 |Acute Homsndorephnts and Nephrobe Syndrome SE0-551 127 13 10 154 ga.
4 Ciher Bcite and Subacdts Forms of lschemic Heat Diseass 411 243 ] 201 151 844
0 Al Other Heart Disesses 415.423, 425420 o7 Sea 16452 &1,116 16.4 831
i Atherosckrosia 40 10 287 1 B0 0,081 178 g4
12 Hyperplasia of Prostate BOO g L a1 19.8 802
13 Al Orther Dissases 0246 .. BE0734 71,13 17,513 R3 60T 246 754
14 Cizbebes Malitus 50 M523 5104 15418 249 751
15 Acuba Bronchis and Bronchicliis - a0 =i 151 249 51
16 Cerebral Embalizm 434.1 245 B2 R 253 4.7
17 Hemia and Inte st nal Ceatruction withau Mertion of Hemia 5400553, GE0 1851 =3} 1441 d6.5 T34
14 Chronic Glomerulonephnt tep hitistephropatingRans Scerosis S92.583, BET = e 432 aran 730
19 Ciher Tubercuosis (Mot Respiratany] 013018 136 42 B4 333 BG.7
il Keningits FA0 352 218 T4 144 3349 fifi. 1
r| Maignant Neoplasms: Al Other & Uinspacified Sites 170173, 190199 17 254 & A0 11,024 366 634
12 Ulcer of Stomsch and Cundenum 431532 113 &30 1,308 384 615
13 Abkheimer's Ciseass™ 3310 4372 1,730 1652 9.3 607
| Cther Ciseasas of Endocardum 24 4 0 1,55 2437 404 S0.6
15 Cther C.0F.0. and Alied Conditions A0 498 19 051 1747 11,308 A0.6 f0.4
I Fneumonia 50488 513 10,504 14,730 A1.6 fa4
vy Chokithiasis and Cther Disonders of Gallbladder 574575 70 A a14 25 ari
28 Respiratary Tubarculozis 010012 344 152 147 436 G664
L] Asthma 93 1 494 52 B42 EER] 564
£} Ciher Cisen=es of Areries, Artencles, and Capillariss 21448 5217 2341 1ATH <0 S6.0
Nn Benign, Carcinomaln Sib, and Uncertain Heoplasms MO2a 1384 (i) Ta4 444 956
32 Appendicitis Gl 543 g[8} 47 ai 1.9 552
i3 Emphy=zsma 9% 4.7333 1,474 1,254 Afi i 534|
3 Fheumatic Fever and Fheumatc Heart Dissass 390 355 1,158 - ) 615 6.4 531
fiti] Al Orther Accidents and Adverse Effscts ES0-EBOT, ES26-EX4 8 10 Ceed 4 514 5,285 477 523
K Bronchitis, Chronic and Unspacifiad 4800421 ==t} 424 A4 477 523
ar A1 Cither and Late Effects of Cerabrovascular Disearsas 430, 433, 4354938 24 455 12,22 12,262 9.9 a01
a8 Infections of Kidney a0 240 148 147 a0.2 499
39 Viral Hepatitis aro | e (i) A8 557 443
40 Cierabral Thrombeosis/Unspecified Doclsion of Carsbral Arerias 4340, 4344 2521 1415 1106 a6.1 439
41 Birth Traumainirautsrine HyposiatdsphyiaRespiratony Distress FET-TER a7 rm 16T a6 432
43 Cid Wyrocardial Infarct ontJther Chroric Ischamic Heart Ciseass 413, 414 49,523 35,008 21,324 g7.2 4323
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TABLE 4B [eontinusd)
SELECTED CAUSES OF DEATH BASED ONM SEVENTY-SEVEN CATEGORIES"
EY ANY MEMTION OF CALSE, UNDERLYIMNG CAUSE, AND OTHER THAN UNDERLYING CALSE®
CALIFORMA RESIDEMNTS, 1995
CAUSE OF DEATH IN DESCENDING ORDER BY THE PERCENT QF DEATHE FOR OTHER THAN UNDERLYING CAUSE
BITERMATIONAL | _ FERCENT OF
CLASSIFICATION HUMBER OF DEATHS ANY MENTION?
R, CAUSE OF DEATH OF DISEASES

[ATH REVISIGN] ANY UNDERLYING | OTHERTHAM | UNDERLYING | OTHER THAM

CODE MUMSBER BMEMTION CAUSE UKNDERLYING CALUSE UHDERLYING
43 | Other Sencditiens Qriginating in the FPennate Penod TEOLTEE, TTOTTY 2158 1,245 810 57.8 472
44 |Cheonic Liver Disease and Cimhoss an 5,153 3.564 569 BT 418
45 Cartain Cther Intestinal nfections 0a7-00g 164 ar BY LR 400
L1 Hyprertengive Heart Digease A0 4, T30 3,028 1,702 B4.0 a0
a3 Irfluenza LEE &1 52 24 B4.2 5B
i Hypertensive Heart and Renal Dizeaze A0 T Rl 167 [=1=41] ]
49 Irtracerebral and Cther Inracramal Hamaomhaoe 431432 3820 A3 1,001 Go.g a0
50 hidignant Neoplesms Genital Crgars 179187 050 Ra0T 3243 T21 iTh
51 Cither Complications of Pregnancy, Chidoirth, and the Peurperium GaA0-676 Bi 41 18 T3 g
i Cirug-Induced Deaths™ 292, .. E9800ES305 2066 2T Tri Ta.0 Z5.0
5 Congenital Anomales 740.7549 1,840 1494 96 T6.1 244
4 mizlignant Neoplesms. Lrinary Crgars 144-189 270 208 31 .o 230
55 Cither kial gnant Maoplasms of Lymphatc and Hematopoietic Tissuas 200-203 4,252 3277 ars T 228
S5 |higlionant Heoplesms LipdCralPhanmo: 140-143 1,182 a20 262 Tra x2z
o |Leukemia 204-208 2,547 1,097 o50 TaA4 271.6
= hidignant Meoplasms: Ereast 174-175 5335 4,380 1,045 I 196
52 | Al Crber Infectious and Pearasitic Ciseases o000, L, OeE-139 2,504 7.310 1,184 BG.O0 4.0
(58] All Crher Extemal Causes E930-E9929 1ar 1Tz 25 a73 12T
=4 hgdignant Meoplesms Digasthe Organs'Paiionsum 150-159 14,201 12,4930 1,763 BT A 124
=) Aciie Myncardial Infarctian 410 20 A5E 17 834 2424 BET 1.8
53 |Mdignan Meoplrsms Respiralonyrathonscis Orgars 160-165 15 BES 14,235 1438 an.g| a2
[ Acuire Iminune Dl Clency Syndromea™ 0432-044 7,04 A5 588 16| o4
5o |Weningococcal nlaction n36 e 32 2 B 2.9
G5 |htor Wahicks Sccidanis Ed10-E425 4497 44309 a3 L 2
=) Hormicicks and e Insrention E960-E978 3,670 3649 21 aa4 O
G5 |Suicide E350-E953 2,703 1654 3 9.8 oz
B2 |Injury By Firearms BTz, .. ESE5.0-ESE5 4 4,738 4,730 ] aad oz
70 | AlcchoHndiced Daams™ Z21, .. ERED 4032 4,032 1] 1000 oo
71 Syvphilis 0490-097 2 4 29 - =

# Shigalicais & Amebiasis 004, 0 | 3 H

73 Whaoping Caugh 033 3 3 a
74 Fragnancy With Abarfive Oubcarnes 530-639 3 3 a
[} Strep ThroattScarlat naErys palas 034.035 2 1 1
TG visasles 0545 1 1 1]
i Acube Polomysitis 045 ] 0 a

™ Il i g alanted Catacionss within e NCHS' 72 caige of daath arups
T Senvarty-Seven categon es indude NCHS' T2 causs of death groups pls scquirsd immuna dai cency syndroma  Altheimars diseass, inuny by fine-amns, drugHnduced daaths,

Source

and acohokindused deaths.

Makiona Canter for Heakh Statistics, holtiple Cause of Ceath Fila, 19635,

"Cither than Underlying Zausa" comsists of the immed ate, intermadiate, and confributing cawses of death.
Fercent not calculated for dagnostic condifions where *Amy Mertion” 1= less than 30 obssreab ons.
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A substantial amount of pertinent information is excluded when analyzing a diagnostic condition using
only the underlying cause of death, and disregarding the other than underlying cause. As a means of
circumventing this problem, Table 5 represents an alternative view of “the cause of death”. This table
shows in descending rank order the number of any mention of a diagnosis for the standard 72 group causes
of death plus the 5 additional group causes. Any mention is a compilation of the number of underlying
causes and the other than underlying causes of death, which are each mutually exclusive of one another.
As aresult, the number of deaths due to a specific diagnostic condition can be studied without the burden
of having to select either the underlying cause or the other than underlying cause as the basis for the
anaysis.

As shown in Table 5, the leading cause of death due to any mention of a diagnostic condition was all other
heart diseases, which accounted for 97,568 deaths or 40.0 percent of the 243,459 deaths in 1995.
Furthermore, this diagnostic category was assigned as the other than underlying cause approximately 5
times more than as an underlying cause. The second leading cause of death due to any mention was al
other diseases. This category, as stated earlier in Table 3, contains a collection of various causes not
necessarily related to one another. Nevertheless, it is a category that accounted for 71,120 deaths or 29.2
percent of the total number of deaths in California. All other diseases were assigned as the other than
underlying cause approximately 3 times more than as an underlying cause. Symptoms, signs, and ill-
defined conditions ranked third and accounted for 51,083 deaths or 20.9 percent of the total number of
deaths. This category was assigned as the other than underlying cause 95.3 percent of the time, or 20
times more than the underlying cause. Due to this factor, symptoms, signs, and ill-defined conditions
failed to make the list of the traditional ten leading causes of death in Table 1A. However, this diagnostic
condition can still be considered as an important cause of death if analyzed from the any mention point of
view. The fourth, fifth, and sixth leading causes of death due to any mention were “old myocardial
infarction/other chronic ischemic heart disease”, pneumonia, and “al other and late effects of
cerebrovascular diseases’, which accounted for 49,532, 25,234, and 24,486 deaths respectively. The
proportion of deaths assigned as an underlying cause and as the other than underlying cause was
relatively the same for all three of these diagnostic conditions. Hypertension with or without renal disease
and diabetes mellitus ranked as the seventh and eighth leading cause of death due to any mention, and
accounted for 20,650 and 20,523 deaths respectively. These two diagnostic conditions are similar to
symptoms, signs, and ill-defined conditions, in that most of the deaths due to any mention of these
conditions were assigned as the other than underlying cause (93.3 percent for hypertension with or
without renal disease, and 75.1 percent for diabetes mellitus). Unlike symptoms, signs, and ill-defined
conditions, diabetes mellitus did make the list of the traditional ten leading causes of death in Table 1A
despite the fact that the mgjority of deaths involving any mention of this condition were assigned as the
other than underlying cause. The ninth leading cause of death due to any mention was acute myocardial
infarction, which accounted for 20,358 deaths. This diagnostic condition appears to be an excellent
example of an archetypical “leading cause of death” because only a single ICD-9 code makes up this
category, and over 85 percent of any mention of this diagnostic condition is an underlying cause. Thisis
probably what most people have in mind when describing a leading cause of death, albeit most group
causes of death do not meet the criteria. Consequently, the study of causes of death, including the study of
multiple causes, is neither smple nor straightforward. Finally, the tenth leading cause of death due to any
mention was “other C.O.P.D. and alied conditions’, which accounted for 19,051 deaths or 7.8 percent of
the total number of deaths in California.
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TABLES
SELECTED CAUSES OF DEATH BASED ON SEVENTY.SEVEN CATEGORIES'
BY ANY MENTION OF CAUSE, UNDERLYING CAUSE, AND OTHER THAM UMDERLYING CALSE®
CALFORMIA RESIDENTS, 1225
CALUSE OF DEATH IN DESCENDING DRDER BY THE NUMBER OF DEATHS FOR ANY WENTION
INTERMATIDMNAL FERCENT OF
) CLASSIFICATION NUMBER OF DEATHS ANY MENTION'
RAMK CALISE OF DEATH OF DISEASES
{ATH REVISION] AN UNDERLYING | OTHER THAM | UMDERLYIMG | OTHER THAM
CODE NUMBER MENTION CAUSE UNDERLYIMG CAUSE LMDERLYING
Tital, 72 Selkcted Causes 001-7e, ERMESIY E15E11 245455 472,352 93 G045
1 Al Ciiher Hean Disesses 415473 475-479 a7 566 16452 81,116 1649 3.1
2 A Oy Disssrses 240-245, . GH-730 71120 17513 93,607 245 Ta4
d Snplems, Figns, and IFDefinsd Condtions TELL TR 51,083 2,388 43 G54 47 4954
4 CAQ Wyocerdial farc ervoiher GhroniG 1schemic He et [igeass 412,474 49,532 25,308 21,224 arz 42.4
a0 |Pneumnia AL AGE 25,234 10,504 14,730 415 anA
G | A0 Other ared Lete Effects of Corabrovasodar Dissases 430 433 435433 4 4BE 12224 12 262 494 a1
71 |Hyresrtensian vith o vithout Rand Cissese 41, 403 E0 S0 1376 19,274 7 433
b Diatetes Melitus 23 2055 5104 15414 24 751
A4 |Acute Myocardial nfarcton 411 0 A5E 17T 834 2424 EER 11.4
1d Caher S0 P D and Alled Sondbons 42496 16,051 T ra2 11,3089 LR 504
11 el onant Necplasrns: All Othar & Unspecified Sitea 70173, 180,199 17,384 B 360 11,024 388 634
12]  |Malgnant Mecplasms: Respiratorgkitrathoracic Orgars 180185 15 BB 14,225 1,438 a0 4 0.2
13 tal gnart Meoplasms: Digestve OrgaraiPantonsum 150158 14,201 12438 1,761 476 124
14 Renal Failura, Disorders Resuting From impaired Rena Functian 584500 CEnRagd 12 554 ga2 11,572 T4 9232
15 Atherosclkerosis 441 10,807 1,936 9,061 176 g4
16 R Cither Accidents and Adwerse Effacts E800.E=0T, ERZE-EST 10,008 4,814 5,285 ary 513
17 Septicenia [uEk:] B.OE2 46 8516 50 450
14 Al Cther Infectiows and Parasitic Ciseases 001-003, ..., 05dE.130 .50 T.310 1,184 460 14.0
19 Mal ant Mecplasma: Genital Organs 171487 BO50 caor 2243 711 2749
20 Acquiredimmune Detic ency Syndromes 0 2 0l 7,044 455 580 AN 8.
£ Chronic Liver Diss==e and Cirrhosis 5T B, 133 3564 2568 a8 414
23 akgnant Meoplasms: Breast 174176 B335 4,200 1,045 a04 19.6
a3 Ciher Ciseases of Areries, Artencles, and Capilaries 4414485 517 2,341 24976 494 1] A6.0
24 fnemizss 0286 5022 prlaty 4 TET LR a4
a5 Inuny by Fireamms™ EQ23, . ESER.0EZES 4 4,730 4,730 ] a9 3 0.3
i Hypertensive Haart Dissase dind 4,730 028 1,702 fid 0 36.0
a7 totor Wehicke Accdents ESI0LES2S 4491 4239 51 EEE 1.2
2 Aiheimers Ciseass™ 3310 4472 1,720 2652 393 G0.7
29| |Cther Walgnant Mecplasms of Lymphatic and Hematopoiet © Tissues ;003 4,257 33T 475 ITA 229
an Emphy=sma A5l 4,233 1,974 2388 dii 534
1) |Cther Diseases of Endocandum 424 4,091 1,654 2437 404 R
a3 Elcohobinduced Desthe™ 291, .. EBED 4,033 4,032 1] 1000 0.0
kK| Suicide E4S0ESSS A,T03 A 604 g ERE 0.2
3 Homicide end Legal nterventian ES0EATY 3670 A 649 21 444 0.6
a5 niracarebral and Other Intracranial Hemaormhage 431-432 3628 2538 1,081 G99 301
3G Mutrit cnal Defi ciancias RO 26D 3274 128 3,151 34 961
ar Crugrinduced Desths" 202, . ESEOO-EZ30.5 2,088 2T T Fan 25.0
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The last table in this report, Table 6, summarizes the rank ordering of the 77 group causes. The rankings
are based on the number of deaths by any mention and by the underlying cause as shown in Table 5 and
Table 3 respectively. The group causes of death are in descending order by the number of any mention,
and includes the corresponding rank for the underlying cause. Each method for ranking the causes of
death portrays a different view of the important causes. For some diagnostic conditions, the difference is
minimal between the two methods based on frequency of occurrence. For example, “al other and late
effects of cerebrovascular diseases’ is rank sixth as any mention of that cause and seventh as an
underlying cause. Causes of death near the bottom of the list aso tend to be smilarly ranked by both
methods. Examples of this latter case are whooping cough, strep throat/scarlatinalerysipelas, measles, and
acute poliomyelitis.

In contrast, some causes of death vary markedly between the two methods. These causes tend to be those
that have high proportions based on either the underlying cause or other than the underlying cause in
relation to any mention of that diagnostic condition. For example, symptoms, signs, and ill-defined
conditions is ranked third as any mention of that diagnostic condition and twenty-sixth as an underlying
cause. Alcohol-induced deaths shows the opposite effect, and is ranked thirty-second as any mention of
that diagnostic condition and nineteenth as an underlying cause. Although the rankings of some causes of
death are markedly different between the frequencies of any mention and underlying cause, there is a
greater correspondence among these ranks than what seems intuitively apparent.

Calculation of Spearman’s Rank Correlation Coefficient is a statistical technique for quantifying how well
two rankings agree. The rank order correlation of the 77 group causes by the two methods is +0.91. The
possible range of values is from —1.00 to +1.00. These two extremes mean perfect negative correlation and
perfect positive correlation, from complete opposition to complete congruence. No agreement at all would
be signified by avaue of 0.00. In this case, avalue of +0.91 can be interpreted to mean that any mention
and underlying cause, as sources of variation in the ranking of the 77 group causes, account for 82.8
percent of the variation and random effects account for only 17.2 percent. This indicates that the
correspondence between the two ranks is high.
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CONCLUSION

Analysis of death data by any mention of a diagnostic condition, rather than the underlying cause avoids
some of the problems inherent in selecting one diagnosis from several multiple causes of death. The
importance of a diagnostic condition and its ranking as a leading cause of death need not depend on
arbitrary selection procedures that force the assignment of only a single diagnostic condition as the
underlying cause of death.

Any list of leading causes of death depends not so much on the raw “facts’, but on how the facts are
organized. One expected source of variation is the manner in which the diagnostic conditions are grouped
to comprise categories of diseases and injuries. Categories consisting of many ICD-9 codes tend to be
reported among “the leading causes of death”, but not always. When other diagnostic categories are
constructed in which several 1CD-9 codes are combined, such as diseases of the digestive system, then a
rearrangement of the more traditional ordering of the leading causes of death occurs.

The leading causes of death, no matter how constructed, tend to be some type of heart disease. The
traditional method, which utilizes the underlying cause, ranks the subcategory diseases of the heart (ICD-9
codes 390-398, 402, 404-429) in first place. Anaysis of the 77 group causes of death, which is an
alternative scheme, shows “old myocardial infarction/other chronic ischemic heart disease” as the number
one underlying cause of death. If the frequencies of any mention of a diagnostic condition are used, then
the category, all other heart diseases (ICD-9 codes 415-423, 425-429), becomes rank one among the 77
group causes of death.

The ranking of any mention of a cause of death tends to emphasize those diagnoses that are important, but
are not usually presented as one of the leading causes of death. However, some categories are important as
both an underlying cause and asany mention of acause. Some examples are:

|CD-9 Codes Diagnostic Category

415-423, 425-429 al other heart diseases

412, 414 old myocardial infarction/other chronic ischemic heart disease
480-486 pneumonia

430, 433, 435-438 al other and late effects of cerebrovascular diseases

Future research should focus on questions, such as “what diagnostic conditions tend to be associated with
other diagnostic conditions most frequently”, and “what effects do diagnostic conditions which are
disproportionately assigned as an other than underlying cause have upon the underlying cause of
death?’
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APPENDI X
l. Technical Note on Processing M ultiple Causes of Death Records

A facsimile of the cause of death item from the California death certificate is depicted in Figure 3 below.
As shown in Item 107, “Death Was Caused By”, there are four lines available for recording up to four
levels of causes: Line (A) “Immediate Cause’; Lines (B,C) “Intermediate Causes’; and Line (D)
“Underlying Cause”.

FIGURE 3
I107. DEATH WAS CAUSED BY: (ENTER ONLY ONE CAUSE PER LINE FOR A, B, C, AND D) TIME INTERVAL BETWEEN
ONSET AND DEATH
IMMEDIATE
CAUSE
(B)
CAUSE DUE TO
OF
DEATH DUETO [(C)

DUETO (D)
L12. OTHER SIGNIFICANT CONDITIONS CONTRIBUTING TO DEATH BUT NOT RELATED TO CAUSE GIVEN IN 107

|deally, the sequence of events leading to death, in terms of diagnosable condifions, begins with one
underlying cause. The underlying cause is considered to be the basic, primary, ultimate, or first cause, the
single condition that initiates the dying process. It directly leads to the conditions recorded on Lines B and
C, the intermediate causes, which in turn give rise to the immediate or proximal condition that occurs just
prior to death, mentioned on Line A. Cause of death, in this scheme, is a chain of diagnoses that can be
traced backward through time, from the condition immediately causing the death to the one condition
underlying the process. The conceptual model implies the causes are a connected series of conditions
which are linked together to describe the dying process. In addition, Item 112 on the death certificate,
“Other Significant Conditions...”, includes another dimension that can be used to mention one or more
contributing cause or causes, which are not part of the linear chain of conditions leading to death. The
conditions listed in Item 107 along with the conditions listed in Item 112 are used conjointly to determine
the underlying cause of death.

From the diagnostic labels written on the death certificate by the physician or medica certifier, the
nosologist determines the appropriate International Classification of Disease code (ICD-9) for each
diagnostic label written on the four lines. All the diagnostic codes on the death certificate are entered into
the electronic record so that whatever codes are on the death certificate are exactly reproduced on the data
tape. Then, after considerable computer processing, an electronic record with as many as twenty separate
ICD-9 codes can be obtained for each death. The “computer processing” of multiple cause of death datais
complex and convoluted. It involves not only computer editing and recoding of the data, but also intensive
human intervention.
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Information about diagnostic conditions on each desth certificate is coded into an electronic medium
(computer tape) and is essentially unaltered from the death certificate to an “entity axis’ of multiple causes.
The “entity axis’ of conditions maintains as closely as possible the exact information that was shown on
the certificate. Each diagnostic condition is seen as a medical entity without regard to other medical
entities on either the same line of causes of death or on any of the other lines. These entity axis data serve
two purposes. First, in those instances in which the medical certifier has not properly designated the
underlying cause of death, a computer algorithm determines the assignment of the underlying cause. The
computer program is called ACME, “Automated Classification of Medical Entities’. The second purpose
is to provide the basis for studying the etiology of diagnostic conditions as originaly perceived by the
medical classifier. Entity axis data preserve not only each diagnostic code, but also the location (Item 107.
Lines A, B, C, or D and its respective position on that line; and Item 112) of the code as it is listed on the
death certificate. Therefore, one is able to inspect the electronic representation of a death record and
determine the location and order of each diagnosis, whether it is one of severa immediate, intermediate,
underlying, or contributing causes of death. The entity axis may have more than one underlying cause of
death coded from Line D of Item 107. In some cases, the exact same diagnostic code may be repeated on
the same line. In other instances, two diagnostic conditions may be in conflict with one another. For
example, one code might show that there was “cirrhosis of the liver w/o mention of alcoholism” (ICD-9
codes 571.5), while another code listed on the certificate could indicate “acohol dependence syndrome”
(ICD-9 code 303). As aresult, the entity axis cause of death is generally not useful for analysis of person-
based statistics on multiple causes of death.

To circumvent this problem, a computer algorithm called TRANSAX, “Trandation of Axis’, is used to
transform the entity axis to a “record axis’ (person-based statistics) of multiple causes. The record axis
codes take into account each of the other codes listed on a certificate, such that a coherent set of diagnostic
conditions is created that best describes the relationships among the causes of death. For example, in the
case of ICD-9 codes 571.5 and 303 described above, both codes would be combined and replaced by code
571.2, “adcohoalic cirrhosis of the liver”.

In addition to two or more codes being combined into one code on the record axis, one code may be
modified by the presence of another. For example, when ICD-9 code 394.9, “diseases of the mitral valve
not specified as rheumatic”, is mentioned with code 398, “other heart disease specified as rheumatic”, then
code 394.9 is modified to 394.0, “diseases of the mitral valve specified as rheumatic”, and code 398 is
retained. Furthermore, some ICD-9 codes may be deleted in the presence of another code. If code 410.9,
“acute myocardial infarction with mention of hypertension” appears on the death certificate with code
410.0, “acute myocardia infarction without mention of hypertension”, then code 410.9 is deleted from the
record axis coding of multiple causes of death. Finaly, in the trandation of axis from entity to record
codes, only one of any duplicated ICD-9 code is retained.

For a more complete and detailed description of the processing of death certificate data, please see the

National Center for Health Statistic’s file documentation related to the creation of multiple cause of death
tapes.1°
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Technical Note on the International Classification of Disease Codes

The International Classification of Disease Codes, Ninth Revision, (ICD-9) published by the World Health
Organization uses a 4-digit coding scheme (0010-9999), which is used as a worldwide standard, to classify
various causes of death. In this coding scheme, the first three digits of the code represent an 1CD-9 cause
of death category, and the last digit represents a subcategory, if applicable. 1CD-9 codes 0010-7999 are
unigue codes, while codes 8000-9999 are not unique. In the case of the later codes, they can be ether a
nature of injury code (N-Code) or an external cause of injury code (E-Code). The data shown in Figure 1
utilize the entity axis, and both the N-Codes and the E-Codes for compiling the number of causes listed on
each death certificate. All of the data represented in the tables and Figure 2 use the record axis and only
the E-Codes for compiling the number of causes.

. Technical Noteon Terms Used with Multiple Cause of Death Data
To emphasize the difference between cause of death as a diagnostic condition and the dichotomy of

underlying cause of death as separate from other than underlying cause, consider the following
distinctions:

. A diagnostic condition, whether a single ICD-9 code or a group of 1CD-9 codes, may either be an
underlying cause or an other than underlying cause.

. An underlying cause, by definition, can consist of only a single diagnostic condition.

. An other than underlying cause can consist of many diagnostic conditions, and up to 20 may be

retained in the multiple causes data.

. An other than underlying cause can be comprised of the immediate, intermediate, and
contributing causes with either one, two, or al three levels applicable to a given death.

. Any mention of a diagnostic condition is an unduplicated count of an ICD-9 code or group of
codes. For example, the first step for enumerating a diagnostic condition is by underlying cause
(single cause). The records that were not counted in the first step are passed on to the second step.
In this step, the diagnostic condition is compiled by other than the underlying cause (up to 20
causes). Records that contain more than one ICD-9 code for a specific diagnostic condition are
only counted once.
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