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This study aimed to examine the changes in frequency of reporting improper diabetes-related cause-of-death
statements on death certificates based on Multiple-Cause Mortality Files of the United States from 1985 to 2005.
An algorithm was developed to identify the causes of death with incorrect causal sequences by using decision
tables developed by the National Center for Health Statistics. In 1985, 2 or more diagnoses per line were reported
on 35% of death certificates with mention of diabetes in Part I of the death certificate. This percentage decreased to
19% in 2005. In contrast, the prevalence of reporting incorrect causal sequences on death certificates on which
diabetes was reported in Part I increased from 22% in 1985 to 35% in 2005. The authors suggest that the most
plausible explanation of increasing reporting of incorrect causal sequences was the drastic increase of reporting
multiple conditions (especially cardiovascular diseases and cancers) among deaths with mention of diabetes,
which made the determination of underlying cause of death much more difficult.

cause of death; death certificates; diabetes mellitus; mortality

Abbreviations: ACME, Automated Classification of Medical Entities; ICD, International Classification of Diseases; ICD-9, Interna-
tional Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, Tenth Revision.

Cause-specific mortality is a commonly used endpoint for
epidemiologic studies and clinical trials and an important
reference for makers of health policy. Cause-specific mor-
tality is derived from information reported in the cause-of-
death section of the death certificate (Figure 1), which is
designed to help physicians correctly identify the underly-
ing cause of death (1). Despite the availability of instruc-
tions on how to properly complete the death certificate and
wording ‘‘due to (or as a consequence of)’’ between lines a,
b, c, and d on the death certificate (Figure 1), many physi-
cians still report improper cause-of-death statements (2–11).

Assessing the quality of cause-of-death statements is one
of the goals of the International Collaborative Effort on
Automating Mortality Statistics initiated by the National
Center for Health Statistics (12). Previous studies have in-
dicated that physicians in different countries showed great
variation in reporting diabetes-related cause-of-death state-
ments (13), and physicians in the United States reported

more improper diabetes-related cause-of-death statements
than physicians in other countries (14). This may be the
result of increases in the incidence of multiple comorbid
conditions combined with a lack of training for US physi-
cians in proper cause-of-death certification (14, 15).

The prevalence of diabetes mellitus is increasing mark-
edly both globally (16) and in the United States (17, 18).
Consequently, the mortality burden associated with diabetes
mellitus has also increased (19–21). One of the implications
of the growing burden of diabetes mellitus is that physicians
must certify more death certificates for diabetic patients
with coexisting macro- or microvascular complications
and other competing comorbidities (e.g., cancers, respira-
tory diseases, and other degenerative diseases). For these
diabetes-related deaths, it is sometimes difficult for the cer-
tifying physician to determine whether to report diabetes in
Part I of the death certificate, that is, diabetes directly caused
the death, or in Part II, that is, diabetes contributed to death
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but was not part of the sequence of events leading directly to
death (22).

Despite the increase in using Multiple-Cause Mortality
Files for epidemiologic studies in the United States, none of
them used the data set in analyzing improper cause-of-death
statements. We developed an algorithm to identify the
cause-of-death statements with incorrect causal sequences
by using decision tables in the Automated Classification of
Medical Entities (ACME), a computer program developed
by the National Center for Health Statistics to standardize
assignment of the underlying cause of death (23, 24). One of
the difficulties in using the International Selection Rules
(Appendix) set by the World Health Organization to select
the underlying cause of death is the judgment of ‘‘highly
improbable’’ causal sequences (25, 26). The decision tables
were developed by the National Center for Health Statistics
as part of the ACME system and include all ‘‘acceptable’’
causal relations between codes (27). Figure 2 illustrates how
ACME incorporates the International Selection Rules and
decision tables to select the underlying cause of death.
ACME is becoming a de facto international standard, and
many countries use the ACME decision tables as the basis
for their own systems (12). By use of the ACME decision
tables, this study aimed to examine whether the nationwide
frequency of improper diabetes-related cause-of-death state-
ments in the United States was getting better or worse from
1985 to 2005.

MATERIALS AND METHODS

Data

We identified all diabetes-related deaths for the years
1985, 1990, 1995, 2000, and 2005 from the Multiple-Cause
Mortality Files compiled by the National Center for Health
Statistics (28). All deaths with diabetes mellitus coded any-
where on the death certificate were included for analysis.
Two revisions of the International Classification of Diseases
(ICD) span the time period for analysis: the Ninth Revision
(ICD-9) and the Tenth Revision (ICD-10). For identification
of diabetes mellitus, ICD-9 code 250 was used for data years

1985, 1990, and 1995, and ICD-10 codes E10–E14 were
used for 2000 and 2005.

There are 2 formats for the coding of multiple conditions
in the Multiple-Cause Mortality Files: the entity-axis format
and the record-axis format (29). We used the entity-axis
format exclusively in this study. The entity-axis format re-
cords not only ICD codes but also information on the exact
position of the condition reported by the certifier on the
death certificate. The information is used to identify im-
proper cause-of-death statements.

There are 6 characters for each entity-axis code in the file.
The first character represents the line in Part I or Part II of
the death certificate on which the condition was recorded
(1 ¼ line a, 2 ¼ line b, 3 ¼ line c, 4 ¼ line d, 5 ¼ line e
(sometimes an additional line is added by the certifier), and
line 6 ¼ Part II). The second character indicates the se-
quence of conditions entered on a particular line. Often,
multiple conditions are entered on the same line, especially
in Part II. The final 4 characters are for ICD codes (decimals
are implied and not explicit in the entity-axis format). By
use of example 1 of Figure 2 as an illustration, ‘‘11A419’’
denotes that sepsis (ICD-10 code A41.9) is the first diagno-
sis entered on the first line (line a) in Part I of the death
certificate, ‘‘22L89’’ indicates that pressure ulcer (ICD-10
code L89) was the second diagnosis entered in the second
line (line b) in Part I of the death certificate, and ‘‘62K746’’
denotes that liver cirrhosis (ICD-10 code K74.6) was the
second diagnosis entered in Part II of the death certificate.

Improper cause-of-death statements

This study focused on 2 types of improperly reported
diabetes-related cause-of-death statements. Both types in-
volve more than one possible causal sequence, which may
result in an underlying cause of death selected by ACME
that might not match that intended by the certifying physi-
cian (refer to Figure 2).

Reporting 2 or more diagnoses per line in Part I of the
death certificate. We used the information in the second
character of the entity-axis codes to identify those death
certificates with 2 or more diagnoses reported per line in Part
I (examples 1 and 2 of Figure 2). Two different causal

Figure 1. The cause-of-death section in the 2003 revision of the standard US death certificate.
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sequences can be distinguished in example 1: The first one is
‘‘diabetes mellitus / hyperglycemic hyperosmolar nonke-
totic coma / sepsis,’’ and the second causal sequence is
‘‘diabetes mellitus / pressure ulcer / sepsis.’’ Luckily,
the underlying cause of death of the 2 causal sequences
is the same, that is, diabetes mellitus. Similarly, there are
2 causal sequences in example 2: The first one is ‘‘cerebral
infarction/ pressure ulcer/ sepsis,’’ and the second one is
‘‘diabetes mellitus / hyperglycemic hyperosmolar nonke-
totic coma/ sepsis.’’ The implied underlying cause of death

is cerebral infarction in the first sequence and diabetesmellitus
in the second sequence. Suppose that the intended underlying
cause of death of the certifyingphysician is cerebral infarction.
In contrast, the actual underlying cause of death that would be
assigned by ACME is diabetes mellitus, which, in this case,
would not match the intent of the certifying physician.
To avoid this kind of contradiction, the US standard death
certificate explicitly reminds the certifier to ‘‘enter only one
cause on a line’’ in Part I of the cause-of-death section (death
certificates in all states contain this reminder) (Figure 1).

Figure 2. Examples of improper cause-of-death statements reported on death certificates, United States, 1985–2005. The ICD-10 codes shown
in this figure are presented without the decimal point to be consistent with the way they are used in ACME. ACME, Automated Classification of
Medical Entities; Gen Prin, General Principle; HHNK, hyperglycemic hyperosmolar nonketotic coma; ICD-10, International Classication of Dis-
eases, Tenth Revision; LMC, linkage with mention of combination; TUC, temporary underlying cause of death; UC, underlying cause of death.
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Entering an incorrect causal sequence among reported
diagnoses in Part I of the death certificate. We developed an
algorithm to identify the cause-of-death statements with in-
correct causal sequences. In the first step of the algorithm,
we compared the first ICD code in the last used line in Part I
with the official underlying cause of death that was, in
most cases, selected automatically by ACME (in a few
cases, <1% of deaths, the underlying cause of death must
be selected manually). If the 2 codes were not the same, the
causal sequence reported by the certifier was determined to
be incorrect, with a few exceptions. For example, the ICD
code of the first diagnosis in the last used line in Part I is
E14.9 in example 1, I63.9 in example 2, and I10 in example 3
(Figure 2). These codes are in contrast with the ICD codes
selected by ACME as the underlying cause of death, which are
E14.7 in example 1 and example 2 and E14.9 in example 3.

In the second step of the algorithm, we tried to identify
the exceptions. That is, the 2 codes were not the same, but
the reported causal sequence is correct and proper. There are
2 reasons why ACME might select a different underlying
cause-of-death code than that indicated by a proper cause-
of-death statement. First, ACME may select a combined
code or preferred code according to Modification Rule C,
which involves the linkage of reported conditions (Appen-
dix). For example, in example 1 of Figure 2, even though the
reported causal sequence is correct and proper, ACME se-
lected E14.7 as the underlying cause of death, combining
codes E14.9, E14.0, and L89. Second, according to Modi-
fication Rule D (Appendix), if there is a diagnosis reported
that is a more specific manifestation of what is reported on
the lowest used line in Part I (e.g., acute myocardial infarc-
tion due to coronary heart disease), ACME will select the

Table 1. Changes in Certification Practices in Diabetes-related Deaths by Age, United States, 1985–2005

1985 1990 1995 2000 2005

No. % No. % No. % No. % No. %

Death certificates with
mention of diabetes

All agesa 148,401 7 162,700 8 187,974 8 213,292 9 233,921 10

0–44 years 3,757 2 4,404 2 5,206 2 5,523 3 6,145 3

45–64 years 29,580 7 30,182 8 33,821 9 39,379 10 47,977 10

65–74 years 44,104 9 47,705 10 52,559 11 52,153 12 51,469 13

�75 years 70,960 7 80,409 8 96,388 8 116,237 9 128,330 9

Reporting diabetes in Part I
of the death certificate
among death
certificates with
mention of diabetes

All agesa 42,404 29 53,605 33 66,767 35 77,079 36 85,096 36

0–44 years 2,018 54 2,450 56 2,802 54 2,929 53 3,128 51

45–64 years 9,023 31 10,987 36 13,521 40 15,658 40 19,176 40

65–74 years 11,860 27 15,150 32 18,518 35 18,834 36 18,762 36

�75 years 19,503 27 25,018 31 31,926 33 39,658 34 44,030 34

Reporting �6 diagnoses per
death certificate among
death certificates with
mention of diabetes

All agesa 22,072 15 26,700 16 33,715 18 43,200 20 55,203 24

0–44 years 486 13 629 14 801 15 895 16 1,184 19

45–64 years 4,344 15 4,675 15 5,843 17 7,513 19 10,814 23

65–74 years 6,588 15 8,127 17 9,734 19 10,752 21 12,901 25

�75 years 10,652 15 13,269 17 17,336 18 24,039 21 30,304 24

Reporting �6 diagnoses per
death certificate among
all deaths

All agesa 115,636 6 127,235 6 137,972 6 155,469 7 186,441 8

0–44 years 10.965 5 11,806 5 11,977 5 10,766 5 12,235 6

45–64 years 19,457 5 18,820 5 19,522 5 22,889 6 33,303 7

65–74 years 27,206 6 29,059 6 29,148 6 28,272 6 32,030 8

�75 years 58,008 6 67,550 6 77,325 6 93,542 7 108,873 8

a Age adjusted on the basis of age structure in year 2000.
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more specific condition as the underlying cause of death.
After removal of these exceptions, the remaining death cer-
tificates with disagreement between the last used line in Part
I and the underlying cause of death selected by ACME were
considered to have an incorrect causal sequence.

In the third step of the algorithm, we checked all under-
lying cause-of-death codes selected by ACME to determine
whether they are ‘‘acceptable consequences’’ or ‘‘accept-
able causes’’ of diabetes using Decision Tables D and E in
ACME (27). We further classified those death certificates
with an incorrect causal sequence into 3 types according to
the position of conditions reported in relation to diabetes: 1)
a lower line indicates some diagnoses erroneously reported
in the line below diabetes as the ‘‘cause’’ of diabetes, such
as hypertension in examples 3 of Figure 2; 2) an upper line
refers to some diagnoses erroneously reported in the line
above diabetes as a ‘‘consequence’’ of diabetes, such as lung
cancer in examples 4 of Figure 2; 3) the same line indicates
diagnoses reported in the same line with diabetes, such as
cerebral infarction in examples 2 of Figure 2.

Data analysis

Wecalculated 4 proportions by year to examine the changes
in certification practices in reporting diabetes-related cause-
of-death statements, which were as follows: 1) the proportion
of death certificates with mention of diabetes among all death
certificates; 2) the proportion of death certificates on which
diabetes was reported in Part I among all death certificates
with mention of diabetes; 3) the proportion of death certifi-
cates with 6 or more diagnoses per death certificate among all
death certificates with mention of diabetes; and 4) the pro-
portion of death certificates with 6 or more diagnoses per
death certificate among all deaths as a reference.

We then compute the frequencies of the 2 types of im-
proper cause-of-death statements and the distribution of the

3 types of incorrect causal sequences by year. To have a bet-
ter understanding of the changes in the 3 types of incorrect
causal sequences, we used hypertension as an illustration.
We also ranked, for 2005, the 10 diagnoses most often er-
roneously reported in the line below diabetes as ‘‘causes’’ of
diabetes and the 10 diagnoses most often erroneously re-
ported in the line above diabetes as ‘‘consequences’’ of
diabetes.

All the above frequencies, proportions, and distributions
were tabulated by age group (0–44, 45–64, 65–74, and �75
years) from 1985 through 2005. In order for there to be
a valid comparison across years, all percentages were age
adjusted on the basis of age structure of the year 2000.

RESULTS

The trends in certification practices in diabetes-related
deaths are presented in Table 1. Of 2,088,498 death certif-
icates issued in 1985, diabetes was mentioned on 148,401
(7%). The percentage of death certificates with mention of
diabetes was 10% (233,921/2,452,186) in 2005. The per-
centage reporting diabetes in Part I of the death certificate
among death certificates with mention of diabetes was 29%
in 1985 and increased to 36% in 2005. A prominent increase
in the proportion reporting 6 or more diagnoses per death
certificate among death certificates with mention of diabetes
was noted, from 15% in 1985 to 24% in 2005. In contrast,
based on all deaths, the percentage reporting 6 or more di-
agnoses per death certificate did not change as much—from
6% in 1985 to 8% in 2005.

With regard to the changes in frequency of improper
diabetes-related, cause-of-death statements, the proportion
reporting 2 or more diagnoses per line was 35% (14,693/
42,404) in 1985 and decreased to 19% (15,780/85,096) in
2005 (Table 2). All age groups showed similar decreasing

Table 2. Changes in Frequency of Reporting Improper Diabetes-related Cause-of-Death

Statements Among Death Certificates on Which Diabetes Was Reported in Part I of the Death

Certificate by Age, United States, 1985–2005

1985 1990 1995 2000 2005

No. % No. % No. % No. % No. %

Reporting �2
diagnoses per line

All agesa 14,693 35 12,522 23 13,550 20 14,770 19 15,780 19

0–44 years 600 30 539 22 560 20 568 19 614 20

45–64 years 3,211 36 2,653 24 2,790 21 3,074 20 3,748 20

65–74 years 4,212 36 3,687 24 3,891 21 3,658 19 3,570 19

�75 years 6,670 34 5,643 23 6,309 20 7,470 19 7,848 18

Entering incorrect
causal sequence

All agesa 9,229 22 14,598 27 19,507 29 22,952 33 28,408 33

0–44 years 295 15 433 18 567 20 620 21 685 22

45–64 years 1,874 21 2,761 25 3,652 27 4,374 28 6,119 32

65–74 years 2,664 22 4,195 28 5,566 30 5,668 30 6,401 34

�75 years 4,396 23 7,209 29 9,722 30 12,290 31 15,203 35

a Age adjusted on the basis of population in year 2000.
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trends. By contrast, the proportion of those reporting an
incorrect causal sequence increased from 22% (9,229/
42,404) in 1985 to 33% (28,408/85,096) in 2005. The in-
creasing trends were consistent in all age groups.

Of those death certificates in which an incorrect causal
sequence was reported, the proportion in which physicians
reported diagnoses in the same line with diabetes decreased
from 28% in 1985 to 10% in 2005. In contrast, the propor-
tion in which diagnoses were erroneously reported as the
cause or consequence of diabetes increased (Table 3). In
particular, the likelihood that hypertension was reported in
the same line with diabetes decreased from 56% in 1985 to
19% in 2005, a decrease of one third. This was largely offset
by a compensatory increase in the likelihood of hyperten-
sion being erroneously reported in the line below diabetes
(i.e., as a ‘‘cause’’ of diabetes) from 37% in 1985 to 68% in
2005 (Table 4).

In 2005, of 17,211 death certificates with diagnoses erro-
neously reported in the line below diabetes as a ‘‘cause’’ of
diabetes in 2005, 9,391 (55%) were diseases of the circula-
tory system (ICD-10 codes I00–I99); 1,875 (11%) were en-
docrine, nutritional, and metabolic diseases (ICD-10 codes
E00–E90), and 1,526 (9%) were diseases of the genitouri-
nary system (ICD-10 codes N00–N99). Of 8,274 death
certificates with diagnoses erroneously reported in the line
above diabetes as a ‘‘consequence’’ of diabetes, 3,335 (40%)
were neoplasms (ICD-10 codes C00–D48), 1,724 (21%)
were diseases of the respiratory system (ICD-10 codes
J00–J99), and 1,083 (13%) were diseases of the nervous
system (ICD-10 codes G00–G99). The 10 specific diagnoses
most often erroneously reported below or above diabetes are

listed in Table 5. Most of the diagnoses erroneously reported
as ‘‘causes’’ of diabetes were macro- or microvascular dis-
eases, such as hypertension, coronary heart disease, renal
failure, peripheral vascular disease, and cerebrovascular dis-
eases. In contrast, diagnoses erroneously reported as ‘‘con-
sequences’’ of diabetes were common comorbid conditions
such as cancer, Alzheimer’s disease, and chronic obstructive
pulmonary disease common to older decedents.

DISCUSSION

Main findings

This study provides the first nationwide examination of
the trends in the frequency of reporting improper cause-of-
death statements involving diabetes mellitus. Our findings
revealed a mixed picture. The frequency of reporting 2 or
more diagnoses per line decreased from 1985 through 2005.
This was largely offset by an increase in the frequency of
reporting incorrect causal sequences. An examination of
death certificates where diabetes is reported with hyperten-
sion provides an illustration: Over time, the prevalence of
death certificates with hypertension reported on the same
line with diabetes has decreased, while the prevalence of
death certificates with hypertension reported erroneously
in the line below diabetes has increased.

Strengths and limitations

One of the strengths of this study is that it represents the
first attempt using population-based national death

Table 3. Changes in the Proportion of 3 Typesa of Incorrect Causal Sequences in Relation to

Diabetes, United States, 1985–2005

1985 1990 1995 2000 2005

No. % No. % No. % No. % No. %

Total 9,229 100 14,598 100 19,507 100 22,952 100 28,408 100

Lower line 4,332 47 8,395 58 11,427 59 14,105 61 17,211 61

Upper line 2,294 25 4,252 29 5,963 31 6,418 28 8,274 29

Same line 2,603 28 1,951 13 2,117 11 2,429 11 2,923 10

a ‘‘Lower line’’ indicates that diagnoses were erroneously reported in the line below diabetes as

the ‘‘cause’’ of diabetes (such as hypertension in example 3 of Figure 2); ‘‘upper line’’ indicates

that diagnoses were erroneously reported in the line above diabetes as the ‘‘consequence’’ of

diabetes (such as lung cancer in example 4 of Figure 2); ‘‘same line’’ denotes that diagnoses were

reported in the same line with diabetes (such as cerebral infarction in example 2 of Figure 2.

Table 4. Changes in the Distribution of the Position of Hypertension in Relation to Diabetes

Reported on Death Certificates With Incorrect Causal Sequences, United States, 1985–2005

1985 1990 1995 2000 2005

No. % No. % No. % No. % No. %

Total 1,724 100 3,277 100 5,319 100 7,268 100 10,941 100

Hypertension reported
below diabetes

646 37 1,929 59 3,333 63 4,880 67 7,399 68

Hypertension reported
above diabetes

110 6 385 12 796 15 901 12 1,507 14

Hypertension reported in
the same line with diabetes

968 56 963 29 1,190 22 1,487 20 2,035 19
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certificate data to examine physicians’ cause-of-death certi-
fication practices involving the reporting of diabetes. Unlike
previous studies, which either used case history question-
naires or reviewed only a limited number of death certifi-
cates, the findings of this study provide a more complete
picture of the practice of writing cause-of-death statements
involving diabetes in the United States. The second strength
is that this is the first study examining changes in the fre-
quency of improper cause-of-death statements across years.
Previous studies were based on a single year. The third
strength of this study was the use of an objective algorithm
to identify the 2 types of improper cause-of-death state-
ments. Previous studies relied on subjective judgment of
the investigators regarding the propriety of cause-of-death
statements. The fourth strength of this study was that we are
able to further differentiate death certificates with incorrect
causal sequences according to how other conditions are re-
ported in relation to diabetes. We also were able to rank the
specific diagnoses erroneously reported as ‘‘causes’’ and
‘‘consequences’’ of diabetes. This provides cautionary in-
formation that could be very useful in teaching physicians
how to correctly write the cause-of-death statements, espe-
cially those where diabetes was a cause of death.

One of the limitations of this study is that the ‘‘gold’’
standard (i.e., the decision tables in ACME) used to judge
incorrect causal sequences has been only partly validated
(27). The validation of these tables is an ongoing project of
the Mortality Reference Group that is tasked by the World
Health Organization to make decisions regarding mortality
coding rules. As errors are identified, they are corrected.

The second limitation was that the cause-of-death state-
ments were not validated as to the accuracy of the diagno-
ses. Some cause-of-death statements that we considered, for
the purposes of this study, to be proper (i.e., reporting only
one diagnosis per line and entering a proper causal se-
quence), might have been the result of misdiagnosis, lack
of specificity, or the reporting of nonspecific mechanisms of

death (cardiac arrest, respiratory failure, sepsis, or hypovo-
lemic shock) and would therefore be of poor quality (2–11).
The third limitation is that we confined our study to diabetes-
related deaths only. The frequency of improper cause-of-death
statements might not be the same in other diseases, such as
cancer or human immunodeficiency virus-related deaths.
Further studies of the prevalence of improper cause-of-death
statements for other diseases are needed.

Interpretation

The most plausible explanation of the increasing inci-
dence of incorrect causal sequences is the increased report-
ing of multiple conditions (especially cardiovascular
diseases and cancers) for deaths with mention of diabetes.
Our results reveal that, among death certificates with men-
tion of diabetes, the percentage reporting 6 or more diagno-
ses per death certificate increased substantially, from 15% in
1985 to 24% in 2005. Diabetic patients are increasingly
likely to have coexisting macro- or microvascular diseases
and other competing comorbidities that make the determi-
nation of the underlying cause of death more difficult. As
a result, certifiers may report the competing comorbidities in
the same line on the death certificate, or one below the other.
Such practices typically result in a cause-of-death statement
that does not make etiologic sense. The most appropriate
way to handle such a scenario is to choose one diagnosis as
the underlying cause (often this comes down to a best guess)
and include it in a logical sequence in Part I. The other
diagnosis (or diagnoses) can be included in Part II as con-
tributing factors.

We also noted a shift in improper certification practices,
that is, the decreasing incidence of reporting 2 or more di-
agnoses per line offset by increases in incorrect causal se-
quences. The substantial decrease from 1985 to 1990 in the
percentage of reporting 2 or more diagnoses per line is
likely due to the addition of a fourth line (line d) in Part I,

Table 5. Ten Diagnoses Most Often Erroneously Reported Below Diabetes as ‘‘Causes’’ of

Diabetes and Above Diabetes as ‘‘Consequences’’ of Diabetes on Death Certificates Issued in

2005 in the United States

Diagnosis
Below Diabetes

No. %
Diagnosis

Above Diabetes
No. %

Total 17,211 100 Total 8,274 100

Hypertension 5,084 16 Chronic obstructive
pulmonary disease

1,888 23

Coronary heart disease 1,482 12 Alzheimer’s disease 794 10

Renal failure 1,337 8 Lung cancer 703 8

Lipid disorder 1,044 7 Pancreatic cancer 295 4

Chronic obstructive
pulmonary disease

629 3 Colon cancer 280 3

Heart failure 620 3 Prostate cancer 239 3

Peripheral vascular diseases 609 2 Breast cancer 212 3

Obesity 579 2 Obesity 180 2

Dementia 544 2 Osteomyelitis 178 2

Cerebrovascular disease 504 2 Parkinson’s disease 172 2

Others 4,779 43 Others 3,333 40

Improper Cause-of-Death Statements on Death Certificates 1075

Am J Epidemiol 2010;171:1069–1078

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article-abstract/171/10/1069/165788 by guest on 28 August 2019



which was added with the 1989 revision of the US standard
death certificate adopted by all states (30). The additional
space available in Part I for reporting conditions likely led to
the decreased propensity for physicians to report multiple
conditions per line. With the additional space available, it
appears that many certifiers simply moved the vascular dis-
eases into the line below diabetes.

With regard to the reported causal sequences illustrated in
Table 5, while some sequences may be what the certifier in-
tended, they are nevertheless inconsistent with the instructions
to the certifier and incompatible with the selection of an ap-
propriate underlying cause of death. The instructions to the
certifier specifically solicit a sequence of events beginning
with the immediate cause and working backward to an un-
derlying cause. Each condition/disease in the sequence should
be ‘‘due to (or as a consequence of),’’ that is, a direct cause, of
the condition/disease reported above it. Other diseases or con-
ditions that were not part of the direct sequence but may have
had an influence should be reported in Part II. We do not
believe that any of the diagnoses listed in Table 5 (on the
left-hand side) can be a direct cause of diabetes. Given that
the reporting of incorrect causal sequences is common in both
the United States and other countries, strict adherence to the
International Selection Rules (which are used to select the best
single underlying cause of death from the conditions reported)
is of paramount importance to improve comparability be-
tween countries (12–14) and states in the United States (31).

Another concern in interpreting our findings is whether
there might be some changes in the underreporting of di-
abetes mellitus on death certificates across studied years
(32–35). According to a review study, on average, certifying
physicians reported diabetes mellitus on death certificates
for about two-fifths of diabetic decedents (35). If the per-
centage reporting diabetes on the death certificate (the de-
nominator of the proportion of improper cause-of-death
statements in our study) among decedents with diabetes also
changed across years, it could influence the interpretation of
our results. That said, results from the National Mortality
Followback Survey reveal that the rate at which diabetes is
reported (anywhere) on the death certificate has been quite
stable over time (38.2% in 1986 and 35.5% in 1993) (34).
Other recent diabetes cohort studies in the United States
indicate that the percentages of reporting of diabetes on
the death certificates have not changed significantly over
time (36–38).

The implication of the above finding is that instructions
on how to correctly complete cause-of-death statements
should provide some explicit suggestions on how to deter-
mine the underlying cause of death when multiple comorbid
conditions are present, especially diabetes and cardiovascu-
lar diseases. It may be that a more concerted and active
effort to engage physicians would be more effective. One
study that supports such efforts indicated that interactive
workshops are a more effective intervention than printed
handouts in improving resident physicians’ skills in death
certificate completion (39). A British study also showed that
a simple feedback to physicians can improve the quality of
cause-of-death statements (40). Cause-of-death querying,
the process in the United States in which coders in state
vital registration offices query or contact cause-of-death

certifiers when information reported on the death certificate
is vague or incomplete, can also be effective (41, 42).

In conclusion, some improvement in cause-of-death
statements involving diabetes mellitus was noted between
1985 and 2005. The prevalence of death certificates with 2
or more diagnoses per line in Part I declined. However, the
prevalence of death certificates with incorrect causal se-
quences among reported diagnoses on death certificates
increased. We suggest that the most plausible explanation
of increasing reporting of incorrect causal sequences was
the substantial increase in the reporting of multiple con-
ditions (especially cardiovascular diseases and cancers)
among deaths with mention of diabetes. The presence of
these competing comorbidities makes the determination
of an underlying cause of death much more difficult.
Potential solutions include interactive training courses,
perhaps based on the Internet, along with the querying
of certifying physicians to identify the best underlying
cause of death when improper cause-of-death statements
are reported.
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APPENDIX

The World Health Organization set the International Se-
lection Rules for underlying cause of death (25, 26).

GENERAL PRINCIPLE

The ‘‘General Principle’’ states that, when more than 1
condition is entered on the certificate, the condition entered
alone on the lowest used line of Part I should be selected only
if it could have given rise to all the conditions entered above it.

SELECTION RULES

Rule 1

If the General Principle does not apply and there is a re-
ported sequence terminating in the condition first entered on
the certificate, select the originating cause of this sequence.
If there is more than 1 sequence terminating in the condition
mentioned first, select the originating cause of the first-
mentioned sequence.

Rule 2

If there is no reported sequence terminating in the condi-
tion first entered on the certificate, select this first-mentioned
condition.

Rule 3

If the condition selected by the General Principle or by
Rule 1 or Rule 2 is obviously a direct consequence of an-
other reported condition, whether in Part I or Part II, select
this primary condition.

THE MODIFICATION RULES

Rule A—senility and other ill-defined conditions

Where the selected cause is classifiable to chapter XVIII
(symptoms, signs, and abnormal clinical and laboratory
findings, not elsewhere classified) except for R95 (sudden
infant death syndrome), and when a condition classified
elsewhere than to R00–R94 or R96–R99 is reported on the
certificate, reselect the cause of death as if the condition

classified to chapter XVIII had not been reported, except
to take account of that condition if it modifies the coding.

Rule B—trivial conditions

Where the selected cause is a trivial condition unlikely to
cause death and a more serious condition is reported, reselect
the underlying cause as if the trivial condition had not been
reported. If the death was the result of an adverse reaction to
treatment of the trivial condition, select the adverse reaction.

Rule C—linkage

Where the selected cause is linked by a provision in the
classification or in the notes for use in underlying cause
mortality coding with one or more of the other conditions
on the certificate, code the combination.

Where the linkage provision is only for the combination
of 1 condition specified as due to another, code the combi-
nation only when the correct causal relation is stated or can
be inferred from application of the selection rules.

Where a conflict in linkages occurs, link with the condi-
tion that would have been selected if the cause initially
selected had not been reported. Make any further linkage
that is applicable.

Rule D—specificity

Where the selected cause describes a condition in general
terms and a term that provides more precise information
about the site or nature of this condition is reported on the
certificate, prefer the more informative term. This rule will
often apply when the general term becomes an adjective,
qualifying the more precise term.

Rule E—early and late stages of disease

Where the selected cause is an early stage of a disease and
a more advanced stage of the same disease is reported on the
certificate, code to the more advanced stage. This rule does
not apply to a ‘‘chronic’’ form reported as due to an ‘‘acute’’
form unless the classification gives special instructions to
that effect.

Rule F—sequelae

Where the selected cause is an early form of a condition for
which the classification provides a separate ‘‘sequelae of . . .’’
category, and when there is evidence that death occurred from
residual effects of this condition rather than from those of its
active phase, code to the appropriate ‘‘sequelae of . . .’’ cat-
egory. ‘‘Sequelae of . . .’’ categories are as follows: B90–B94,
E64–, E68, G09, I69, O97, and Y85–Y89.
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