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National Suicide Rates a Century
after Durkheim: Do We Know Enough
to Estimate Error?

CyntHiA A. Craassen, PuD, Paur S. Yie, PuD, PAUL Corcoran, PuD,
RoserT M. Bossarte, PuD, Bruce A. LawreNce, PaD,
AND GLENN W. Currier, MD, MPH

Durkheim’s nineteenth-century analysis of national suicide rates dismissed
prior concerns about mortality data fidelity. Over the intervening century, how-
ever, evidence documenting various types of error in suicide data has only moun-
ted, and surprising levels of such error continue to be routinely uncovered. Yet
the annual suicide rate remains the most widely used population-level suicide met-
ric today. After reviewing the unique sources of bias incurred during stages of
suicide data collection and concatenation, we propose a model designed to uni-
formly estimate error in future studies. A standardized method of error estimation
uniformly applied to mortality data could produce data capable of promoting high
quality analyses of cross-national research questions.

National rates of suicide are used by an ever-
expanding part of the global community as a
crude public health measure (e.g., Lopez &
Mathers, 2006; Pritchard & Hansen, 2005)—a
practice based on the assumption that these
national rates accurately reflect the number
of suicides which actually occur. Unfortu-

nately, labeling and registering a death as a
suicide is anything but a straightforward pro-
cess, and appropriate use of official suicide
data therefore requires a thorough under-
standing of both the sources and magnitude
of error contained within this public health
measurement tool (Cantor, McTaggart, &
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De Leo, 2001; Groholt & Ekeberg, 2003;
Jobes, Casey, Berman, & Wright, 1991;
Mathers, Ma Fat, Inoue, Rao, & Lopez,
2006; O’Carroll, 1989; Stengel & Farberow,
1967).

Over a century ago, Durkheim (1897/
1951) first suggested that national suicide
rates were one reflection of a nation’s socio-
cultural climate. He was familiar with prior
work suggesting that these rates likely con-
tained some degree of error, but assumed
that their relative stability from year to year
was nonetheless evidence of sufficient reli-
ability to permit sociological analyses (Doug-
las, 1967). Only four decades after publica-
tion of his seminal work on suicide, however,
the rates in some European countries were
found to be differentially underreported by
method of injury, suggesting that these sui-
cide data contained not only random error
but substantial systematic error as well (Zil-
borg, 1935). This discovery re-energized ear-
lier debates about the fidelity of suicide mor-
tality data, a debate which has yet to be
completely resolved (Atkinson, Kessel, &
Dalgaard, 1975; Breiding & Wiersema, 2006;
Brooke, 1974; Brugha & Walsh, 1978; Doug-
las, 1967; Farberow & Neuringer, 1971;
Hesso, 1987; Jennings & Barraclough, 1980;
Jobes et al., 1991; Monk, 1987; Naughton,
Doyle, Melina, & Barry, 1996; Peck & War-
ner, 1995; Platt, 1986; Platt, Hawton, Kreit-
man, Fagg, & Foster, 1988; Ross & Kreit-
man, 1975; Stengel & Farberow, 1967; Whitt,
2006a, 2006b).

Even in relatively recent studies, sur-
prising levels and patterns of suicide rate er-
ror continue to be uncovered. Early results
from the United Kingdom’s (UK’s) National
Confidential Inquiry into Suicide and Homi-
cide by People with Mental Illness were of
limited use because of a disappointing case
ascertainment rate (Appleby, Shaw, & Amos,
1997; House, 1997; Royal College of Psychi-
atrists, 1996). Widespread underreporting
also appears to be the norm in some Islamic
countries (Pritchard & Amanullah, 2006). In
the Australian state of Queensland, official
rates have trended downward over the past
several years while a 2007 Queensland Sui-
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cide Monitoring Registry study does not re-
flect the same trend (De Leo, 2007). Finally,
annual suicide rates were underestimated in
Hong Kong by as much as 18% in one year,
and by 6% per year in Ireland over more
than a decade’s time. Both countries’ error
was attributed to reporting deadlines set too
narrowly, leaving suicides occurring near
year’s end unreported because of inadequate
time to complete death investigations (Cor-
coran, Arensman, & O’Mahoney, 2006; Cui,
Yip, & Chau, 2004).

Regardless of data pool, decade, or
geographic location, twentieth-century stud-
ies demonstrate a markedly consistent find-
ing of wunderreporting in local and national
rates of suicide, suggesting that a region’s
“true” suicide rate is almost always higher
than the officially reported rate. However,
these studies also reveal that level of underre-
porting may vary widely by source of error
(Birkhead, Galvin, Meehan, O’Carroll, &
Mercy, 1993; Kleck, 1988; Warshauer &
Monk, 1978). The relevant question for any
given mortality data set, then, is not whether
there is error in suicide rates, but bow much
error, coming from what sources, impacting
rates to what degree, and trending how over
time (K. Kochanek, personal communication,
April 2007; Neelman & Wessley, 1997)?

In countries with vital event registra-
tion systems, annual cause-of-death statistics
are often developed through a complex ex-
tended reporting chain. The Irish death re-
porting system (illustrated in Figure 1), for
instance, can include as many as eleven sepa-
rate steps prior to death registration—each
representing a potential source of error. To
date, national death reporting systems have
rarely been evaluated in a manner compre-
hensive enough to quantify total suicide error
rate incurred across steps in the mortality re-
porting process. A staged framework within
which common types of error can be charac-
terized might therefore be of assistance.

While reporting steps vary by mortal-
ity system, the known sources of suicide mea-
surement error can largely be encompassed
within a three-stage framework (Table 1). In
this model, Stage One error occurs during
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Figure 1. Schematic diagram describing the process of death registration and cause of death determination in Ireland
Source: National Suicide Research Foundation (2007). Inguested deaths in Ireland: A study of routine data and recording

procedures. Cork: Author.

the death classification process when estab-
lishing official cause(s) of death. Stage Two,
errors of death codification, involve techni-
cal problems associated with death certificate
completion, cause-of-death coding, and iden-
tification of the underlying cause of death for
official reporting purposes. Stage Three error
occurs during annual, all-cause mortality re-
port preparation, and is associated with miss-
ing or vague cause data and/or inaccurate es-
timation of denominator populations. In this
paper, we describe the nature of the error in-
curred within each stage. Then, after model-
ing interrelationships between stages, we con-
clude the discussion by identifying study design
issues that impact the scientific utility of re-
search within this genre. Throughout the
discussion, causes of death are defined using
the World Health Organization’s (WHO?)
International Statistical Classification of Disease
manuals (/CD; WHO, 1992), and the WHO?
International Collaborative Effort for Injury

Statistics Committee’s recommended case
categories (Injury-ICE; Centers for Disease
Control and Prevention, 1997; Injury-ICE,
2002; Table 2). In the WHO classification
system, ill-defined cause deaths refer to
deaths coded as (ICD-10) R99, (ICD-9) 799.9:
“Other ill-defined and unspecified causes of
mortality,” or (ICD-9) 799.99: “Other un-
known and unspecified causes.”

ESTIMATING STAGE 1 ERROR:
QUANTIFYING RATES OF
UNDERASCERTAINMENT
AND MISCLASSIFICATION

OF SUICIDES

The majority of all suicide rate error
studies have focused exclusively on biases oc-
curring during the first stage of mortality rate
production and involve misclassification of
intent in injury-related deaths. Prior work



196

TABLE 1

EstimaTtiNg SuiciDE RaTe ErrOR

Sources of Ervor in Suicide Rates by Stage in Rate Development Process and Common Methods

of Ervor Estimation

Stage of Rate Development

Source of Error

Methods of Estimating
Level of Error

I. Death Classification Process

I1. Death Codification
error

B. Inadequate cause listings
A. Error caused by reporting

III. Rate Calculations
delays

B. Error caused by inaccurate
population estimates
C. Error due to data loss

Case underascertainment and
misclassification

A. Death certificate completion

1. Expert case review

2. Indirect, upper limit esti-

mating

(Both sources of error) Multiple

cause of death automated file

subroutine analysis)

A-1. Horvitz-Thompson-type
model establishing number
of suicides omitted under
various cut-off dates for an-
nual reporting.

A-2. Comparison of trends in
counts of suicides based on
date of occurrence vs. num-
bers in preliminary annual
reports, assessed for trend
via Pearson’s correlation
coefficient.

B. Error of closure

C. Mortality system data loss in-

dices; population complete-
ness and coverage indices

demonstrates that accurate classification of
intent in a self-inflicted, fatal injury can be
a formidable challenge (Cantor et al,, 2001;
Farberow, MacKinnon, & Nelson, 1977;
Fauveau, 2006; Gist & Welch, 1989; Litman,
Curphey, Shneidman, Farberow, & Tabach-
nick, 1963). Central to the process of offi-
cially labeling a suicide is the need to confirm
that (a) the death was deliberately self-initi-
ated and (b) the decedent intended to induce
death via the specific injury act that ended
life (Litman et al., 1963; O’Carroll, 1989).
Typically, under half of all suicides contain
explicit (objective) markers of the decedent’s
intent, suggesting that some degree of infer-
ence is required to classify most of these
deaths (McCarthy & Walsh, 1975). Even in
the absence of social pressure, the intent of
some injury deaths (e.g., unobserved falls, de-
fensive police shootings, self-poisoning in the
substance dependent) may be difficult to es-

tablish (Douglas, 1967; Groholt & Ekeberg,
2003; Kleck, 1988; Litman et al., 1963).
The amount of evidence legally re-
quired to support an inference of suicide var-
ies both within and across countries, and na-
tional suicide rates are substantially impacted
by the specific standard of proof required for
cause-of-death determination (Cooper & Mil-
roy, 1995; Farberow et al., 1977; Nelson,
Farberow, & MacKinnon, 1978; Stanistreet,
Taylor, Jeffrey, & Gabbay, 2001; Walsh,
Walsh, & Whelan, 1975). The two most
common standards in use today are the legal
and medical standards (Brooke, 1974; Fin-
gerhut, Cox, & Warner, 1998; Gist & Welch,
1989; O’Carroll, 1989). A Jegal verdict of sui-
cide is rendered by a coroner, based on a re-
quirement that suicidal intent is established
beyond reasonable doubt, while 7zedical cause-
of-death is rendered by medically-trained
personnel who assign a suicide diagnosis in
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accordance with reasonable medical cer-
tainty—a criterion often employing a lower
(more subjective) standard of proof (McCar-
thy & Walsh, 1975; O’Carroll, 1989). The
trend in western countries has been away
from the legal and toward the medical stan-
dard, but the legal standard remains in effect
in some places, notably Great Britain and
parts of the United States (Hanzlick & Combs,
1998).

Two basic methods have been used to
quantify Stage One underascertainment within
a given mortality data set. The most direct of
these is the expert case review method, but
the indirect, upper limit estimating proce-
dure has perhaps been used for a broader
range of research questions.

Expert Case Review and Reclassification

This method involves reclassification
of a sample of medical examiner/coroner case
files to quantify level of underreported sui-
cides. The scope of cases selected for reclassi-
fication varies by study, but at minimum in-
cludes all injury deaths of undetermined intent.
The stringency of case inclusion/exclusion
criteria also varies, but more rigorous investi-
gations tend to use case exclusion criteria
that address completeness of record as well
as presence or absence of specific elements
necessary for classification. Some studies ask
expert reviewers to both classify deaths and
rate their level of confidence in that classifi-
cation using methods such as categorical
“confidence ratings” (i.e., probable suicide;
possible suicide; suicide unlikely) (Cantor et
al., 2001).

In most studies, the requirement of ev-
idence of intent within the act itself (i.e., evi-
dence that the individual was trying to die via
the act that precipitated death) is inferred
(see Table 3). Conversely, explicit criteria
were developed by Ohberg and Lonnqvist
(1998), who used guidelines created by a
working group from the Centers for Disease
Control and Prevention (Rosenberg et al.,
1988), and by Brent, Joshua, Perper, and All-
man (1987), who rated intent using items de-
rived from the Suicide Intent (Beck, Resnik,
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& Lettieri, 1974) and Risk Rescue Rating
scales (Weisman & Worden, 1972).

Study investigators often regard their
expert panel’s decisions as a kind of gold stan-
dard against which rates of case underascer-
tainment can be calculated, but this assump-
tion is almost always unsubstantiated. The
exception is a study by Clarke-Finnegan and
Fahy (1983), who examined the concurrent
validity of their review panel’s classifications
via secondary peer review of the primary
panel’s final classifications. Results of this
concurrent validation exercise were analyzed
for agreement in both cause of death and de-
cision-making certainty.

Indirect, Upper Limit Estimation
of Suicide Rates

Although no true gold standard exists
by which to assess the validity of suicide clas-
sification, O’Carroll (1989) has noted that
these data generally have adequate specificity
because nonsuicide deaths are rarely if ever
classified as suicides. In contrast, the sensitiv-
ity of suicide mortality data (e.g., the degree
to which true suicides are correctly identi-
fied) is of much greater concern. When data
sensitivity is the major concern, the upper
limit esdmating procedure can be used to es-
tablish the theoretical maximum number of
suicides that may have occurred, as well as
the theoretical maximum number misclassi-
fied.

The choice of mortality categories as-
sumed to contain misclassified suicides heav-
ily influences upper level estimates, and stud-
ies using this methodology vary widely in
terms of the nonsuicide mortality categories
analyzed (Table 4). A theoretical upper limit
estimate that includes all undetermined in-
tent deaths plus all accidental poisoning
deaths has been the standard in several Bel-
gian analyses (e.g., Moens, 1985). Rockett,
Samora, and Coben’s (2006) lower limit esti-
mate combined all suicides and undeter-
mined intent deaths in the United States,
while their upper limit estimate added all un-
intentional poisonings and drownings. In
contrast, the Kolmos and Bach (1987) Scan-
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‘TABLE 2
Injury-Ice External Cause of Injury Case Definitions: ICD-9 and ICD-10 Equivalent Codes
ICD-9 ICD-10
Self- Undeter- Self- Undeter-
Mechanism/Cause inflicted mined Accidental inflicted mined Accidental
Cut/pierce E956 E986 E920.0-.0 X78 Y28 W25-W29,
w45
Drowning/ E954 E984 E830.0-9 X71 Y21 W65-W74
submersion E832.0-.9
E910.0-.9
Fall E957.0-.9 E987.0-.9 E880.0- X80 Y30 WO00-W19
E886.9,
ES88
Fire/burn E958.1,.2,.7 E988.1,.2,.7 E890.0- X76-X77 Y26-Y27 X00-X19
E899,
E924.0-.9
Fire/flame E958.1 E988.1 E890.0- X76 Y26 X00-X09
E899
Hot object/ E958.2,.7 E988.2,.7 E924.0-.9 X77 Y27 X10-X19
substance
Firearm E955.0-.4 E985.0-.4 E922.0-.9 X72-X74 Y22-Y24 W32-34
All Transport' E958.5-6 E988.5-6 E800-E807 X82 Y32 V01-V99
E810-E819
E820-E825
E826-
E829.1
Poisoning E950.0- E980.0- E850- X60-X69 Y10-Y19 X40-X49
E952.9 E982.9 EB69.9
Suffocation E953.0-9 E983.0-.9 E911- X70 Y20 W75-W384
E913.9
Other specified E955.5,.6, FE985.5,.6,.7 E846-E848, X75, X81, Y25, Y31 W23, W3s-
and classifiable .7,.9 E£988.0,.4 E914- *U03.0 41, W44,
E958.0,.4 E915, E918, W49, W85-
E921.0-.9, ‘WO1, Y85
E923.0-.9,
E925.0-
E926.9,
E929.0-.5
Other specified, not E958.8, E988.8, E928.8, X83, YB7.0 Y33,Y87.2 X58,Y86
elsewhere E959 E989 E929.8
classifiable
Unspecified E958.9 E988.9 E887, X84, *U03.9 Y34,Y89.9 X359
£928.9,
E929.9
All injury E950-E959 E980-E989 EB800-E869, X60-X84, Y10- Y10-
E880-E929 Y87.0 *U03 Y34,Y87.2, Y34,Y87.2,
Y89.9 Y89.9
ILL-DEFINED
CAUSE CODES
All Diseases and  799.9 R99
Conditions

ICE—International Collaborative Effort for Injury Statistics

ICD-9 International Classification of Diseases and Injuries, 9th edition
ICD-10 International Classification of Diseases and Injuries, 10th edition
Source: Centers for Disease Control and Prevention (1997); Injury-ICE (2002).
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dinavian analysis constructed upper limit es-
timates that included all suicides, deaths of
undetermined intent and ill-defined cause,
accidental poisonings, shootings, stabbings,
falls where the decedent was over 15 years of
age, and drowning (except drownings occur-
ring on vessels at sea).

The potential suicide misclassification
rate for a given mortality data set is assumed
to be related to the magnitude of the differ-
ence between lower and upper rate estimates
(Rockett & Smith, 1995). However, not all
deaths in a given nonsuicide category are
misclassified suicides, and the method has
been challenged on the basis of the additional
error it therefore introduces into the rate es-
timation process (Sainsbury & Jenkins, 1982).
An alternative method by which to estimate
the rate of misclassification within nonsuicide
mortality categories is the “peak time” analy-
sis. Phillips and Smith (1991) suggest that
rates of suicide seem to peak at symbolic ages
across the lifespan (e.g., when one turns 30,
40, etc.), presumably because such ages rep-
resent a time to take stock of one’s life, its
purpose, and trajectory. By averaging the
number of deaths occurring among individu-
als one year older and one year younger than
a symbolic age in a nonsuicide cause category
assumed to contain misclassified suicides, the
expected number of deaths in that cause cate-
gory among symbolic age decedents can be
estimated. The number of deaths exceeding
the expected number is taken as the number
of misclassified suicides (Mohler & FEarls,
2001; Phillips & Ruth, 1993).

While upper limit estimating tech-
niques have demonstrated utility, the method
suffers from the absence of a gold standard
against which to validate findings. The dem-
onstrated responsiveness of upper limit esti-
mates to events that showld impact suicide
rates—such as the 1968 introduction of ICD-
8’s undetermined intent death category—has
been used as indirect evidence of the validity
of these estimates (Sainsbury & Jenkins,
1982; Speechley & Stavraky, 1991; Wars-
hauer & Monk, 1978). Some researchers
have assumed that when upper and lower
limit estimates trend together, large numbers
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of misclassified suicides must be influencing
upper limit rate performance. However, as
Mohler and Earls (2001) have pointed out,
individuals with similar patterns of risk die
by accident, suicide, and homicide, such that
these comparisons are therefore confounded
by these similar risk characteristics.

ESTIMATING STAGE TWO
ERROR: MEASURING
CODIFICATION PROBLEMS

Error also occurs with regularity dur-
ing Stage Two suicide rate development pro-
cess which includes the steps involved in
death certification and codification; that is,
completion of the official death certificate,
application of ICD codes to multiple cause
death certificate data, and identification of
underlying cause of death for official report-
ing purposes (Bradshaw et al., 2006; Mathers,
Ma Fat, Rao, & Lopez, 2005; Shibuya,
Scheele, & Boerma, 2005). While significant
error is known to occur at these points in
mortality data processing, Stage Two error
has not often been quantified.

The muldple-cause death certificate
protocol advocated by the WHO is used by
almost all nations (WHO, 1989). It requires
death examiners to list the chain of medical
events leading to death, beginning with the
immediate cause of life cessation and work-
ing backwards sequentially. The last, or least
proximal, cause listed is identified as the “un-
derlying” cause, defined by WHO as the “the
disease or injury event which initiated the
train of morbid events leading directly to
death; the circumstances of the accident or
violence which produced the fatal injury”
(WHO, 1989). Addressing the initiating link
in the causal chain (i.e., the underlying cause
of death)—either directly or through preven-
tion of its known precipitants—is assumed to
have the greatest public health preventive
value (K. Kochanek, personal communica-
tion, September 2008). Most annual national
mortality reports, therefore, focus exclusively
on rates of deaths by underlying cause, rather
than by multiple- or immediate-cause listings.
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CLAASSEN ET AL.

Effective January 1, 2003, WHO cod-
ing guideline 4.2.2 (o) of the “Rules and
Guidelines for Mortality and Morbidity
Coding,” required that suicide always be con-
sidered the underlying cause of a death due
to intentional self-harm (Update Reference
Committee, 2000; WHO, 2004). In other
words, even if substantial psychiatric disabil-
ity precedes a suicide and treatment of this
disability might have averted the suicide, it is
not acceptable to list a psychiatric diagnosis
as the underlying cause of a suicide. Like-
wise, if a person with brain cancer (e.g., ICD-
10 code D43.2—neoplasm of uncertain or
unknown behavior of brain, unspecified) dies
by firearm-related suicide and the intent of
the firearm injury has been verified as suicidal
in an individual with capacity, the underlying
cause of death will be listed as suicide.

Unfortunately, there is substantial evi-
dence to suggest that some portion of the
death certifiers in almost all countries are
poorly trained in the process of conceptualiz-
ing multiple-cause mortality data (Hill, 2006;
Koehler et al., 2006; Mathers et al., 2005)
and death certificates are therefore often
completed incorrectly. When certificate data
are incomplete, implausible, or reported out
of sequence, cause listings must be reworked
during the official death registration and cod-
ification process. This reworking requires
medical expertise, sound judgment, and a
thorough knowledge of ICD coding rules. It
is typically done manually by professional
nosologists. Large numbers of nosologists
using idiosyncratic approaches to correct am-
biguous cause listings represent an additional
source of error within mortality statistics.

Instead of manual coding, the vital sta-
tistics systems in nineteen countries (Austra-
lia, Brazil, Canada, England, Estonia, France,
Germany, Hong Kong, Hungary, Ireland,
Mexico, Scotland, South Africa, Spain [Bar-
celona)], Sweden, Taiwan, United States, Wales,
and part of Russia) now use the same set of
computer software programs to code death
certificate information (Anderson, 2006; Ko-
chanek, personal communication, April 2007;
Rosenberg & Kochanek, 1994). Called the
Mortality Medical Data System (MMDS;

207

seee Figure 2), these linked software pack-
ages have been developed and refined by the
U.S. National Center for Health Statistics
over a period of two decades. The software
was donated to the WHO?’ International
Collaborative Effort for Automating Mortal-
ity Statistics, and is offered to WHO mem-
ber states at no cost. MMDS has the ability
to process and correct word-for-word infor-
mation taken from WHO-compatible death
certificates in a standardized manner- across*
mortality data sets.

Analysis of Death Certificate Completion
and Processing Errors

All original death certificate informa-
tion is retained in the final data set produced
during MMDS processing, permitting com-
parisons to quantify both death certificate
completion errors and errors created during
processing and correction of data (Lawrence,
Miller, & Spicer, unpublished manuscript;
Lawrence, Miller, & Weiss, 2002). Analysis
begins with the identification of every death
classified as a suicide by either of two criteria:
(1) when listed as the underlying cause of
death before processing (i.e., as listed origi-
nally by the medical examiner/coroner on the
death certificate), and (2) when listed as the
underlying cause of death after automated
processing. A line-by-line inspection of se-
quentially ordered multiple cause listings for
cases with discrepant underlying causes (sui-
cide, nonsuicide) from these two sources can
be used to determine the most likely “cor-
rect” underlying cause for each case (see
Lawrence et al., 2002, for a description of the
preliminary reordering technique required
for this analysis). The number of probable
suicides identified as such on the original
death certificate but changed during auto-
mated processing represents the rate of suto-
mated processing ervor. The number of proba-
ble suicides identified as such by the
automated system but not listed as suicides
on the original death certificate represents
the rate of death certificate completion ervor.
Both error rates can be examined by year to
characterize trends in error rates.
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" SuperMICAR
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MICAR200
[Converts ERNs to
entity-axis multiple cause

ICD codes]

MICAR=Mortality Medical Indexing
Classification and Retrieval

ACME=Automated Classification of
Medical Entities

TRANSAX=Translation of Axes

ACME
[Selects the underlying
cause of death]

Underlying
Cause
Codes
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[Converts entity-axis

multiple cause codes to

record-axis multiple
_cause codes,

Cause Codes
[Entity- and record-
axis codes]

Figure 2. Mortality medical data system (MMDS)

Source: Anderson (2006).

For example, when applied to 1999-
2004 U.S. mortality data, the Lawrence et al.
methods reveal that, in 4,625 cases, MMDS
software correctly changed a death certifi-
cate’s nonsuicide underlying cause listing to
suicide, suggesting that there would have
been an average annual 2.5% underreporting
of U.S. suicides for those years based on un-
corrected death certificate cause listings (death
certificate completion error). All misclassified
cases were corrected during MMDS auto-
mated processing. In 324 other cases the
software changed deaths originally attributed
to suicide on the death certificate to another
underlying cause. In 90 cases, the underlying
cause was changed from suicide to a mental
illness diagnosis (63 of these were depressive
disorder, seven of which were made after the
January 1, 2003, rule change addressing this
issue). In 61 other cases the MMDS system
changed an underlying cause of suicide to
brain hemorrhage or stroke (58 of these er-
rors were likely firearm suicides). This sec-
ond pattern remained stable across study
years. The average automated coding error
would, therefore, be 0.15% (6-year average =

54 cases/year, trending downward across
time; 1999-2001 = average 75 cases/year; 2002
2004 average = 33 cases/year). No other stud-
ies of this type are available. The validity of the
Lawrence et al. method is tied closely to the
specificity and quality of the decision rules used
to determine cause during line-by-line inspec-
tion of discrepant cases, and further description
of these rules has yet to be published.

ESTIMATING STAGE THREE
ERROR: QUANTIFYING ERROR
OCCURRING DURING
PREPARATION OF OFFICIAL
MORTALITY STATISTICS

Three types of error commonly occur
during preparation of all-cause, annual mor-
tality reports.

Error Due to Short Reporting Deadlines
In the developed world, suicides are

among the most highly investigated of all
deaths, and final-cause decisions are com-
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monly withheld until death investigations are
completed (Corcoran et al., 2006; Cui et al.,
2004). This is one reason that publication of
national mortality reports is often delayed for
a substantial amount of time after the close
of a given reporting year—a practice that is
not helpful for monitoring and surveillance
purposes. However, as noted earlier, the im-
pact of short reporting deadlines on suicide
statistics can also be profound.

To quantify the theoretical relation-
ship between reporting deadline and relative
completeness of annual suicide counts in
Hong Kong, Cui et al. (2004) developed the
following analytic technique. First, a report-
ing delay distribution for a given mortality
data set is derived using retrohazard regres-
sion modeling (Gross & Huber-Carol, 1992).
The suicide incidence (representing the
“true” number of suicides occurring within a
given time unit as classified by death investi-
gators) is estimated from the reporting delay
distribution, under the premise that individu-
als who kill themselves by the same method
within the same coroners’ district during a
given time unit will have nearly the same re-
porting delay distribution. Estimates of data
completeness by length of time to reporting
deadline are modeled using a Horvitz-Thomp-
son-type estimator (Horvitz & Thompson,
1952; Kalbfleisch & Lawless, 1988). (Hor-
vitz-Thompson techniques estimate variance
in samples drawn from a finite universe of
cases when unequal selection probabilities
are present.) The total estimated number of
suicides occurring during the reporting time
period is also established, based on the num-
ber of reported cases, using an adjustment to
the Horvitz-Thompson procedure. Accurate
use of the model requires that both the num-
ber of medical examiners practicing in any
given year and the rate by method of injury
be considered, as both parameters impact re-
porting delay (Cui et al., 2004). In ongoing
analyses, estimates of delay functions also
need to be updated periodically to reflect
changes occurring within the reporting system.

For example, for 1999 Hong Kong
suicides, a year 2000 reporting deadline set 4
months after the end of the year was associ-
ated with 77% suicide case registration, while

EstimaTinG SuicipE RaTE ERROR

a 5-month deadline resulted in 85% case reg-
istration, and a 6-month deadline was associ-
ated with 91% case registration (Cui et al,,
2004). Data were essentially complete with
an 11-month reporting deadline. No study
other than Cui et al.s work has been pub-
lished using the model, and no reliability/va-
lidity procedures have been developed to as-
sess the method.

Error Due to Quality of Mortality
System Data

Missing and ambiguous data pose a
substantial challenge to national mortality
data quality, and several data loss indices have
been used to characterize this Stage Three
error. A population completeness index reflects
the extent to which events (births, deaths) oc-
curring within the vital events registration
system’s geographic coverage area are actu-
ally represented in the data set. A population
coverage index is used to identify the percent
of the population within the vital event sys-
tem’s coverage area that does not routinely
participate in the reporting process, and a
mortality data quality index is used to charac-
terize the relative precision of ICD-based
mortality diagnoses.

Although this article focuses exclu-
sively on the suicide rate error found within
countries with established vital events regis-
tration systems, these resource-intensive sys-
tems are essentially complete in only 64 of
the world’s 193 countries (Mathers et al.,
2005). As a result, only one third of the ap-
proximately 60 million deaths occurring
worldwide each year are systematically re-
corded (Soleman, Chandrimohan, & Shi-
buya, 2006). Even in countries that do have
comprehensive vital events registration sys-
tems, highly mobile groups such as the Tanka
of China, Hispanic field workers of the
southwestern United States, and Roma pop-
ulations of Eastern Europe pose a substantial
challenge to the accuracy of population-
based statistics. The census of relevant mi-
gratory groups not consistently reporting vi-
tal events is used to calculate the population
coverage index.

In addidon, the responsibility for re-
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porting deaths not occurring within medical
facilities falls to bereaved family members in
some countries, with minimal consequences
for not completing the process. Where the
cause of death is stigmatizing, as in the case
of suicide, there is little incentive to carry
through with reporting. The estimated in-
completeness of vital events reporting cre-
ated under such conditions is used to calcu-
late a vital events population completeness
index.

Finally, deaths classified as of “ill-
defined cause” (i.e., ICD-10 R99, ICD-9
799.9: “Other ill-defined and unspecified
causes of mortality”) represent a group of im-
precise cause listings with poor data quality.
These ICD-10 R-codes are included in the
nosological framework to designate deaths
for which cause is poorly understood. Some
R-code diagnoses are so vague that infer-
ences about the actual underlying cause of
death cannot be made. In regions where a
death certificate has to be completed before
burial, some R-codes are sometimes used as a
“placeholder” diagnosis on death certificates
while forensic investigation is underway (Ko-
chanek, April 2007; Warshauer & Monk,
1978). If these placeholders are not updated
in the official mortality database after investi-
gation is complete, they become the official
underlying cause for reporting purposes,
thereby limiting the public health udility of
the data (Hlady & Middaugh, 1988). A re-
cent Stage One expert case review study in
France found that 25% of all ill-defined cause
deaths were actually suicides (Andriessen,
2006; Jougla, Pequignot, Chappert, Rossol-
lin, Le Toullec, & Pavillon, 2002). If this
were also true in the United States, the im-
pact on national suicide rates would be sub-
stantial. Between 1999 and 2005, 105,944
deaths (17,657/year average) were classified as
ICD-10 R99 deaths (NCHS, 1999-2005). If
25% of these deaths were actually “hidden”
suicides, an average increase of 12.2% per
year (3,784 additional suicides) would be
added to the national count for each of these
7 years.

Stage Three suicide rate error is com-
monly a function of the estimated proportion
of a nation’s resident population not covered
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by its vital events registration system, the es-
timated portion of unrecorded deaths in the
covered population, and plus the proportion
of deaths for which cause listings are ambigu-
ous (Johansson et al., 2006). Mathers et al.
(2005) have suggested that data loss statistics
reported alongside annual mortality rates
would serve as a measure of the quality of the
death data upon which the rates were based.

Error Inberent in Inter- and Postcensal
Population Estimates

For ease of comparison, official suicide
statistics are often reported as population-
based rates such as the crude rate per 100,000
citizens, or the total estimated years of life
lost due to suicide within a specific popula-
tion group. In non-census years, this conven-
tion requires the use of an estimated (denom-
inator) base population. Postcensal population
estimates reflect the estimated population for
years occurring after the last official census,
while intercensal population estimates apply
to years between two completed censuses.
Postcensal estimates contain the higher error.
The difference between the actual count dur-
ing a census year and the postcensal estimate
for that year is known as the “error of clo-
sure.” The error of closure is not likely to be
distributed uniformly by age, race, ethnicity,
or gender, and reflects the degree to which
mortality rates calculated with postcensal de-
nominator population estimates are incorrect
(Best & Wakefield, 1999). In the year 2000,
for instance, 6.8 million more citizens were
living in the United States than had been es-
timated for that year based on 1990 postcen-
sal projections. When suicide rates are based
on postcensal estimates, this should be noted,
along with the relevant error of closure.

DESCRIBING OVERALL LEVEL
OF ERROR BY STAGE

OF RATE DEVELOPMENT:

A THEORETICAL MODEL

The staged approach to modeling
multistage rate error can be represented the-
oretically as:
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biass=A+C" + P+ R"

where

A = Ervor within the death classification process
(Stage One),

C" = Ervor within the death codification process,
given the probability of any given set of
classification processes (Stage Two),

P = Ervor within population estimates (Stage
Three), and

R" = Error related to annual cause of death ve-
porting procedures (Stage Three), given the
probability of any (Stage Two) death codifi-
cation procedurve, and set of (Stage One)
classification processes

This model expresses the total suicide rate
error found within a given mortality data set
(bias) as a function of multiple processes oc-
curring across the phases of data collection
and data streams. Relevant case review and
upper limit estimates form the basis for Stage
One case underascertainment and misclassifi-
cation calculations (4), and the degree of
Stage Two certificate and/or automated pro-
cessing error (C*) is related to the probability
of these underascertainment/misclassification
estimates for Stage One. Stage Three postcen-
sal population estimates (P) represent an inde-
pendent source of error, as do uncovered pop-
ulations and incomplete reporting (R”).

DISCUSSION

Perhaps the most scathing critique of
official suicide data published in the last cen-
tury was written by Douglas (1967), who
compared the “complex, varied, inconsistent
and changing intellectual” definitions of sui-
cide to the “common-sense level of thought
at which most doctors, coroners . . . etc., work
in deciding whether or not a death is a sui-
cide.” He concluded that, because of wide-
spread and systematic bias, “official statistics
are so greatly in error that they cannot be
used for the scientific study of suicide” (pp.
229-230). Responding in part to Douglas’s
argument 20 years later, Pesconsolido and
Mendelsohn (1986) developed county-level
statistical models to assess the degree to
which the social construction of suicide im-
pacted U.S. suicide rates. While they did

EstimaTiNG SuicipE RaTe ErrOR

identify patterns consistent with systematic
misreporting of suicide, they also demon-
strated that this misreporting had “little dis-
cernible impact” on variables commonly used
in sociological analyses. Publication of this
landmark work was followed just 2 years later
by development of operationalized criteria
for use by field investigators in identifying
and classifying U.S. suicides (Rosenberg et
al., 1988). Programming of MMDS com-
puter software routines was inidated around
the same time. Although there is much left
to do, these advances substantially increase
confidence in the fidelity of suicide mortality
data, and place the goal of accurate suicide
rate estimation within reach.

Where should we go from here? To
date, no country in the world has consistently
produced high quality mortality data, and
progress toward this goal over the past cen-
tury has been slow at best. Therefore, in
public health research, applicaton of mult-
stage, multisource error estimation models
may represent an intermediate step toward
increased measurement precision. The staged
framework presented above is one such model,
incorporating case underascertainment, mis-
classification, codification error, mortality sys-
tem data loss, and inaccurate census esti-
mates. This kind of working statistical model
is increasingly feasible, and the public health
import is substantial. Once developed, error-
estimation tools could be applied annually in
national reports in much the same manner as
current postcensal population estimating mod-
els. Over time, reports of standardized esti-
mates of error published alongside popula-
tion-based suicide statistics would inform
increasingly precise modeling strategies. Al-
ternatively, calculating standard error rates
and making them available for meta-analyses,
even if not published, would likewise con-
tribute to the creation of a knowledge base
that could support ongoing improvement in
population-based suicide metrics.

Apart from post hoc modeling strate-
gies, our literature review also identified key
study procedures that substantially impact
the utility of findings. Adequate sample size
is essential, and, as Geddes (1999) has pointed
out, definitive studies of suicide phenomena
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need to be “at least an order of magnitude
larger” than was the case in much early work.
Three other methodological decisions also
appear to be critical.

(1) Use of standardized suicide and
nonsuicide cause category case definitions (in
the data pool from which potentially misclas-
sified suicides are to be identified) is essential
to cross-study comparisons and meta-analy-
ses. A related concern involves selection of
the cause-specific mortality categories that
should be routinely included in suicide case-
finding studies. A minimum standard data set
to be included in Stage One and Two suicide
rate error studies would be of value. Pres-
ently, most Stage One and Two studies uni-
formly include undetermined intent cause
category deaths (ICD-8 & ICD-9 E980-989;
ICD-10 Y10-Y34), and consistent reporting
of numbers of suicides found within this sin-
gle category would be beneficial. Further re-
search on suicides within the ill-defined cause
of death category (ICD-9 780-799; ICD-10
R0O0-R99, excluding R95) also appears war-
ranted (Kochanek, personal communication,
April 2007; Phillips & Ruth, 1993; Warshauer
& Monk, 1978). Finally, although additional
research would be needed to develop a stan-
dardized list, past evidence suggests that cer-
tain accidental injury categories may contain
substantial numbers of misclassified suicides,
potentially including single-vehicle fatalities
and unintentional poisonings, drownings,
and falls (Adelstein & Mardon, 1975; Eaton,
Messer, Garvey Wilson, & Hoge, 2006; Kel-
leher, Corcoran, Keeley, Dennehy, & O’Don-
nell, 1996; Kolmos & Bach, 1987; Mohler &
Earls, 2001; Phillips & Ruth, 1993; Rockett
et al., 2006).

(2) Designing and applying methods to
test reliability and validity in Stage One un-
derascertainment studies, as noted above, is
necessary to establish the credibility of un-
derascertainment estimates.

(3) Reporting standardized measures
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