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ABSTRACT

Knowledge regarding deaths due to suicide, alcohol-related, or drug-related causes-way be
limited by inconsistent and/or restrictive case definitions, resulting in cencerns regarding validity
of findings and underestimates of burden. In this proof-of-concept study,we assessed varying
case definitions (suicide, alcohol-related, drug-related mortality.using underlying cause of death
[UCOD] versus multiple cause of death [MCODY]) basedhon counts and rates among Colorado
Veterans who died (2009-2020). Suicide, alcohol-related, or drug-related ICD-10 codes were
identified, and two case definitions were compared: UCOD; qualifying ICD-10 code listed as the
UCOD; and MCOD; qualifying ICD~10 code in any cause of death field. Of 109,314 decedents,
the number and age-adjusted mortality rate (per 100,000 persons) significantly increased when
including MCOD: UCOD;n=4,930 (110.3/100,000) versus MCOD, n= 6,954 (138.4/100,000).
While rates of suicide'wortality did not change, alcohol-related mortality doubled with the more
inclusive case-definition: UCOD 1,752 (27.3/100,000) versus MCOD 3,847 (59.8/100,000).
Alcohol.use disorder codes accounted for 71% of additional alcohol-related deaths captured with
the(MEQD definition. Studies that rely on UCOD codes may be underestimating the burden of
deaths, especially alcohol-related deaths. Increased effort is required to reevaluate current

classifications of deaths associated with suicide, alcohol-use, or drug-use.
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Driven by increases in suicide, alcohol, and drug-related deaths, United States (US) life
expectancy has been declining since 2000.*? Over the past two decades, our nation has
experienced two emerging public health crises, the suicide and opioid epidemics.>* Although
each of these crises has been investigated, there has been less work regarding how these crises
may be overlapping. Moreover, over the past two decades there has also been a doubling,of
alcohol-related deaths, which are often overlooked in terms of their contribution to sticide and
drug-related mortality.>® Though many have used death certificate data to describe the burden of
suicide, alcohol-related, and drug-related deaths, as well as to increase‘Understanding regarding

population differences in risk, notable limitations remain.”*®

First, instead of incorporating multiple cause of death (MCOD) indicators, many studies
use only the underlying cause of death (UCOD) to identify’suicide, alcohol-related, and drug-
related deaths.”*® According to the World Health'@rganization, an UCOD is assigned as, “the
disease or injury which initiated the train, of events leading directly to death, or the circumstances
of the accident or violence which produced the fatal injury”.*” However, including MCOD fields
(“the immediate cause of dedth and all other intermediate and contributory conditions listed on
the death certificate™) can provide additional relevant information.*’ Limiting data to UCOD may
result in an underéStimaté of the true burden of deaths.*®® For example, alcohol and drug use
disorders can‘be“implicated in both external (e.g., falls and overdoses) and internal (e.g., alcohol-
related pancreatitis) causes of death, though only the former may be captured when limiting case
definitions to UCOD indicators. Furthermore, researchers have found when the cause of death is
multidetermined (e.g., diabetes) using only UCOD codes can results in an undercount of deaths

from a given cause by nearly half.?% %
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Second, a lack of consensus remains regarding which causes of death should be included
when looking at these three types of deaths together. While some studies focus only on suicides,

7131823 others include suicides and all

drug overdoses, and all chronic liver disease deaths,
alcohol and drug-related causes.®** The first case definition may miss deaths which are inde€d
alcohol or drug-related (e.g., alcohol use disorder), or wrongly include liver disease deathsthat
are not due to alcohol (e.g., hepatic fibrosis). Conversely, the latter may be overly-inelusive (e.g.,
include tobacco use). Finally, studies have been conducted using trend analyses that'combine
mortality resulting from both acute alcohol/drug exposure (i.e., very high éxposure in a short
time; overdose) and chronic exposure (i.e., high exposure over a feng ‘period of time; alcohol-
related cirrhosis) into one variable.2*'*?* As the natural history of acute and chronic outcomes
differ, mixing outcomes with heterogeneous latency periods.could hinder identifying causal
factors. This may be especially salient when exXamining the association of secular trends (e.g.,
the Great Recession) and deaths, where the“impact on acute mortality is generally observed over

a shorter timeframe, while chronic alcohol-"and/or drug-related mortality may take longer to

observe.

The purpose of this study was to assess these limitations and provide empirical findings
to guide future efforts, Specifically, in this proof-of concept study we analyzed data from
Colorado Veterans who died (2009-2020) to assess varying definitions (UCOD versus MCOD)
in terms of case counts, age-adjusted rates, and trends over time. We compared differences
between case definitions overall and by type of death (suicide, alcohol-related, drug-related; Aim
1). We posited that a more restrictive case definition, limited to UCOD, would undercount the
burden of such deaths. Second, to understand how stratifying alcohol and drug case definitions

could impact findings, we explored the extent to which alcohol/drug-related deaths were the
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result of acute versus chronic substance exposure (Aim 2). Finally, we evaluated which
International Classification of Disease version 10 (ICD-10) codes occurred most often in UCOD
versus MCOD fields to understand which deaths are more likely missed with a restrictive

definition using only UCOD (Aim 3).

METHODS

Data Sources

In the US, death certificates provide specific information about factors that caused and
contributed to the decedent’s death based on the judgement of an attending physician, coroner,
medical examiner, or other clinician. Causes of death (i.e., MCOD) are provided sequentially
starting with immediate cause and ending with the und€xlying cause, or “disease or injury that
initiated the events resulting in death.” The Automated Classification of Medical Entities
(ACME) developed by the National Center_for\Health Statistics, applies rules outlined by the
World Health Organization to take MCOD\CD-10 codes®® generated from the death certificate
and assign an UCOD, returning.the remaining MCOD codes (up to 20) in alphanumeric order.’
In this process, the last repartedcondition on the death certificate is used as the UCOD, unless it

could not have given tise to the other conditions listed.?

The Colorado Department of Public Health and Environment Vital Statistics provided death
certificate data for all Colorado resident who died (2009-2020) and who served in the Armed
Forees."Data included decedent’s year and age at death, gender, race, ethnicity, marital status,
census tract of residence, UCOD, and up to 11 MCOD codes. Census tract of residence was

combined with Rural Urban Community Area codes to determine rurality (urban=1-3, town=4-7,
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rural=8-10).% Colorado Veteran population estimates were obtained from the American

Community Survey (ACS).¥

Case Definitions

Death counts were derived from ACME codes using suicide codes and 176 codes (Web Table 1)
from CDC WONDER for alcohol/drug indicated deaths that included both physical and mental
health mortality tied to alcohol or drugs.** Mortality related to drugs linked with illieif tise and
overdose were included. Codes indicating “mental and behavioral disorders due to use of

tobacco” (F17) were excluded.

Deaths were considered overall and by type, categorized as suicide, alcohol-related, or drug-
related, with suicides due to overdose of alcohol or drugs included in multiple categories.
Alcohol and drug-related ICD-10 codes were furtherncategorized into mutually exclusive
categories of acute, chronic, and undetermined, Two physicians reviewed ICD-10 codes and
descriptions and came to consensus on-categorizations. Acute deaths were defined as those that
can result from high use in a short period of time, with overdoses being the largest contributor to
this category. Chronic alcahol or drug deaths were defined as those requiring long-term use of
substance prior to developing the condition and listed as contributing to death (e.g., alcohol-
related cirrhosis of the’liver). Undetermined deaths were those that could result from either
chronic oriacute substance use (e.g., alcohol liver disease, unspecified). Mental health codes
indicating substance use as a cause of death (e.g., mental and behavioral disorders due to use of
aleohol) were categorized based on likely length of use given code description. Specific codes

within each category are presented in Web Table 1.

Two case definitions for deaths were identified: UCOD (i.e., the more restrictive case definition

including only the UCOD field to identify qualifying deaths); and MCOD (i.e., the more
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inclusive case definition including all available ACME codes to identify qualifying deaths).
Counts of deaths by case definition and by type of death (i.e., suicide, alcohol-related, and drug-
related) were pooled into four 3-year periods (i.e., 2009-2011, 2012-2014, 2015-2017, 2018-

2020) to explore trends over time.

Analysis

We used multiple descriptive approaches to compare the count, rate, and differences«in"deaths by

type and specific ICD-10 codes in UCOD versus MCOD case definitions.

First, we compared demographic characteristics (i.e., year of death, génder; age, race, ethnicity,
marital status, and rurality) of suicide, alcohol-related, or drug=related decedents to all other
decedents, using the restrictive UCOD case definition. \We also compared demographic
characteristics for suicide, alcohol-related, or drug-related deaths identified with the UCOD
definition to those with qualifying suicide, alcehol-related, or drug-related codes only present in

MCOD definition. Chi-squared tests werewused to identify statistically significant differences.

Next, we compared the count and-annual age-adjusted suicide, alcohol-related, or drug-related
mortality rate, by case definition, overall and for each death type, with alcohol/drug death types
considered overall and'stratified by chronicity of use. Direct age-adjustment, using the 2000 US
population for standardization, was used to improve comparison of rates over time, given that
age is associated with suicide, alcohol-related, or drug-related deaths and the age distribution for
Veterans-changed over the study time period.?>* Mortality counts and rates were calculated for
the full 12-year period and for four, consecutive 3-year periods (i.e., 2009-2011, 2012-2014,
2015-2017, 2018-2020) to explore trends over time. Age-specific counts for the time-period of
interest were summed and the midpoint (e.g., 2014 for 2009-2020 and 2010 for 2009-2011) ACS

5-year Veteran population estimates were used as the denominator to calculate rates for the
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whole time-period. These rates were then divided by the number of years in the time-period (i.e.,

12 or 3) to obtain an average annual rate.

The epitools package® in R version 4.0.5 (R Foundation for Statistical Computing, Vienna,
Austria; www.r-project.org/) was used to calculate crude and age-adjusted rates and 95%
confidence intervals. To compare rates between case definitions, rate ratios and 95% eonfidence
intervals were calculated using the popEpi package.®* To test for trends over timé.in-age-adjusted
rates between case definitions, we used Joinpoint version 4.9.0.0,% also testing,for parallelism.*
The best fit trendlines by case definition were graphed. Significant slopes-indicated change in
age-adjusted rate over time, significant parallelism test indicated the slopes by case definition

were different from each other.

Finally, we identified most common ICD-10 codes by case definition. Results for the count of
each code were grouped by type using the mutually’exclusive categories and whether they were
present in the underlying or MCOD fields, To identify which suicide, alcohol-related, or drug-
related ICD-10 codes are most often. misSed with the UCOD case definition, we limited results to
those with qualifying MCQD coedes only, identified the top 20 codes by frequency, and explored

patterns by ICD-10 Chapter.

Counts and rafes-calculated based on counts <10 were suppressed to maintain confidentiality.*’
Figures-wete créated using the ggplot package.*® P-values <0.05 from two-sided tests and 95%
confidenee intervals excluding the null-value (i.e., rate ratio = 1.0) were considered statistically
significant. This study was approved by the VA Office of Research & Development, Colorado

Multiple Institutional Review Board, and CDPHE Institutional Review Board.
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RESULTS

Between 2009-2020, 109,314 Colorado Veterans died; 25 decedents were excluded (no ICD-10
codes listed). Eighteen percent of decedents had only one UCOD code present, 44% had up to 3
additional MCOD codes, and 38% had greater than 3 MCOD codes. Five percent (n = 4,930) of
decedents had a qualifying death code listed as their UCOD (Table 1). Most (96%) decedents
were male. Compared to Veterans dying from non-suicide, alcohol-related, or drug-related
causes, those identified using the UCOD code were significantly younger,non-white race,

Hispanic ethnicity, divorced or never married, and more likely to live in urban census tracts.

Case Definition Comparisons — Aim 1

The number of decedents classified as having a suicide;xalcohol-related, or drug-related death
increased by 41% (n=2,024), UCOD (n=4,930) versus, MCOD definition (n=6,954) (Table 2).
There were 618 (8.9%) decedents identified using either UCOD or MCOD codes that were
included in more than one type of death (€'g.; suicide and alcohol-related). Of those, 229 suicide
decedents had a self-poisoning.with alcohol (i.e., X65) or drug code (i.e., X60-X62, X64) and

389 decedents had more than one qualifying ICD-10 code, which placed them into multiple

types.

Decedents identified only with the MCOD definition (i.e., those with a non-qualifying UCOD)
were significantly older and more likely to be non-white and married (Table 1). Comparing the
capture of each definition by time period, we noted the proportion of decedents captured via the
MCOD definition was higher in more recent years. Furthermore, most suicide, alcohol-related, or

drug-related deaths identified only via the MCOD definition were alcohol- or drug-related. The

10
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number of alcohol-or drug-related deaths increased by 77% overall, while only 3 additional

suicide deaths were identified with the MCOD definition.

More specifically, alcohol-related deaths contributed to most of the observed increase, with an
additional 2,095 deaths identified using MCOD. As a result, age-adjusted rates of alcohol-related
deaths more than doubled from the restrictive to the inclusive definition. Fifty-four percent ofall
deaths with alcohol mortality codes present were identified only when using the MEQD case
definition (Figure 1). Drug-related mortality rates also significantly increased\from the UCOD to

the MCOD case definition, but to a lesser degree (n=361 deaths added; 25% of total).

No significant differences in trendlines (i.e., test for parallelism)«in age-adjusted rates between
case definitions were identified for suicide, alcohol-related, or drug-related deaths overall or by
mortality type (Figure 2a-d, crude and age adjustedates provided in Web Table 2). Testing for
individual linear trend between age-adjusted rates from 2009-2011 to 2018-2020 only identified
suicide as significantly increasing (p =0.01). However, computing rate ratios and 95%
confidence intervals between 2009-2014"and 2018-2020, we found that overall suicide, alcohol-
related, or drug-related deaths age*adjusted mortality rates increased significantly for both the
underlying (RR (95%'Cl) = 1.33 (1.31-1.34)) and MCOD definitions (1.32 (1.31-1.33)), (Figure
2a). Suicide rates also significantly increased (1.45 (1.42-1.49)), though no difference was
observedAy case definition given how few additional suicides were added by using MCOD
codes\(Figure 2b). Additionally, alcohol deaths significantly increased for both UCOD [1.36
(1:32<1.40)] and MCOD [1.27 (1.25-1.29)] (Figure 2c). Meanwhile, drug mortality rates only
significantly increased for the multiple case definition [1.15 (1.11-1.20)] and not underlying

[1.01 (0.95-1.07)] (Figure 2d).

11
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Acute Versus Chronic Alcohol and Drug-Related Deaths — Aim 2

Significant increases in age-adjusted mortality rates using the MCOD definition (vs. UCOD)
were observed for acute, chronic, and undetermined categories of alcohol-related deaths; with
increases of 80%, 186%, and 249%, respectively (Table 2). For drug-related deaths, a significant
increase across case definitions was observed for acute (12%) undetermined (1,952%)
subcategories. Most (81% for the MCOD definition) drug-related deaths were acute,.While
deaths related to chronic drug use were low regardless of case definition; thisyprecluded
meaningful comparisons across case definitions for the chronic drug category. Eighty-nine
percent of acute drug-related deaths were identified using UCOD ceodes, while 95% of

undetermined drug deaths were identified using MCOD.

Comparing age-adjusted rates over time for alcohal*and drug mortality by chronicity categories,
alcohol mortality rates were consistently higher than'drug mortality rates for chronic and
undetermined, but not for acute mortality\(Figures 2e-j). Trends in age adjusted mortality rates
for chronic alcohol deaths did not significantly change over time for either case definition,
though trendlines significantly differed from each other (p < 0.001, Figure 2g). Similarly, trends
in acute alcohol, acute drug, chronic drug, undetermined alcohol, and undetermined drug did not

significantly increase over time.

Suicide, Aleohel-related, or Drug-related ICD-10 Codes — Aim 3

Of 190suicide, alcohol-related, or drug-related death codes considered for this analysis, 92 were
present in one of the 11 MCOD fields in this population. The breakdown of the presence of each
code by case definition is available in Web Table 3. Most (n = 5,437, 78.2%) decedents

identified in either UCOD or MCOD had only 1 qualifying code on the death certificate, 13%

12
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had 2 qualifying codes and the rest had between 3-7 qualifying codes. Mental and behavioral
disorders due to use of alcohol, harmful use (F10.1, n=1,171) was the most common qualifying
code in this population followed by intentional self-harm by other and unspecified firearm

discharge (X74, n=993), and alcoholic cirrhosis of the liver (K70.3, n=934).

Of the 2,023 individuals with only qualifying MCOD and no UCOD codes, alcohol-retated codes
were the most commonly present with mental and behavioral disorders due to use.ef.alcohol
(F10.1, F10.2, F10.9), alcoholic cirrhosis of liver (K70.3), and accidental poisoning by exposure
to alcohol (X45) included most frequently (Table 3). The most common YCOD in this group
were cardiovascular disease (ICD-10 Chapter 1), external cause (Chapters V, W, X, or Y), and
cancer or blood disease (Chapters C and D) (Web Table-4)sAlcohol and drug use are known
risk factors for many of these (e.g., heart disease, falls,traffic-related injuries, liver cancer,

chronic viral hepatitis, etc.) (Web Table 5).

DISCUSSION

While an increase in suicide, aleohol=related, or drug-related deaths would be expected when
expanding inclusion criteriayfindings from this proof-of concept study highlight how including
MCODs codes meaningfully increased the estimated burden of such deaths. Overall, 2,000
additional deaths-were identified, a 41% increase. Most notably, when all available codes were
used versus'enly the UCOD code, alcohol-related deaths increased over 100%. This increase was
driven‘bycodes for alcohol use disorder, alcohol-related cirrhosis, and alcohol poisoning in
UCOD fields. These findings suggest that use of a restrictive case definition based on UCOD
only likely results in deaths of interest being systematically under reported.”® Another notable

finding was differences in UCOD versus MCOD case definitions by sex, race, and age. This

13
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finding requires further exploration in a larger population to increase understanding regarding

how a narrow case definition may bias reporting by race, ethnicity, age, sex, and/or region.*

More Inclusive Case Definition

Relying solely on the UCOD is standard practice for mortality surveillance. While we found that
adding MCOD codes might not necessarily change observed trends in mortality, research Studies
relying only on UCOD may be underestimating the full burden of alcohol-related-and)drug-
related deaths. Low sensitivity of outcome can be consequential if the purpose of research is to
explore, understand, and eventually prevent negative consequences ofssuch deaths. Similar issues
have been identified in diabetes-related mortality, where half.ef.deaths with diabetes indicated as
a major contributor to mortality have other downstream¢causes (e.g., kidney failure or heart

disease) listed as the UCOD. %%

Multidetermined causes connected to alcohel and drug use (e.g., alcohol-related cirrhosis or car
accidents caused by intoxication) were undercounted by half with the more restrictive case
definitions. Another study found.31% of US decedents with alcohol-related liver disease
indicated on the death certificate had a different UCOD.* Including MCOD fields in case
definitions gives a more robust picture of mortality and factors contributing to increases over
time.'%81941 \While.some studies used the MCOD field to specify opioid mortality,”** we found
no other studiesthat used the MCOD fields when examining suicide, alcohol-related, or drug-
related.deaths in the same study. Given our findings, future studies should consider use of the

MCOD mortality files and fields to improve outcome sensitivity.

14
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Relevant Inclusion Criteria are Study-specific

Inclusion criteria for ICD-10 codes in the literature are not necessarily built around an agreed
upon conceptual model. This contributes to variability. Some studies are overly inclusive of
codes, for example including tobacco use disorder or outcomes more likely due to an adverse
reaction to medication rather than an illicit substance (e.g., drug induced thyroiditis).”** Oter
studies include liver disease codes that are not specific to alcohol (e.g., chronic hepatitis;
fibrosis, cirrhosis of the liver).13!2131628 Conyersely, some studies use a more narrow definition,
focusing specifically on deaths due to suicide, overdose, and alcohol liver.disease.?”*%* This
definition excludes other alcohol and drug-related deaths, such as\alcohol or substance use

disorder.

We found that substance use disorder codes were common in the MCOD fields, especially for
alcohol. Excluding these codes could result ifnmissing important deaths. Ultimately, more work
is needed to establish a valid and relevantcase definition with inclusion criteria consistent with a
conceptual theory linking mechanisms'te mortality. Until consensus is achieved, we propose

investigators consider whigch causes of death are most pertinent to their research question.

Stratify Acute and Chronic Conditions

Difficulties remain in defining subcategories of suicide, alcohol-related, or drug-related deaths to
minimize differences in the natural history between exposure and mortality. For example,
alcohol"poisoning results from extreme exposure within a day, while alcohol-related liver disease
typically develops after long-term excessive alcohol consumption.*? In causal research
identifying association between exposure and outcome, having heterogeneous outcomes

composed of acute and chronic conditions can increase type Il error.”® As such, research

15
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investigating causal models for such deaths will require thoughtful stratification. Some

researchers have addressed this using the categories suicide, overdose, and liver disease.”****%3

Specifically, we proposed an approach to stratifying deaths into chronic versus acute substance
exposure, recognizing that some codes are not specific enough and should be categorized as
undetermined. The benefit to this approach is that it provides some logical categorization ‘of the
deaths into potential proximal and distal causes of these deaths. Of note, this approaeh also has
limitations. For example, for the current analysis, we coded opioid overdoses as acute, though a
known risk factor for opioid overdose is long-term opioid use,* so the timeframe between
initiation of opioid use and opioid overdose could be longer. Also, & large proportion of the
alcohol and drug deaths were marked as undetermined, cemplicating easy stratification into
meaningful groups. To improve the validity of causal research, efforts to identify best
approaches to stratifying deaths, or improved.ways,of dealing with heterogenous outcomes are

warranted.

Study Limitations

This study has several limitations. First, our analysis was limited to Veterans. Findings may not
be generalizable to non:Veteran civilians. Likewise, our sample was limited to the State of
Colorado. Colorado,has a coroner system (i.e., elected officials who may or may not have formal
medical.orforensic training oversee death investigations) and thus, findings may not be

generalizable to states with a medical examiner system or the US overall.*

Invaddition to potentially limited generalizability, we note possible information bias in important
death certificate variables. First, to define the study sample we used a death certificate variable

indicating whether decedents were ever in the US Armed Services. Thus, deaths could include

16

220Z JagquianoN || uo 1senb Aq | 9656.29/16 oMy /ale/S60L 0L /10p/8|o1le-aoueApe/ale/woo dnoolwepeoe//:sdiy woly papeojumoq



current Active-Duty Service Members, or exclude Veterans for whom this information was not
correctly specified on the death certificate. That said, one study in Colorado has found that
accuracy of correctly specifying Veteran status is fairly high.* Also, suicide, alcohol-related, or
drug-related deaths are broadly known to be underreported on death certificates. For example;
suicides could be misclassified as unintentional or undetermined, so the overall burden 4§ likely
higher than what we report.***® Finally, we did not find significant linear trends jn-mest types of
death by case definition, which could be because we did not have enough pewer with only four

time points, or that trends over time were not necessarily linear.

Conclusion

In summary, a consensus approach to developing a case definition for suicide, alcohol-related,
and drug-related deaths is required to improve the.quality and validity of emerging research. We
provided proof-of concept data that suggeststhat case definitions frequently employed (i.e.,
UCOD only) are likely too narrow. Currently, approaches may be underestimating the true
burden of such death, especially these related to alcohol. This study should be repeated in a
national dataset with special consideration of subpopulations (e.g., race/ethnicity, sex, region) to
understand the possible impact of discrimination or coroner versus medical examiner systems on
underlying versus MCOD classification. Given our findings, existing research could be limiting
the ability<to call attention to the public health crisis and is minimizing alcohol as a major
contribution. Additionally, depending on the study, meaningful stratification of deaths should be
considered. Causal research should consider possible natural course of disease to mortality
outcome and conduct analyses accordingly. Improved case definitions can improve research and

thus public health action to address troubling trends in mortality.
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Table 1: Population characteristics for suicide, alcohol-related, and drug-related deaths in Colorado Veterans 2009-2020. Deaths
were identified using underlying cause of death or multiple causes of death case definitions and compared to alhother deaths.

Other Deaths

UCOD Case Definition?

MCODyCase Definition

Variable Only?
Number Percent Number Percent Number Percent

Total 102,360 93.6 4,930 4.5 2,024 1.9
Year of Death ¢

2009-2011 24,087 23.5 1,166 237 481 23.8

2012-2014 25,082 24.5 1,165 23.6 406 20.1

2015-2017 26,351 25.7 1,247 25.3 507 25.0

2018-2020 26,840 26.2 1,352 27.4 630 31.1
Gender ¢

Female 4,134 4.0 218 4.4) 58 2.9

Male 98,226 96.0 4,712 95.6 1,966 97.1
Age at Death g d

18-34 366 0.4 594 12.1 34 1.7

35-54 2,474 2.4 1,375 27.9 309 15.3

55-64 8,156 8.0 1,281 26.0 649 32.1

65-74 18,931 18.5 954 19.4 649 32.1

75+ 72,433 708 726 14.7 383 18.9
Race d d

American Indian or 0.6 1.3 1.3
Alaskan Native 578 65 26

A_S|_an American or 545 0.5 37 0.8 11 0.5
Pacific Islander

Blagk or African 3748 3.7 999 4.5 154 7.6
American

White 96,909 94.7 4,561 92.5 1,815 89.7

Other and Unknown 580 0.6 45 0.9 18 0.9
Ethnicity d

Hispanic 7,441 7.3 585 11.9 269 13.3

Non-Hispanic 94,497 92.3 4,304 87.3 1,743 86.1

Unknown 422 0.4 41 0.8 12 0.6
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Other Deaths

UCOD Case Definition?

MCOD _ Case Definition
Only>

Variable
Number Percent Number Percent Number Percent
Marital Status d d
Divorced 15,194 14.9 1,703 34.6 810 40.1
Married 55,037 53.8 1,863 37.9 659 32.6
Single/never married 4,780 4.7 894 18.2 302 15.0
Widowed 26,937 26.3 413 8.4 212 10.5
Unknown 333 0.3 41 0.8 37 1.8
Rurality ¢
Urban 83,534 84.5 3,957 856 1,615 84.2
Town 8,081 8.2 329 7.1 163 8.5
Rural 7,255 7.3 339 7.3 139 7.3

UCOD = Underlying Cause of Death, MCOD = Multiple Cause of Death
#P-value results from chi-square test comparing differences in distribution between UCOD Case Definition to Other Deaths
b p_value results from chi-square test comparing differencesdndistribution between UCOD Case Definition to MCOD Case

Definition Only
‘p<0.01
9p<0.001
®p<0.05
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Table 2: Count and crude rate with 95% confidence interval of total deaths for Colorado Veteran deaths2009-2020 by case
definition for each type.

UCOD? Case Definition

MCOD and/or UCOD? Case(Definition

Crude Rate Age Adjusted Crude Rate Age Adjusted Rate Ratio
Rate Rate
: Rate o Rate o Rate 95% _~ Rate 95% 95%
_II\_/Ior(;cahty Count  per ?:SI/O per ?:SIA) Count® per Cl per Cl Ratio CI°
yp 100,000 100,000 100,000 100,000
(101. (106. (143. (134. (1.2,
Overall 4,930 104 L 1103 Y 5954 1967 3 1384 2 13 13)
’ 106.9 ' 114.4 ! ' 150.2 ' 142.8 '
) ) ) )
. (47.5, (57.3; (47.6, (57.3, (1.0,
Suicide 2,346 495 51.5) 60.4 637) 2,350 49.6 51.6) 60.5 63.7) 1.0 1.0)
(35.2, (25.8, (78.6, (57.4, (2.2,
Alcohol 1,752 37.0 38.7) 27.3 20) 3,847 81.2 83.7) 59.8 62.2) 2.2 2.2)
Chronic (20.6, (13.9, (37.6, (24.7, 1.7,
Alcohol 1,038 21.9 23.2) 15.0 16.2) 1,867 39.4 41.2) 26.1 27.6) 1.7 18)
Acute (4.4, (4.1, (13.3, (13.7, (2.9,
Alcohol 239 50 5.7 +8 5.7) 684 144 155 DL 15 32 3.4)
(9.1, (6.7, (33.3, (23.8, (3.3,
Undetermin 475 100 109) 75 8.5) 1,659 35.0 36.7) 25.3 26.9) 34 3.5)
ed Alcohol
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(21.0, (25.8, (28.4, (3214, (1.2,
Drug 1,061 224 23.7) 27.8 30) 1,422 30.0 31.6) 34.3 36.6) 1.2 13)
Chronic (0.4, (023,
Drug® 32 07 0.9) 04 0.8)

(20.4, (25.2, (23.0, (27.7, (1.0,
Acute Drug 1,030 21.7 23.1) 27.2 20.4) 1,156 24.4 25 8) 298 32) 1.1 1.2)

(0.3, (0.3, (99, (10.8, (22.8,
Undetermin 25 05 0.7) 0.5 0.9) 513 10.8 11.8) 12.1 135) 242 25.6)
ed Drug

ACME = automatic classification of medical entities, Cl = Confidence Tnterval, UCOD = Underlying Cause of Death, MCOD =

Multiple Cause of Death

UCOD only includes ACME 1 while MCOD includes all available ACME codes.

® Individual decedents can be included in more than one rowbecause they can have more than one qualifying MCOD code present.
°Bold font denotes significant rate ratio comparing age-adjusted rates of MCOD and UCOD case definitions.

d Counts <10 were suppressed
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Table 3: Most common ICD-10 codes for deaths in Colorado Veterans 2009-2020 identified
after using multiple cause of death codes. Codes were sorted by the number of individuals added
as a suicide, alcohol-related, or drug-related death with each code.

) ICD-
Mortality — Number  Percent
10 Description
Type Code Added Added
Undetermined F10.1 Mental and behavioral disorders due to use 719 355
Alcohol of alcohol, harmful use
Chronic £10.2 Mental and behavioral disorders due to use 294 195
Alcohol of alcohol, dependence syndrome
Chronic K70.3  Alcoholic cirrhosis of liver 256 12.6
Alcohol
Undetermined Mental and behavioral disorders due to Use
F10.9 of alcohol, unspecified mental and 148 7.3
Alcohol ; )
behavioral disorder
Acute Alcohol  X45 Accidental poisoning by and-exposure to 118 538
alcohol
Undetermined Mental and behavioral disorders due to
D F19.1 multiple drug use and, use of other 58 2.9
rug .
psychoactive substances, harmful use
Undetermined K70.9  Alcoholic-liver disease, unspecified 57 2.8
Alcohol
Mentaland-behavioral disorders due to
Undetermined F19.9 muHiple d_rug use and use of othe_zr_ 49 24
Drug psychoactive substances, unspecified
mental and behavioral disorder
Acute Alcohol T51.0 Poisoning by ethanol 48 2.4
Accidental poisoning by and exposure to
Acute Drug X44 other and unspecified drugs, medicaments 38 1.9
and biological substances
Undetermihed Mental and behavioral disorders due to use
Dru F15.9 of other stimulants, including caffeine, 37 1.8
g unspecified mental and behavioral disorder
Acute Alcohol  R78.0  Finding of alcohol in blood 36 1.8
Acute Drug T436 Poisoning by psychostimulants with abuse 39 16

potential
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Acute Alcohol  K70.4  Alcoholic hepatic failure 30 1.5
Accidental poisoning by and exposure to
Acute Drug x41 ant!eplle_ptlc, _sedatlve-hypnotlc, _ 29 14
antiparkinsonism and psychotropic drugs,
not elsewhere classified
Chronic Mental and behavioral disorders due to use
F10.7  of alcohol, residual and late-onset psychotic 26 1.3
Alcohol .
disorder
Undetermined Mental and behavioral disorders due to use
F14.9  of cocaine, unspecified mental and 26 1.3
Drug . .
behavioral disorder
Accidental poisoning by and exposure to
Acute Drug X42 narcotics and psychodysleptics 25 1.2
[hallucinogens], not elsewhere classified
Chronic Mental and behavioral disorders duge to'use
Alcohol F10.3 of alcohol, withdrawal state 21 10
Undetermined Mental and behavioral diserders due to use
F11.9  of opioids, unspecifiedmentaland 19 0.9

Drug

behavioral disorder

ICD-10 = International Classification for Disease version 10; MCOD = multiple cause of death
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Figure 1: Distribution (Percent) of combined deaths in Colorado Veterans (2009-2020) by case
definition for each mortality Ttpe.

Figure 2a-j: Age adjusted rate for deaths in Colorado Veterans (2009-2020) by case definition by
year for each mortality type. Rates from counts <10 were suppressed. Observed age adjusted
rates for UCOD case definition represented as X’s while MCOD observed rates were represented
by filled circles. Trendlines estimated from observed rates and standard error using Joinpoint
version 4.9.0.0.
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