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ABSTRACT. Objective: We used motor vehicle traffi c (MVT) crash 
fatalities as an example to examine the extent of underreporting of 
alcohol involvement on death certifi cates and state variations. Method:
We compared MVT-related death certifi cates identifi ed from national 
mortality data (Multiple Cause of Death [MCoD] data) with deaths in 
national traffi c census data from the Fatality Analysis Reporting System 
(FARS). Because MCoD data were not individually linked to FARS data, 
the comparisons were at the aggregate level. Reporting ratio of alcohol 
involvement on death certifi cates was thus computed as the prevalence of 
any mention of alcohol-related conditions among MVT deaths in MCoD, 
divided by the prevalence of decedents with blood alcohol concentration 
(BAC) test results (not imputed) of .08% or greater in FARS. Through bi-
variate analysis and multiple regression, we explored state characteristics 
correlated with state reporting ratios. Results: Both MCoD and FARS 

identifi ed about 450,000 MVT deaths in 1999–2009. Reporting ratio was 
only 0.16 for all traffi c deaths and 0.18 for driver deaths nationally, re-
fl ecting that death certifi cates captured only a small percentage of MVT 
deaths involving BAC of .08% or more. Reporting ratio did not improve 
over time, even though FARS indicated that the prevalence of BAC of 
at least .08% in MVT deaths increased from 19.9% in 1999 to 24.2% in 
2009. State reporting ratios varied widely, from 0.02 (Nevada and New 
Jersey) to 0.81 (Delaware). Conclusions: The comparison of MCoD 
with FARS revealed a large discrepancy in reporting alcohol involve-
ment in MVT deaths and considerable state variation in the magnitude 
of underreporting. We suspect similar underreporting and state variations 
in alcohol involvement in other types of injury deaths. (J. Stud. Alcohol 
Drugs, 75, 299–312, 2014)
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DEATH CERTIFICATES HAVE BEEN the preferred 
source for mortality statistics because they contain de-

mographic information and (most important) cause-of-death 
information certifi ed by a physician, coroner, or medical 
examiner. The cause-of-death information represents the 
medicolegal opinions on “the chain of events—diseases, in-
juries, or complications—that directly caused the death” and 
“other signifi cant conditions contributing to death” (National 
Center for Health Statistics [NCHS], 2004a, 2004b). In the 
United States, all the death certifi cates fi led in the states and 
the District of Columbia are submitted to NCHS, Centers 
for Disease Control and Prevention (CDC). NCHS processes 
the cause-of-death information in accordance with the World 
Health Organization (WHO) regulations and the Internation-
al Classifi cation of Diseases (10th Revision [ICD-10], since 
1999) (Kochanek et al., 2011). NCHS developed multiple 
computer programs—the Mortality Medical Indexing, Clas-

sifi cation, and Retrieval (MICAR) system; SuperMICAR; 
Automated Classifi cation of Medical Entities (ACME); and 
Translation of Axes (TRANSAX)—to automatically code 
the literal entry of cause-of-death information, systemati-
cally select the underlying cause of death, and methodically 
generate the list of multiple causes of death (Kochanek et al., 
2011). Manual coding is applied when the automated process 
is not executable. This process results in the Multiple Cause 
of Death (MCoD) data, in which each record contains one 
underlying cause and up to 20 multiple causes.
 The quality and details of the information recorded on 
death certifi cates determine the accuracy of mortality sta-
tistics and the validity of research fi ndings based on mortal-
ity data. Since the early 1980s, underreporting of alcohol 
involvement on death certifi cates has been documented by 
a number of studies (Hanzlick, 1988; Kircher et al., 1985; 
Nashold and Naor, 1981; Nelson et al., 1993; Petersson et 
al., 1982; Pollock et al., 1987; Romelsjö et al., 1993). In 
their sampled populations, the ratio of alcohol involvement 
determined by death certifi cates to that determined by the 
designated reference standard (e.g., autopsy, medical panel 
review, case fi le review, and blood alcohol testing program 
reports) ranged from 0:30 to 1:3, varying by study method 
or by cause and manner of death. The reasons for underre-
porting included the following: avoiding distressing relatives 
and/or social stigma, omitting information on elevated blood 
alcohol concentrations (BACs), having diffi culty obtaining 
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accurate information on alcohol involvement within time 
limits, and lacking suffi cient training in death certifi cation 
(Bell and Cremona, 1989; Carter, 1985; Comstock and 
Markush, 1986; Maudsley and Williams, 1993; Nashold 
and Naor, 1981; Pollock et al., 1987). The long history of 
questioning death certifi cate accuracy has fostered efforts 
to improve its quality and completeness. For example, an 
NCHS-published handbook (2003, p. 12) encourages report-
ing alcohol use on death certifi cates when it is believed to be 
a contributory cause.
 The objective of the present study was to reexamine the 
underreporting of alcohol involvement on death certifi cates. 
To our knowledge, none of the previous studies investi-
gated this question at the national level and examined state 
variations. Considering the plausibility of recent alcohol 
consumption contributing to deaths and the availability of 
data on BACs of all decedents in all states, we chose motor 
vehicle traffi c (MVT) crash fatalities as our study objects to 
explore the extent of the underreporting problem and state 
variations.
 Alcohol consumption’s contribution to MVT crashes has 
been well known for years (Hingson and Winter, 2003). A 
person with a BAC of .08% is likely to show impairments in 
the tasks of driving performance, sustained attention, divided 
attention, tracking, and contrast sensitivity (Moskowitz and 
Fiorentino, 2000). An increased BAC increases the risk of a 
driver being involved in or dying from a fatal crash (Zador et 
al., 2000). A meta-analysis of fi ve case-control studies sug-
gested a pooled odds ratio of 1.60 (95% confi dence interval 
[CI] [1.17, 2.20]) for fatal motor vehicle injury per .02% 
increase in BAC (Taylor and Rehm, 2012). Fatally injured 
drivers with BACs of .10% or more, compared with those 
with zero BAC, were more likely to be convicted of driving 
under the infl uence of alcohol during the 3 years before the 
fatal crashes, to be perceived as a problem drinker during 
the last month of life, and to have engaged in heavy episodic 
drinking and drunk driving at least monthly during the last 
year of life (Baker et al., 2002). Since 2005, .08% BAC 
illegal per se laws have been in effect in all states and the 
District of Columbia (National Highway Traffi c Safety Ad-
ministration [NHTSA], 2011); these laws make it a violation 
to operate a noncommercial motor vehicle at a BAC of .08% 
or above. Therefore, alcohol involvement is undoubtedly a 
medicolegally contributory cause of MVT crash fatalities 
and should be reported in the cause-of-death section of the 
death certifi cate, especially for drunk drivers who were killed 
in crashes.
 The Fatality Analysis Reporting System (FARS), main-
tained by NHTSA, is a national traffi c census in the United 
States covering all MVT crashes occurring on public roads 
and causing at least one death within 30 days (NHTSA, 
2013). FARS contains information on the BACs of those 
who died from MVT crashes in all states, enabling us to 
compare the prevalence of BAC of .08% or more (i.e., le-

gally drunk) in crash deaths with the prevalence of alcohol 
involvement reported on the death certifi cates. The com-
parisons offer insights into whether or to what extent alcohol 
involvement in MVT crash deaths was underreported on 
death certifi cates at the national level. In addition, we exam-
ined how the underreporting varied by state and which state 
characteristics were correlated with the state variation.

Method

Data sources

Death certifi cate: The Multiple Cause of Death data, 
1999–2009. The MCoD data for 1999–2009 are available 
to the public through the CDC WONDER (Wide-ranging 
Online Data for Epidemiologic Research) online databases 
(NCHS, 2012). The online system is menu driven and allows 
users to query mortality statistics based on the underlying 
cause of death as well as on multiple causes of death. The 
statistics can be stratifi ed by demographics and by geograph-
ic area. Deaths included in this study were selected based 
on whether the underlying cause was categorized as MVT 
related according to the External Cause of Injury Mortality 
Matrix (NCHS, 2002). The detailed list of ICD-10 codes for 
MVT deaths can be found on the NCHS website (NCHS, 
2002). The decedent’s role in crashes was determined by the 
fourth digit of the ICD-10 codes for the underlying cause 
of death (Kochanek et al., 2011) and categorized into seven 
groups—vehicle driver, vehicle passenger, unknown vehicle 
occupant, motorcyclist, pedestrian, pedalcyclist, and other/
unspecifi ed. Alcohol involvement was identifi ed by the pres-
ence of any of the following codes in the listed multiple 
causes of death: F10 (mental and behavioral disorders due 
to use of alcohol), R78.0 (fi nding of alcohol in blood), T51 
(toxic effect of alcohol), X45 (accidental poisoning by and 
exposure to alcohol), X65 (intentional self-poisoning/suicide 
by and exposure to alcohol), and Y15 (poisoning by and 
exposure to alcohol, undetermined intent). This identifi ca-
tion covered more than just acute alcohol intoxication, as we 
strove to broadly capture any types of alcohol involvement 
as reported on the death certifi cate.

Blood alcohol concentration of decedents in motor 
vehicle traffi c crashes: The Fatality Analysis Reporting 
System data, 1999–2009. The FARS data are collected and 
coded by state agencies under cooperative agreements with 
NHTSA. Annual meetings and standardized protocol and 
coding manuals ensure uniform coding across states. We 
used actual BAC test results reported to FARS to determine 
alcohol involvement in the MVT deaths in FARS. Decedents 
with reported (not imputed) BACs of .08% or more (i.e., the 
legal limit of intoxication in the United States) were counted 
as intoxicated deaths. Decedents without alcohol test results 
were counted as not intoxicated because it is very likely that 
the certifi ers also did not have such information to record 
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intoxication on the death certifi cates. Additionally, BAC 
level of .30% or more (i.e., serious intoxication and likely 
blackout) (International Center for Alcohol Policies, 2011) 
was examined as a cut point for severe alcohol involvement. 
We categorized the decedent’s role described in FARS in the 
same way as for MCoD.
 According to previous publications, NHTSA maintains a 
linked FARS–MCoD database; however, it is accessible only 
by the agency’s internal users (Briggs et al., 2005; Subrama-
nian, 2007; R. Subramanian, personal communication, May 
24, 2012). Therefore, in our study, the MVT deaths identifi ed 
from the MCoD and FARS data were not individually linked. 
Rather, the comparisons between these two data sets were 
based on aggregate measures at the national or state level.

Statistical analysis

 Because MVT deaths from the MCoD and FARS data 
were not individually linked, we compared the prevalence 
of alcohol involvement estimated from these two data sets 
at the national and state levels instead. Both data sources 
covered all MVT deaths in the United States; therefore, they 
both should identify similar, if not the same, MVT deaths. 
The degree of reporting of alcohol involvement on death 
certifi cates compared with that in FARS, referred to below 
as “reporting ratio” (RR), was computed as the prevalence 
of any mention of alcohol-related conditions among MVT 
deaths in MCoD divided by the prevalence of decedents with 
reported BACs of .08% or more in FARS. If all intoxicated 
MVT decedents in FARS were reported as such on their 
death certifi cates, the RR should reach 1.00. Because our 
identifi cation of alcohol involvement on death certifi cates 
was based on a broader defi nition than just intoxication, it is 
possible that the RR is greater than 1.00.
 The RR was estimated as the national average, by sex, 
race (White, Black, Asian or Pacifi c Islander, American 
Indian or Alaska Native, and other/unknown), Hispanic ori-
gin, age (0–15, 16–20, 21–34, 35–54, and 55 years), year 
of death, state, and decedent’s role in the crash. Because of 
confi dentiality constraints, the WONDER system suppresses 
any subnational death counts representing fewer than 10 per-
sons; therefore, the RRs subsequently cannot be calculated 
for such cases. We plotted 5-year moving averages of state 
RRs from 1999 to 2009 to examine changes in RRs over 
time and across states. Five-year moving averages were used 
to stabilize the pattern and reduce the number of states that 
had too few cases.
 The analysis also explored the extent to which state varia-
tion in the average of RRs in 1999–2009 could be explained 
by state characteristics, including the following: the death 
investigation system, status of the Uniform Accident and 
Sickness Policy Provision Law (UPPL), year when .08% 
BAC illegal per se laws were in effect (before 1999 vs. in 
1999 or after), prevalence of driving after drinking too much 

alcohol at least once during the past month, per capita alco-
hol consumption among ages 14 years and older (gallons of 
ethanol per 10,000 capita), BAC testing rate for all MVT 
deaths or for all vehicle drivers killed in MVT crashes, and 
population rate of all MVT crash deaths or of drivers killed 
in MVT crashes. The data sources for each state character-
istic are listed in Table 1; detailed descriptions of the data 
sources can be found on their respective websites. The state 
death investigation system was dichotomized as a centralized 
state medical examiner system (16 states) versus any other 
coroner/medical examiner systems (34 states). The UPPL, if 
enacted by states, allowed insurers to decline coverage for 
claims “in consequence of the insured’s being intoxicated or 
under the infl uence of any narcotic unless administered on 
the advice of a physician” (National Association of Insur-
ance Commissioners, 1950, p. 399). In recent years, several 
states started repealing the UPPL and enacted new legisla-
tion that prohibits the denial of coverage (Chezem, 2004). 
In our analysis, the status of the UPPL was determined by 
which law was in effect for half or more of the study period 
and then dichotomized as denial prohibited (5 states) versus 
permitted or no law (45 states).
 All the analyses were conducted using PC-SAS (Version 
9.3; SAS Institute Inc., Cary, NC). Bivariate analysis was 
used to assess the difference in RRs by each state character-
istic. Spearman’s rank correlation coeffi cient (rs) was used to 
examine the strength of associations between RRs and con-
tinuous measures of the state characteristics. Simple linear 
regression was conducted to examine unadjusted associations 
between each state characteristic and RR. Multiple linear 
regression with forward selection was used to select state 
characteristics that best explained state variation in RRs. 
The signifi cance level for entry into the model was set at .50. 
After the state characteristics were selected, robust multiple 
linear regression with least trimmed squares estimation was 
conducted to identify outlier states and control their impact 
on parameter estimates (Chen, 2002). Because RR has a 
right-skewed distribution, it was transformed by the natural 
logarithm before analyses.

Results

 The total MVT deaths reported in the MCoD and FARS 
data for 1999–2009 were 458,071 and 452,318, respectively. 
This indicated that the inclusion criteria of the MCoD data 
captured 1.3% more MVT deaths than the FARS (Table 2). 
In MCoD, 3.3% of MVT deaths were reported as alcohol 
involved, whereas in FARS, 21.1% of MVT deaths had 
BACs of .08% or more. This indicated an RR of 0.16 (i.e., 
overall, alcohol involvement is only 0.16 times as likely to 
be reported on the death certifi cate as in FARS). Alcohol in-
volvement in decedents who were American Indian or Alaska 
Native, non-Hispanic, and ages 0–15 years was more likely 
to be reported as such on their death certifi cates than other 
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subpopulations. Although Hispanics had a higher percentage 
of BACs of .08% or more than non-Hispanics in FARS data, 
the MCoD data showed a reverse ethnic difference in alcohol 
involvement. Over time, no improvement in reporting was 
observed at the national level.
 Death certifi cates are much less specifi c about the dece-
dent’s role than the FARS. For example, MCoD data identi-
fi ed 113,061 MVT decedents as vehicle drivers, which is 
less than half of those identifi ed by the FARS data (243,084 
deaths) (Table 2). Assuming alcohol involvement in the driv-
ers identifi ed in MCoD was similar to those not identifi ed in 
MCoD, we estimated the prevalence of alcohol involvement 
among drivers as 4.5%. Comparing this estimate with the 
prevalence of BACs of .08% or more in FARS (i.e., 25.2%), 
we arrived at an estimated 0.18 RR for vehicle drivers, not 
much higher than the RR for all MVT decedents (i.e., 0.16).
 We observed a large state variation in reporting alcohol 
involvement in MVT deaths. The RR ranged from 0.02 
in Nevada and New Jersey to 0.81 in Delaware (Table 2). 
Similar state variation was observed in the RRs for vehicle 
drivers (Figure 1). In Alabama, Massachusetts, Rhode Is-
land, Virginia, and West Virginia, the RRs for drivers were 
more than 50% higher than those for all MVT decedents; 
conversely, in Connecticut, New Mexico, and Wyoming, 
the RRs for all MVT decedents were higher. Because six 
states (Alaska, Nevada, New Hampshire, New Jersey, Utah, 
and Vermont) had too few alcohol-involved driver deaths 
(i.e., <10, by CDC WONDER’s data suppression rule) to be 

reported from the MCoD data, their RRs for drivers cannot 
be determined.
 The 5-year moving averages showed that most states had 
consistent RRs for all MVT deaths over time, whereas oth-
ers showed patterns of increasing (e.g., Delaware, Hawaii, 
Minnesota, and Oklahoma) or decreasing (e.g., Louisiana, 
Missouri, Montana, Rhode Island, and South Carolina) 
(Figure 2). Alaska, Nevada, New Hampshire, and Vermont 
were missing on four, six, six, and all seven data points, 
respectively, because their numbers of MVT deaths with 
alcohol involvement in MCoD were too small to be reported. 
Therefore, their trends cannot be determined.
 No statistically signifi cant difference in RR was observed 
by the death investigation system, status of UPPL, and the 
year that illegal per se laws went into effect (Table 3). This 
could be attributable to the large intra-group variations. On 
one hand, among states that had a centralized state medical 
examiner system, Maryland and New Hampshire had the 
lowest RR at 0.03, whereas Delaware had the highest at 0.81, 
followed by Connecticut at 0.47. On the other hand, Kansas 
(county coroner system) achieved an RR of 0.60 without a 
centralized state medical examiner system, followed by Min-
nesota (mixed county medical examiner and coroner system) 
at 0.55, and then Iowa (county medical examiner system) at 
0.52. States that prohibited insurers from declining cover-
age because of alcohol involvement showed higher (but not 
statistically signifi cant) RRs than those without the law or 
those that permitted the exclusion. States where .08% BAC 

TABLE 1. State characteristics examined in the analysis

Characteristic Data source

Hickman et al., 2007. Medical Examiners and Coroners 
Offi ces, 2004. Bureau of Justice Statistics Special Report 
NCJ 216756. Washington, DC: U.S. Department of Justice, 
Offi ce of Justice Programs. (http://bjs.ojp.usdoj.gov/content/
pub/pdf/meco04.pdf)

Alcohol Policy Information System (www.alcoholpolicy.niaaa.
nih.gov)

National Highway Traffi c Safety Administration, 2011. 
Traffi c Safety Facts 2009. Report No. DOT HS 811
402. Washington, DC: National Highway Traffi c Safety 
Administration. (www-nrd.nhtsa.dot.gov/Pubs/811402.pdf)

Behavioral Risk Factor Surveillance System (www.cdc.gov/
brfss)

LaVallee et al., 2011. Apparent per capita alcohol 
consumption: National, state, and regional trends, 1977–
2009. Surveillance Report #92. Bethesda, MD: National 
Institute on Alcohol Abuse and Alcoholism. (http://pubs.
niaaa.nih.gov/publications/surveillance91/Underage09.htm)

Fatality Analysis Reporting System

Fatality Analysis Reporting System (Population estimates 
retrieved from U.S. Census Bureau, Population Division)

Death investigation system (as of 2004)

Status of Uniform Accident and Sickness Policy Provision 
Law (effective for half or more of the study period)

Year when .08% blood alcohol concentration illegal per se 
laws were in effect (before 1999 vs. 1999 or after)

Prevalence of driving after drinking too much alcohol at 
least once during the past month (average of 1999–2009)

Per capita alcohol consumption among those ages 14 years 
and older (average of 1999–2009)

Blood alcohol concentration testing rates for all people and 
for vehicle drivers killed in motor vehicle traffi c (MVT) 
crashes (average of 1999–2009)

Rate of MVT crash deaths and rate of vehicle drivers killed 
in MVT crashes (average of 1999–2009)
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illegal per se laws were in effect before 1999 did not have 
higher RRs than states where the laws were in effect in 1999 
or later.
 Figure 3a shows a signifi cant positive correlation between 
RR and the prevalence of driving after drinking too much at 
least once in the past month (rs = .35, p = .01). Per capita 
alcohol consumption among individuals ages 14 years and 
older, BAC testing rate, and rate of MVT crash deaths were 
not correlated with state RR (Figures 3b–3d).
 In simple linear regression models, only the prevalence of 
driving after drinking showed a marginally signifi cant associa-
tion in the models for all MVT deaths and for vehicle driver 
deaths specifi cally (Table 4). A forward-selection procedure 
for multiple linear regression determined that certain state 

characteristics—death investigation system (p = .30), preva-
lence of driving after drinking too much (p < .01), per capita 
alcohol consumption (p = .02), and rate of MVT deaths (p
= .18)—explained 20% of the variability in state RRs for all 
MVT deaths. Another group of state characteristics—death 
investigation system (p = .32), prevalence of driving after 
drinking (p = .03), and BAC testing rates among drivers killed 
in crashes (p = .32)—explained 12% of the variability in state 
RRs for vehicle drivers specifi cally. Robust multiple linear 
regression identifi ed Nevada as the outlier state in the model 
for all MVT deaths and identifi ed Maryland, North Dakota, 
and New Mexico as outlier states in the model for driver 
deaths. The observed values of RR in these states were much 
lower than the expected values, given the values of their state 

TABLE 2. Comparison of motor vehicle traffi c (MVT) deaths indicated as alcohol involved between the Multiple Cause of Death 
(MCoD) data and the Fatality Analysis Reporting System (FARS) data, by selected factors: United States, 1999–2009

 MCoD dataa FARS data

 Deaths Alcohol-involvedb Deaths BAC  .08%
Variable n n (prevalence) n n (prevalence) RRc

Total 458,071 15,179 (3.3%) 452,318 95,220 (21.1%) 0.16
Sex
 Male 315,069 12,655 (4.0%) 312,915 79,768 (25.5%) 0.16
 Female 143,002 2,524 (1.8%) 139,217 15,440 (11.1%) 0.16
 Unknown   94 12 (12.8%)
Race
 White 381,567 12,845 (3.4%) 326,300 71,869 (22.0%) 0.15
 Black 57,974 1,500 (2.6%) 49,484 9,601 (19.4%) 0.13
 Asian or Pacifi c Islander 10,215 177 (1.7%) 8,899 983 (11.0%) 0.16
 American Indian or Alaska Native 8,315 657 (7.9%) 7,439 2,728 (36.7%) 0.22
 Other/unknown   60,196 10,039 (16.7%)
Hispanic origin
 Yes 58,311 1,501 (2.6%) 50,228 13,115 (26.1%) 0.10
 No 398,250 13,626 (3.4%) 332,717 70,077 (21.1%) 0.16
 Unknown 1,510 52 (3.4%) 69,373 12,028 (17.3%)
Age, in years
 0–15 25,954 59 (0.2%) 25,826 253 (1.0%) 0.23
 16–20 60,944 1,515 (2.5%) 61,267 9,955 (16.2%) 0.15
 21–34 119,546 5,952 (5.0%) 120,716 39,111 (32.4%) 0.15
 35–54 133,006 6,060 (4.6%) 132,408 37,344 (28.2%) 0.16
 55 and older 118,414 1,586 (1.3%) 110,983 8,356 (7.5%) 0.18
 Unknown 207 7 (3.4%) 1,118 201 (18.0%)
Year of death
 1999 40,965 1,326 (3.2%) 41,681 8,282 (19.9%) 0.16
 2000 41,994 1,482 (3.5%) 41,864 8,360 (20.0%) 0.18
 2001 42,443 1,471 (3.5%) 41,775 8,427 (20.2%) 0.17
 2002 44,065 1,528 (3.5%) 42,914 8,981 (20.9%) 0.17
 2003 43,340 1,346 (3.1%) 42,729 8,684 (20.3%) 0.15
 2004 43,432 1,254 (2.9%) 42,747 8,336 (19.5%) 0.15
 2005 43,667 1,443 (3.3%) 43,429 8,866 (20.4%) 0.16
 2006 43,664 1,359 (3.1%) 42,717 8,817 (20.6%) 0.15
 2007 42,031 1,406 (3.3%) 41,212 9,280 (22.5%) 0.15
 2008 37,985 1,287 (3.4%) 37,432 9,010 (24.1%) 0.14
 2009 34,485 1,277 (3.7%) 33,818 8,177 (24.2%) 0.15
Decedent’s role
 Vehicle driver 113,061 5,111 (4.5%) 243,084 61,187 (25.2%) 0.18
 Vehicle passenger 48,675 741 (1.5%) 103,216 10,122 (9.8%) 0.16
 Unknown vehicle occupant 36,526 964 (2.6%) 983 291 (29.6%)
 Motorcyclist 41,782 1,504 (3.6%) 43,868 9,702 (22.1%) 0.16
 Pedestrian 52,152 1,730 (3.3%) 51,720 12,655 (24.5%) 0.14
 Pedalcyclist 6,608 154 (2.3%) 7,785 1,140 (14.6%) 0.16
 Other/unspecifi ed 159,267 4,975 (3.1%) 1,662 123 (7.4%)

Continued
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TABLE 2. Continued

 MCoD dataa FARS data

 Deaths Alcohol-involvedb Deaths BAC  .08%
Variable n n (prevalence) n n (prevalence) RRc

State
 Alabama 11,983 189 (1.6%) 11,586 1,456 (12.6%) 0.13
 Alaska 931 25 (2.7%) 918 193 (21.0%) 0.13
 Arizona 11,183 142 (1.3%) 11,794 2,204 (18.7%) 0.07
 Arkansas 7,281 113 (1.6%) 7,011 1,408 (20.1%) 0.08
 California 42,996 912 (2.1%) 42,789 10,225 (23.9%) 0.09
 Colorado 7,059 663 (9.4%) 6,809 1,752 (25.7%) 0.37
 Connecticut 3,395 441 (13.0%) 3,273 908 (27.7%) 0.47
 Delaware 1,325 276 (20.8%) 1,393 360 (25.8%) 0.81
 Florida 33,824 489 (1.4%) 34,105 7,300 (21.4%) 0.07
 Georgia 16,672 138 (0.8%) 17,307 2,691 (15.5%) 0.05
 Hawaii 1,362 115 (8.4%) 1,412 418 (29.6%) 0.29
 Idaho 2,803 90 (3.2%) 2,879 588 (20.4%) 0.16
 Illinois 15,187 714 (4.7%) 14,336 4,064 (28.3%) 0.17
 Indiana 9,877 261 (2.6%) 9,174 1,568 (17.1%) 0.15
 Iowa 4,703 325 (6.9%) 4,699 628 (13.4%) 0.52
 Kansas 5,264 520 (9.9%) 5,006 821 (16.4%) 0.60
 Kentucky 9,320 249 (2.7%) 9,660 1,526 (15.8%) 0.17
 Louisiana 10,445 522 (5.0%) 10,273 1,802 (17.5%) 0.28
 Maine 1,963 32 (1.6%) 2,013 406 (20.2%) 0.08
 Maryland 7,125 49 (0.7%) 6,813 1,643 (24.1%) 0.03
 Massachusetts 5,062 84 (1.7%) 4,711 907 (19.3%) 0.09
 Michigan 13,439 398 (3.0%) 12,967 2,536 (19.6%) 0.15
 Minnesota 6,474 872 (13.5%) 6,136 1,496 (24.4%) 0.55
 Mississippi 9,428 221 (2.3%) 9,525 1,731 (18.2%) 0.13
 Missouri 11,748 1,015 (8.6%) 12,099 2,876 (23.8%) 0.36
 Montana 2,499 363 (14.5%) 2,688 816 (30.4%) 0.48
 Nebraska 2,956 62 (2.1%) 2,904 610 (21.0%) 0.10
 Nevada 3,885 15 (0.4%) 3,929 908 (23.1%) 0.02
 New Hampshire 1,439 12 (0.8%) 1,500 385 (25.7%) 0.03
 New Jersey 7,801 29 (0.4%) 7,843 1,688 (21.5%) 0.02
 New Mexico 4,502 64 (1.4%) 4,875 1,344 (27.6%) 0.05
 New York 16,408 195 (1.2%) 15,762 2,226 (14.1%) 0.08
 North Carolina 17,633 1,218 (6.9%) 16,419 3,594 (21.9%) 0.32
 North Dakota 1,230 34 (2.8%) 1,201 407 (33.9%) 0.08
 Ohio 14,584 929 (6.4%) 14,136 3,449 (24.4%) 0.26
 Oklahoma 7,925 259 (3.3%) 8,077 1,709 (21.2%) 0.15
 Oregon 5,013 229 (4.6%) 4,971 1,353 (27.2%) 0.17
 Pennsylvania 17,046 180 (1.1%) 16,633 3,998 (24.0%) 0.04
 Rhode Island 962 125 (13.0%) 904 318 (35.2%) 0.37
 South Carolina 10,814 399 (3.7%) 11,286 2,930 (26.0%) 0.14
 South Dakota 1,784 160 (9.0%) 1,849 507 (27.4%) 0.33
 Tennessee 13,770 195 (1.4%) 13,363 2,089 (15.6%) 0.09
 Texas 40,990 569 (1.4%) 39,488 6,528 (16.5%) 0.08
 Utah 3,324 45 (1.4%) 3,348 292 (8.7%) 0.16
 Vermont 836 12 (1.4%) 876 234 (26.7%) 0.05
 Virginia 10,190 165 (1.6%) 10,038 1,957 (19.5%) 0.08
 Washington 7,375 355 (4.8%) 6,608 2,011 (30.4%) 0.16
 West Virginia 4,098 181 (4.4%) 4,376 1,178 (26.9%) 0.16
 Wisconsin 8,210 444 (5.4%) 8,211 2,636 (32.1%) 0.17
 Wyoming 1,425 80 (5.6%) 1,839 489 (26.6%) 0.21

Notes: Data sources: MCoD data—Centers for Disease Control and Prevention (CDC), National Center for Health Statistics. 
Multiple Cause of Death, 1999–2009 on CDC WONDER online database, released 2012. Retrieved from http://wonder.cdc.gov/
mcd-icd10.html. FARS data—National Highway Traffi c Safety Administration, Department of Transportation. Fatality Analysis 
Reporting System, 1999–2009. Retrieved from http://www.nhtsa.gov/FARS. BAC = blood alcohol concentration; RR = reporting 
ratio; ICD-10 = International Classifi cation of Diseases, 10th Revision; WONDER = Wide-ranging Online Data for Epidemiologic 
Research. aMVT crash deaths in the MCoD data were identifi ed by injury mechanism—MVT as the underlying cause of death. For 
the detailed list of ICD-10 codes, see http://www.cdc.gov/nchs/injury/ice/matrix10.htm; bidentifi cation was based on multiple cause 
of death, in which any of the following codes were listed: F10.0–F10.9, R78.0, T51, X45, X65, and/or Y15; cRR was calculated 
as the prevalence of alcohol involvement in MVT deaths in the MCoD data divided by the prevalence of decedents with BACs 
.08% in the FARS data.
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FIGURE 1. Reporting ratio in 1999–2009 by state among all motor vehicle traffi c crash deaths and among all identifi ed drivers killed in crashes. Six states 
(AK, NV, NH, NJ, UT, and VT) did not have reporting ratios for identifi ed drivers because their numbers of alcohol-involved drivers were too few (<10 deaths) 
to be reported in the Multiple Cause of Death data.

characteristics. After we controlled for the impact of outliers, 
parameter estimates in the model for all MVT deaths did not 
change much, but per capita alcohol consumption became 
nonsignifi cant. As for drivers, the associations of death in-
vestigation and the prevalence of driving after drinking with 
RRs became stronger, and the parameter estimate of death 
investigation became signifi cant. Overall, the prevalence of 
driving after drinking was the only state characteristic that 
was robustly positively associated with state RRs for all MVT 
crash deaths as well as for driver deaths.
 When using BAC of .30% or more to defi ne severe alco-
hol involvement in the FARS data, the prevalence of alcohol 

involvement reported in the MCoD data at the national level 
became higher than the prevalence of BAC of .30% or more 
in the FARS data. This implied that most of the severely in-
toxicated cases were reported on death certifi cates. However, 
this was not always the case at the state level. For 14 states 
(Arizona, Arkansas, California, Florida, Georgia, Maryland, 
Nevada, New Hampshire, New Jersey, New Mexico, North 
Dakota, Pennsylvania, Texas, and Virginia), the prevalence 
of alcohol involvement in MCoD was still lower than the 
prevalence of BAC of .30% or more in FARS. Their RRs 
(based on BAC  .30%) ranged from 0.14 in Nevada and 
New Jersey to 0.90 in Arkansas (data not shown).



306 JOURNAL OF STUDIES ON ALCOHOL AND DRUGS / MARCH 2014

FIGURE 2. Five-year moving average of reporting ratios by state, 1999–2009. Six states’ numbers of motor vehicle traffi c crash deaths with alcohol involvement 
in the Multiple Cause of Death data were too small to be reported, so these states did not have all valid data points: AK (missing 4 data points), NV (missing 
6 data points), NH (missing 6 data points), NJ (missing 1 data point), ND (missing 1 data point), and VT (missing all 7 data points).

Discussion

 Our fi ndings show that the underreporting of alcohol in-
volvement on death certifi cates remained substantial during 
the past 11 years. Based on the comparison of MCoD and 
FARS data, alcohol involvement is 84% less likely to be report-
ed on death certifi cates than in FARS. The reporting practice 

did not improve over time, whereas the prevalence of reported 
BAC of .08% or more in MVT deaths increased slightly from 
19.9% in 1999 to 24.2% in 2009. Even when focusing on 
vehicle drivers, whose alcohol involvement contributed more 
directly to MVT crashes, the RR was still low at 0.18.
 The magnitude of underreporting estimated in our study 
at the aggregate level is similar to that reported at the in-
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dividual level. Nashold and Naor (1981) observed that, in 
Wisconsin in 1975–1977, alcohol involvement was reported 
on an average of 10% of the death certifi cates of drivers, 
motorcyclists, and pedestrians whose BACs were .05% or 
more. The difference is that they found the highest reporting 
for decedents ages 45–64 years, whereas our results showed 
the highest for those ages 0–15 years. Pollock et al. (1987) 
requested a medical panel to review 426 veteran postservice 
deaths in the 1970s and 1980s. The panel determined that 
40.2% of deaths caused by motor vehicle injury were alco-
hol related, whereas only 5.4% of the death certifi cates had 
any alcohol-related ICD-9 codes, yielding an RR of 0.13. In 
a more recent study, Daula and Hanzlick (2006) compared 
investigative case fi les and death certifi cates issued by the 
Fulton County, GA, Medical Examiner in 2004. They found 
that for 137 traffi c accident deaths, only 1 death certifi cate 
indicated alcohol involvement, whereas 6 case fi les men-
tioned BAC of .10% or more, which is equivalent to an RR 
of 0.17.
 Our study is the fi rst, to our knowledge, to show a wide 
range of state variation in death certifi cation regarding al-
cohol involvement in MVT crashes. RR ranged from 0.02 
(Nevada and New Jersey) to 0.81 (Delaware). This could 
have resulted from the state differences in death investigation 
systems, the prevalence of drunk-driving behavior, BAC test-
ing rates, timing of receiving toxicology test results, offi ce 
general practice, or a combination of all the factors. In the 
United States, MVT crash deaths are investigated and certi-
fi ed by medical examiners or coroners in a given jurisdiction. 
Although a medical examiner system was recommended over 
a coroner system (Committee on Identifying the Needs of 
the Forensic Science Community et al., 2009), and a central-
ized system provides uniform guidelines statewide, our study 
showed that a centralized statewide medical examiner system 
did not ensure higher reporting of alcohol involvement than 
other systems. Romano and McLoughlin (1992) also pointed 
out that in California, the county variation in reporting was 
not related to autopsy rates or a medical examiner system 
but rather coroners’ or medical examiners’ preference.

TABLE 3. Median and range of state reporting ratios by death investigation system, status of Uniform Accident and 
Sickness Policy Provision Law, and year when .08% blood alcohol concentration illegal per se laws were in effect

 No. of  Lowest Highest
Variable states Median (state) (state) pa

Death investigation system     .64
 Centralized state medical
  examiner system 16 0.14 0.03 (MD, NH) 0.81 (DE)
 Any other systems 34 0.15 0.02 (NV, NJ) 0.60 (KS)
Uniform Policy Provision Law     .29
 Prohibited 5 0.32 0.03 (MD) 0.52 (IA)
 Permitted or no law 45 0.14 0.02 (NV, NJ) 0.81 (DE)
Year illegal per se laws in effect     .47
 Before 1999 15 0.13 0.03 (NH) 0.60 (KS)
 1999 or after 35 0.15 0.02 (NV, NJ) 0.81 (DE)

Notes: No. = number. ap value of the Wilcoxon rank-sum test of equality of medians between two subgroups.

 In our study, state prevalence of self-reported drunk-driv-
ing behavior shows a robust positive association with state 
RR. In other words, alcohol involvement in traffi c crashes 
was more likely to be reported on death certifi cates in states 
with a higher prevalence of self-reported drunk driving. Self-
reported drunk-driving behavior was highly associated with 
heavy episodic drinking and driving without always using a 
seatbelt (CDC, 2011). Romelsjö et al. (1993) also found that 
decedents’ previous drunk-driving experience was associated 
with a high BAC at death (by any cause) and with any men-
tion of alcoholism, alcohol psychosis, alcohol intoxication, 
liver cirrhosis, or cardiac enlargement or suspected cardio-
myopathy on the death certifi cate. Drunk-driving behavior 
seems to be a proxy for acute as well as chronic drinking 
problems. The positive correlation between state prevalence 
of drunk-driving behavior and state RR of alcohol involve-
ment may indicate that death certifi ers tended to record alco-
hol involvement when the decedent had other alcohol-related 
problems rather than just one-time intoxication at the time of 
the crash.
 As of 2009, 25 states implemented policies requiring 
BAC testing for drivers killed in vehicle crashes (Casanova 
et al., 2012). On average, states with mandatory testing 
laws had BAC testing rates 15 percentage points higher 
than the states without a law, although some states without 
a law did achieve high BAC testing rates (Casanova et al., 
2012). Mandatory testing laws for fatally injured drivers 
may enhance the coroners’ or medical examiners’ aware-
ness of alcohol involvement by increasing BAC testing 
rates and, consequently, enhance the accuracy of death 
certifi cation. However, our results showed that BAC testing 
rates were not correlated with reporting alcohol involve-
ment on death certifi cates (Figure 3c and Table 4). This 
may have been because of the long turnaround time of tox-
icology tests in some offi ces (Daula and Hanzlick, 2006). 
Coroners or medical examiners generally are required to 
complete and fi le a death certifi cate within 3–5 days after 
a death occurs (Warner and Chen, 2012, p. 4). If a toxicol-
ogy test takes longer, the BAC result, even when known, 
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FIGURE 3. Scatter plots of reporting ratio by (a) prevalence of driving after drinking too much alcohol at least once during the past month, (b) per capita 
alcohol consumption among individuals ages 14 years and older, (c) blood alcohol concentration (BAC) testing rate, and (d) rate of motor vehicle traffi c crash 
deaths. Spearman’s rank correlation coeffi cients (rs) and p values are shown in the top-right corner of each chart.

will not be documented unless the medical examiner or 
coroner fi les a supplemental report or amends the death 
certifi cate. Another reason for underreporting suggested 
by Daula and Hanzlick (2006) is that sometimes the medi-
cal examiners are unsure whether high BAC contributed to 
MVT crash deaths. They may choose not to report alcohol 
intoxication on death certifi cates even when the BAC ex-

ceeds the legal intoxication level. This may have been the 
practice in certain areas only given our fi ndings of a large 
variation in reporting across states. The .08% illegal per se 
law could be a legal ground for documenting high BAC; 
but in our study, states with the law in effect for a long 
time did not consistently show higher RRs than states with 
the law in effect for a short time (Tables 3 and 4).
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TABLE 4. Parameter estimates (b) for state characteristics from simple linear regression, forward-selection multiple linear regression, and robust multiple 
linear regression models, in which the dependent variable is the natural log of the reporting ratio in 1999–2009

 Simple Multipleb Robust multiple

Variable Exp(b) [95% CI] p Exp(b) [95% CI] p Exp(b) [95% CI] p

All MVT deaths (50 states)
 Centralized state medical
  examiner system 0.91 [0.53, 1.56] .74 1.34 [0.77, 2.32] .30 1.24 [0.73, 2.09] .43
 UPPL – Prohibited 1.43 [0.63, 3.27] .40
 .08% BAC illegal per se laws
  in effect before 1999 0.84 [0.49, 1.44] .52
 Prevalence of driving after
  drinking (%) 1.31 [0.98, 1.76] .08 1.72 [1.22, 2.42] <.01 1.71 [1.24, 2.38] <.01
 Gallons of ethanol 
  (per 10,000 capita) 0.74 [0.43, 1.27] .28 0.47 [0.26, 0.84] .02 0.61 [0.34, 1.12] .11
 BAC testing rate among
  all decedents (%) 0.99 [0.98, 1.01] .42
 Rate of MVT deaths
  (per 100,000) 1.02 [0.97, 1.06] .43 1.03 [0.99, 1.07] .18 1.03 [0.99, 1.07] .16

R2     .2042   .3089
 Outlier state        NV

Vehicle drivers killed in crashes
(44 states)a

 Centralized state medical
  examiner system 1.07 [0.61, 1.87] .81 1.35 [0.75, 2.43] .32 1.78 [1.06, 2.99] .03
 UPPL – Prohibited 1.20 [0.55, 2.64] .65
 .08% BAC illegal per se laws
  in effect before 1999 0.84 [0.48, 1.46] .53
 Prevalence of driving
  after drinking (%) 1.34 [1.00, 1.80] .05 1.42 [1.04, 1.93] .03 1.56 [1.18, 2.05] <.01
 Gallons of ethanol
  (per 10,000 capita) 1.60 [0.71, 3.60] .26
 BAC testing rate among drivers
  killed in crashes (%) 1.00 [0.97, 1.02] .64 0.99 [0.97, 1.01] .32 1.00 [0.98, 1.01] .62
 Rate of drivers killed in
  MVT crashes (per 100,000) 0.99 [0.93, 1.06] .85

R2     .1188   .2789
 Outlier state        MD, ND, NM

Notes: BAC = blood alcohol concentration; CI = confi dence interval; MVT = motor vehicle traffi c; UPPL = Uniform Accident and Sickness Policy Provision 
Law. aSix states (AK, NV, NH, NJ, UT, and VT) did not have reporting ratios for identifi ed drivers because their numbers of alcohol-involved drivers were too 
small to be reported in the Multiple Cause of Death data; bthe signifi cance level for entry into the model was set at .50.

 The BAC of injured persons is critical for determin-
ing the scope of alcohol-related problems and developing 
dose–response relationships between alcohol consumption 
and injuries. In the 1980s, researchers at the National In-
stitute on Alcohol Abuse and Alcoholism realized that the 
ninth revision of the ICD lacked specifi c codes for alcohol 
involvement in casualties. They collaborated with other 
federal agencies, experts, and consultants to propose two 
supplementary codes to quantitatively or qualitatively record 
alcohol consumption leading or contributing to a disease 
condition or death (Grant et al., 1987). These two codes were 
later included in the ICD-10 as optional codes—Y90, evi-
dence of alcohol involvement determined by BAC; and Y91, 
evidence of alcohol involvement determined by level of in-
toxication (WHO, 1992). By using Y90, the known BACs of 
decedents can be reported as one of the following categories: 
<.02% (Y90.0), .02%–<.04% (Y90.1), .04%–<.06% (Y90.2), 

.06%–<.08% (Y90.3), .08%–<.10% (Y90.4), .10%–<.12% 
(Y90.5), .12%–<.20% (Y90.6), .20%–<.24% (Y90.7), .24% 
(Y90.8), or unspecifi ed level (Y90.9). Code Y91 can be used 
to record the clinical observation of intoxication severity. 
This information, if collected, could enhance the use of death 
data to monitor alcohol-involved injuries. Unfortunately, 
these two codes were not adopted in the United States for 
death certifi cate coding. FARS thus becomes the sole source 
for tracking BACs of MVT deaths, and no other national in-
jury surveillance systems collect detailed BAC information.
 The major limitation of our study was that the analysis 
could be conducted only at aggregate levels. This was be-
cause, due to the confi dentiality issue, the linked decedent 
records of the FARS and MCoD are not available to the 
public. We could not determine how discrepancies occurred 
at the individual level. It is possible that the decedents had 
alcohol-related ICD-10 codes on death certifi cates but were 
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not reported as having BACs of .08% or more in FARS data 
and vice versa. Nonetheless, our results provide a general 
assessment of underreporting at the national and state levels, 
and they indicate wide state variation in death certifi cation, 
which cannot be easily accomplished by reviewing records 
at the individual level.
 Another study limitation is that in MCoD data, many 
decedents’ roles in the crashes are missing or cannot be 
determined, even though this information must be reported 
(NCHS, 2003, p. 19). It can be argued that alcohol intoxica-
tion of passengers is less likely to contribute to MVT deaths 
than that of drivers, motorcyclists, or pedestrians. Including 
passengers in the analysis may overestimate the magnitude 
of underreporting. However, in our study, the reporting 
practice did not differ much by role of decedents, given 
the RR at 0.18 for vehicle drivers versus 0.16 for all MVT 
crash decedents. The argument about the causal contribu-
tion of alcohol involvement may not be the sole reason for 
underreporting.
 The comparison in this study is based on known BAC 
values in FARS because the certifi ers can only report known 
conditions on the death certifi cates. At the national average, 
more than a quarter of fatally injured drivers were not tested 
for alcohol (Casanova et al., 2012). If the unknown BAC 
values were imputed by the method developed by NHTSA 
(Subramanian, 2002), the percentage of drivers killed in 
MVT crashes in 2011 who had BACs of .08% or more could 
increase from 25.2% (95% CI [24.6%, 25.8%]) to 31.4% 
(95% CI [30.7%, 32.0%]) (Chen, 2013). Therefore, the 
magnitude of underestimation of alcohol involvement based 
on death certifi cates could be even larger than our under-
reporting estimates. In addition, if blood samples were col-
lected long after the injury occurred, the testing results could 
underestimate the true BACs, leading to another source of 
underestimation.
 The comparison of MCoD with FARS data shows a great 
degree of state variation in reporting alcohol involvement on 
death certifi cates. We suspect similar state variations in other 
types of injury deaths. Caution is merited when comparing 
state alcohol-related mortalities using MCoD data. The 
Alcohol-Related Disease Impact (ARDI) software, developed 
by the CDC and supported by the Robert Wood Johnson 
Foundation (Princeton, NJ), may be used as an alternative 
source for state comparisons in alcohol-attributable deaths. 
ARDI provides state average estimates of alcohol-attribut-
able deaths for 2001–2005 using cause- and gender-specifi c 
alcohol-attributable fractions derived from observational 
studies or systematic reviews. However, ARDI’s estimates 
did not take into account the racial or age differences in 
alcohol involvement in deaths or state differences in popula-
tion composition. This could lead to over- or underestimating 
alcohol-related deaths. For example, Native Americans and 
Hispanics have higher proportions of alcohol-related MVT 
fatalities than non-Hispanic Whites (Keyes et al., 2012; 

NHTSA, 2009). Applying the averaged alcohol-attributable 
fractions of MVT crashes to Alaska, where American Indians 
and Alaska Natives account for 14.8% of the state population 
(U.S. Census Bureau, n.d.), and to California, where His-
panics or Latinos account for 37.6% of the state population 
(U.S. Census Bureau, n.d.), could result in underestimates of 
alcohol-attributable MVT deaths in these two states.
 Despite the growing recognition of alcohol use as an im-
portant risk factor for public health, the reporting of alcohol 
involvement on death certifi cates does not seem to have 
improved much over the years. Medical examiners, coroners, 
and physicians serving as death certifi ers are the key to ac-
curate and complete cause-of-death information. Federal 
and state government agencies should continue to encourage 
or perhaps start to require death certifi ers to report alcohol 
involvement when it contributes to death. One way to raise 
general awareness would be to emphasize the importance 
of reporting alcohol involvement during death certifi cation 
training. By communicating with the local offi ces that had 
low RRs, we may better understand the hurdles. MCoD is a 
very important data source for injury surveillance and public 
health research. New approaches are needed to increase data 
accuracy and completeness because these approaches have 
not improved in past decades.
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