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Abstract

Background—*Few studies have evaluated the years of life lost (YLL) and productivity loss due
to Sudden Unexpected Death (SUD). The burden of SUD on society is undetermined due to lack
of population- based studies and comprehensive adjudication methods.

Objective—We estimated YLL and productivity loss from SUD in working age adults and
compared it with leading causes of death in the United States.

Methods: We screened all out of hospital deaths among people 20-64 in Wake County, North
Carolina from 2013 to 2015 to adjudicate SUDs. We extrapolated Wake County incidence to
estimate the age and sex standardized rate of SUD in the United States. YLL was calculated based
on the remaining life expectancy of the victims. Incorporating market and housekeeping value
estimated the present value of lifetime productivity loss due to SUD.

Results: SUD incidence rates in the US adults 20-64 were 49.3 (95%CIl: 41.2-58.3) and 21.7
(95%Cl: 16.5-27.8) per 100000 among men and women, respectively. SUD resulted in the loss of
2 million years of life, accounting for 10.0% of YLL from all causes of death. Among natural
causes of death, YLL from SUD was only lower than that from all cancers combined and heart
disease. Lifetime productivity loss due to SUD was about $51 billion, exceeding productivity loss
from any individual cancer.

Conclusion: Sudden unexpected death is an important source of YLL and productivity loss
among adults 20-64. Such high burden on society justifies prioritizing health policies and
interventions toward preventing sudden unexpected death.
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Introduction

Methods

Sudden death accounts for 180000 to 450000 deaths in the US yearly. (1, 2) Incidence of
sudden death has not greatly declined despite the known reduction in total cardiovascular
mortality. (3) The wide range in estimates of sudden death may be due to different criteria
chosen for sudden death. The World Health Organization (WHO) defines sudden death as a
witnessed death within 1 hour of symptoms onset or unwitnessed deaths within 24 hours of
being observed alive and without symptoms. (4) However, this commonly used definition
fails to include potential cases in which the precise time or etiology of death cannot be
determined. (5, 6)

Although there is no consensus in literature on a common term and definition, Sudden
Unexpected Death (SUD) in our study encompass all types of sudden death that are not
attributed to trauma, suicide, etc or other apparent natural expected causes of death in adults.
(7) The growing prevalence of risk factors such as obesity and diabetes may lead to an
increase in SUD incidence in the coming years. (5) Although SUD occurs at all ages, the
burden and productivity loss of SUD is not equal across age/sex groups, necessitating
indices other than mortality rate to show the impact of SUD on society. (8, 9)

Years of life lost (YLL) is an indicator of premature mortality that takes into account the age
at death in addition to the incidence in a way that more weight is given to deaths in the
younger age. (10) Therefore, it summarizes age-specific mortality rates in an index that can
be used to show social and economic consequences associated with mortality. (11, 12)
Productivity loss is a measure that can be used to show the magnitude of a disease mortality
in terms of an economic estimation. Although it does not show all the cost associated with a
health problem, it can provide insight to the possible economic gain through preventive
measures. (13, 14)

In this study, we aimed to calculate incidence of SUD in Wake County, North Carolina
(NC), an ethnically diverse community with a population of about one million and to
estimate the mortality rate, YLL, and productivity loss due to sudden unexpected death in
the United States.

We used data from Sudden Unexpected Death in North Carolina (SUDDEN) project, a
population-based study on all adjudicated out of hospital sudden unexpected deaths in Wake
County, NC. The detailed methods and design of the SUDDEN project and data acquisition
have been previously described. (15, 16) In summary, all out of hospital deaths ages 20-64
years in Wake County, NC from March 2013 to February 2015 were identified by
performing an electronic query of the Emergency Medical Services (EMS) patient care
reporting software (ESO Solutions V 4.8, Austin, Texas). Two trained research assistants
used the information from EMS scene report, medical examiner, toxicology and autopsy
reports (if available) to exclude nonresidents, residents of correctional facilities, non-natural
causes of death such as trauma, suicide/homicide, and unintentional injuries. After the initial
screening, medical records within the last five years were obtained through a systematic
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process for all cases. Finally, a majority decision by three cardiologists at University of
North Carolina at Chapel Hill unaffiliated with the study reviewed all the available
information to make the final SUD adjudication.

Population demographic data in 2014, including age and sex, were obtained for Wake
County and the US population from the United States Census Bureau. (17) We considered
sex-specific age groups of 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, and
60-64. The absolute incidence of SUD during the two-year study period was divided by two
to estimate the average annual incidence. For each age/sex group, the incidence rate of SUD
in Wake County was calculated by dividing the SUD incidence by the 2014 Wake population
in that group. The SUD incidence rate of Wake County was subsequently age and sex
standardized based on the 2014 US population. Sex-specific and overall national SUD
incidence among 20-64 year olds was estimated by multiplying the standardized rates by the
US population. The gamma distribution formula (18) was used to construct 95% confidence
intervals for the US SUD incidence rates.

Life expectancy of each age/sex group was obtained from 2014 CDC National Vital
Statistics Report. (19) We estimated YLL due to SUD by multiplying the estimated age/sex
group specific SUD incidence by the US population’s group-specific expected remaining
years of life. For example, for men ages 45-49, the CDC estimates an average of 34.2 years
before death, and we estimate a SUD incidence of about 3851 per year for men ages 45-49.
Thus, YLL for men aged 45-49 is estimated to be 34.2*3851, which represents about
130,000 years of life lost nationally attributable to SUD. For each age group, 10,000 Monte
Carlo simulation replications were conducted using the binomial distribution of the Wake
County SUD rates. The 2.5th and 97.5th percentiles of the simulated results were used to
calculate the 95% uncertainty interval.

We used the estimates by Grosse and colleagues to calculate the lifetime productivity loss
related to SUD, in which the market compensation and household production are used to
estimate present value of lifetime productivity of a person by 3% discount rate, age group
and gender. Lifetime productivity loss in each gender/age group was calculated by
multiplying the mortality rate by estimated individual lifetime productivity. (13) All analyses
were conducted with Microsoft Excel 2016 and SAS 9.4.

The CDC WONDER database report was used to identify the leading causes of death, and to
obtain cause-specific and overall incidence of death by age/sex group in 2014 among
individuals ages 20-64 in the US. (20) The overall YLL for all causes of death as well as the
proportion of each cause was calculated. The leading causes of death were compared with
SUD in terms of mortality rate, YLL, and productivity loss in different age groups.

The population of Wake County in 2014 was 998,691 with about 67% White, 20% African-
American and 6% Asian. United States population in 2014 was 318,857,056 with about 73%
white, 13% African American and 5% Asian.
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We estimated that approximately 67,390 SUDs (95% uncertainty interval: 45,655-89,408)
occur annually among the adults ages 20-64 in the United States. The age and sex adjusted
incidence rate for SUD among 20-64 years old was 35.1 per 100,000 (95% ClI: 30.3-40.4).
The rate among men was twice that of women (49.3 vs. 21.7 per 100,000). Three leading
causes of death in adults 20-64 were all cancers combined, heart diseases, and unintentional
injuries. In both genders, age adjusted rate of SUD was more than half of the mortality rate
for heart diseases and was greater than any individual cancer, chronic lower respiratory
diseases, diabetes mellitus, and cerebrovascular disease (Table 1).

In total, more than 2 million years were lost due to SUD among adults 20-64 years of age
(95 % uncertainty interval: 1.41-2.65). In men, SUD caused loss of 1.36 million years (95%
uncertainty interval: 0.96-1.75) accounting for 10.8% of all cause YLL in men (12.57
million years). This was more than twice the YLL due to lung cancer, the most fatal cancer
in men. Among women, YLL due to SUD was 0.65 million years (95% uncertainty interval:
0.42-0.90) accounting for 7.7% of all cause YLL in women (8.38 million years). Among
those older than 45, SUD is the third leading cause of YLL after heart disease, and all
cancers combined, exceeding unintentional injuries. Among victims younger than 45, YLL
from SUD is lower than that from unintentional injuries, but it remains the third leading
cause among males, surpassing all cancers combined (Figure 1).

Lifetime productivity loss from SUD among 20-64 years old in 2014 was about 51 billion
dollars. (2007 $US values) Being a direct product of deaths, lifetime productivity loss was
higher in men compared to women. SUD was an important contributor to lifetime
productivity loss in all age groups resulting in loss of 9.7 and 3.4 billion dollars among men
and women only in the age group of 55-59 (Figure 2).

Discussion

In this study, we estimated the incidence of SUD and compared the associated burden with
the leading causes of death in the US among men and women ages 20-64. The high burden
of SUD on public health and economic productivity is neither calculated nor reported
separately in public health studies. The Global Burden of Disease Project has published
YLL due to different causes of death from the International Classification of Diseases (ICD)
codes. (21) However, since SUD is reported under different ICD codes that cannot be
aggregated easily, its burden cannot be shown using a single code or combined outcome.
This concern underscores the importance of relying on sources other than death certificates
to monitor incidence and harm to productivity from SUD in society. Because there is no
national surveillance registry for sudden unexpected death, our estimates of YLL and
productivity loss from SUD in a diverse population are valuable.

The estimated age and sex adjusted rate of SUD in men and women was 49.3 per 100000
(95% ClI: 41.2-58.3) and 21.7 per 100000 (95% CI: 16.5-27.8) respectively. YLL due to
SUD in people aged 20-65 years, accounted for 10.8% and 7.7% of all YLL in men and
women, respectively. Premature mortality from SUD was associated with an estimated
productivity loss of 51 billion dollars (2007 $US value), which exceeded that associated
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with any individual cancer. After Employment Cost Index adjustment (22), this number
increases to approximately $59 billion in 2014 dollars.

Despite the important reduction in cardiovascular mortality over the past decades, the
incidence of out of hospital cardiac arrest remained unacceptably high. (23) According to a
meta-analysis by Berdowski and colleagues, the rate of out of hospital cardiac arrest in
North America is higher compared to Europe, Asia and Australia (54.6 vs. 35, 28.3 and 44
respectively). (24) The survival rate for out of hospital cardiac arrest is very unfavorable
with about 5 percent finally being discharged from hospital. (25) Reported improved
survival in some studies should be interpreted with caution, considering the methodological
and adjudication differences. (26) Limiting victims to those who received resuscitative
efforts or those reported by selected health facilities in various studies may underestimate
mortality in population. (27-29) The high national prevalence, poor prognosis and different
estimates of incidence highlights the need for a reliable monitoring of SUD to guide
preventive and therapeutic measures.

Our study has some limitations. One important limitation is collection of data from a single
county. Also, we were not able to adjust by ethnicity; however, racial diversity of Wake
County provided us with a good representative sample for the US population. In addition,
we used the lifetime productivity loss estimates for the past decade; however, this data
provided the most recent available estimates and newer data are not likely to change the
comparisons. We excluded people younger than 20 and older than 65, so our results only
reflect this age group of population. A strength of our study is that we did not exclude cases
based on presumed etiology of SUD and we did not limit adjudication to causes of death
provided in death certificates, which are prone to misclassification.

Conclusion

Sudden unexpected death is a major contributor to years of life lost in the US. High societal
burden of sudden unexpected death necessitates allocating more resources toward addressing
this public health problem. An extensive registry of ethnically diverse and representative
population is needed to measure the health burden and impact of sudden unexpected death
and evaluate the real life effectiveness of preventive measures.
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Productivity loss due to SUD and leading causes of death in different age groups in 2014
among a) men b) women aged 20-64 (95% uncertainty interval for SUD is shown in the
figure.)
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Table 1-

Incidence, years of life lost and mortality rate due to sudden unexpected death and leading causes of death
among men and women aged 20-64 in United States.

Male Female
Deaths Yearsof Life Mortality Rate per | Deaths Yearsof Life Mortality Rate per
Lost 100000 Lost 100000
Sudden unexpected death* 46580 1355685 49.3 20811 648437 21.7
(41.2-58.3) (16.5-27.8)

All cancers 93095 2497763 98.5 82869 2571238 86.6

Lung cancer 23880 608116 253 18521 539631 19.3

Colorectal Cancer 9536 264425 10.1 6673 210409 7.0

Prostate Cancer 3090 74704 3.3 - - -

Female Breast Cancer - - - 16559 530515 17.3
Heart Disease 85825 2397783 90.8 37802 1188932 39.5
Unintentional injuries 55942 2178365 59.2 24104 992072 25.2
Chronic Lower Respiratory 11201 290301 11.9 10937 321925 11.4
Disease
Diabetes Mellitus 13726 386931 145 8583 270948 9.0
Cerebrovascular Disease 11195 314244 11.8 8274 260975 8.6

Sudden unexpected death data are extrapolated based on SUDDEN project.

Data for other causes of deaths are obtained from CDC WONDER database by using following International Classification of Diseases (ICD) 10
codes: C00-C97 for all cancers, C34 for lung cancer, C18-C20 for colorectal cancer, for C61 prostate cancer, C50 for female breast cancer, 100-109,
111,113, 120-151 for heart disease, V01-X59,Y85-Y86 for unintentional injuries, J40-J47 for chronic lower respiratory disease, E10-E14 for
diabetes mellitus, 160-169 for cerebrovascular disease.
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