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ABSTRACT ARTICLE HISTORY
We estimated 2011-2015 Alaska mortality from modifiable behavioural risk factors using relative Received 5 March 2020
risks, hazard ratios, and population attributable fraction estimates from a comprehensive review of Revised 1 June 2020
peer-reviewed literature; prevalence estimates from government reports; as well as data from the Accepted 3 June 2020
Alaska Department of Environmental Conservation for 2011-2015. To identify the number of deaths KEYWORDS
attributable to specified risk factors, we used mortality data from the Alaska Division of Public Health, Epidemiology; health
Health Analytics & Vital Records Section. Data included actual reported deaths of Alaska residents for disparities; obesity; Alaska
2011-2015 that matched relevant underlying International Classification of Diseases and Related Native; smoking
Health Problems 10th Revision codes. The actual causes of death in Alaska in 2011-2015 were

estimated to be overweight/physical inactivity (20% of all deaths, 26% of Alaska Native deaths),

smoking (18%/18%), alcohol consumption (9%/13%), firearms (4%/4%), and drug use (3%/3%). Other

actual causes of death included microbial agents (3%/4%), motor vehicles (2%/2%), and environ-

mental pollution (1%/1%). This updated methodology reveals that overweight/physical inactivity was

the leading cause of death in Alaska, followed closely by smoking. Just three preventable causes

made up almost 60% of all deaths, and almost 70% of deaths among Alaska Native people, both

highlighting disparities and underscoring prevention needs.

The number of people dying of modifiable risk factors ~ Methods
such as overweight, smoking, and alcohol has not
been comprehensively quantified in the peer-reviewed
literature since 2004,[1] and never at a state or regio-
nal level. The Centers for Disease Control and
Prevention (CDC) lists the 2016 leading causes of
death in the USA as heart disease, cancer, and acci-
dents.[2] This status quo framing was challenged in a
ground-breaking 1993 article, provocatively titled
“Actual Causes of Death”, that quantified major non-
genetic causes of death [3]. In 2005, Mokdad et al.
published an updated assessment using 2000 data
[1]. Both studies reached similar conclusions; tobacco,
poor diet/physical inactivity, and alcohol were the
leading actual causes of death in the USA. Both studies data from the Alaska Department of Environmental

examined population-level trends, without attention Conservation, and mortality data from the Alaska
to disparities. In Alaska, as in the US,, significant health Division of Public Health, Health Analytics & Vital
disparities exist between racial groups, resulting in life Records Section (HAVRS), with underlying and contrib-
expectancies 8.4 years shorter for Alaska Native people  ytory International Classification of Diseases and
[4]. This article updates the methodologies used t0  Related Health Problems 10th Revision (ICD-10) codes
quantify actual causes of death, is the first known  [5] We obtained prevalence estimates from Alaska’s
state-level analysis, and quantifies disparities in actual Behavioural Risk Factor Surveillance System (BRFSS) [6]
causes of death. and the Pregnancy Risk Assessment Monitoring System

This study was a secondary analysis of existing publi-
cally available, de-identified, datasets, and was conse-
quently exempt from IRB review. Our analyses took
place in 2017-2019 using the most recent 5 years of
data available from all sources: 2011-2015. We esti-
mated deaths due to the “actual causes” identified in
the two previous national studies: smoking; over-
weight/physical inactivity; alcohol; microbial agents;
toxic agents; motor vehicles; firearms; sexual behaviour;
and drug use [1,3]. We calculated estimates using rela-
tive risks (RRs), hazard ratios (HRs), and population
attributable fractions from published peer-reviewed lit-
erature and government reports. We used pollution
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(PRAMS) [7]. We used SPSS Statistics 24 to analyse data,
SAS 9.4 to attain prevalence estimates, and Microsoft
Excel 2010 for data storage and simple calculations.
We conducted a comprehensive literature review of
causes of death with multiple mortality end-points (i.e.
alcohol, smoking, overweight/physical inactivity, envir-
onmental toxins). A PubMed and Google Scholar search
of English-language research included the keywords:
mortality, smoking, tobacco, alcohol, BMI (body mass
index), obesity, overweight, physical inactivity, toxins,
air pollution, and indoor air. We used the following
formula  to  calculate  attributable  fractions:

[(Po + S2P(RR)) — 1| /[(Po + 327 (RR))], where Py is the

percentage of Alaskans not engaging in a risk beha-
viour, P; is the percentage engaging in categories of the
risk behaviour, and RR; is the relative risk of death
relative to those not engaging in the behaviour. We
then multiplied estimates of the cause-attributable frac-
tion of preventable deaths by total mortality. The con-
tribution of a risk factor (such as smoking) to a disease
(such as lung cancer) is quantified using population
attributable fractions. These fractions are the propor-
tion of deaths that wouldn’t happen if a given risk
factor was eliminated (i.e. how much lower lung cancer
levels would be if there were no tobacco use). While
many diseases are caused by multiple risk factors and
individual risk may be different, these fractions are used
for generating population-level estimates to guide pre-
vention efforts.

Further details on the methodology for each actual
cause of death are described below.

Results

Leading causes of the 20,242 Alaska deaths in 2011-
2015 were malignant neoplasms (cancer), diseases of
the heart, and unintentional injuries (Table 1) (Personal
communication with the Alaska Health Analytics and
Vital Records Section, 27 November 2017). In 2011-
2015, a larger percentage of white Alaskans died of
cancer, heart disease, diabetes, and Alzheimer’s disease
than Alaska Native people, while a greater percentage
of Alaska Native people died of unintentional injuries,
suicide, and chronic liver disease and cirrhosis. We esti-
mate that 58% of all Alaska deaths, 69% of Alaska
Native deaths, and 54% of white Alaska deaths were
due to the risk factors examined in this paper (see
Table 2 and Figures 1 and 2).

Table 1. Leading causes of death in Alaska, 2011-2015: n (%)
of Deaths.

Alaska
Cause of death native White Total
Malignant neoplasms 931 (20) 3,492 (25) 4,801 (24)
Diseases of the heart 765 (16) 2,715 (19) 3,760 (19)
Unintentional injuries 585 (13) 1,166 (8) 1,866 (9)
Chronic lower respiratory 229 (5) 693 (5) 975 (5)
diseases
Cerebrovascular diseases 180 (4) 617 (4) 879 (4)
Intentional self-harm (suicide) 259 (6) 524 (4) 848 (4)
Diabetes mellitus 94 (2) 386 (3) 577 (3)
Chronic liver disease and 143 (3) 305 (2) 466 (2)
cirrhosis
Alzheimer's disease 45 (1) 318 (2) 380 (2)
Influenza and pneumonia 92 (2) 173 (1) 285 (1)
Other 1,342 (29) 3,567 (26) 5,405 (27)
Total 4,665 13,956 20,242
(100) (100) (100)

Table 2. Actual causes of death in Alaska, 2011-2015.

Alaska native White All Alaskans

Cause of death N % N % N %
Overweight/obesity 1210 259% 2546 18.2% 4074 20.1%
Smoking 851 183% 2524 18.1% 3553 17.6%
Alcohol consumption® 615 13.2% 1033 74% 1761 87%
Firearms? 190 4.1% 465 3.3% 722 3.6%
Drug use 131 28% 526 3.8% 695 3.4%
Microbial agents 181 39% 326 23% 547 2.7%
Motor vehicles® 1M1 24% 254 1.8% 398 2.0%
Sexually transmitted 19 04% 37 03% 69 0.3%

diseases
Environmental 37 0.8% 207 1.5% 252 1.2%

pollution

Indoor air quality 26 70 93

Ultraviolet radiation * 70 76

Outdoor air 7 45 57

pollution

Occupational * 22 26

hazards

Total Modifiable
Causes of Death
(subtracting
nutritional
deficiencies,
duplicates, and
environmental
pollution

3229 69.2% 7520 53.9% 11,766 58.1%

*Number suppressed as it is less than 5.

This total subtracts deaths that are double-counted, including 117 total deaths,
31 Alaska Native deaths, and 76 white deaths due to alcohol-related vehicle
crashes counted in both “alcohol consumption” and “motor vehicles”, and 186
total, 116 Alaska Native, and 49 white firearm-related deaths counted in both
“alcohol consumption” and “firearms”. While they have been removed from
the total, we have left these figures in each category to emphasise their
contribution to mortality.

Overweight/obesity and physical inactivity

We used hazard ratio estimates from the most recent
identified meta-analysis on the combined mortality
impacts of overweight/obesity and physical inactivity,
which examined the impact of cardiorespiratory fitness
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Figure 1. Actual causes of death in Alaska, 2011-2015 (All Alaskans)
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Figure 2. Actual causes of death in Alaska, 2011-2015 (Alaska Native, All Alaskans, White)

(assessed as fit/unfit), stratified by BMI categories, on
all-cause adult mortality [8]. The analysis found that,
compared with normal weight fit individuals, fit indivi-
duals who were overweight or obese had no increased
risk, while unfit normal weight individuals had a
2.10 HR, unfit overweight individuals had a 2.39 HR,
and unfit obese individuals had a 2.46 HR. We used
BRFSS estimates on the percentage of Alaskans in the
study’s BMI categories: <25 (normal weight), 25 to <30
(overweight), and 30 or greater (obese) [8].

“Fit” was estimated as the top four quintiles (80%),
and we consequently used the BRFSS indicator with a
similar percentage; Alaska adults who reported any
leisure-time physical activity (79%). We used over-
weight/obesity and physical activity prevalence from
2001 to 2005 as the effects of overweight on mortality

may not appear for several years. In Alaska in 2001-
2005, an estimated 62.2% of adults had a BMI of 25 or
greater [9,10].

We estimated that 4,074 deaths were due to over-
weight/obesity and physical inactivity; 20.1% of all
Alaska deaths in 2011-2015, 18.2% of deaths among
white Alaskans, and 25.9% of deaths among Alaska
Native people.

As a validation of the chosen methodology, we also
examined the impact of overweight/obesity alone, and
physical inactivity alone. The most extensive recent
meta-analysis located in our literature review on over-
weight/obesity and mortality was produced by the
Global BMI Mortality Collaboration in 2016, although
their results were consistent with numerous other stu-
dies [11-15]. The meta-analysis included 239
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prospective studies and over 10 million participants,
and limited confounding and reverse causality by
restricting analyses to never-smokers and excluding
pre-existing disease and the first 5 years of follow-up
[15]. BMI cut-points used in the analysis were 15 to
<18.5, 18.5 to <20.0, 20.0 to<25.0, 25.0 to <30.0, 30.0
to <35.0, 35.0 to <40.0, 40.0 to <60.0. We applied their
methodology using BMI prevalence estimates from
2001 to 2005, and attained an estimate of 3,694 deaths
due to overweight/obesity, or 18.3% of all deaths in
Alaska. As this estimate did not adjust for physical
activity, it is likely an overestimate of the impact of
overweight/obesity alone on BMI [16,17].

We also applied the relative risks and methodology
described by the Lancet Physical Activity Series
Working Group to examine the impact of physical
inactivity on mortality [17]. We used Alaska BRFSS
estimates of individuals who met physical activity
levels of 30+ minutes of aerobic activity at least
3 days a week or 20+ minutes of vigorous activity
at least 2 days a week. This analysis resulted in an
estimate of 2,166 deaths due to physical inactivity
without controlling for weight, or about 10.7% of all
deaths in Alaska in 2011-2015 [17]. While it would be
inappropriate to sum these two independent esti-
mates given that physical inactivity and overweight/
obesity are not independent variables, these findings
are consistent with the idea that the total mortality
should be somewhat higher than either independent
estimate, but lower than the sum of the two.

The two previous national studies on actual causes
of death also included deaths due to nutritional defi-
ciencies. A total of 39 deaths in Alaska in 2011-2015
were estimated to have been caused by a lack of
essential nutrients (ICD-10 codes E40-E64). However,
as these deaths have a different aetiology than physi-
cal inactivity and overweight/obesity, they have not
been added to the total for this category.

Smoking

We calculated smoking-attributable mortality using the
2014 Surgeon General’s report methodology [18]. We esti-
mated prevalence of current, former, and non-smokers
from BRFSS data, and used SAS version 9.4 to estimate the
prevalence of non-smoking Alaskans exposed to second-
hand smoke from a supplemental BRFSS survey adminis-
tered in Alaska. We used estimates of maternal smoking
from PRAMS.

The prevalence of current smoking in Alaska in
2011-2015 was 21.0% overall (19.2% for white males,
16.2% for white females, 40.2% for Alaska Native males,
and 35.1% for Alaska Native females) [19]. We estimated
3,553 Alaska deaths in 2011-2015 attributable to smok-
ing (17.6%), including 18.3% of deaths among Alaska
Native people and 18.1% of deaths among white
Alaskans (Table 3). Totals included 85 adult deaths
due to second-hand smoking, 6 sudden infant deaths,
and 3 infant deaths attributable to maternal smoking
(associated with conditions like placenta previa and
preterm delivery).

Alcohol consumption

We replicated the methodology of the CDC calculator
“Alcohol-Attributable Deaths Due to Excessive Alcohol
Use (ARDI)”, [20] which includes both deaths due to acute
alcohol-related conditions like alcohol poisoning, as well as
attributable fractions for causes like suicide, homicide,
motor vehicle accidents, etc. Attributable fractions for
causes like oesophageal cancer, liver cancer, and hyperten-
sion relied on ARDI's relative risks for low, medium, and high
alcohol consumption prevalence, estimated from BRFSS
data. We estimated 1,761 Alaska deaths (8.7%) due to
alcohol consumption in 2011-2015, including 13.2% of
deaths among Alaska Native people, and 7.4% of deaths
among white Alaskans. The specific causes of alcohol death
with the most fatalities were alcoholic liver disease (329
deaths), suicide (195), and alcohol abuse (179).

Firearms

There were 722 firearm-related deaths in Alaska in 2011-
2015, 3.6% of all deaths, including 190 deaths among
Alaska Native people (4.1%), and 465 among white
Alaskans (3.3%). An estimated 554 of these deaths among
all Alaskans (77%) were due to suicide (ICD-10 codes X72-
X74), 116 due to homicide (U014, X93-X95), and 50 due to
accidental discharge of firearms, undetermined intent, or
legal intervention (W32-W34, Y22-Y24, Y35, Y890).

Drug use

We estimated 711 Alaska deaths attributable to drug
use in 2011-2015 (3.4%), including 131 Alaska Native
deaths (2.8%), and 526 white deaths (3.8%). Deaths
included 585 drug overdoses (primary or contributory
underlying ICD-10 code X40-X44, X60-X64, X85, Y10-



Y14), 110 due to Hepatitis C (B171, B182, B192), and 16
drug-induced deaths.! Drug overdoses may involve
more than one substance; opioids were identified in
379 deaths (65%), sedatives in 145 (25%), methamphe-
tamine in 102 (17%), and cocaine in 67 (11%).

Microbial agents

We aggregated deaths due to bacterial, parasitic, and
viral infections, many of which are preventable through
vaccines and hand washing. We estimated 547 Alaska
deaths due to microbial agents in 2011-2015 (2.7%),
including 181 Alaska Native deaths (3.9%) and 326
white deaths (2.3%). Deaths were due to pneumonia
(266 of all deaths) (ICD-10 codes J12-J18), septicaemia
(195) (A40-A41), intestinal infections (50) (A04, AOQ7-
AQ9), influenza and whooping cough (J09-J11, A37),
tuberculosis (A16, A17-A19) and hepatitis A (B15).

Motor vehicles

Motor vehicles were an underlying or contributory
cause of death in 398 Alaska fatalities (2.0% of all
deaths) in 2011-2015, including 111 Alaska Native
deaths (2.4%) and 254 white deaths (1.8%).> We
included alcohol-related motor vehicle deaths to
emphasise the contribution of alcohol. The Alaska
Department of Transportation and Public Facilities
reported that 120 motor vehicle-related deaths were
tested and confirmed with a blood alcohol content
of.08 or higher, about 30% of all motor vehicle fatalities
(personal communication with the Alaska Highway
Safety Office, Alaska Department of Transportation
and Public Facilities, 4 June 2018). Off-road motor vehi-
cles were a causal factor in 96 deaths, including 50
involving an all-terrain vehicle (ATV) and 46 with a
snow machine.

Sexually transmitted diseases

Sexually transmitted diseases (STDs) were estimated to
have caused 69 Alaska deaths in 2011-2015 (0.3% of all
deaths), including 19 Alaska Native deaths (0.4%) and
37 white deaths (0.3%). Vaccine-preventable cervical
cancer accounted for about half of those deaths, with
an estimated 35 fatalities (ICD-10 code C53). Remaining
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deaths were attributable to HIV/AIDS
Hepatitis B (B15), and syphilis (A50-A53).

(B20-B24),

Environmental pollution

This category was the most challenging to define and
measure. We began with the national studies as a refer-
ence point; this category on the Mokdad study was
termed “toxic agents”, with analyses limited exclusively
to outdoor air pollution and occupational exposures
(where most deaths were attributable to air pollution).
To reflect changing understandings of environmental pol-
lution, we referenced the World Health Organisation
(WHO)'s 2016 “Preventing Disease Through Healthy
Environments”. [21] We explored each relevant WHO cate-
gory in-depth, as shared in the online supplement. We
estimated 251 deaths in 2011-2015 attributable to envir-
onmental pollution (1.2% of all deaths), including 37
Alaska Native deaths (0.8%) and 207 white Alaskan deaths
(1.5%). However, limited evidence was available for many
indicators, with limited attributable mortality found for
most. Only areas where we estimated attributable deaths
are included below:

Indoor air quality

We estimated 75 Alaska deaths from COPD in 2011-2015
attributable to poor indoor air quality, including 24 Alaska
Native deaths and 55 white deaths. This relied on the
liberal assumption that WHO relative risk estimates for
developing countries applied to Alaska, and that 6% of
Alaskans lived in homes with wood as the primary source
of heat (American Community Survey 5-year estimates
indicated that 6% of Alaskan homes used wood as their
primary source of heat [22]). Additionally, excluding inten-
tional self-harm involving carbon monoxide, there were
18 Alaska deaths due to carbon monoxide (ICD-10 codes,
underlying cause: X47, Y17; contributing cause: T58).

Outdoor air pollution

We estimate 57 Alaska deaths attributable to outdoor air
pollution in 2011-2015, with about 46% in Anchorage
and 35% in Fairbanks, including seven Alaska Native
deaths and 45 white deaths. We used the WHO AirQ+
software tool for health risk assessment of air pollution
[23]. one-hour and 24 h 2011-2015 values provided by
the Air Monitoring and Quality Assurance programme of

"Primary or contributory underlying ICD-10 codes D521,D0590,D592,D611,D642,E064,E160,E231,E242,E273,E661,F110-F115,F117-F119,
F120-F125,F127-F129,F130-F135,F137-F139,F140-F145,F147-F149,F150-F155,F157-F159,F160-F165,F167-F169,F170,F173-F175,F177-
F179,F180-F185,F187-F189,F190-F195,F197-F199,G211, G240, G251,G254,G256,G444,G620,G720,1952,1702-J704,L105,L270-L.271, M102,

M320, M804, M814, M835,M871,R502,R781,R782-R785

2Underlying or contributory ICD-10 codes: V02-V04, V090, V092, V12-V14, V190-V192, V194-V196, V20-V79, V803-V805, V810-V811,

V820-V821, V83-V86, V870-V878, V880-V888, V890, V892
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the Alaska Department of Environmental Conservation
included fine particulate matter of 2.5 micrometres and
smaller (PM2.5), particulate matter of 2.5-10 micrometres
(PM10), airborne nitrogen dioxide (mainly from burning
fuel) (NO,) and ground-level ozone.

Ultraviolet radiation

We estimate that 76 Alaska deaths were attributable to
ultraviolet radiation, including 70 white deaths and less
than 5 Alaska Native deaths. We found 87 Alaska deaths
in 2011-2015 due to skin cancer, including 67 due to
melanoma, and 20 due to non-melanoma cancers (ICD-10
(43, C449, C443, C444, C445). Approximately 90% of non-
melanoma skin cancers and 86% of melanoma are esti-
mated to be attributable to ultraviolet radiation [24-26].

Occupational risks

While many outcomes of occupational exposures are
due to multiple causes, pleural mesothelioma is largely
due to occupational asbestos exposure [27]. We
included the 26 deaths in Alaska in 2011-2015 from
mesothelioma (ICD-10 code C45) as attributable to
occupational exposure, including 22 white deaths, and
less than 5 Alaska Native deaths.

Discussion

A small handful of modifiable behaviours accounted for the
majority of deaths in Alaska in 2011-2015 [1,3]. Just three
factors; overweight/obesity, smoking, and alcohol con-
sumption, caused almost 60% of all deaths, and almost
70% of deaths for Alaska Native people. These actual causes
of death underlie the routinely reported causes of death like
cancer, heart disease, and unintentional injuries. This ana-
lysis reframes the majority of deaths as preventable,
encouraging public health practitioners and decision-
makers to look at mitigating risk and alleviating disparities.

These analyses are highly dependent on the sources
used, such as ICD-10 codes, BRFSS data, and estimates in
peer-reviewed publications and government reports. Each
source has its own challenges and levels of uncertainty.In a
reassuring, but not exact, validation of attributable fractions
used, we estimated 117 Alaska deaths from motor vehicle
crashes attributable to alcohol using ARDI methods, while a
conversation with the Alaska Department of Transportation
and Public Facilities revealed 120 motor vehicle-related
deaths that were tested and confirmed with a blood alcohol
content of.08 or higher. However, to highlight the critical
role of sources, while the methodologies of several peer-
reviewed papers on overweight and mortality produced
estimates of around 18-20% of Alaska mortality attributa-
ble to obesity [8,15,17], a notable author in the field with
highly divergent, controversial, results [28,29], produced an

estimate of .2%. This highlights the potential variability of
estimates given different methodologies and data sources,
as well as reinforces the need for researchers to conduct a
comprehensive literature review on each topic to choose
the most credible sources for future analyses of actual
causes of death.

Limited data also impact the ability to produce reliable
estimates, although some may not impact the overall con-
clusions. For example, the online supplement on environ-
mental pollution references numerous limitations,
including that the analysis on outdoor air pollution did
not include rural areas of Alaska. However, while PM10 (i.
e. dust), may be present in rural communities at higher
levels than in urban areas, it is unlikely to have large addi-
tional mortality estimates as there were 0 deaths found to
be attributable to PM10 in Alaska’s more populous urban
areas.

Changing understandings of disease aetiology also
changes the categorisations of findings. For example,
approximately 87% of newly diagnosed HIV cases in
Alaska were estimated to have been transmitted through
sex [30], but it is unclear if this category will be the best for
HIV/AIDS caused deaths, or if a different categorisation of
this disease would be more appropriate in the future.

Several areas are important for future study, including
investigating the morbidity burdens due to the same mod-
ifiable risk factors. Additionally, updating estimates for over-
weight/physical inactivity when a more rigorous study is
published may produce more accurate results. The metho-
dology we used is for all-cause mortality, and not specific
end-points such as obesity-associated cancers, heart dis-
ease, diabetes, etc. Barry et al. also did not exclude indivi-
duals who were underweight, and there may consequently
be misattribution of mortality among unfit “normal” weight
individuals to a lack of fitness instead of pre-existing
sickness.

Deaths attributable to overweight/physical inactivity
were the estimated leading cause of death from this analy-
sis. This marks a potential increase in the percentage of
deaths due to overweight/physical inactivity; while poor
diet and physical inactivity accounted for 14% of national
deaths in 1990 and 16.6% of deaths in 2000 (less than
smoking both years), we estimated 20% of deaths due to
overweight/physical inactivity [1,3]. In contrast, the 18% of
Alaska deaths estimated to be attributable to smoking is
disappointingly similar to the national 1990 estimate of
19% and 2000 estimate of 18%. These findings are the
lived realisation of increasing rates of overweight/obesity,
and long-term consequences of tobacco use [31]. We antici-
pate the percentage of mortality attributable to smoking to
fall as smoking rates decline, with deaths attributable to
overweight/physical inactivity to climb unless substantial
efforts are dedicated to prevention.



A bright spot is the low percentage of mortality attri-
butable to vaccine-preventable diseases. Since wide-
spread vaccination began, there have been dramatic
declines in infectious diseases, which has reduced unne-
cessary disability, and death [32]. Vaccines provide both
individual protection for those vaccinated as well as com-
munity protection by reducing the spread of disease
when coverage rates are high.

This manuscript updates methodologies quantifying
actual causes of death and presents the first state-level
analyses. Many public health priorities are developed and
administered at the state and local level, where national
data may have limited relevance or be less actionable. This
manuscript presents methodologies translatable to other
states and regions, and calls attention to the small number
of preventable factors that cause the majority of death to
inform policy and quantify the urgent need for prevention.
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