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Abstract

Aims/hypothesis The determination of diabetes as underlying cause of death by using the death certificate may result in
inaccurate estimation of national mortality attributed to diabetes, because individuals who die with diabetes generally have other
conditions that may contribute to their death. We investigated the trends in age-standardised mortality due to diabetes as
underlying or contributing cause of death and cause-specific mortality from cardiovascular disease (CVD), complications of
diabetes and cancer among individuals with diabetes listed on death certificates in the USA from 2007 to 2017.

Methods Using the US Census and national mortality database, we calculated age-standardised mortality due to diabetes as
underlying or contributing cause of death and cause-specific mortality rates among adults over 20 years with diabetes listed on
death certificates. A total of 2,686,590 deaths where diabetes was underlying or contributing cause of death were analysed. We
determined temporal mortality rate patterns by joinpoint regression analysis with estimates of annual percentage change (APC).
Results Age-standardised diabetes mortality rates compared among underlying cause of death, contributing cause of death and
all-cause mortality were 32.2 vs 75.7 vs 105.1 per 100,000 individuals during the study period. The age-standardised mortality
rates due to diabetes as underlying or contributing cause of death declined from 112.2 per 100,000 individuals in 2007 to 104.3
per 100,000 individuals in 2017 with the most pronounced decline noted from 2007 to 2014 (APC —1.4%; 95% CI —1.9%,
—1.0%) and stabilisation in decline from 2014 to 2017 (APC 1.1%; 95% CI —0.6%, 2.8%). In terms of cause-specific mortality
among individuals with diabetes listed on death certificates, the age-standardised mortality rates for CVD declined at an annual
rate of 1.2% with a marked decline of 2.3% between 2007 and 2014. Age-standardised diabetes-specific mortality rates as
underlying cause of death decreased from 2007 to 2009 (APC —4.5%) and remained stable from 2009 to 2017. Age-
standardised mortality rates for cancer steadily decreased with an average APC of —1.4% (95% CI —1.8%, —1.0%) during the
11-year period. Mortality in the subcategory of CVD demonstrated significant differences.

Conclusions/interpretation Current national estimates capture about 30% of all-cause mortality among individuals with diabetes
listed as underlying or contributing cause of death on death certificates. The age-standardised mortality due to diabetes as
underlying or contributing cause of death and cause-specific mortality from CVD in individuals with diabetes listed as underlying
or contributing cause of death plateaued from 2014 onwards except for hypertensive heart disease and heart failure.
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What is already known about this subject?

e Diabetes is the tenth highest cause of death worldwide, and the number of deaths attributable to diabetes doubled

from 1990 to 2010

e The current estimate of diabetes as the underlying cause of death may not be a reliable indicator of its actual

contribution to national mortality

What is the key question?

e  What are the recent trends in mortality due to diabetes as the underlying or contributing cause of death, and in cause-
specific mortality due to complications of diabetes, among individuals with diabetes listed on death certificates in the

USA?

What are the new findings?

e Age-standardised all-cause mortality due to diabetes as the underlying or contributing cause of death and cause-
specific mortality from complications of diabetes among individuals with diabetes listed on death certificates declined

0.7-1.4% annually during the 11 year study period

e (Cardiovascular disease- or diabetes-related mortality among individuals with diabetes listed on death certificates
tended to decline earlier in the study period and then stabilise

How might this impact on clinical practice in the foreseeable future?

e These findings will encourage future studies with prospective longitudinal data to reconfirm our results and develop
clinical algorithms to optimise the management of diabetes-related complications, in particular cardiovascular

complications

Abbreviations

APC  Annual percentage change
CeVD Cerebrovascular discase
CVD  Cardiovascular disease

HF Heart failure
HHD  Hypertensive heart disease
IHD Ischaemic heart disease

NHIS  National Health Interview Survey
NVSS National Vital Statistics System
Introduction

The prevalence of diabetes is rising rapidly across the world.
Globally, the estimated age-standardised diabetes prevalence
increased from 4.3% in 1980 to 9.0% in 2014 for men and
from 5.0% to 7.9% in women [1]. In the USA, despite height-
ened awareness of diabetes-associated complications and con-
certed efforts to bring this national epidemic under control, the
prevalence and incidence of diabetes have increased during
recent decades [2]. Analyses using the National Health
Interview Survey (NHIS) suggest a doubling of the incidence
and prevalence of diabetes between 1990 and 2008, with a
plateauing during 2008-2012 in the USA [3]. By 2015, an
estimated 30.2 million adults aged >18 years (12.2% of all
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US adults) had diabetes, of which 7.2 million (23.8%) were
not aware of or did not report having diabetes [4].

The Diabetes Atlas Group reported that 5.1 million deaths
in 2013 were attributable to diabetes in the world [5]. The
Global Burden of Disease Study reported that diabetes is
ranked as the tenth highest cause of death worldwide, and
the number of deaths attributable to diabetes doubled from
1990 to 2010 [6]. In the USA, diabetes has held steady as
the seventh leading cause of death since 2006, according to
the National Vital Statistics System (NVSS) [7, 8]. In 2015,
based on the data from death certificates, the age-standardised
diabetes-related mortality rate as the underlying cause of death
was 21.3 per 100,000 individuals (2.9% of total deaths) in the
USA [7]. However, the current estimate of diabetes as the
underlying cause of death may not be a reliable indicator of
its actual contribution to the national mortality [9]. It is well
known that the most common cause of death among individ-
uals with diabetes is cardiovascular disease (CVD) [10].
Therefore, the information of death-certificate-assigned diabe-
tes as an underlying cause of death is not sufficient for esti-
mating national mortality attributed to diabetes [11-13], be-
cause individuals who die with diabetes generally have other
conditions that may contribute to death (such as CVD, cancer,
infectious disease, etc.).

There has been a marked decline in mortality from CVD
due to improved treatment among the general population dur-
ing recent decades [14, 15]. A significant risk in mortality due
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to diabetes is attributed to CVD, but trends in mortality
due to diabetes may be changing [16, 17]. Additionally,
data outlining the trends in causes of death in individuals
with diabetes in the USA are scarce. The Rochester
Epidemiology Project showed no change in mortality from
diabetes-related mortality and reduction in CVD-related
mortality between 1970 and 1994 [18]. Recent advances
in medical management of CVD such as effective therapy
for dyslipidaemia, tighter control of BP and timely inter-
vention with revascularisation may contribute to reduced
CVD-related mortality among individuals with diabetes
[19]. However, temporal trends in mortality for the subcat-
egories of CVD including ischaemic heart disease, heart
failure, hypertensive heart disease and cerebrovascular dis-
ease are lacking among individuals with diabetes in the
USA. In this study, we used national mortality data from
the NVSS to estimate recent trends in mortality rates due
to diabetes as the underlying or contributing cause of death
in the US general population from 2007 to 2017.
Additionally, we investigated the mortality rates for CVD,
cancer and diabetes among individuals with diabetes listed
on death certificates in the USA between 2007 and 2017.

Methods

Study data To examine the trends in mortality rates due to
diabetes as the underlying or contributing cause of death and
cause-specific mortality rates among individuals with diabetes
listed on death certificates in US adults aged >20 years in the
recent decade up to 2017, we analysed de-identified mortality
records from the NVSS with death certificates as the main
source of data. According to the instructions outlined by the
NVSS, we downloaded the NVSS database for the death files
and STATA input code files, which are available from the
NVSS (https://www.cdc.gov/nchs/nvss/index.htm, accessed
April 2018) and the National Bureau of Economic Research
(http://www.nber.org/data/vital-statistics-mortality-data-
multiple-cause-of-death.html, accessed April 2018). This
mortality database captures over 99% of deaths in all states
and the District of Columbia. Because the dataset for the
population under 20 years was unreliable due to a small
number of events, we excluded this population in our final
analysis. In this dataset, cause of death was coded using the
International Classification of Diseases, Tenth Revision (ICD-
10) (http://apps.who.int/classifications/icd10/browse/2016/
en). Each observation is one death with demographic
characteristics [20]. The cause of death is incorporated into
three fields: underlying cause of death, entity axis and record
axis [20, 21]. The underlying cause of death lists the one
disease or condition that leads to death. The entity axis
includes all causes of death listed on the death certificate. To
promote specificity of the data or resolve contradictions, the

record axis provides a refined version of the entity axis in
which related conditions are combined for coding efficiency,
overlapping conditions are eliminated and causes violating
certain logical checks are deleted [21]. Because the record
axis provides a dataset with higher specificity, we used the
record axis for underlying or contributing causes of death
listed on the death certificates to identify individuals with
diabetes listed on death certificates [21]. Because NVSS
datasets are de-identified and publicly available, our study
did not require approval by the institutional review board.

Definitions of diabetes and cause-specific death Mortality due
to diabetes (all-cause mortality) is the total death count of
individuals who had diabetes listed as the underlying cause
of death or contributing causes through the record axis. Cause-
specific mortality among individuals who had diabetes listed
as an underlying or contributing cause of death was defined as
the actual number of individuals who had CVD, cancer or
accidents as an underlying cause of death. We defined the
cause-specific mortality of diabetes as the actual number of
individuals who had diabetes as an underlying cause of
death irrespective of the status of contributing cause of
death. Based on previous studies [10, 15], we used ICD-10
codes to identify all-cause mortality due to diabetes and
cause-specific mortality among individuals with diabetes.
All-cause mortality due to diabetes as underlying or contrib-
uting cause of death was defined as all deaths with underly-
ing or contributing cause coded as E10-E14 using ICD-10
codes. Among individuals with diabetes listed on death cer-
tificates, CVD-related death was defined as ICD-10 100-199,
cancer-related death as ICD-10 C00-C97 and diabetes-
related death as ICD-10 E10-E14 using the underlying cause
of death. We categorised CVD-related death as ischaemic
heart disease (ICD-10 120-125), hypertensive heart disease
(ICD-10 I11 and 113), heart failure (ICD-10 I50) and cere-
brovascular disease (ICD-10 160-169) using underlying
cause of death [15]. Among individuals with diabetes listed
on death certificates, accident-related death was defined as
VO01-X59 and Y85-Y86 using underlying cause of death. In
addition, we analysed demographic information such as age,
sex, race/ethnicity and education status based on the NVSS
database. Age, sex, race/ethnicity and education status were
ascertained using standard methods of the National Center
for Health Statistics (https://www.cdc.gov/nchs/index.htm).
Race/ethnicity was categorised into five mutually exclusive
groups: non-Hispanic white, non-Hispanic black, non-
Hispanic Asian/Pacific Islander, non-Hispanic American
Indian/Alaskan and Hispanic (who could be of any race).

Statistical analysis Age-specific mortality rates were calculat-
ed by dividing the number of deaths from diabetes as under-
lying or contributing cause of death or cause-specific deaths
among individuals with diabetes listed on death certificates by
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the US Census population for each year from the US Census
database. We calculated age-specific mortality rates per 100,000
individuals by age group (20-29, 30-39, 4049, 50-59, 6069,
7079 and >80 years) based on the US Census database. Age-
specific mortality rates were standardised to the age distribution
of the 2010 US standard population using the direct method.
We analysed our data using the 2000 and 2010 US standard
populations for standardisation. There were no meaningful dif-
ferences between the two except for higher age-standardised
mortality rates for diabetes due to older age stratification in
2010 than in 2000. We described demographic characteristics
of the study population as frequencies with percentages. To
investigate temporal changes in trends over time, we used the
National Cancer Institute’s joinpoint regression (version
4.6.0.0, https://surveillance.cancer.gov/joinpoint/). This
regression fits a series of combined straight lines to trend
temporal data, which determines whether mortality rate is
best explained by a single or several trend segments [22]. For
each trend segment, the annual percentage change (APC) and
the average APC, which is a summary measure of trend ac-
counting for transitions within each trend segment, were calcu-
lated. Joinpoint regression calculates the year-to-year percent-
age change in annual age-standardised mortality rate and the
95% CI over each trend segment [23].

Results

There was a total of 27,903,198 deaths among US adults
aged >20 years from 2007 to 2017. The study population
included 2,686,590 deaths (9.6% of total) where diabetes
was an underlying or contributing cause of death (all-cause
mortality). CVD was the most common underlying cause of
death and was associated with a third of the deaths, followed
by diabetes and cancer (Table 1). As shown in Table 1,
individuals who died from cancer as the underlying cause
were more likely to be older than those who died from CVD
or diabetes. Individuals who died from accident as the un-
derlying cause were more likely to be younger than those
who died from other causes. Among individuals with diabe-
tes listed on death certificates, CVD was the leading cause
of death in the non-Hispanic white and Asian groups,
whereas in non-Hispanic black, non-Hispanic American
Indian/Alaskan and Hispanic groups, diabetes ranked num-
ber one.

Trends in age-standardised mortality due to diabetes as the
underlying or contributing cause of death and cause-specific
mortality among individuals with diabetes reported on death
certificates Figure 1 demonstrates age-standardised mortality
due to diabetes as underlying or contributing cause of death
and cause-specific mortality rates among individuals with di-
abetes reported on death certificates. The age-standardised
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mortality rates due to diabetes as underlying or contributing
cause of death declined from 112.2 per 100,000 individuals in
2007 to 104.3 per 100,000 individuals in 2017. Using
joinpoint analyses (Table 2), the age-standardised mortality
rates due to diabetes as underlying or contributing cause of
death declined significantly from 2007 to 2014 (APC —1.4%;
95% CI1—1.9%, —1.0%) and then stabilised from 2014 to 2017
(APC 1.1%; 95% CI —0.6%, 2.8%). For cause-specific mor-
tality among individuals with diabetes listed on death certifi-
cates, the age-standardised mortality rates for CVD declined
annually by 1.2% with a marked decline at a rate of —2.3%
(95% CI —2.9%, —1.7%) from 2007 to 2014 followed by
stabilisation between 2014 and 2017 (Table 2). Similarly, the
age-standardised diabetes-related mortality rates among indi-
viduals with diabetes reported on death certificates declined
significantly during the earlier phase of the study period from
2007 to 2009 (APC —4.5%; 95% CI —7.9%, —0.9%) and
remained stable thereafter (APC 0.1%; 95% CI —0.3%,
0.5%). Cancer-related mortality rates among individuals with
diabetes listed on death certificates demonstrated a steady de-
cline with an average APC of—1.4% (95% CI1—1.8%,—1.0%).
In contrast, accident-related mortality rates among individuals
with diabetes reported on death certificates increased steadily
with an average APC of 3.9% (95% CI 3.3%, 4.5%) during
the 11-year study period. When we performed analyses to
assess the mortality trends based on underlying cause of death
and contributing cause of death, respectively (Fig. 2), we
noted that the underlying cause of death captured about
30% of all-cause death among individuals who had diabetes
listed as the underlying or contributing cause of death on their
death certificates. Age-standardised diabetes-related mortality
rates compared between underlying cause of death and mor-
tality due to diabetes as underlying or contributing cause of
death (all-cause mortality) were 32.2 vs 105.1 per 100,000
individuals (75.7 for contributing cause of death) during the
study period. Comparable with all-cause mortality and
diabetes-related death (as the underlying cause of death),
age-standardised diabetes-related mortality rates based on
contributing cause of death declined from 2007 to 2017
(APC —0.6%; 95% CI —1.4%, 0.1%) with marginal signifi-
cance (Table 2).

Trends in age-standardised aetiology-based CVD-related
mortality among individuals with diabetes reported on
death certificates Table 2 and Fig. 3 show the age-
standardised mortality rates for subcategories of CVD among
individuals with diabetes listed on death certificates. Age-
standardised mortality rates for ischaemic heart disease de-
clined significantly from 2007 to 2014 (APC —2.8%; 95%
CI —3.3%, —2.3%) and then stabilised from 2014 to 2017
(APC —0.6%; 95% CI —=2.5%, 1.3%). Likewise, age-
standardised mortality rates for cerebrovascular disease de-
creased from 2007 to 2014 (APC —3.1%; 95% CI —4.1%,
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Table 1
with diabetes listed on death certificates in the USA, 2007-2017

Characteristics of mortality due to diabetes as the underlying or contributing cause of death and cause-specific mortality among individuals

Characteristic All-cause mortality Underlying cause of death among individuals with diabetes listed on death
certificates
Mortality due to diabetes CVD Cancer Diabetes Accident
(n=2,686,590) (n=895,530) (n=296,230) (n=822,724) (n=46,846)
Age (years)
20-39 33,222 (1.2) 7065 (0.8) 761 (0.3) 16,869 (2.1) 1579 (3.4)
40-59 377,785 (14.1) 124,826 (13.9) 30,387 (10.3) 139,902 (17.0) 9067 (19.4)
>60 2,275,583 (84.7) 763,639 (85.2) 265,082 (89.5) 665,953 (80.9) 36,200 (77.3)
Ethnicity
White, non-Hispanic 1,931,149 (72.1) 642,973 (72.0) 217,360 (73.5) 561,634 (68.5) 35,722 (76.5)
Black, non-Hispanic 401,328 (15.0) 137,321 (15.4) 40,352 (13.7) 142,580 (17.4) 4796 (10.3)
American Indian/Alaskan, 26,160 (1.0) 7254 (0.8) 2333 (0.8) 9977 (1.2) 707 (1.5)
non-Hispanic
Asian or Pacific Islander, 78,073 (2.9) 27,684 (3.1) 9480 (3.2) 24,268 (3.0) 1438 (3.1)
non-Hispanic
Hispanic 242,369 (9.1) 77,494 (8.7) 26,122 (8.8) 81,887 (10.0) 4010 (8.6)
Sex
Men 1,415,393 (52.7) 490,499 (54.8) 167,701 (56.6) 432,495 (52.6) 25,564 (54.6)
Women 1,271,197 (47.3) 405,031 (45.2) 128,529 (43.4) 390,229 (47.4) 21,282 (45.4)
Education
Less than high school 555,843 (26.1) 181,950 (25.6) 57,100 (24.2) 172,499 (26.3) 8767 (23.4)
Completed high school 909,435 (42.7) 303,656 (42.8) 100,051 (42.4) 278,785 (42.5) 15,868 (42.4)
Some college 263,741 (12.4) 88,566 (12.5) 30,385 (12.9) 81,920 (12.5) 5008 (13.4)
Completed college or beyond 402,033 (18.9) 135,871 (19.1) 48,284 (20.5) 122,514 (18.7) 7756 (20.7)

We analysed mortality records from the National Vital Statistic System with death certificates as the main source of data between 2007 and 2017

Data are presented as the actual number of deaths from all-cause mortality (diabetes listed as the underlying or contributing cause of death) and cause-
specific death among individuals with diabetes listed on death certificates with stratification by age, ethnicity, sex and education groups in the columns.
Percentage of total actual number (at the top of each column) is presented in parentheses (add up to 100 for each column) for each given group in each
column. Ethnicity and education data were not available for some individuals because of limitations with death certificates
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Fig. 1 Annual age-standardised all-cause mortality for diabetes as the
underlying or contributing cause of death and cause-specific mortality
rates among individuals with diabetes listed on death certificates in the
USA, from 2007 to 2017. We analysed mortality records from the NVSS
with death certificates as the main source of data. We calculated age-

" 2012 | 2013 | 2014 | 2015 2016 2017

Year

~#-UCOD: cardiovascular disease
UCOD: diabetes

specific mortality rates per 100,000 individuals by age group (2029,
30-39, 4049, 50-59, 60—69, 7079 and >80 years) based on the US
Census database and standardised to the age distribution of the 2010
US standard population using the direct method. UCOD, underlying
cause of death
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Table 2 Age-standardised mortality rates due to diabetes as the underlying or contributing cause of death and cause-specific mortality rates among
individuals with diabetes listed on death certificates and APC among US adults >20 years, 20072017

Variable Age-standardised rate  Average APC, % (95% CI) Trend segment 1 Trend segment 2
2007-2017
2007 2017 Year APC, % (95% CI) Year APC, % (95% CI)
All-cause mortality (diabetes as the underlying or contributing cause of death)
Mortality due to diabetes 112.2 104.3 -0.7 (-1.1, -0.2)* 20072014 -1.4 (-1.9,-1.0)* 20142017 1.1 (-0.6,2.8)
Cause-specific death among individuals with diabetes listed on death certificates
CVD 39.0 34.1 -1.2 (-1.9, -0.6)* 20072014 2.3 (-2.9,-1.7)* 20142017 1.3 (-1.0,3.6)
IHD 23.4 18.7 —2.2 (2.7, -1.6)* 20072014 2.8 (-3.3,-2.3)* 2014-2017 —0.6 (2.5, 1.3)
HHD 23 34 3.8(2.7,4.8)* 20072014 2.3 (1.3,3.3)* 20142017 7.3 (3.4, 11.3)*
HF 1.7 1.7 —0.7 (-1.8,0.4) 20072011 —-4.4 (-6.9,-1.8)* 2011-2017 1.9 (0.4,3.3)*
CeVD 52 44 —1.6 (2.7, -0.6)* 2007-2014 -3.1 (—4.1,-2.1)* 20142017 1.9(-1.9,5.8)
Cancer 12.3 11.0 -1.4 (-1.8,-1.0)* 2007-2017 —1.4 (-1.8,-1.0)*
Diabetes 345 323 —0.8 (1.4, -0.2)* 2007-2009 —4.5 (=7.9,-0.9)* 2009-2017 0.1 (-0.3,0.5)
Accidents 1.6 2.3 3.9 (3.3,4.5)* 20072017 3.9 (3.3,4.5)*
Contributing cause of death
Diabetes 77.8 74.7 —0.6 (-1.4,0.1) 20072017 —0.6 (-1.4,0.1)

We calculated age-specific mortality rates per 100,000 individuals by age group (20-29, 30-39, 4049, 50-59, 60-69, 70-79 and >80 years) based on
the US Census database and standardised to the age distribution of the 2010 US standard population using the direct method

We analysed mortality records from the NVSS with death certificates as the main source of data between 2007 and 2017
p value for the APC and the average APC were calculated using joinpoint regression (*»p<0.05)

IHD, ischaemic heart disease; HHD, hypertensive heart disease; HF, heart failure; CeVD, cerebrovascular disease

—2.1%) and then showed a relatively stable trend from 2014 to
2017 (APC 1.9%; 95% CI —1.9%, 5.8%). In contrast, age-
standardised mortality rates for heart failure declined early in
the study period from 2007 to 2011 (APC —4.4%; 95% CI
—6.9%, —1.8%) but increased thereafter from 2011 to 2017

120 ;
100 1
80
60

40

Rate per 100,000 individuals

20 A

2007 2008 2009 2010 2011

= Underlying cause of death

Fig. 2 Annual age-standardised all-cause mortality for diabetes as the
underlying or contributing cause of death in the USA from 2007 to
2017. We analysed mortality records from the NVSS with death certifi-
cates as the main source of data. We calculated age-specific mortality

@ Springer

= Contributing cause of death

(APC 1.9%; 95% CI 0.4%, 3.3%). Mortality rates for hyper-
tensive heart disease steadily increased, with a marked rise in
APC from 2007 to 2014 (APC 2.3%; 95% CI 1.3%, 3.3%)
and a steeper increase from 2014 to 2017 (APC 7.3%; 95% CI
3.4%, 11.3%).

2012 2013 2014 2015 2016 2017
Year

= All-cause mortality due to diabetes
rates per 100,000 individuals by age group (20-29, 30-39, 40-49, 50—
59, 60—69, 70—79 and >80 years) based on the US Census database and

standardised to the age distribution of the 2010 US standard population
using the direct method
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Fig. 3 Trends in actiology-based annual age-standardised mortality rates
for CVD among individuals with diabetes listed on death certificates in
the USA, from 2007 to 2017. We analysed mortality records from the
NVSS with death certificates as the main source of data. We calculated

Discussion

In this population-based study using nationally representative
mortality data from the USA, we demonstrate that the age-
standardised all-cause mortality due to diabetes as the under-
lying or contributing cause of death and cause-specific mor-
tality among individuals with diabetes listed on death certifi-
cates declined 0.7-1.4% annually during the 11 year study
period. Rates in mortality due to diabetes as underlying or
contributing cause of death and CVD or diabetes-related mor-
tality among individuals with diabetes reported on death cer-
tificates tended to decline earlier in the study period and then
stabilised. In terms of trends in mortality within the CVD
subcategories, significant differences existed among individ-
uals with diabetes listed on death certificates.

Our findings are consistent with previously reported trends
in all-cause mortality due to diabetes and cause-specific mor-
tality among individuals with diabetes [19, 24, 25]. Studies
analysing diabetic cohorts from Framingham [26] and
Minnesota [18] showed that diabetes-related mortality de-
creased during the 1990s. A study based on the US NHIS
reported that death rates among subjects with diabetes de-
clined between 1997 and 2006 [24]. A recently updated study
using data from the NHIS reported age-specific mortality rates
and proportional mortality from all causes, vascular causes,
cancers, and non-vascular, non-cancer causes by diabetes sta-
tus from 1985 to 2015 [27]. The mortality trends outlined in
this study used cohorts with and without self-reported diabe-
tes, which is the required study design for causes and trends in
mortality regarding diabetes [27, 28]. Consistent with our re-
sults, all-cause mortality rates declined 20% every 10 years
among adults with diabetes, while death from vascular (32%)
and cancer-related (16%) causes declined at a discordant rate.
However, the decline in mortality rates was significantly
greater among individuals with diabetes than those without

2012

1

2013 2014 2015 2016 2017

Year
—#—Hypertensive heart disease
Cerebrovascular disease
age-specific mortality rates per 100,000 individuals by age group (20-29,
30-39, 4049, 50-59, 60—69, 7079 and >80 years) based on the US

Census database and standardised to the age distribution of the 2010
US standard population using the direct method

diabetes [27]. In another study using the NHIS data, relative
changes in 10-year mortality were significant for major CVD
and ischaemic heart disease, but not in the heart failure subset,
consistent with our analysis [29]. However, because these
studies followed mortality until December of 2015, they were
unable to exclude the possibility that the recent decline in
diabetes-related death may be associated with the relatively
short follow-up period in 2005-2009 (17.6 death rate per
1000 person-years) and 2010-2015 (15.2) compared with
1995-1999 (23.6) and 2000-2004 (21.4) subcohorts [27].
Our study demonstrates the declining trend in mortality due
to diabetes as the underlying or contributing cause of death
and CVD/cancer-related mortality among individuals with di-
abetes listed on death certificates regardless of a distinct gap in
follow-up.

The improvement in outcomes observed in our study most
likely reflects the impact of medical advances in the preven-
tion, treatment and monitoring of this chronic disease. The
decline in CVD-related mortality rates has been attributed to
improvement in the management of risk factors related to
CVD such as dyslipidaemia and hypertension, as well as ad-
vances in revascularisation techniques leading to better out-
comes [25, 30]. However, these findings have paradoxical
implications for present and future burdens of diabetes in the
USA. A declining mortality among individuals with diabetes
in the past decade may have led to a substantial increase in the
prevalence of diabetes and economic health burden related to
diabetes [31, 32]. Interestingly, we found that all-cause mor-
tality rates due to diabetes as the underlying or contributing
cause of death and CVD-related mortality rates among indi-
viduals with diabetes listed on death certificates remained sta-
ble during the past 5 years. This may be partially explained by
the excess mortality associated with diabetes being potentially
spread among a considerably greater proportion of the popu-
lation [24]. Additionally, reduction in mortality may lag
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behind improvement in the management and treatment of spe-
cific risk factors [24]. In real-life experience, such a lag time
may result in the current plateau in mortality among individ-
uals with diabetes [24]. One recent study suggests that indi-
viduals with diabetes in the USA had substantial improve-
ments in control of risk factors between 1999 and 2010 [33].
However, 30-50% of individuals with diabetes still did not
meet individual targets for glucose level, BP or lipid levels
[33]. Another study demonstrated improvements in BP con-
trol and decline in the prevalence of smoking during the 2000s
as compared with previous decades [34].

In our study, the mortality rate associated with hypertensive
heart disease has increased among individuals with diabetes
based on information listed on death certificates. Consistently,
the mortality rate of heart failure has increased during recent
years as well. This finding is somewhat unexpected because
the rates of mortality for ischaemic heart disease have de-
creased during the study period. These observations suggest
that other processes, perhaps less well-treated, which increase
the risk of hypertensive heart disease and heart failure are not
as affected by current clinical care best practices. Due to sys-
temic inflammation, which anti-hypertensive medications do
not alleviate, being normotensive on medication may not
eliminate in its entirety the risks associated with hypertension
among individuals with diabetes, especially insulin resistance
or other comorbidities such as dyslipidaemia [35]. In our
study, we noted that cancer-related mortality among individ-
uals with diabetes listed on death certificates steadily declined
between 2007 and 2017. A prospective cohort study, the
Cancer Prevention Study-II, showed that diabetes was associ-
ated with a higher risk of certain malignancies including
breast, liver and pancreas cancers [36]. In contrast to our re-
sults, a study from Australia reported that cancer-related mor-
tality increased substantially between 1977 and 2010 [37]. In
our study, the number of cancer-related deaths increased from
25,362 (age-standardised mortality rate: 12.3) in 2007 to
29,190 (age-standardised mortality: 11.0) in 2017; however,
age-standardised mortality rates declined steadily during the
study period. This discrepancy can be partly explained by the
lack of age-standardised mortality rates in the Australian
study. Consistent with our study, a recent study using the US
NHIS data showed that deaths from cancers decreased 16%
every 10 years from 1988-1994 to 2010-2015 [27].

Analyses of diabetes-related mortality, including current
national reports from the NVSS, generally tend to include
deaths for which diabetes was listed as the underlying cause
of death. The availability of death-certificate-assigned diabe-
tes as an underlying cause of death is not sufficient for esti-
mating national mortality attributed to diabetes [11-13] be-
cause subjects with diabetes generally have other conditions
that may directly contribute to death (such as CVD, cancer,
renal disease, etc.). In our study, we analysed both age-
standardised all-cause mortality due to diabetes as the
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underlying or contributing cause of death and cause-specific
mortality rates among individuals with diabetes listed on death
certificates. Mean age-standardised diabetes-related mortality
rates compared between underlying cause of death and mor-
tality due to diabetes as the underlying or contributing cause of
death (all-cause mortality) were 32.2 vs 105.1 per 100,000
individuals (75.7 for contributing cause of death). In agree-
ment with our study, a recent study using the NHIS dataset and
the National Health and Nutrition Examination Survey dem-
onstrated that the proportion of deaths attributable to diabetes
(all-cause mortality) was estimated to be 11.5-11.8%, while
the proportion of deaths attributable to diabetes as underlying
cause of death (3.3-3.7%) underestimated the contribution of
diabetes-related mortality in the USA [9]. Current annual es-
timates from the NVSS [38] are based on underlying cause of
death, which may fail to capture diabetes-related mortality
attributed to CVD, cancer and other causes of death.

The key strength of our nationally representative study is
the reporting of longitudinal trends in aetiology-specific mor-
tality rates for diabetes over an 11-year period. This allowed
us to compare nationwide mortality data, thus gaining unique
insight into mortality trends among individuals with diabetes
listed on death certificates. We also used recently updated
nationally representative mortality data, which enabled us to
capture current trends for diabetes. Our main limitation is the
definition of diabetes which is listed as the underlying or con-
tributing cause of death on the death certificate. This study
design and the dataset have the potential for underestimation
and misclassification. Currently, robust data are lacking to
validate the death certificate as a monitoring modality for
death in diabetes. The Framingham Heart Study reported that
death certificates were least accurate in individuals over
85 years and that there was no significant change in coding
accuracy over time [39]. Coding method has been constant
over time, so it is unlikely to account for the presented tem-
poral trends in diabetes-related mortality rates. Furthermore,
ICD-10 codes for diabetes and diabetes-related mortality
grossly underestimate the true prevalence. A plausible expla-
nation for the low rates of diabetes-related mortality is the
significant underreporting on death certificates leading to un-
derestimation of the true prevalence of diabetes by using ICD-
10 codes. This is an inherent limitation of the NVSS database.
Such problems can be mitigated when analysing trends in
which underestimation has been assumed to be relatively con-
stant over the study period. Finally, age-standardised mortality
rates may not represent actual mortality rates, but these rates
were appropriate for comparisons during the study period as
population distributions change over time.

In conclusion, age-standardised mortality due to diabetes as
the underlying or contributing cause of death and cause-
specific mortality among individuals with diabetes listed on
death certificates declined annually during recent decades.
However, trends in all-cause mortality due to diabetes as the
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underlying or contributing cause of death and cause-specific
CVD or diabetes-related mortality among individuals with
diabetes listed on death certificates were noted to reach a pla-
teau in 2010 and have remained stable thereafter. Our results
suggest that greater efforts are needed to prevent mortality
from CVD and complications associated with diabetes in the
future.
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