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Abstract

In the US, cardiovascular disease, cancer, and diabetes are in the top ten leading causes of death
categories. The diseases compromise US life-expectancy and account for significant US health-
care costs. This observational study investigates the US population’s 1997-2017 Centers for
Disease Control and Prevention (CDC) WONDER ICD-10 mortality records to extract the
prevalence rates for leading causes of death by diabetes, neoplasms (cancers), and diseases of the
circulatory system. The variables of race and age are examined for each disease in order to
evaluate demographic and age-group risks. To document the public health burden from these three
chronic conditions, mortality data from CDC WONDER was analyzed using MS-Excel and
Statistical Analysis System (SAS) software. The general trend of deaths by diabetes, neoplasms,
and diseases of the circulatory system has been progressively decreasing nationally; however, a
significantly higher trend in mortality rates is observed for the Black or African American
populations. Furthermore, over the 1997-2017 observational period, the crude mortality rates for
the 45-54 (middle-age) and lower age-groups are below national mortality rate averages but are
troublingly increasing for diabetes and notably, for the diseases of the circulatory system, the
(younger) 25-34 age-group had a crude mortality rate increase of 6.78%.
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INTRODUCTION

In 2004, it was estimated that cardiovascular diseases, cancer, and diabetes, accounted for
two-thirds of all US deaths and approximately $700 billion in associated health-care costs
[1]. In 2017, heart disease and cancer are still found to be the first and second leading causes
of death, and diabetes, the seventh leading cause of death [2], [3]. However, due to concerted
public health programs for chronic disease control efforts and due to the advancements in
screening and clinical treatment, the risk of death from complications from the three listed
conditions has steadily declined [4], [5].

On the other hand, US obesity rates continue to rise sharply, [6]-[8] and obesity is shown to
be significantly impacting the US population’s mortality rates [9]-[12]. Additionally, a
number of studies have linked the pathologies of cancer, cardiovascular disease, and diabetes
to obesity [5], [9]-[20] . Hence, for qualified judgements, it is of interest to compare the
mortality rate trends where obesity (or overweight) was listed as a causative or contributory
factor in death, to cases where cancer, cardiovascular disease, and diabetes, are primary
underlying contributary factors.

In the US, data on the underlying leading causes of death [24] are widely available to the
public on the Centers for Disease Control and Prevention (CDC) Wide-ranging Online Data
for Epidemiologic Research (WONDER) database [25]. The extensive data include
documented cause of death categories using the Tenth Revision of the International
Classification of Diseases (ICD-10) coding [26], [27]. Since no uniform medical certificate
of death exists, each death’s underlying cause is selected from an array of conditions
reported in the medical certification section on the death certificate [24], [28], [29]. As a
result, there are a variety of ICD-10 code reporting errors [13], [30]. However, the ICD-10
code data has been shown to have significant clinical value in physician-patient settings
[31]-[33], and the public CDC WONDER database’s ICD-10 information has generated
valuable awareness on the negative impacts of the nation’s waistline on human health [10],
[12], [13], [20], [34]-[37].

In the past two decades, the average body mass index of a vast majority of Americans has
appreciably increased [6], [38]. As a direct result, evidence from epidemiological studies
show that their life-expectancy [39], [40] and quality of life are gradually decreasing [14],
[41]. Obesity has detrimental impacts on joints, muscles, and bones, [42]-[44] and its health
risks associated with chronic health conditions [5], [9]-[20] including diabetes [15], [21],
[23], [25], malignant neoplasms (cancers) [45]-[47], and diseases of the circulatory system
[15], [19], [21], [23], [34], [46], are well documented.

A recent thorough analysis [10] of the archived 1999-2016 CDC WONDER ICD-10
overweight and obesity codes on US death certificates revealed that even though obesity is
impacting all segments of the US population, it is disproportionally affecting those who are
from the Black or African American (B/AA) and the American Indian or Alaska Native
(Al/AN) races. The study also showed surging crude death rates for all the decennial age-
groups, where obesity (or being overweight) was listed as a contributing factor on the death
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certificate, and the (near middle-age) 35-44 age-group experienced the highest crude death
rate increase of 174.93% [10].

While the age adjusted mortality rates associated with complications from chronic
conditions has steadily declined [3]-[5], the frequency of death from diabetes, malignant
neoplasms, and cardiovascular issues, as aggregated for the entire US population are key
indicators of health outcomes, as they continue to be largely responsible for the leading
causes of death nationally [2], [3]. To elucidate any probable increased risk with abdominal
fatness [6], [23], [25], [40], this project’s objective is to explore the 1999-2017 CDC
WONDER ICD-10 mortality records for diabetes, neoplasms, and diseases of the circulatory
system, and compare the results to the prior published 1999-2016 obesity prevalence [7], [8]
and obesity-related mortality data [10].

[I. Methods

The 1999-2017 mortality records for diabetes, neoplasms, and diseases of the circulatory
system data was data-mined from the CDC WONDER public database [25] records using
Statistical Analysis System (SAS) software. The ICD-10 codes for the three disease
categories of interest are: diabetes mellitus, E10-E14, neoplasms, C00-D48, and diseases of
the circulatory system, 100-199. The national mortality rates for each disease for all 50 US
states and the District of Columbia was subset by population demographics—ethnicity/race
(White, Black or African American, Asian or Pacific Islander and American Indian or
Alaskan Native) and 10-year (decennial) age-group categories (15-24, 25-34, 35-44, 45-54,
55-64, 65—-74, 75-84 and 85+). For each year, CDC WONDER also provides the bridged-
race population estimates [22] and these numbers are updated annually. In this project, age
adjusted mortality rates per 100,000 are utilized [3], [10], [12], [13], [20] when available, to
remove the effects of age from crude rates. This allows for meaningful comparisons across
populations with differing underlying age structures. Apart from 10-year age-groups, age
adjusted rates are used for the purpose of this study. The datasets were downloaded into MS-
Excel, and the SAS program was used for graph creation. For the race categories, to
highlight the confidence intervals (CI), confidence bands are used to show the confidence
limits.

[1l. Results and Discussion

Figs. 1-3and Table I portray the 1999-2017 race-based age adjusted mortality rate figures
due to the chronic conditions of diabetes, neoplasms, and diseases of the circulatory system.

For the three chronic diseases, when the number of deaths is adjusted for ageing in all races
as in Figs. 1-3, it shows that the age adjusted death rates are declining rapidly. In Figs. 1-3,
the upper and lower bounds of the confidence bands merge at few points. For diabetes (Fig.
1), the B/AA and AI/AN death rates are much higher than the national averages. In addition,
the B/AA death rates are considerably above the age adjusted national mortality death rates
due to neoplasms (d diseases of the circulatory system (Fig. 3). The AI/AN mortality rates
dip markedly below the national averages in Figs. 2 and 3. Diversely in Fig. 1, the mortality
rates for the White (W) race trends a little lower than the national averages, and, for Figs. 2
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and 3, it coincides with the national averages at several points. Also, Figs.1-3, show the
morality rates for the Asian or Pacific Islander (A/PI) race are consistently far beneath the
national trend lines.

To examine the relationships between age and the observed national mortality rate averages
for diabetes, neoplasms, and the diseases of the circulatory system, Figs. 4-3 and Table II,
provide the 1999-2017 crude mortality rate information for the 15-85+ decennial age-group
categories (15-24, 25-34, 45-54, 55-64, 75-84, and 85+). In general, for the three disease
conditions, groups below the (middle-age) 45-54 age range, fall appreciably below the
1997-2017 national mortality rate averages, and for the diseases of the circulatory system,
the 55-64 age group fell slightly below the national averages.

These observations are in line with prior 1999-2016 obesity prevalence [7], [8], and obesity
related mortality data [10]. From 1999 to 2016 there was a 29.8% increase in age adjusted
obesity prevalence among US adults (aged 20 years and over) as their obesity prevalence
rate was 30.5% in 1999 and 39.6% in 2016 [7]. For youths (2-19 years), the corresponding
obesity prevalence numbers were 13.9% and 18.5% respectively (33.1% increase) [7].
During the same 1999-2016 time period, there was a substantial 141.90% age adjusted
mortality rate increase, when obesity or overweight was listed as an influential factor on the
CDC WONDER death records [10]. The 1999-2016 results also showed that the mortality
rates for the B/AA and the Al/AN populations gravitated at significantly higher elevations
when compared to the national averages [10]. In addition, the conditions of obesity (or
overweight) impacted the 1999-2016 mortality rates of all decennial age-groups and the 35—
44 age group had significantly higher rates (174.93%) [10].

When analyzing the mortality rate patterns by age in detail, first for diabetes (Fig. 4), the
national crude mortality rate has declined by 14.20%. In addition, we reveal that the 15-24,
25-34, 35-44, and 45-54 age-groups, when compared to the national averages, had very
reduced crude death rates, but the burden of diabetes in these groups is alarmingly high, as
their mortality rate averages have increased by 42.22%, 25.65%, 20.24%, and 16.8%
respectively. Contrarily, the Fig. 5 data demonstrates that the 55-64, 65-74, 75-84, and 85+
age-groups had higher 1999-2017 crude mortality rates (than national averages) but, are all
falling. Nevertheless, the 55-64 age group has the smallest decline (-7.24%).

For malignant neoplasms (Figs. 6, 7), the 1999-2017 crude mortality rates are decreasing
with time and the national averages fell by 23.84%. The 45-54 (middle-age) and lower age-
groups were considerably below the national averages, and the 55-64 and higher age-groups
had higher rates.

As shown in Figs. 8 and 9, for the diseases of the circulatory system, there are declining
1997-2017 crude mortality rates when compared to the national averages in all but the 25—
34 decennial age-groups. The national averages declined by 37.47% but the crude mortality
rate in the 25-34 age-group increased by 6.78%.

In summary, the observed progression in Figs. 1-9 and Tables I and Il for the race-based age
adjusted mortality rates and the decennial age-group crude death rates can be undoubtedly
rationalized by the earlier 1999-2016 reported race and age-group based mortality rate
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increases where obesity or overweight was listed as a primary factor in death [10]. In that
study, the B/AA and the AlI/AN populations together with the 35-44 age-groups, when
compared to the national obesity related mortality rate averages, had excessively higher
death rate increases. Alternatively, the obesity related death rates of the W race followed
closely with the national averages while the A/PI race had death rates that were distinctly
under the national trendline [10].

Additional justification for the presented results (in Figs. 1-9, and Tables I and I1) is
provided by obesity being a very complex condition [6], [23], [25], [40] that is impacting
both, the quality of life and human lifespan [11], [15], [16], [19], [21], [22], and where
diabetes, malignant neoplasms, and the diseases of the circulatory system are shown to be
aligned with the people who are overweight or obese [5], [9]-[20]. Furthermore, the 2015-
2016 National Health and Nutrition Examination Survey [8] demonstrated that the US
prevalence of obesity has increased among people of all race groups. 37.9% of W and nearly
half of the B/AA (46.8%) and AI/AN (43.7%) adults were obese, whereas adults from the
AJPI race had comparatively reduced rates (12.7%). The survey also showed that, in general,
35.7% of adults ages 20 to 39 had obesity, and 7.8% had severe obesity. Older American
adults had even worse results with 42.8% of the 40-59 age-group being obese (8.5% with
severe obesity) and 41.0% of the adults over 60 were obese (6.3% had severe obesity).
Hence, there is a clear logical progression between the previous obesity related observations
and our current project findings.

IV. Conclusions

The 1997-2017 race-based age adjusted mortality rates and decennial age-group based crude
death rates for diabetes, neoplasms, and circulatory system diseases, are downward trending
but comprehensively track US obesity prevalence [6]-[8] and obesity-related mortality
results [10], [13], [20].

For diabetes, when compared to the 1997-2017 national mortality rate averages, we show
that the B/AA and AI/AN races are disproportionally affected whereas the W and A/PI races
have lower death rates. Additionally, the crude mortality rates due to diabetes for the
youngest decennial age-groups, 15-24, 25-34, 35-44, and 45-54 rose significantly to,
42.2%, 25.65%, 20.24%, and 16.8% respectively.

The percentages of death from neoplasms in the B/AA population is undeniably higher than
the 1997-2017 national averages. During the same time period, the W race’s average
coincides with the national mortality rate averages, while those of the AI/AN and A/PI races
fall far below. The middle-age (45-54) and below age-groups progress underneath and far-
removed from the national trend line, while the 55-64 and higher age-groups are above.

For the diseases of the circulatory system, the advancements in the 1997-2017 age adjusted
mortality rates for the B/AA populations is far higher than the national averages but they are
much lower for the AI/AN and A/PI races. The W race has death rates that very similar to
the national averages. In addition, for this condition, the 65-74 and older Americans have
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much higher 1997-2017 crude mortality rates than the national averages, while the 55-64
and younger Americans have lower values.

Despite the steady decline in race- and age-based mortality rates for the three diseases, the
factual findings provide nonjudgmental evidence for Americans to rethink obesity to
improve their lifestyle interventions for weight-management.
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Figure 1.
1999-2017 US age adjusted mortality rates due to diabetes.
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Age Adjusted Mortality Rates Due to Neoplasms

US (1999-2017)
350
iy
~
300 -
o
B
8 = —
S 250 ~— .
S " o S . -
= — -~ « | Black or African American (-31.47%)
e ~— | White (2216%)
au 200 4 | National (-23.84%)
P4
E —
g 150 - N ————
= =, | American Indian or Alaska Native (-27.00%)
b5 Asian or Pacific Islander (-22.85%)
‘g 100 -
<
& s
04, T T T T
1999 2003 2007 2011 2015
Year

Figure 2.

1999-2017 US age adjusted mortality rates due to neoplasms
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Age Adjusted Mortality Rates Due to Diseases of the Circulatory
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1999-2017 US age adjusted mortality rates due to diseases of the circulatory system.
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Crude Mortality Rates Due to Diabetes
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Figure 4.
1999-2017 US crude mortality rates due to diabetes for the age-groups, 15-24, 25-34, 35—

44, and 45-54.
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Crude Mortality Rates Due to Diabetes
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Figure 5.

1999-2017 US crude mortality rates due to diabetes for the age-groups, 55-64, 65-74, 75—
84, and 85+.
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Figure 6.
1999-2017 US crude mortality rates due to neoplasms for the age-groups, 15-24, 25-34,

35-44, and 45-54.
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Figure 7.

1999-2017 US crude mortality rates due to neoplasms for the age-groups, 55-64, 65-74,
75-84, and 85+.
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Figure 8.
1999-2017 US crude mortality rates due to diseases of the circulatory system for the age-

groups, 15-24, 25-34, 35-44, and 45-54.
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Figure 9.
1999-2017 US crude mortality rates due to diseases of the circulatory system for the age-

groups, 55-64, 65-74, 75-84, and 85+.
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Table I.
Age Adjusted Mortality Rates By Race
Year/Race Disease Rate 95% ClI
1999 Diabetes

White 28.74 [28.50, 28.98]

Black or African American 63.26 [62.11, 64.41]

Asian or Pacific Islander 23.31 [21.90, 24.73]

American Indian or Alaska Native 69.06 [63.67, 74.45]

Neoplasms

White 257.52 [256.80, 258.25]
Black or African American 326.87 [324.28, 329.46]
Asian or Pacific Islander 159.04 [155.54, 162.53]

American Indian or Alaska Native  Circulatory System Diseases  175.75

White 436.62

Black or African American 572.03

Asian or Pacific Islander 286.08

American Indian or Alaska Native 335.13
2017 Diabetes

White 25.00

Black or African American 47.74

Asian or Pacific Islander 20.94

American Indian or Alaska Native Neoplasms 43.78

White 200.45

Black or African American 224.01

Asian or Pacific Islander 122.69

American Indian or Alaska Native 128.30

White Circulatory System Diseases  275.40

Black or African American 355.75

Asian or Pacific Islander 162.19

American Indian or Alaska Native 195.46

[167.20, 184.30]
[435.68, 437.56]
[568.52, 575.54]
[280.91, 291.25]
[322.55, 347.72]

[24.80, 25.20]
[46.95, 48.53]
[20.19, 21.69]
[41.14, 46.42]

[199.90, 201.01]

[222.32, 225.70]

[120.91, 124.47]

[123.81, 132.79]

[274.76, 276.05]

[353.58, 357.93]

[160.90, 164.29]

[189.64, 201.27]
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Table I1.
Crude Mortality Rates By decennial age-groups
Year/Age-Group Disease Rate 95% ClI
1999 Diabetes
15-24 0.40 [0.34, 0.46]
25-34 1.45 [1.33, 1.57]
35-44 431 [4.12, 4.50]
45-54 12.95 [12.58, 13.31]
55-64 38.26 [37.47, 39.04]
65-74 91.80 [90.41, 93.18]
75-84 177.97 [175.61, 180.34]
85+ 317.24 [311.82, 322.65]
Neoplasms
15-24 4.71 [4.49, 4.93]
25-34 10.39 [10.08, 10.71]
35-44 37.88 [37.31, 38.45]
45-54 129.43 [128.27, 130.60]
55-64 379.34 [376.87, 381.82]
65-74 841.65 [837.46, 845.84]
75-84 1368.04 [1361.49, 1374.60]
85+ 1888.70 [1875.49, 1901.92]
Circulatory System Diseases
15-24 3.48 [3.29, 3.66]
25-34 9.87 [9.56, 10.18]
35-44 38.34 [37.77, 38.91]
45-54 117.26 [116.15, 118.37]
55-64 329.20 [326.90, 331.51]
65-74 891.04 [886.73, 895.35]
75-84 2484.02 [2475.18, 2492.85]
85+ 8220.52 [8192.95, 8248.10]
2017 Diabetes
15-24 0.57 [0.50, 0.64]
25-34 1.82 [1.69, 1.94]
35-44 5.18 [4.96, 5.40]
45-54 15.12 [14.75, 15.49]
55-64 35.49 [34.92, 36.06]
65-74 71.91 [70.94, 72.87]
75-84 140.77 [138.86, 142.69]
85+ 262.39 [258.44, 266.33]
Neoplasms
15-24 3.36 [3.19, 3.53]
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Year/Age-Group Disease Rate 95% ClI
25-34 8.29 [8.03, 8.56]
35-44 27.17 [26.66, 27.67]
45-54 94.00 [93.08, 94.92]
55-64 277.02 [275.43, 278.62]
65-74 577.99 [575.25, 580.72]
75-84 1092.38  [1087.04, 1097.73]

85+ 1682.46 [1672.46, 1692.46]

Circulatory System Diseases

15-24 2.72 [2.57,2.88]
25-34 10.54 [10.24, 10.84]
35-44 33.12 [32.56, 33.67]
45-54 97.43 [96.50, 98.37]
55-64 239.28 [237.80, 240.76]
65-74 508.57 [506.00, 511.14]
75-84 1396.90 [1390.86, 1402.94]

85+ 5263.48 [5245.80, 5281.16]
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