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BACKGROUND: In the past few decades, diabetes-related cardiovascular mortality has been steadily declining. However, the
impact of the COVID19 pandemic on this trend has not been previously defined.

METHODS AND RESULTS: Diabetes-related cardiovascular mortality data were extracted for each year between 1999 and 2020
from the Centers for Disease Control and Prevention Wide-Ranging Online Data for Epidemiologic Research (WONDER)
database. Regression analysis was used to calculate the trend in the 2 decades before the pandemic (1999-2019) and
thereby estimate the excess cardiovascular mortality in 2020. There was a 29.2% fall in the diabetes-related cardiovascular
age-adjusted mortality rate between 1999 to 2019, largely driven by a 41% decrease in ischemic heart disease deaths. In
comparison to 2019, there was an overall 15.5% increase in the diabetes-related cardiovascular age-adjusted mortality rate in
the first year of the pandemic, mainly due to a 14.1% rise in ischemic heart disease deaths. Younger patients (under 55years)
and the Black population experienced the greatest increase in diabetes-related cardiovascular age-adjusted mortality rate
(24.0% and 25.3%, respectively). Trend analysis estimated 16 009 excess diabetes-related cardiovascular deaths in 2020, with
the majority due to ischemic heart disease (8504). Black and Hispanic or Latino populations had at least one-fifth of their 2020
diabetes-related cardiovascular age-adjusted mortality rate as excess deaths (22.3% and 20.2%, respectively).

CONCLUSIONS: There was a sharp rise in diabetes-related cardiovascular mortality during the first pandemic year. Black,
Hispanic or Latino, and young people showed the largest increases in diabetes-related cardiovascular mortality. Targeted
health policies could help address the disparities observed in this analysis.
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of people with diabetes globally, and it accounts

for about 50% of the mortality in this population.!
Although the prevalence of diabetes has increased both
globally and in the United States in the past few de-
cades, CVD mortality among patients with diabetes has
declined.? This is thought to be related to better screen-
ing for CVD, better primary and secondary prevention
in people with diabetes, and better risk factor control in

Cardiovascular disease (CVD) affects almost one third

addition to advances in therapeutics for CVDs that par-
ticularly affect patients with diabetes.® The emergence of
the COVID-19 pandemic has represented an additional
threat to the health of people with diabetes. Specifically,
diabetes has been associated with higher COVID-19 se-
verity, morbidity, and in-hospital mortality.*
Furthermore, as a consequence of other public
health measures including restricted access to routine
health care services and patient reluctance to present
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CLINICAL PERSPECTIVE
What Is New?

e This analysis reveals an acute increase in
diabetes-related cardiovascular mortality during
the first pandemic year.

e |Individuals who were younger, Black, and
Hispanic or Latino, and people from urban areas
had the greatest rise in diabetes-related cardio-
vascular mortality.

What Are the Clinical Implications?

e Targeted health policies could support address-
ing the disparities observed in this study as
health care provision returns to normal.

Nonstandard Abbreviations and Acronyms

AAMR age-adjusted mortality rate

CcDC Centers for Disease Control and
Prevention

IHD ischemic heart disease

WONDER Wide-Ranging Online Data for
Epidemiologic Research

to hospitals, non-COVID mortality also increased in
parallel with the COVID pandemic.® Estimates suggest
more than 52000 of the excess deaths (~13%) ob-
served in the United States during the first year of the
pandemic were non-COVID-19 related.® Prior literature
has suggested that the COVID pandemic has mag-
nified cardiovascular health disparities among adults
of lower socioeconomic status and among racial and
ethnic minority groups, particularly Black adults, in the
United States.” It is unclear whether the improvements
observed in reducing CVD mortality in patients with
diabetes have been reversed during the COVID pan-
demic, and whether this has disproportionally affected
different age, sex, or racial and ethnic subgroups.

Therefore, in this analysis, the Centers for Disease
Control and Prevention (CDC), multiple cause of death
data set was examined to gain a better understand-
ing of the impact of the COVID pandemic on historical
trends in both overall and cause-specific diabetes-
related CVD mortality and whether specific age, sex,
or racial and ethnic subgroups were disproportionally
affected by any changes in CVD trends.

METHODS

Institutional review board approval and individual
consent were not applicable because this analysis is
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based on publicly available database at a population
level that does not not involve living human subjects.

Data Availability

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Data Source

Developed by the CDC, the Wide-Ranging Online Data
for Epidemiologic Research (WONDER) databases
provide free access to public health information and
statistical research data, including mortality, through
the multiple cause of death database.® This registry
provided national, county level, population and mor-
tality death certificate data between 1999 to 2020,
excluding US nonresidents and fetal deaths. A single
underlying cause of death, in addition to demographic
data and up to 20 multiple causes, are included on
each death certificate. The underlying cause of death
is defined per the World Health Organization definition
“the disease or injury which initiated the train of events
leading directly to death, or the circumstances of the
accident or violence which produced the fatal injury”.
The conditions entered on the cause of death sec-
tion of the death certificate are used to choose a sin-
gle underlying cause of death, if there was more than
1, based primarily on the World Health Organization
definition. The International Classification of Diseases,
Tenth Revision (ICD-10) was used to categorize the
mortality causes in this database.

Study Sample

All records with CVD as the underlying cause of death
(I00-199) with diabetes (E10-E14) among the multiple
cause of death were included. Similarly, mortalities
with diabetes among the multiple cause of death with
either ischemic heart disease (IHD; 120-125), hyper-
tensive disease (HTD; [10-115), heart failure (HF; 150),
or cerebrovascular disease (I60-169) as an underlying
cause of death were also included. In other words, the
sample consisted of those who primarily died of CVD
with diabetes contributing to their mortality. In addition,
the sample was stratified by sex, age group, ethnicity,
race, and urbanization status.

Race and ethnicity stratification was undertaken to
examine the association of the COVID-19 pandemic
with diabetes-related CVD mortality in these groups
identifying any related disparities by race and ethnic-
ity. Classification of racial groups was based on all the
available categories from the WONDER database in-
cluding American Indian or Alaskan Native, Asian or
Pacific Islander, Black, and White individuals. The da-
tabase does not have a mixed race or unknown race
category, and no records were excluded on that basis.
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Only a dichotomous Hispanic or Latino origin variable
was used in the ethnicity stratification analysis, which is
the available classification from the database for mor-
tality rates. All the race and ethnicity information in the
WONDER database are derived from the death certif-
icates. Unlike census’s race and ethnicity information,
which are self-reported, this information is reported on
death certificate by funeral directors based on either
informant report, who is often a living next of kin, or in
their absence, according to observation.

In order to improve the quality of this observational
study, a Strengthening the Reporting of Observational
Studies in Epidemiology checklist has been included
in Table S1.

Outcomes

The outcomes of this analysis include (1) diabetes-
related CVD mortality rate in the 2 decades before the
pandemic (1999-2019); (2) diabetes-related CVD mor-
tality rate in the first pandemic year (2020) compared
with the year prior (2019); and (3) estimation of the ex-
cess diabetes-related CVD mortality during the first
year of the pandemic based on the projections from
the prior 2 decades. Finally, (4) estimation of the excess
diabetes-related CVD mortality during the first year of
the pandemic based on the projections from the dec-
ade before (2010-2019) was included as a sensitivity
analysis.

Statistical Analysis

Crude mortality and the age-adjusted mortality rates
(AAMR) are presented per 100000 population; death
counts are presented as absolute values. Age adjust-
ment was done to the 2000 US standard population
since it is the most recent standard population that is
available through the CDC WONDER database, and
the span of the study period (1999-2020). The denom-
inator for all mortality rates is the general population
except when stratified by demographics in which the
denominator would be the total population in the stud-
ied demographic group. Changes in mortality rate are
presented as percentages (%).

Given that the CDC WONDER database provides
aggregated data rather than individual cases, the
Joinpoint Regression Program (version 4.9.1.0), from
the National Cancer Institute was used to calculate the
average annual percent change in AAMR and is pre-
sented as percentage with 95% CI. The average an-
nual percent change provided a summary of the trend
over the period before the pandemic that was subse-
quently used to estimate the projected AAMR in first
year of the pandemic. Excess AAMR was estimated
by comparing the projected and the actual AAMR for
the first year of the pandemic. This allowed the calcu-
lation of the proportion of excess AAMR (presented as
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percentage) and estimation of the number of excess
deaths. Death certificates with missing age or Hispanic
or Latino origin were included in the overall study but
excluded in their respective group analysis.

RESULTS

Baseline Characteristics

During the study period (1999 to 2020; Table 1),
1854384 diabetes-related cardiovascular mortality
records were identified. Of these, 53.4% were male,
54.5% were aged 75years or above, 37.7% aged 55 to
74years, and 7.8% aged under 55 years. 79.9% were
from urban areas, 80.8% were White, 15.4% were
Black, and 8.1% had Hispanic or Latino origin.

Changes in Mortality Before and During
the First Year of the Pandemic

Over the 2 decades before the pandemic the AAMR
from diabetes-related CVD steadily and substantially
decreased (Table 2 and Figure 1). Notably, the AAMR
from diabetes-related IHD fell by 41% (from 20.2 to
11.9 per 100000). Similarly, the AAMR declined from
diabetes-related cerebrovascular disease by 41.3%

Table 1. Characteristics of Diabetes-Related
Cardiovascular Mortality Records Between 1999 and 2020

Main causes of death Number of deaths Percentage (%)
All cardiovascular disease 1854384 100
Ischemic heart disease 1094046 59.0
Hypertensive disease 201127 10.8
Heart failure 83476 4.5
Cerebrovascular disease 253711 13.7
Sex

Male 990146 53.4

Female 864238 46.6
Age, y

<55 144395 7.8

55-74 699589 37.7

>75 1010328 54.5
Ethnicity

Hispanic or Latino 160772 8.1

Not Hispanic or Latino 1698263 91.6
Race

American Indian or 14813 0.8

Alaska Native

Asian or Pacific Islander | 54905 3.0

Black 286367 15.4

White 1498299 80.8
Urbanization

Urban 1482397 79.9

Rural 371987 201
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Table 2. Age-Adjusted Diabetes-Related Cardiovascular Mortality Rate per 100000 Population

AAMR

Main causes of death 1999 2019 A% 1999-2019 2020 A% 2019-2020
All cardiovascular disease 31.3 22.2 -29.2 25.6 156.5
Ischemic heart disease 20.2 1.9 -41.0 13.6 141
Hypertensive disease 1.9 3.3 75.3 441 23.4
Heart failure 1.2 1.1 -9.9 1.2 13.8
Cerebrovascular disease 4.9 2.9 -41.3 3.3 16.8
Sex

Male 37.2 29.2 -21.5 33.8 15.8

Female 2741 16.4 -39.2 18.9 15.0
Age, y

<65 2.7 2.8 4.5 3.5 24.0

55-74 74.5 50.4 -32.4 58.9 16.8

>75 294.8 202.7 -31.2 229.4 13.2
Ethnicity

Hispanic or Latino 38.4 23.2 -39.6 28.3 22.2

Not Hispanic or Latino 30.9 221 -28.6 25.3 14.9
Race

American Indian or Alaska 36.5 247 -32.5 28.5 15.4

Native

Asian or Pacific Islander 28.4 16.7 -41.2 20.0 19.6

Black 51.1 33.2 -35.0 41.6 25.3

White 29.4 21.0 -28.5 23.8 13.2
Urbanization

Urban 30.9 2141 -31.8 24.5 16.4

Rural 33.1 27.7 -16.2 31.1 12.2

AAMR indicates age-adjusted mortality rate; and A%, change percentage.

(from 4.9 to 2.9 per 100000) and diabetes-related
HF by 9.9% (from 1.2 to 1.1 per 100000), though to a
lesser extent. There has been a 75.3% rise AAMR from
diabetes-related HTD (from 1.9 to 3.3 per 100000)
over the same period.

The decreasing trend in diabetes-related cardiovas-
cular AAMR between 1999 and 2019 was generally
consistent across the racial groups, sex, and urbaniza-
tion status (Figures 2 through 4). However, although a
similar trend was seen in the 55 to 74 and >75-year age
groups, it is notable that in those under 55years the
AAMR increased by 4.5% (from 2.7 to 2.8 per 100000)
(Figure 5; Table 2).

In comparison to 2019, the diabetes-related cardio-
vascular AAMR during the first year of the pandemic
(2020) increased by 15.5% (from 22.2 to 25.6 per
100000). This was largely due to a 14.1% increase in
IHD deaths (from 11.9 to 13.6 per 100000) (Table 2).
Similarly, a rise in AAMR due to HTD (23.4%, from
3.3 to 4.1 per 100000), HF (13.8%, from 1.1 to 1.2 per
100000), and cerebrovascular disease (16.8%, from
2.9 to 3.3 per 100000) was observed. The increase in
diabetes-related CVD AAMR was comparable by sex

J Am Heart Assoc. 2023;12:e028896. DOI: 10.1161/JAHA.122.028896

(15.8% for men and 15.0% for women) but heteroge-
neous in other demographic categories. Those aged
<bbyears experienced the highest increase of 24%
(from 2.8 to 3.5 per 100000), followed by those in the
55 to 74 years age group (16.8%), and >75years group
(13.2%). In each of these age groups IHD accounted
for more than half of the diabetes-related cardiovas-
cular AAMR in 2020 (Table 3). Those with Hispanic or
Latino origin had the highest rise in diabetes-related
CVD AAMR (22.2%) compared with non-Hispanic and
non-Latino people (14.9%). Although there was an in-
crease in diabetes-related CVD AAMR among White in-
dividuals (13.2%), the rise was much more pronounced
in racial minority groups: 25.3% increase in Black in-
dividuals (from 33.2 to 41.6 per 100000), followed
by Asian and Pacific Islander (19.6%), and American
Indian and Alaska Native (15.4%) populations. There
was a greater increase in urban populations (16.4%)
than rural (12.2%).

The crude diabetes-related cardiovascular mortality
rates and number of deaths in 1999, 2019, and 2020
with their respective changes in mortality proportions
are presented in Tables 4 and 5.
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Figure 1. Trend of diabetes-related cardiovascular age-adjusted mortality rate by

cause of death per 100000 population.

AAMR indicates age-adjusted mortality rate; CeVD, cerebrovascular disease; HF, heart
failure; HTD, hypertensive disease; and IHD, ischemic heart disease.

Estimated Excess Mortality in 2020
(2-Decades Model)

Yearly AAMR data from 1999 to 2019 were used to
model the estimated average annual percent change in
order to generate a projection for the expected AAMR
in 2020 in various demographic groups (Table 6). This
model estimated 16009 excess diabetes-related car-
diovascular deaths in 2020. More than half of them
were due to IHD (8504), followed by HTD (3038), cer-
ebrovascular disease (2046), and HF (493) (Figure 6).
Excess mortality among men accounted for the

majority (9216 versus 6956 deaths). The largest por-
tion of excess deaths was among the >75-year age
group (7398 deaths), followed by the 55- to 74-year
age group (7178), and the <55-year age group (1564).
The results for other demographics in this estimate of
excess deaths are shown in Table 6.

Estimating the proportion of excess AAMR out of the
actual 2020 AAMR allows analysis of the impact of the
first pandemic year on each demographic group/cause of
death independent of their distribution in the population and
these results are shown in detail in Table 6 and Figure 7.

= = * White
= Black
53 1
== Asian
=+= American Indian
or Alaska Native
=
H 45
=]
=
=
g
=3
2 38 .
< S
e psmrmrmamee,
= Semr® .,
— .,
= ‘s
- .
g 30 L., s,
= SR, ., v, B4
SN e hd DRSO L N e Lt e
< . ~o® s ”.’o
S ttea.,
S~ e,
230 TN, e,
Nm— mEmEEEL i resssastttTraaaan?
D E P
~ ’
——'\\ ,
Sem——o /
——————————— o
15
=) > — o [sd] =+ w o [y *® =2 > - o~ o st w) o ~ *® ) >
S S 2 o 2 2 2 S 2 2 2 =2 =0 = = = = = = = = Q
=) > > > > > > > > > > > > > > > > > > > > >
- (3} (o] (3} o (] (3} (o] (] (3} (] (3} (o] o o o o o (o] o N o

Figure 2. Trend of diabetes-related cardiovascular age-adjusted mortality rate by

race per 100000 population.
AAMR indicates age-adjusted mortality rate.
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Figure 3. Trend of diabetes-related cardiovascular age-adjusted mortality rate by

sex per 100000 population.
AAMR indicates age-adjusted mortality rate.

Estimated Excess Mortality in 2020
(1-Decade Model)

Using the yearly AAMR data from the decade pro-
ceeding the pandemic (2010-2019) to model the esti-
mated average annual percent change was conducted
as sensitivity analysis to account for a more recent
trend in diabetes-related CVD mortality (Table 7). The
results were broadly similar to those generated from
the 2 decades modeling with estimated 14 715 excess
diabetes-related cardiovascular deaths in 2020. More
than half of these were due to IHD (7956), followed
by HTD (2859), cerebrovascular disease (1803), and
HF (378). The distribution of excess deaths generally

followed the population demographics as seen in the
2 decades model.

DISCUSSION

There are several important findings from this study
of diabetes-related cardiovascular mortality. First,
the steady decline in diabetes-related cardiovascular
AAMR between 1999 to 2019 has been partially re-
versed during the first year of the pandemic. Second,
in 2020 there was a 14.1% rise in IHD AAMR com-
pared with the previous 12months. Third, there has
been more than 16 000 excess lives lost during the first
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Figure 4. Trend of diabetes-related cardiovascular age-adjusted mortality rate by
urbanization status per 100000 population.

AAMR indicates age-adjusted mortality rate.
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Figure 5. Trend of diabetes-related cardiovascular age-adjusted mortality rate
(AAMR) by age group per 100000 population.

year of the pandemic due to diabetes-related CVD.
Fourth, those <65 years of age were the most affected,
with almost one fifth of the 2020 diabetes-related car-
diovascular deaths in this age group being in excess.
Fifth, race and ethnic minority groups, especially Black
individuals and those in urban areas had the highest
increases in mortality.

Our observation that the first year of the COVID-19
pandemic was associated with an excess of diabetes-
related CVD deaths is unsurprising, given that diabe-
tes is a condition associated with hypercoagulability,
chronic vascular inflammation, and atherosclerotic dis-
ease.'® People with diabetes are known to be more sus-
ceptible to a severe course of COVID-19, and the intense
inflammatory response induced, often exacerbated by
steroid treatment, tends to exacerbate hyperglycemia, a
known predictor of poor outcome if left unchecked.'®'"
In addition, the presence of CVD has been recognized
as independent strong predictor of COVID-19 severity
and mortality.'”” Furthermore, in people hospitalized with
COVID-19, cardiovascular complications and mortality
affect just under half of patients with the highest risk
among Black and South Asian populations.'®

It is important to recognize that diabetes has a bi-
directional relationship with COVID-19 infection and

CVD, as these conditions can also increase the risk of
developing diabetes. Coronavirus can directly damage
pancreatic beta cells, impairing insulin secretion, re-
sulting in acute diabetes, and indirectly increase target
tissues insulin resistance through the associated hy-
perinflammation and steroids treatment.'®'* Similarly,
CVD particularly in the form of HF, which is associated
with increased insulin resistance and double the risk of
developing diabetes.'®""

The heightened CVD risk is probably related to
the high inflammatory burden that is associated with
COVID-19 that can lead to broad range of cardiac se-
quelae such as myocardial injury, myocarditis, HF, vas-
cular inflammation, arrhythmias, sudden cardiac arrest,
thrombosis, and coronary arterial plaque rupture lead-
ing to acute myocardial infarction.'®'® Thus, although
our observation of excess mortality is to be expected,
the novelty of the current analysis lies in its absolute
quantification of the extent of the (direct and indirect)
impact of the COVID-19 pandemic in this population.

With CVD and diabetes being the commonest co-
morbidities encountered in patients with COVID-19,2°
The current findings in this US population are consis-
tent with the COVID-19 mortality studies seen among
populations with diabetes in Europe. A nationwide

Table 3. Age-Adjusted Diabetes-Related Cardiovascular Mortality Rate per 100000 Population in 2020, Stratified by Age

Group and Cause of Death

Ischemic heart All cardiovascular
Age group disease Hypertensive disease | Heart failure Cerebrovascular disease | disease
<55y 1.8 0.8 0.1 0.3 3.5
55-74y 33.5 9.8 2.4 6.3 58.9
>75y 1174 331 12.9 35.6 229.4

J Am Heart Assoc. 2023;12:e028896. DOI: 10.1161/JAHA.122.028896
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Table 4. Crude Diabetes-Related Cardiovascular Mortality Rate per 100000 Population

Crude mortality rate

Main causes of death 1999 2019 A% 1999-2019 2020 A% 2019-2020
All cardiovascular disease 30.7 277 -9.8 32.4 17.0
Ischemic heart disease 19.8 14.9 -24.6 17.3 156.8
Hypertensive disease 1.9 4.2 124.9 5.2 24.3
Heart failure 1.2 1.4 156.3 1.6 16.2
Cerebrovascular disease 4.8 3.6 -25.0 4.2 17.9
Sex

Male 30.0 32.6 8.4 38.3 177

Female 31.3 22.9 -26.7 26.6 16.0
Age, y

<55 2.6 2.8 7.3 3.4 221

55-74 74.9 50.2 -33.0 59.0 17.6

>75 294.2 2091 -28.9 235.7 12.7
Ethnicity

Hispanic or Latino 151 14.7 -2.5 18.5 25.9

Not Hispanic or Latino 32.7 30.5 -6.8 35.4 16.1
Race

American Indian or Alaska 16.2 1941 177 22.4 17.3

Native

Asian or Pacific Islander 15.4 156.8 25 19.4 22.7

Black 33.5 30.1 -1041 38.3 274

White 31.2 28.4 -8.8 32.6 14.8
Urbanization

Urban 29.2 25.6 -12.2 30.2 17.9

Rural 38.4 40.3 4.8 45.6 13.4

A% indicates change percentage.

observation study from 53 French centers that in-
cluded 1317 patients with diabetes found the that the
presence of CVD, in the form of macrovascular dia-
betes complications, was independently associated
with more than double the risk of death in at 7 days
(odds ratio [OR], 2.54 [95% CI, 1.44-4.50]).?" Likewise,
a population-based study in England assessed the risk
factors for dying with COVID-19 among around 3mil-
lion patients with diabetes and revealed double the risk
of death in patients with previous stroke (hazard ratio
[HR], 2.02 [95% ClI, 1.88-2.17], for type 2 diabetes), HF
(HR, 2.09 [95% ClI, 1.99-2.21], for type 2 diabetes), and
to a lesser extent, prior myocardial infarction diagnosis
(HR, 111 [95% ClI, 1.00-1.23], for type 2 diabetes).??
In fact, more than half the COVID-19 related mortal-
ity in this study occurred in patients with CVD or renal
impairment. A similar analysis found higher in-hospital
mortality with COVID-19 among patients with diabetes
when associated with cerebrovascular disease (OR,
2.23 [95% Cl, 2.16-2.31]), HF (OR, 2.23 [95% ClI, 2.15—
2.31]), and coronary heart disease (OR, 1.32 [95% Cl,
1.28-1.36])).%°

The current analysis demonstrates that some de-
mographic groups had disproportionately greater

J Am Heart Assoc. 2023;12:e028896. DOI: 10.1161/JAHA.122.028896

increases in diabetes-related CVD mortality, a find-
ing that is consistent with previous literature. Thus,
Barron et al showed that when compared with peo-
ple >70years of age, those <70years had a much
higher relative risk for COVID-19 mortality linked to
the presence of diabetes (younger versus older: OR,
6.39 versus 2.81, for type 1 diabetes; OR, 3.74 ver-
sus 1.79 for type 2 diabetes).?® The greatest increase
in mortality observed in those <bbyears of age in
the current analysis may be related to the potentially
higher portion of patients ineligible for state supported
health insurance and to a higher proportion of type 1
diabetes and young onset type 2 diabetes, in this age
group. These 2 forms of diabetes are known to have
unfavorable cardiovascular risk profile that was likely
augmented by the disruption to routine diabetes care
during the pandemic.?42® Similarly, although not lim-
ited to patients with diabetes, a US-based population
study, using weekly death counts by cause in 2020,
found a higher excess non-COVID mortality among
non-Hispanic younger age groups.® In the same
analysis, 70% of the excess non-COVID mortality
was accounted for by Black and or Hispanic groups.
COVID-19 has also been previously linked to increased
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Table 5. Numbers of Diabetes-Related Cardiovascular Deaths

COVID-19 Impact on Diabetes Cardiovascular Mortality

Number of deaths

Main causes of death 1999 2019 A% 1999-2019 2020 A% 2019-2020
All cardiovascular disease 85547 90804 6.1 106616 17.4
Ischemic heart disease 55179 48956 -11.3 56882 16.2
Hypertensive disease 5169 13653 164.1 17045 24.8
Heart failure 3288 4462 35.7 5222 17.0
Cerebrovascular disease 13278 11732 -11.6 13866 18.2
Sex

Male 41086 52635 281 62190 18.2

Female 44461 38169 -14.2 44426 16.4
Age, y

<65 5745 6490 13.0 7915 22.0

55-74 31618 37115 17.4 44234 19.2

>75 48181 47194 -2.0 54462 15.4
Ethnicity

Hispanic or Latino 5115 8906 741 11350 274

Not Hispanic or Latino 80177 81647 1.8 94951 16.3
Race

American Indian or Alaska 459 912 98.7 1095 201

Native

Asian or Pacific Islander 1749 3445 97.0 4344 26.1

Black 12102 14017 15.8 18079 29.0

White 71237 72430 1.7 83098 14.7
Urbanization

Urban 68411 72258 5.6 85610 18.5

Rural 17136 18546 8.2 21006 13.3

A% indicates change percentage.

mortality risk in England among Black (HR, 1.48 [95%
Cl, 1.29-1.69]) and South Asian people (HR, 1.45 [95%
Cl, 1.32-1.58]).26 Furthermore, among the population
with diabetes, race and ethnic minority populations
were associated with higher COVID-19 mortality risk
and this was exaggerated further in those who were
also <70years of age (HR, 2.25 [95% ClI, 1.93-2.64],
among Black patients <70years old with type 2 diabe-
tes).?? Likewise, the risk of in-hospital COVID-19 mor-
tality among the population with diabetes in England
was higher in Black compared with White patients (OR,
2.76 versus 1.97).% These ethnic and racial disparities
observed may well be related to already existing ad-
verse factors that were worsened by the pandemic,
such as the inferior quality of care, health care access
and use, and unconscious bias with underrepresenta-
tion of these group among health care providers.?-2°
Similarly to the current study, rural populations have
been reported to have much lower COVID-19 mor-
tality rates (9 per 100000 population) compared with
metropolitan areas (20.92 per 100000 population) in
a USAFacts database study.®® However, subsequent
extended studies with data related to 2021 demon-
strated a 36% higher COVID-19 mortality rate in rural

areas.®' This has stimulated speculation that the ini-
tially lower excess mortality in rural, compared with
urban, populations may simply reflect slower spread of
the infection, delaying the wave of mortality, rather than
preventing it. The heavier impact of the first year of the
pandemic on diabetes-related CVD mortality in urban
areas (rather than rural areas) in the current analysis
is likely a representation of this initial slower disease
spread in rural America, especially given the estab-
lished demographic differences and existing health
disadvantages faced by rural communities, especially
when it comes to cardiovascular health.32-34

The disruption of access to acute health services
during the pandemic is likely to have made an import-
ant contribution to the excess diabetes-related CVD
mortality described in the current population during
the first year of the pandemic.®%26 Thus, although there
iS No reason to speculate that people with diabetes
would have had worse access to acute services than
those without diabetes, the availability of interventional
therapies for IHD, in particular, is likely to be highly rel-
evant to the current analysis findings, especially when
diabetes is associated with silent myocardial infarction
and a likely delayed presentation.®”38 For example, the

J Am Heart Assoc. 2023;12:e028896. DOI: 10.1161/JAHA.122.028896 9
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Table 6. Projected Excess Diabetes-Related Cardiovascular Age-Adjusted Mortality Rate per 100000 Population Based on

1999 to 2019 Trend

COVID-19 Impact on Diabetes Cardiovascular Mortality

2020
Estimated Estimated
AAPC 1999-2019 excess excess

Main causes of death [95% CI] Projected AAMR Actual AAMR AAMR % Excess AAMR* deaths
All cardiovascular disease -2.0[-2.2,-1.7] 21.8 25.6 3.8 15.0 16009
Ischemic heart disease -2.8[-3.0, -2.6] 1.6 13.6 2.0 15.0 8504
Hypertensive disease 21[1.7,2.6] 3.4 44 0.7 17.8 3038
Heart failure -1.2[-1.8, -0.7] 1.1 1.2 0.1 9.4 493
Cerebrovascular disease -3.0[-8.5, -2.6] 2.8 3.3 0.5 14.8 2046
Sex

Male 1.4 [-1.7, -11] 28.8 33.8 5.0 14.8 9216

Female -2.8[-3.0, -2.5] 15.9 18.9 3.0 15.7 6956
Age, y

<565 0.3[0.1,0.4] 2.8 3.5 0.7 19.8 1564

55-74 -21[-2.4,-1.7] 49.3 58.9 9.6 16.2 7178

>75 -2.2[-2.5,-2.0] 198.2 229.4 31.2 13.6 7398
Ethnicity

Hispanic or Latino -2.6[-2.9, -2.3] 22.6 28.3 57 20.2 2287

Not Hispanic or Latino -2.0[-22, -1.7] 217 25.3 3.6 14.4 13668
Race

American Indian or -1.7[-21,-14] 24.3 28.5 4.2 14.8 162

Alaska Native

Asian or Pacific Islander -2.8[-3.1, -2.4] 16.2 20.0 3.8 18.8 818

Black -2.6[-2.9, -2.3] 32.3 41.6 9.3 22.3 4026

White -1.9[-2.2, -1.6] 20.6 23.8 3.2 13.4 11169
Urbanization

Urban -2.1[-24, 1.8 20.7 24.5 3.8 15.7 13429

Rural -1.3[-1.6, -1.0] 27.3 31.1 3.8 1241 2540

AAMR indicates age-adjusted mortality rate; and AAPC, average annual percent change.

*Percentage of excess AAMR out of the actual 2020 AAMR.

delivery of primary percutaneous coronary intervention
for ST-segment—elevation myocardial infarction did sig-
nificantly reduce during the first year of the pandemic
as reported in the ISACS STEMI COVID 19 Registry.3°
These finding can be reflected in the US health system,
with a study by Fox et al revealing a rising in-hospital
mortality (OR, 1.36 [95% ClI, 1.15-1.60]) from myocar-
dial infarction during the pandemic, which was par-
ticularly worse in patients with ST-segment—elevation
myocardial infarction (OR, 2.57 [95% Cl, 2.24-2.96]), in
whom the delivery of percutaneous coronary interven-
tion is much more time-sensitive, compared with the
pre-COVID-19 dates.*°

The management of longer-term chronic conditions
such as diabetes has been affected by the pandemic.
Several studies have shown poorer glycemic control
in patients with diabetes during the pandemic in the
United States.*'*? Ledford et al described an 8% in-
crease in mean hemoglobin Alclevels at the begin-
ning of the pandemic compared with 2019 values.*?

Furthermore, other studies have reported a 66% de-
cline in the measurement of hemoglobin Alc levels,
which is known to be associated with worse glycemic
control and less monitoring/treatment of other cardio-
vascular risk factors leading to poorer risk factor con-
trol.** Blood pressure control has been shown to be
significantly worse among the population with diabetes
during the first year of the pandemic with significantly
lower antihypertensive medications prescribed,*%46
which along with the negative impact on other cardio-
vascular risk factors, and the “Infodemic” especially
in relation to angiotensin pathway medications,*” may
well have affected CVD mortality in this population.
This study has some limitations. First, as with all
registry-based studies, the precision of this analysis
is contingent on the accuracy of the data entered into
the death certificates, which makes it susceptible to
coding errors, incomplete information, and changes in
coding practices for diabetes. Second, the level and
distribution of comorbidities and prescribing across the

J Am Heart Assoc. 2023;12:e028896. DOI: 10.1161/JAHA.122.028896 10
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Figure 6. Estimated excess number of diabetes-related cardiovascular deaths in

2020.

CeVD indicates cerebrovascular disease; HF, heart failure; HTD, hypertensive disease; and

IHD, ischemic heart disease.

demographics groups is unknown. Third, the COVID
diagnosis status of patients in this study is not iden-
tified and therefore the proportion of excess deaths
as a direct result from the infection compared with an
indirect effect via disruption of health care provision is
not known. Fourth, the absence of a comparator group
without diabetes. Fifth, data from 2021 were not avail-
able at the time of this analysis and therefore could not
be included. Sixth, stratification of the results in the
Hispanic or Latino population by race was not per-
formed as part of this analysis. Finally, sensitivity analy-
sis by the type of diabetes was not performed to avoid
suppressed results from the CDC WONDER database.

CONCLUSIONS

In conclusion, this analysis demonstrates a sharp rise
in diabetes-related CVD mortality during the first pan-
demic year, an observation that partially reverses a
steady decline in diabetes-related CVD mortality rates
for the preceding 2 decades. The effect was more
marked in younger age groups, racial and ethnic mi-
nority groups, and urban populations. Targeted health
policies should be implemented as health services
return to normal operation following the pandemic to
reduce these disparities. These could be in the form of
improved health care access, medical costs support,

25%

20%

15%

Excess mortality

10%

5%

22.3%

18.8%

14.8%

13.4%

0%

White Black Asian American Indian

or Alaska Native

Figure 7. Percentage of excess diabetes-related cardiovascular age-adjusted
mortality rate (AAMR) out of the actual 2020 AAMR by age group and race.
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Table 7. Projected Excess Diabetes-Related Cardiovascular Age-Adjusted Mortality Rate per 100000 Population Based on

2010 to 2019 Trend

2020
Estimated
Estimated excess

Main causes of death AAPC 2010-2019 (95% ClI) Projected AAMR excess AAMR | % Excess AAMR* deaths
All cardiovascular disease -0.6 (-1.0to -0.1) 221 3.5 13.8 14715
Ischemic heart disease -1.7 (2.1 to -1.4) 1.7 1.9 14.0 7956
Hypertensive disease 3.4 (2.21t04.5) 3.4 0.7 16.8 2859
Heart failure 1.2 (0.3t0 2.0 1.1 0.1 7.2 378
Cerebrovascular disease -1.0 (1.7 to -0.3) 2.9 0.4 13.0 1803
Sex

Male -0.1 (-0.61t0 0.3) 29.2 4.6 13.7 8517

Female -1.4 (-1.9t0 -0.8) 16.2 2.7 14.4 6416
Age, y

<565 0.7 (0.2t0 1.1) 2.8 0.7 19.4 1539

55-74 -0.2 (-0.61t00.3) 50.3 8.6 14.6 6459

>75 -1.1(-1.7 to -0.5) 200.5 28.9 12.6 6868
Ethnicity

Hispanic or Latino -1.4(-21t0 -0.7) 22.9 5.4 19.2 2176

Not Hispanic or Latino -0.5(-1.0to -0.1) 22.0 3.3 1341 12424
Race

American Indian or Alaska -0.2(-1.1t00.6) 24.7 3.8 13.5 148

Native

Asian or Pacific Islander -1.2 (-2.0to -0.4) 16.5 3.5 17.5 760

Black -1.5(-2.0t0 -0.9) 327 8.9 21.4 3867

White -0.5(-1.0t0 -0.0) 20.9 2.9 12.2 10143
Urbanization

Urban -0.8 (-1.3t0 -0.3) 20.9 3.6 14.6 12470

Rural 0.3 (-0.3t00.8) 27.8 3.3 10.7 2240

AAMR indicates age-adjusted mortality rate; AAPC, average annual percent change.

*Percentage of excess AAMR out of the actual 2020 AAMR.

improving unconscious bias training of health care pro-
fessionals, legislation to fight health care misinforma-
tion in social media, raising public awareness through
targeted health promoting and disease prevention
campaigns, encouraging them to seek medical help,
driving health care recruitment in these disadvantaged
groups, and national health care funding policies re-
quiring providers to monitor and rectify any disparities
in their services, in addition to funding high-quality re-
search centers focused on eliminating these disparities
in health care.
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Table S1. STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

Section and Item

Item . Reported on
Recommendation
No. Page No.

Title and Abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the

abstract 0-1

(b) Provide in the abstract an informative and balanced summary of what was

done and what was found 1
Introduction
Background/Rationale 2 Explain the scientific background and rationale for the investigation being

reported 4
Objectives 3 State specific objectives, including any prespecified hypotheses 46
Methods
Study Design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection 5-6
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of

selection of participants. Describe methods of follow-up 5

Case-control study—Give the eligibility criteria, and the sources and methods of

case ascertainment and control selection. Give the rationale for the choice of /

cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of

selection of participants /

(b) Cohort study—For matched studies, give matching criteria and number of

exposed and unexposed /

Case-control study—For matched studies, give matching criteria and the number

of controls per case /
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and

effect modifiers. Give diagnostic criteria, if applicable 6,7
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Section and Item Item Reported on
Recommendation
No. Page No.
Data Sources/ 8* For each variable of interest, give sources of data and details of methods of
Measurement assessment (measurement). Describe comparability of assessment methods if 6
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias /
Study Size 10 Explain how the study size was arrived at 5.6
Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why /
Statistical Methods 12 (a) Describe all statistical methods, including those used to control for
confounding 7
(b) Describe any methods used to examine subgroups and interactions 7
(c) Explain how missing data were addressed 7
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
/
Case-control study—If applicable, explain how matching of cases and controls was
addressed /
Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy /
E———————|
(e) Describe any sensitivity analyses 6-7
Results
Participants 13* | (a) Report numbers of individuals at each stage of study —eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study, 8
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage /
(c) Consider use of a flow diagram /
Descriptive Data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders 8
(b) Indicate number of participants with missing data for each variable of interest /
(c) Cohort study—Summarise follow-up time (eg, average and total amount) /
Outcome Data 15* | Cohort study—Report numbers of outcome events or summary measures over
time 8-9
Case-control study—Report numbers in each exposure category, or summary
measures of exposure /
Cross-sectional study—Report numbers of outcome events or summary measures /
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Section and Item

Item . Reported on
Recommendation
No. Page No.

Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates

and their precision (eg, 95% confidence interval). Make clear which confounders /

were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized /

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period /
Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses 10
Discussion
Key Results 18 Summarise key results with reference to study objectives 10
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias 14-15
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence 11-14
Generalisability 21 Discuss the generalisability (external validity) of the study results 11-14
Other Information
Funding 22 Give the source of funding and the role of the funders for the present study and, if

16

applicable, for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in

cohort and cross-sectional studies.

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this

checklist as part of the main manuscript document. It must be uploaded as a separate file.
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