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ABSTRACT

Introduction: The COVID-19 pandemic disrupted healthcare delivery and increased cardiovascular morbidity and mortality. This study assesses whether cardio-
vascular mortality rates in the US have recovered post-pandemic and examines the equity of this recovery across different populations.

Methods: We analyzed data from the CDC WONDER database, covering US residents’ mortality from 2018-2023. We focused on cardiovascular diseases, categorized
by ischemic heart disease (IHD), heart failure (HF), hypertensive diseases (HTN), and cerebrovascular disease. Age-adjusted mortality rates were calculated for three
periods: pre-COVID (2018-2019), during COVID (2020-2021), and post-COVID (2022-2023), stratified by demographic and geographic variables.

Results: Cardiovascular age-adjusted mortality rates increased by 5.9% during the pandemic but decreased by 3.4% post-pandemic, resulting in a net increase of 2.4%
compared to pre-COVID levels. When compared to pre COVID age-adjusted mortality rates, post COVID IHD mortality age-adjusted mortality rates decreased by
5.0%, while cerebrovascular and HTN age-adjusted mortality rates increased by 5.9% and 28.5%, respectively. Men and younger populations showed higher in-
creases in cardiovascular Age-adjusted mortality rates. Geographic disparities were notable, with significant reductions in cardiovascular mortality in the Northeast
and increases in states like Arizona and Oregon.

Conclusion: The COVID-19 pandemic led to a surge in cardiovascular mortality, with partial recovery post-pandemic. Significant differences in mortality changes
highlight the need for targeted healthcare interventions to address inequities across demographic and geographic groups.

1. Introduction the US and whether this has been equitable amongst different patient
populations.

The COVID-19 pandemic brought about significant disruptions to

healthcare delivery and patients outcomes (Khunti et al., 2022; Schmidt
et al., 2020; Kobo et al., 2020), as well as a notable increase in cardio-
vascular morbidity and mortality (Xie et al., 2022; Kobo et al., 2023;
Chaganty et al., 2023). Previous data suggested that all-cause mortality
rates in the US have decreased from the 2021 peak associated with the
COVID-19 pandemic but remain above the pre-pandemic baseline
(Minhas et al., 2024). We aimed to assess whether, after the surge in
cardiovascular mortality during the first two years of the COVID
pandemic, there has been a recovery in cardiovascular mortality rates in

2. Methods

We utilized the Provisional Multiple Cause of Death database,
Centers-for-Disease-Control and Prevention Wide-Ranging-Online Data
for Epidemiologic Research (CDC WONDER) (Centers for Disease Con-
trol and Prevention et al., 2024). This database contains mortality data
for all US residents from 2018-2023, based on death certificates. Death
certificates include demographic data and a main cause of mortality, per
the International Classification of Disease Tenth Revision (ICD-10). Non-
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US residents were excluded from the analysis. We included all decedents
with cardiovascular disease (codes I*) as the main cause of mortality
(‘underlying cause of death’). Further analyses focused on sub-
categories of cardiovascular diseases, including ischemic heart disease
(IHD, 120-125), heart failure (HF, I50), hypertensive diseases (HTN,
110-115), and cerebrovascular disease (I60-169).

To assess changes in cardiovascular mortality rates over time, we
calculated the percentage change in age-adjusted cardiovascular mor-
tality rates between three pre-defined two-years periods 2018-2019
(pre-COVID), 2020-2021 (during COVID), and 2022-2023 (post-
COVID). Age-adjusted mortality rates were derived using the direct
standardization method based on age group weights from the 2000 U.S.
population (Sidney et al., 2019; Kyalwazi et al., 2022). Population es-
timates used as the denominators of rates were Race-, Hispanic origin-,
sex-, age-, and state-specific. Pre- to post-COVID age-adjusted mortality
rates differences were counted as statistically significant when the CI's
did not overlap. The study was exempt from ethical approval as the CDC
WONDER database contains anonymized, publicly available data.

3. Results

Compared with the pre-COVID period, we observed a 5.9 % increase
in total cardiovascular age-adjusted mortality rates during the COVID
pandemic (Table 1). Subsequently, during the post-pandemic period
(2022-2023), we observed a 3.4 % decrease in total cardiovascular
mortality, with an age-adjusted mortality rateof 221 per 100,000 pop-
ulation, reflecting an overall 2.4 % increase when compared to the pre-
COVID period.

While the increase in total cardiovascular age-adjusted mortality
rates during the COVID years was consistent across all four main car-
diovascular causes of death, the recovery during the post-COVID years

Table 1
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exhibited different patterns (Table 1). IHD age-adjusted mortality rates
showed an overall 5.0 % decrease between pre- and post-COVID periods,
while cerebrovascular age-adjusted mortality rates increased by 5.9 %.
HF age-adjusted mortality rates modestly increased both during and
after COVID (overall 1.4 % increase), while HTN-related mortality
increased by 22.4 % during COVID and by a further 5 % post-COVID-19,
reflecting an overall 28.5 % increase overall when compared to the pre-
COVID period.

While an increase in total cardiovascular age-adjusted mortality
rates during the COVID period and a subsequent decrease post COVID-
19 was observed across most demographic subgroups, a comparison of
pre- and post-COVID-19 total cardiovascular age-adjusted mortality
rates revealed different patterns (Table 1). An overall increase in total
cardiovascular age-adjusted mortality rates was observed across all sex
and age groups; however, it was more prominent in men (3.3 % increase
vs. 1.5 % in women) and in younger people (6.6 % among individuals
aged under 45 years; 3.4 % aged 45-64 years, and 2.0 % aged 65 years
and above). Compared to pre-COVID rates, post-COVID total cardio-
vascular age-adjusted mortality rates were 1.5 % lower among American
Indian or Alaska Native individuals, while in other racial groups there
was a 2.3 %-2.9 % increase.

Comparing pre- and pre-COVID total cardiovascular age-adjusted
mortality rates by place of residence, we observed a 3.7 % decrease in
in the northeast region, but a 3-4 % increase in other regions (Table 1).
Across most of US states we observed and increase in cardiovascular age-
adjusted mortality rates in the post COVID years when compared to pre
COVID years (Fig. 1). The most prominent reductions in cardiovascular
age-adjusted mortality rates between pre- and post-COVID periods were
observed in Columbia District (3.8 %), New Jersey (6.4 %), and New
York (6.8 %), while the most prominent increases were observed in
Arizona (9.8 %), Maine (9.9 %), and Oregon (10.4 %). It should be noted

Pandemic-related changes in age-adjusted total and cause-specific cardiovascular mortality rates and changes in total cardiovascular mortality rates by demographic

group within in the U.S, 2018-2023.

Pre-COVID
2018-2019 (95 % CI)

During COVID
2020-2021 (95 % CI)

Post-COVID
2022-2023 (95 % CI)

% change (from Pre-
COVID to During

% change (from
During COVID to

% change (from
Pre-COVID to Post-

COVID) Post-COVID) COVID)

Total CVD 215.9 (215.5-216.2) 228.7 (228.3-229.0) 221.0 (220.8-221.4) 5.93 -3.37 2.36
Cause-specific CVD (%)

IHD 89.4 (89.2-89.6) 92.2 (92.0-92.4) 84.9 (84.7-85.2) 3.13 —-7.92 -5.03

Cerebrovascular 37.0 (36.9-37.2) 39.9 (39.8-40.1) 39.2(39.1-39.4) 7.84 -1.75 5.95

HF 20.9 (20.8-21.0) 21.1 (21.0-21.2) 21.2 (21.1-21.3) 0.96 0.47 1.44

HTN 24.6 (24.5-24.7) 30.1 (30.0-30.3) 31.6 (31.4-31.7) 22.36 4.98 28.46
Sex

Men 261.9 (261.3-262.4) 277.5 (277.1-277.8) 270.5 (270.1-270.9) 5.96 —2.52 3.28

Women 177.5 (177.1-177.9) 187.6 (187.0-187.8) 180.1 (180.0-180.3) 5.69 —4.00 1.46
Age group

Under 45 years 11.3(11.2-11.4) 12.9 (12.8-13.0) 12.0 (11.9-12.1) 14.16 —6.59 6.64

45-64 years 153.3 (153.1-153.6) 169.5 (169.2-169.8) 158.6 (158.4-158.8) 10.53 —6.43 3.42

65 years and over 1380.2 1446.1 1407.8 4.77 —2.65 2.00

(1379.9-1380.6) (1445.5-1446.8) (1407.5-1408.2)

Hispanic Origin

Hispanic or Latino 157.3 (157.2-157.5) 170.7 (1706.-170.9) 162.6 (162.5-162.7) 8.52 —4.80 3.30

Not Hispanic or Latino 221.7 (221.6-221.8) 235.1 (234.9-235.4) 227.2 (227.0-227.5) 6.04 -3.36 2.48
Race

American Indian/Alaska 143.7 (143.5-143.8) 153.6 (153.4-153.9) 141.6 (141.4-141.8) 6.89 -7.81 —1.46

Native

Asian 121.2 (121.1-121.4) 130.7 (130.5-130.9) 124.3 (124.1-124.4) 7.79 —4.86 2.56

Black or African 283.5 (283.4-283.6) 309.2 (309.1-309.4) 290.0 (289.8-290.1) 9.06 —6.21 2.29

American

Native Hawaiian or 203.4 (203.3-203.6) 214.0 (213.8-214.1) 209.3 (290.2-290.4) 5.19 -2.20 2.88

Other Pacific Islander

White 213.6 (213/4-213/7) 225.5 (255.3-255.7) 219.3 (219.2-219.5) 5.59 —-2.75 2.69

Mixed Race 93.2 (93.0-93.3) 100.1 (99.8-100.2) 95.8 (95.7-95.9) 7.46 —4.29 2.84
Region

Northeast 204.7 (204.6-204.9) 209.7 (209.7-210.0) 197.1 (197.0-197.2) 2.44 —6.03 —3.74

Midwest 226.1 (226.0-226.4) 240.1 (240.0-240.3) 233.2 (233.0-233.4) 6.21 —-2.89 3.14

South 229.0 (228.8-229.3) 245.3 (245.2-245.6) 237.9 (237.7-238.0) 7.14 —-3.02 3.91

West 192.2 (192.0-192.3) 205.3 (205.2-205.6) 200.0 (199.8-200.1) 6.84 —2.61 4.06

Data are mortality rates per 100,000 of the population. CVD, cardiovascular disease; HF, heart failure; HTN, hypertension; IHD, ischemic heart disease.



O. Kobo et al.

oy
N

% change

l 10.4%

’ 0.0%

A " 68%
]

S

‘V

Fig. 1. Percent change in cardiovascular age-adjusted mortality rates between
pre-COVID (2018-2019) and post-COVID (2022-2023) years, by state: Data are
mortality rates per 100,000 of the population.

that all reported pre COVID to post COVID age-adjusted mortality rates
changes were statistically significant with non-overlapping CI's.

4. Discussion

The findings of this study underscore the profound impact of the
COVID-19 pandemic on cardiovascular mortality rates in the United
States (US). Following a declining trend in cardiovascular mortality
rates over the first two decades of the millennium, the emergence of the
pandemic in early 2020 led to a notable increase in cardiovascular
mortality. Our analysis reveals variations in the changes in cardiovas-
cular mortality rates during the post-pandemic period. While total car-
diovascular mortality rates showed a gradual decrease following the
peak of the pandemic, the recovery varied across different sub-groups of
cardiovascular diseases. Notably, while IHD mortality rates decreased
during post-pandemic years, mortality rates for other cardiovascular
causes increased when compared to pre-COVID rates. The prominent
decrease in IHD mortality may be partly attributed the fact that during
COVID individuals with IHD had increased premature mortality, causing
a biased low post COVID mortality rates. This phenomenon, known as
the “harvesting effect,” refers to a period of increased premature mor-
tality followed by a temporary phase of reduced mortality (Walkowiak
et al., 2023).

Moreover, our study highlights disparities in cardiovascular mor-
tality rates across demographic and geographic subgroups. Men and
individuals of Hispanic or Latino origin, and Black or African American
adults, experienced disproportionately higher increases in total cardio-
vascular mortality across the 6-year observation period spanning the
pandemic. This may be a consequence of higher COVID infection rate in
these populations, which had longer term impact (Bassett et al., 2020);
however, socioeconomic factors likely contribute to these disparities
(Lee and Singh, 2021; Harrington et al., 2020). These groups often face
barriers to accessing quality healthcare, including limited health insur-
ance coverage, fewer healthcare facilities in their communities, and
financial constraints that make it difficult to seek timely medical care.
Additionally, they are more likely to work in essential jobs that cannot
be done remotely, increasing their exposure to COVID-19 and its long-
term health consequences. The pandemic also exacerbated existing so-
cial determinants of health such as housing instability, food insecurity,
and chronic stress, which are known to negatively impact cardiovascular
health. Addressing these socioeconomic challenges is crucial for miti-
gating the lingering effects of the pandemic on cardiovascular mortality
and improving overall health equity.

The regional variations in cardiovascular mortality recovery
observed in our study highlight significant disparities that necessitate
tailored healthcare strategies. For instance, while the Northeast region
experienced a 3.7 % decrease in total cardiovascular age-adjusted
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mortality rates, other regions saw increases of 3-4 %. States like New
York, New Jersey, and the District of Columbia showed the most
prominent reductions, with decreases of 6.8 %, 6.4 %, and 3.8 %
respectively. In contrast, states such as Arizona, Maine, and Oregon
experienced substantial increases of 9.8 %, 9.9 %, and 10.4 % respec-
tively. Regional differences in short and long term impact of COVID-19
on mortality were previously reported (Polyakova et al., 2021). These
variations could be attributed to differences in public health policies,
healthcare infrastructure, and the effectiveness of pandemic response
measures. Additionally, socioeconomic factors such as income levels,
education, and employment opportunities vary across regions, impact-
ing healthcare access and outcomes. The observed regional disparities
underscore the importance of developing region-specific interventions
that address the unique healthcare needs and challenges of each com-
munity to promote equitable recovery in cardiovascular health out-
comes post-pandemic.

In conclusion, the COVID-19 pandemic significantly impacted car-
diovascular mortality rates in the U.S., with uneven recovery observed
across various demographic and geographic groups. Men, Hispanic or
Latino individuals, and Black or African American adults faced higher
mortality increases, likely due to socioeconomic barriers. Regional dis-
parities further emphasize the need for tailored public health strategies.
Addressing these disparities through targeted interventions is essential
to improving cardiovascular health equity in the post-pandemic era.
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