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1. Introduction

Rural-urban disparities in cause-specific mortality in the USA have
been reported for a variety of chronic conditions, including substance
misuse, suicides, and organ system diseases [1-4]. This has been on the
backdrop of the well-documented phenomenon of rural areas charac-
teristically experiencing worse health and higher mortality rates
compared to urban areas [1,5,6]. Studies have attributed this to regional
socioeconomic deprivation, less access to healthcare, and reduced
awareness in rural compared to urban areas [7-9]. For cardiovascular
disease, studies have noted the CVD-related mortality rates in the US
declined in the first decade of the 21st century, followed by a plateau
[10-12].

Over the past few years, the COVID-19 pandemic has disrupted
provision of healthcare delivery both in urban and rural areas of the US,
along with a demonstrable loss of life expectancy. The pandemic has
brought about significant economic, social, and political challenges.
However, there remains limited data around whether rural-urban dis-
parities in cardiovascular-disease related mortality in the US have
worsened particularly in the context of the COVID-19 pandemic.
Furthermore, there is limited data on how temporal mortality trends in
rural and urban areas vary when looking at specific CVD sub-types, and
whether the COVID-19 pandemic has reversed the gains differentially
amongst different CVD from the last two decades.

Our study aims to study the temporal evolution in cardiovascular
disease-related mortality in rural and urban areas in the US from Jan 1st,
1999 to Dec 31st, 2020. We subsequently discuss CVD-related excess
mortality in urban/rural areas in the context of the first year of the

COVID-19 pandemic (2020) relative to the preceding twenty years
(1999-2019).

2. Methods
2.1. Data source

We collected data from the Centers for Disease Control and Preven-
tion Wide-Ranging Online Data for Epidemiologic Research (CDC
WONDER) database. From January 1st, 1999 to December 31st, 2020,
cardiovascular-related mortality data was collected using death certifi-
cates for U.S. residents. Each death certificate contained a single un-
derlying cause of death, up to twenty additional causes and
demographic data. Cardiovascular-related mortality was identified
using the ICD10 codes presented in Supplemental Table 1 as the un-
derlying cause of death. The inclusion of multiple types of cardiovas-
cular diseases including diabetes, hypertension, cerebrovascular, and
ischemic heart disease is consistent with notable similarities and risk
overlap within these conditions [13]. Mortality related to
cardiovascular-related disease was queried and stratified according to
the following demographics: urban-rural designation (2013 US Census
classification), sex, race, and age (<55 years of age versus >55 years of
age; these were the pre-defined ranges on the CDC database) [14]. The
study was exempt from ethical approval as the CDC WONDER database
contains anonymized, publicly available data.

2.2. Outcomes

Total deaths and age-adjusted mortality rates (AAMR) per 100,000
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Abbreviations

AAMR  Age adjusted mortality ratio

AAPC  Average Annual Percentage change

CDC WONDER Centers for Disease Control and Prevention Wide-
Ranging, Online Data for Epidemiologic Research

COVID-19 Coronavirus disease 2019 (SARS-CoV-2)

CVD Cardiovascular disease

ICD-10 International Classification of Disease Tenth Revision
IHD Ischemic heart disease

USA: United states of America

population were obtained for each year from 1999 to 2020. The popu-
lation estimates for the denominators of rates were race-, sex-, and age-
specific and were obtained annually for the rural-urban population. For
age-adjustment, the National Center for Health Statistics adopted the
age distribution of the year 2000 population of the USA as the standard
population for the purpose of age adjustments. As a result, the AAMR
was calculated using the direct standardization method based on the age
group weights from the 2000 U S. population.

2.3. Statistical analysis

The AAMR presented per 100,000 population number of deaths are
presented as absolute values. The changes in mortality are presented as
percentage (%). The Joinpoint Regression Program (Version 4.9.1.0),
from the National Cancer Institute was used to calculate the average
annual percent change (AAPC) in AAMR and is presented as a percent-
age with 95% confidence interval (CI). The projected AAMR for 2020
was estimated using a sensitivity analysis of the AAPC from the one-
decade prior (2010-2019), with statistical significance set at the p <
0.05 value (see Supplementary Table 3). Excess AAMR was estimated by
comparing the projected and the actual AAMR for the first year of the
pandemic. This allowed the calculation of the proportion of excess
AAMR (as a percentage) and estimation of the number of excess deaths.

3. Results
3.1. Baseline characteristics & overall combined CVD-related mortality

From 1999 to 2019, there were a total of 16,042,306 deaths attrib-
uted to cardiovascular disease-related mortality in the USA, 8,034,209
(50.1%) of which occurred in urban areas (Supplemental Table 2). For
all CVD-related deaths, 49.3% were in men and 92.6% were in those
aged above 55. When stratified by race, 84.9% of deaths were in White
individuals, 12.4% were in Black individuals, 2.2% were in Asians, and
0.5% were in American Indian individuals.

Throughout the study period, AAMRs for overall CVD-related mor-
tality were higher in rural than in urban areas for the whole study
population as well as across age, sex, and racial groups (Table 1 and
Fig. 1). AAMRs for individual contributors to CVD-related mortality
were also higher in rural than urban areas throughout the study period,
except for mortality related to hypertensive disease (Table 1 and Fig. 2).
For all CVDs combined, AAMRs fell by —40.3% (AAPC = —2.7%) in
urban areas and —33.6% (AAPC = —2.2%) in rural areas (piend<0.001
for both) for the period 1999-2019 (Table 1). The rural-urban AAMR
mortality gap increased from +6.0% in 1999 to +18.0% in 2019
(Ptrend<0.001); and subsequently was +17.0% in 2020. From 2019 to
2020, there was a 6.7% and 5.7% increase in AAMR in urban and rural
areas, respectively. As a result of this reversal in previously improving
CV mortality trends in rural and urban areas, in 2020, rural areas saw an
approximate 10,093 (+6.4%) excess deaths whereas urban areas had
53,436 (+7.7%) excess deaths (Table 1).
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3.2. Cause specific cardiovascular death analysis

Changes in AAMR between 1999 and 2019 for individual compo-
nents of overall CV mortality are shown in Table 1. There was significant
temporal change in AAMR from 1999 to 2019 in ischemic heart disease
(—56.2% (AAPC = —4.4%) in urban areas, —47.5% (AAPC = —3.3%) in

rural areas), cerebrovascular disease (—39.1% (AAPC = —2.6%) in
urban areas, —42.5% (AAPC = —2.9%) in rural areas), hypertension
(+53.1% (AAPC = +1.7%) in urban areas, +94.7% (AAPC = +2.9%) in
rural areas), diabetes in urban areas (—16.7%, AAPC = —1.3%), and

heart failure in rural areas (—8.5%, AAPC = —0.7%); all p < 0.05. There
was a non-significant temporal change observed in AAMR in diabetes-
attributed mortality in rural areas and heart failure-attributed mortal-
ity in urban areas. The rural-urban difference in AAMR from 1999 to
2019 widened for Hypertension (421.7%), ischemic heart disease
(+20.3%), and diabetes (+25.0%) (Ptrend<0.001). The rural-urban dif-
ference significantly decreased from 46.2% to 22.6% for heart failure-
related AAMR (Ptrend<0.001).

From 2019 to 2020, there was a reversal of the decline in AMMR
temporal trends for CV mortality in urban and rural areas (Fig. 3D). This
was consistent for most individual causes of CV mortality, except for
mortality from hypertension (which increased further by 15.5% in urban
areas and 14.9% in rural areas), diabetes (which further increased by
12.1% in rural areas), and heart failure (which continued to demonstrate
decreases in AAMR in urban and rural areas), see Fig. 3D. This translated
to varying levels of excess mortality in 2020 (Table 1), with urban areas
reporting more excess mortality than rural areas. The greatest individual
CV contributor to excess mortality for 2020 was ischemic heart disease:
23,192 (+7.5%) in urban areas and 4338 (6.0%) in rural areas.

3.3. Sex analysis

In rural and urban areas, cardiovascular disease AAMRs were higher
in males than females throughout the study period (Table 1). A
decreasing temporal trend in CVD-related AAMRs were seen in both
males and females to a greater degree in urban areas (Male AAPC =
—2.6%, Female AAPC = —3.2%) than rural areas (Male AAPC = —2.1%,
Female AAPC = —2.5%) from 1999 to 2019 (Ptend<0.001). The male-
female mortality gap (Male AAMR: Female AAMR ratio), from 1999 to
2019, increased in urban areas from a ratio of 1:1.4 to 1:1.5 and in rural
areas from 1:1.4 to 1:1.5 (Pyreng<0.001).

In 2020, there was an increase in CVD-related AAMRs among males
and females in both urban and rural areas (see Fig. 3A). As seen in
Table 1, this translated to greater excess deaths in urban areas (Males
24,282 (7.5%), Females 27,728 (7.5%)) than rural areas (Males 20,997
(6.5%), Females 23,489 (6.4%)).

3.4. Age analysis

Between 1999 and 2019, amongst those aged under 55, there was a
significant temporal increase in CVD-related AAMRs in rural areas
(AAPC = +0.3%), whilst urban areas (AAPC = —1.1%) saw a significant
decrease (both pieng<0.05, Table 1). In the same time period, those aged
above 55 witnessed a temporal decline in CVD-related AAMRs of in both
rural and urban areas, with AAPCs ranging from —2.5% to 3.0%
(Ptrend<0.001), respectively. In the year 2020, there was an increase in
CVD-related AAMRs across all age groups and rural-urban designation.
The smallest change was a 4.8% increase in those greater than 55 in
rural areas (urban equivalent: +5.9%), whereas the greatest change was
a 15.6% increase in those under 55 in urban areas (rural equivalent:
+13.2%) (see Fig. 3B). We estimate 44,820 (6.9%) excess deaths for
those above 55 in urban areas and 8209 (5.6%) excess deaths in rural
areas. For those below 55, there were 1339 (12.4%) excess deaths in
rural areas and 7698 (15.9%) in urban areas (Table 1).



Table 1

Age-adjusted mortality rate by demographic and condition, stratified into urban and rural areas.

Urban (AAMR)

Rural (AAMR)

1999 2019 A% AAPC 2020 A% Excess 1999 2019 A% AAPC 2020 A% Excess
‘99 to (95% ‘19 deaths in ‘99 to (95% ‘19 deaths in
‘19 CDh to 2020 (n, ‘19 CcDh to 2020 (n,
20 %) 20 %)
Combined 313.7 187.4 —40.3 2.7 200.0 6.7 53,436 3329 220.9 —33.6 —22 233.5 5.7 10,093
(313.0-314.5) (186.9-187.8) (-3.1 (199.5-200.4) (7.7%) (331.4-334.5) (219.7-222.0) (-2.6 (232.3-234.7) (6.4%)
to to
-2.3) -1.9)
Demographics ~ Female 267.7 151.1 —43.6 —-3.2 160.5 6.2 27,728 281.0 177.6 —36.8 —2.5 187.2 5.4 23,489
(266.8-268.6) (150.5-151.6) (-3.6 (160.0-161.1) (7.5%) (279.2-282.9) (176.2-178.9) (-2.8 (185.8-188.6) (6.4%)
to to
-2.9) -2.2)
Male 374.8 231.8 —38.2 —2.6 247.6 6.8 24,282 399.6 270.3 —32.4 —-2.1 286.3 5.9 20,997
(373.5-376.2) (231.0-232.6) (-3.0 (246.8-248.4) (7.5%) (396.9-402.4) (268.3-272.2) (-2.4 (284.3-288.3) (6.5%)
to to
-2.2) -1.7)
Under 55 25.4 (25.2-25.6)  21.1 —16.9 -1.1 24.4 15.6 7698 29.5(28.9-30.1) 31.8 7.8* 0.3 36.0 13.2 1339
(20.9-21.3) (-1.3 (24.2-24.6) (15.9%) (31.2-32.5) (0.1 (35.3-36.6) (12.4%)
to to
-0.9) 0.4)
55 and over 1375.0 799.3 —41.9 -3.0 846.2 5.9 44,820 1449.7 916.8 —36.8 —25 960.7 4.8 8209
(1371.7-1378.4)  (797.2-801.3) (-3.4 (844.2-848.3) (6.9%) (1442.7-1456.7)  (911.9-921.7) (-2.8 (955.8-965.7) (5.6%)
to to
-2.6) -2.1)
American Indian 212.6 115.9 —45.5 -3.0 127.0 9.6 365 372.1 218.9 —-41.2 21 239.4 9.4 299
(201.4-223.9) (111.4-120.5) (-3.4 (122.4-131.6) (11.4%) (353.5-390.8) (209.9-227.9) (-2.5 (230.2-248.7) (10.9%)
to to
-2.6) -1.7)
Asian 208.5 120.3 —42.3 —2.7 133.8 11.2 3500 298.5 137.0 —54.1 —-3.1 141.8 3.5 46
(204.5-212.5) (118.8-121.9) (-3.1 (132.2-135.4) (12.6%) (273.6-323.4) (127.9-146.1) (-3.7 (132.8-150.8) (4.7%)
to to
-2.3) -2.6)
Black 420.1 254.6 —39.4 —-2.9 288.4 13.3 15,787 440.2 297.8 —32.4 —2.3 336.8 13.1 1934
(417.2-423.0) (252.9-256.2) (-3.3 (286.7-290.2) (14.3%) (432.7-447.7) (292.3-303.2) (-2.6 (331.0-342.5) (13.9%)
to to
-2.5) -2.0)
White 304.9 182.6 —40.1 —-2.9 192.2 5.3 33,780 325.5 215.4 —33.8 —-2.2 226.0 4.9 7861
(304.2-305.7) (182.1-183.1) (-3.3 (191.7-192.7) (6.1%) (323.9-327.1) (214.2-216.6) (-2.6 (224.8-227.2) (5.7%)
to to
-2.5) -1.9)
CVD DM 24.6 (24.4-24.9)  20.5 —16.7 -1.3 23.8 16.1 13,224 26.6 (26.2-27.1)  27.3 2.6* -0.3 30.6 12.1 2200
conditions (20.4-20.7) (-1.6 (23.6-23.9) (16.1%) (26.9-27.7) (-0.6 (30.2-31.1) (11.0%)
to to
-1.0) 0.0)
IHD 194.0 85.0 —-56.2 —4.4 88.8 4.5 23,192 198.2 104.1 —47.5 -3.3 108.1 3.8 4338
(193.4-194.5) (84.6-85.3) (-4.7 (88.5-89.1) (7.5%) (196.9-199.4) (103.3-104.9) (-3.5 (107.3-108.9) (6.0%)
to to
-4.1) -3.0)
HTN 16.4 (16.2-16.6) 25.1 53.1 1.7 29.0 15.5 12,120 13.1 (12.8-13.4) 25.5 94.7 2.9 29.3 14.9 1903
(24.9-25.3) 1.4 (28.8-29.2) (12.1%) (25.1-25.9) (2.4 (28.9-29.8) (9.7%)
to to
2.1) 3.4)
Heart failure 18.6 (18.4-18.8)  20.3 9.1% 0.3 19.9 —2.0 —3406 27.2 (26.7-27.6)  24.9 —8.5¢ -0.7 24.4 —2.0 —590
(20.1-20.4) (-0.3 (19.8-20.1) (—4.9%) (24.5-25.3) (-1.1 (24.0-24.8) (—3.6%)
to to
0.8) -0.3)
Cerebrovascular 60.1 (59.8-60.4)  36.6 —39.1 —2.6 38.4 4.9 6805 67.8 (67.1-68.5)  39.0 —42.5 —-2.9 41.0 5.1 1854
disease (36.4-36.8) (-3.2 (38.2-38.6) (5.1%) (38.5-39.5) (-3.2 (40.5-41.5) (6.7%)
to to
-2.0) -2.6)

All variables demonstrated statistical significance in AAMR trends with a p-value of <0.001, apart from those marked by the following: “** indicates p-value>0.05 and ‘{’ indicates p-value >0.001.
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Fig. 1. Age-adjusted mortality rate for CVD (all-cause mortality) in rural and urban areas, with rural-urban AAMR ratio provided as secondary axis.
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Fig. 3. Percentage change in AAMR (1999-2019 & 2019-2020) across sub-groups.

3.5. Race analysis

Black and American Indian patients had the highest cardiovascular
AAMRs relative to White and Asian patients (see Supplementary
Table 2). Each racial group saw higher AAMRSs in rural areas. Between
1999 and 2019, across races and regardless of rural-urban designation,
there was a statistically significant temporal decline in CVD-related
AAMRs with AAPCs ranging from —2.1% in American Indians in rural
areas to —3.1% in those of Asian origin in rural areas (Pgeng<0.001).
2020 saw a reversal of this trend, with the greatest relative magnitude in
excess deaths seen in Black patients in urban (15,787 (14.3%)) and rural
(1934 (13.9%)) areas (see Table 1).

4. Discussion

Our analysis of national CVD-related mortality between 1999 and
2020 with specific focus on differences between urban and rural regions
demonstrates several important findings. Between 1999 and 2019 there
was an overall decline in CVD-related mortality nationwide, which was
more prominent in urban areas compared to rural areas. Significant
declines in mortality were seen for most individual CVD causes in both
urban and rural areas, except for hypertensive mortality which
demonstrated an increase in both rural and urban areas. Reductions in
CVD-related mortality between 1999 and 2019 were noted across sex,
age, and all racial groups. Although CVD-related mortality increased in
those under 55 years of age in rural areas. Mortality remained highest
for Black Americans during the study period, both in rural and urban
regions. The first year of the COVID pandemic in 2020 demonstrated
reversal in prior decreases in CVD-related mortality across both rural
and urban areas, with slightly greater increase in AAMRSs in urban areas,
leading to an estimated excess deaths of 10,093 and 53,436 respectively.
Increases in CVD-related mortality in 2020 were noted for most indi-
vidual causes of CVD mortality and across age, sex, and racial groups.
These results have important implications for evaluating historical

trends and the effects of the COVID pandemic on CVD-related mortality
in urban and rural areas in the United States.

4.1. Overall mortality trends (and disease specific mortality trends)

The current study expands on prior literature regarding overall
trends in CVD-related mortality between urban and rural areas prior to
and during the first year of the COVID pandemic [1,4,6,12,15-19]. In
recent decades and markedly from 2010 onwards, studies have noted a
widening gap in CVD-related mortality between rural and urban areas
over time; this has been attributed to lower socioeconomic status, older
population, less access to healthcare, and reduced healthcare awareness
in rural areas [7-9]. Novel findings in the current study include a
breakdown of pre-COVID and early COVID mortality trends between
urban and rural areas characterized by individual components of
CVD-related mortality and other important demographic characteristics.
There may be several reasons for the differential effects of the COVID
pandemic on CVD outcomes in urban versus rural areas. Early COVID
studies published in 2020 reported a greater disease burden in urban
areas compared to rural areas [16,20,21], due to higher disease spread
because of high population density, high degree of connectivity, crow-
ded living conditions, inundated healthcare facilities and exposed oc-
cupations. These may explain the greater CVD-related percentage of
excess mortality we report in urban areas in 2020 [16-18,22]. It is also
worth noting, these findings occurred at a time when vaccines were
unavailable. Given the ongoing and evolving nature of the COVID
pandemic, these findings highlight potential conditions requiring addi-
tional public health attention. Additionally, we identify a potential need
for extra emphasis on the management of hypertensive diseases and
diabetes in rural regions as increasing contributors to CVD mortality,
and the effects of COVID on these conditions deserve further evaluation.
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4.2. Trends by age

In this study, we also demonstrate important findings regarding the
relationship between age and temporal trends in CVD-related mortality
in urban and rural areas. While patients over 55 years of age derived
significant reduction in CVD-related mortality (around 40%) in both
urban and rural areas between 1999 and 2019, those under 55 years of
age experienced a smaller 17% reduction in CVD mortality in urban
areas and an increase in CVD mortality in rural areas. There may be
several explanations for the finding of less prominent improvement in
younger patients, particularly in rural areas. Smaller improvements or
even increases in CVD-related mortality in younger patients have been
described previously both in the US [15,23,24] and other industrialised
countries [25,26]. Smaller improvements in CVD outcomes in younger
patients have been attributed to lower uptake of treatments for CVD
comorbidities including diabetes, hyperlipidemia, and heart failure, and
the rise in CVD risk factors such as diabetes mellitus, obesity, and hy-
pertension in younger populations [27-31]. Younger patients, particu-
larly those in rural communities, may also have a greater burden of
psychosocial comorbidities such as substance abuse and high risk
behavior such as smoking and obesity, which may contribute to higher
risk of CVD disease [32]. Additionally, younger patients in rural areas
have been reported to have worse physical and mental health status,
lower education status, as well as reduced access to care and lower
amount of health insurance coverage [33-35]. Although we found that
increases in CVD-related mortality between 2019 and 2020 were more
prominent in urban versus rural areas for both adults under and over age
55, AAMRs remained significantly higher for both age groups in rural
compared to urban areas. These findings highlight the need for addi-
tional efforts to improve rural health, with particular focus on CVD
disease in younger Americans due to disparate effects on the pandemic
on this cohort.

4.3. Racial trends

The current study also expands on prior literature regarding trends in
CVD-related mortality based on race, with a focus on rural and urban
disparities. Black patients experienced a greater decline in CVD-related
mortality in urban areas compared to rural areas between 1999 and
2019, with similar increases in CVD-related mortality in urban and rural
areas between 2019 and 2020. Black patients in rural areas have been
reported to have higher rates of diabetes and hypertension compared to
urban Black patients, as well as higher rates of uncontrolled diabetes and
hypertension, which may be expected to translate into higher CVD-
related mortality [36]. Members of underrepresented racial commu-
nities, including Black Americans have higher levels of socioeconomic
deprivation, which is a by-product of systemic discriminatory policies
that have limited access to education, occupations, and safe, affordable
housing, all of which contribute directly to disparities in CVD-related
mortality rates [35]. In addition to identifying differential mortality
trends between Black Americans in urban versus rural areas, we also
confirm findings of prior studies that CVD-related mortality in Black
Americans remains higher than for other races. Mortality for White
Americans, even in rural areas, remains lower than for Black Americans
in either urban or rural areas throughout the study period. This also
remained true for trends in mortality between 2019 and 2020, where we
show that Black patients had greater increases in mortality in both rural
and urban areas compared to White patients and other racial groups.
Taken together, these findings highlight ongoing racial differences in
care, which were further amplified by the first year of the COVID
pandemic.

There are limitations to this study. On March 11, 2020, COVID-19
was declared by the World Health Organisation although the disease
was prevalent from earlier in 2020. Due to concern for inaccurate
diagnosis in the early phase of the pandemic, we did not evaluate ICD
codes for COVID as a contributor to mortality. Excess CVD-related
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deaths in rural and urban regions in 2020 could have been a function
of COVID-19 directly or due to indirect effects of COVID on the health
delivery system. Moreover, the accuracy of coding for etiologies of
mortality in 2020 would have been subject to regional biases as well as
changes over time. Whether there are systemic differences in the accu-
rate characterization of the cause of death between rural and urban
areas cannot be determined and may affect the validity of the results. We
were not able to adjust to baseline comorbidities, as well as other
important potential confounders such as socioeconomic status, educa-
tion, and occupation. Subgroup analysis with different age groups were
not performed Additionally, as we used the 2013 US Census classifica-
tion to determine rural-urban designation, we could not account for the
change in the composition of rural and urban areas over the period of
analysis. Rural areas may have experienced population growth and/or
integration with an urban center since 2013. Moreover, we could not
account for the possibility of those individuals who chose to migrate
from rural-urban regions or vice versa.

5. Conclusion

In conclusion, we demonstrate that CVD-related disease mortality
steadily improved from 1999 to 2019 in both rural and urban areas,
although the improvements were greater in urban areas. Improvements
in CVD-related mortality were similar in urban and rural areas among
sexes, races, and patients over age 55, while those under age 55 expe-
rienced a decrease in CVD-related mortality in urban areas but an in-
crease in CVD-related mortality in rural areas. Between 2019 and 2020,
the first year of the COVID pandemic (when vaccines were unavailable),
there was a reversal of previously improving CVD-related mortality
trends in both urban and rural areas, with an increase in CVD-related
mortality that was mildly more prominent in urban compared to rural
areas. Increases in mortality in urban areas compared to rural areas in
2020 were similar based on sex, age, and racial groups and were seen for
most individual components of CVD-related mortality. These results
reinforce the need to focus on CVD care among both urban and rural
communities; emergency medical services and planning has to be
improved to be better capable of managing surges in healthcare demand
during a natural disaster such as a pandemic. Decreased equitable access
to good quality and timely healthcare leads to delayed care and worse
patient outcomes.
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