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Abstract
Background
This research examines mortality patterns and the place of death in individuals with chronic rheumatic
heart disease (RHD) in the United States, aiming to identify demographic predictors for home or hospice
death. Additionally, the study aims to uncover trends in mortality due to RHD and provide a predictive
forecast.

Methods
The study utilized data from the Centers for Disease Control and Prevention (CDC)-Wide-Ranging Online
Data for Epidemiologic Research (WONDER) database, which spans 22 years (1999-2020), and was
categorized based on place of death, including home or hospice care, inpatient, outpatient, or emergency
room deaths, and nursing home facility deaths. The data was further analyzed by age, gender, race, and
region. The Autoregressive Integrated Moving Average (ARIMA) model was used for statistical analysis and
forecasting.

Results
A total of 73,673 deaths were analyzed, and age was found to be a significant predictor of place of death. The
highest number of deaths was in the 85+ age group, followed by a decrease in likelihood with decreasing age.
Individuals residing in the West were more likely to die at home or in hospice compared to those in other
regions. White individuals had a higher likelihood of dying at home or in hospice compared to other racial
groups.

Conclusions
The findings emphasize the importance of considering patients' preferences and ensuring equitable access
to end-of-life care services, regardless of their demographic background. The study highlights the need for
further research to improve access to palliative care, reduce disparities in end-of-life care, and enhance the
quality of life for individuals with chronic RHD and their families.
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Introduction
Around seven thousand people in the United States die from a variety of diseases every day, and healthcare
providers will inevitably encounter patients who are actively dying at some point in their careers, making it
crucial to understand the clinical significance and disparities in end-of-life care. The National Hospice and
Palliative Care Organization (NHPCO) defines end-of-life care, or hospice care, as the point from when a
person has a terminal illness with less than six months to live, and curative treatment options are no longer
viable. Early conversations about end-of-life care should take place to allow sufficient time for incorporating
patients' values, goals, and preferences into their care [1]. Although patients prefer to die at home,
surrounded by familiarity and the presence of loved ones, various challenging factors such as insufficient
nursing care, exhausted family caregivers, and financial constraints often lead to hospital care being
prioritized [2].
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Rheumatic heart disease (RHD) is the most common cause of cardiovascular morbidity and early mortality
among young patients worldwide, often resulting from Group A streptococcal (GAS) infections [3]. A
retrospective analysis of individuals aged 25 and older revealed that 141,137 deaths related to RHD occurred
between 1999 and 2020. Of these deaths, 140,825 had a known place of death, with 56.4% occurring in
hospitals, 33.1% in the decedent's home, and the remaining in nursing homes and long-term care facilities
[3]. However, there is limited literature available on trends in place of death, which could help identify any
disparities faced by patients in end-of-life care.

Aims and objectives
The main aim of this research is to evaluate and quantify the differences in the home or hospice death and
medical facility or nursing home death for individuals with chronic rheumatic heart disease in the USA
between 1999 and 2020, taking into account four parameters: age group, gender, race, and the four census
regions of the country. Additionally, the study aims to identify trends and patterns in the distribution of
death among different locations in order to shed light on potential disparities and the factors that influence
end-of-life care decisions for those with chronic rheumatic heart disease.

Materials And Methods
The study relied on the Centers for Disease Control and Prevention (CDC)-Wide-Ranging Online Data for
Epidemiologic Research (WONDER) database. This database compiles data from the National Center for
Health Statistics and provides comprehensive mortality statistics derived from the death certificates of
patients across the United States of America. As the CDC-WONDER database is a publicly available, free-to-
use database, the present study was deemed exempt from ethical approval.

Data was obtained on February 26, 2024, and encompassed all fatalities resulting from chronic rheumatic
heart disease between 1999 and 2020, utilizing the Bridged-Race categories. The International Classification
of Diseases, Eleventh Revision (ICD-11), World Health Organization (WHO) 2019/2021
https://icd.who.int/browse11 code "105-09" was employed to identify all pertinent cases [4].

The study was conducted at the following institutes: R.G. Kar Medical College and Hospital (Kolkata), K.A.P.
Viswanatham Government Medical College (Periyamilaguparai), and Coimbatore Government Medical
College and PSG Institute of Medical Sciences and Research (Coimbatore). The subsequent analysis focused
on the total number of fatalities within the specified timeframe, categorized by location of death, such as
home or hospice care, medical facility death (including inpatient, outpatient, and emergency room deaths),
death upon arrival, and status unknown, nursing home facility death, and others (including locations other
than these or unknown).

The data was further subdivided based on the patient's 10-year age ranges, gender, race (Asian or Pacific
Atlanta, American Indian or Alaska Native, White, Black, or African American individuals), and U.S. census
areas (Northeast, Midwest, South, and West).

The collected data was exported to Microsoft Excel (Microsoft Corporation, Redmond, Washington, United
States) for further analysis. Missing data, if present, was handled using listwise deletion, meaning cases with
missing or incomplete information on key variables were excluded from the analysis. The decision to exclude
missing data was based on the completeness of the CDC-WONDER dataset, where missing entries were
relatively rare. This approach was chosen to ensure consistency in the analysis and avoid biases that
imputation methods might introduce.

Statistical analysis and data visualization were performed using an Autoregressive Integrated Moving
Average (ARIMA) model. For the analysis of temporal trends, an Autoregressive Integrated Moving Average
(ARIMA) model was used. The ARIMA model is a widely-used tool for time-series forecasting, particularly in
epidemiology, as it accounts for trends, seasonality, and autocorrelations in longitudinal data. The model
was chosen for its ability to describe the trend in mortality over the 22-year period and provide forecasts for
potential future trends.

Statistical tests included univariate logistic regression in order to assess the differences in the place of death
according to patient demographics. A p-value <0.05 was considered statistically significant.

Results
Aggregate data of 73,673 deaths from 1999-2020 was obtained for chronic rheumatic heart disease (RHD)
from the CDC-WONDER database.

Table 1 depicts the total number of deaths based on place for chronic rheumatic heart disease from 1999 to
2020. The age group with the lowest number of deaths in home or hospice care was between <1 to 14 years
(0%; n=0), while the age group with the highest number of deaths was 85 years and older (42.5%; n=7,892).
The age group of one to four years recorded the fewest deaths in medical facilities or nursing homes (0.05%;
n=24), whereas the age group of 75-84 years had the most deaths (30.7%; n=16,141). For the 'Others'
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location, the age group with the least number of deaths was between <1 to 24 years (0%; n=0), and the age
group with the most deaths was above 85 years (48.1%; n=1,197).

Variables (n) Home or Hospice Medical Facility or Nursing Others

Ten-Year Age Groups (n =18590) (n =52595) (n =2488)

< 1 year (n = 46) 0 46 0

1-4 years (n = 24) 0 24 0

5-14 years (n = 58) 0 58 0

15-24 years (n = 222) 16 206 0

25-34 years (n = 878) 107 742 29

35-44 years (n = 1,768) 236 1493 39

45-54 years (n = 4,043) 679 3271 93

55-64 years (n = 7,930) 1353 6390 187

65-74 years (n = 13,625) 2634 10716 266

75-84 years (n=22,491) 5673 16141 677

85+ years (22,597) 7892 13508 1197

Gender (n =18593) (n =52643) (n =2507)

Female (n = 49,913) 12604 35508 1801

Male (n= 23,830) 5989 17135 706

Census Region (n =18593) (n =52638) (n =2499)

Census Region 1: Northeast (n = 14,073) 3517 10287 269

Census Region 2: Midwest (n = 18,273) 4196 13433 644

Census Region 3: South (n = 22,597) 5255 16491 851

Census Region 4: West (n = 18,787) 5625 12427 735

Race (n =18588) (n =52639) (n =2501)

American Indian or Alaska Native (n = 433) 80 335 18

Asian or Pacific Islander (n = 2215) 467 1703 45

Black or African American (n = 5,870) 1025 4703 142

White (n = 65,210) 17016 45898 2296

TABLE 1: Total number of deaths in each place of death, according to demographic variables
Values have been reported as N values.

In terms of gender, there were more deaths overall in females (67.7%; n=49,913) than in males (32.3%;
n=23,830). Medical facilities or nursing homes were the locations with the highest number of deaths for both
females (71.1%; n=35,508) and males (71.9%; n=17,135).The least number of deaths occurred in the 'Others'
locations for both females (3.6%; n=1,801) and males (3%; n=706).

In terms of census region, the South region had the highest overall number of deaths (30.7%; n=22,597), of
which the maximum number of deaths occurred in medical or nursing facilities (73%; n=16,491). The
Northeast region had the lowest overall number of deaths (19.1%; n=14,073), with the highest number of
deaths occurring in medical or nursing facilities (72.1%; n=10,287).

Based on race, the overall maximum number of deaths was attributed to White patients (88.5%; n=65,210),
while the overall minimum was attributed to American-Indian or Alaska Native patients (3%; n=2,215). In all
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races, the maximum number of deaths occurred in medical or nursing facilities.

Table 2 shows the predictors of home or hospice deaths for chronic rheumatic heart disease from 1999 to
2020. It was observed that individuals aged 75-84 years, male gender, patients residing in the West region,
and White patients were more likely to die in home or hospice care, as predicted via univariate logistic
regression (p <0.05).

Variables
Univariate Logistic Regression

Odds Ratio 95% Confidence Interval P-value

Age

< 1 year 0 (0, 3.751e+61) 0.87

1-4 years 0 (0, 2.551e+87) 0.906

5-14 years 0 (0, 1.661e+54) 0.854

15-24 years 0.145 (0.087, 0.241) <0.001*

25-34 years 0.259 (0.211, 0.317) <0.001*

35-44 years 0.287 (0.25, 0.33) <0.001*

45-54 years 0.376 (0.345, 0.41) <0.001*

55-64 years 0.383 (0.359, 0.409) <0.001*

65-74 years 0.447 (0.425, 0.47) <0.001*

75-84 years 0.629 (0.603, 0.655) <0.001*

85+ years 1.0 (Reference)

Gender

Male 0.994 (0.959, 1.03) 0.726

Female 1.0 (Reference)

Census Region

Census Region 1: Northeast 1.000 (Reference)

Census Region 2: Midwest 0.895 (0.85, 0.942) <0.001*

Census Region 3: South 0.909 (0.866, 0.955) <0.001*

Census Region 4: West 1.283 (1.221, 1.348) <0.001*

Race

Asian or Pacific Islander 1.263 (1.117, 1.427) <0.001*

American Indian or Alaska Native 1.071 (0.833, 1.378) 0.592

White 1.669 (1.557, 1.789) <0.001*

Black or African American 1.000 (Reference)

TABLE 2: Univariate logistic regression of place of deaths according to demographic variables
Values are reported as odds ratios and confidence intervals (N); p values <0.05 was considered to be statistically significant.

Moreover, it was also observed that those aged 85 years and above have the highest probability of dying in
home or hospice care, while those aged between <1 year to 14 years have the least probability. Males are
0.994 times less likely to die in home or hospice care than females, and patients from the West are 1.263
times more likely to die in home or hospice care than those from the Northeast. Patients from the Midwest,
on the other hand, are 0.895 times less likely to die in home or hospice care. White patients have a 1.669
times higher likelihood of death in home or hospice compared to Black or African American patients.
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Figure 1A shows that the overall deaths from chronic rheumatic heart disease in home or hospice care are
increasing, with significant decreases in 2001, 2004, 2010, and 2017. Figure 1B indicates that individuals
aged 85 and above have an increasing trend in deaths, while those aged between 25 and 44 years have
remained constant over the years. Figure 1C reveals that female deaths are higher than male deaths. Based
on figure 1D, it can be determined that White patients have the highest death rates, with the trend gradually
increasing in comparison to other races. Finally, Figure 1E indicates that the West has the highest death rate,
with the trend gradually increasing compared to other regions.

FIGURE 1: Predictive forecasting of death trends until 2025
A: overall trends in mortality (observed and predicted); B: mortality trends according to 10 year age groups; C:
mortality trends according to gender; D: mortality trends according to race; E: mortality trends according to
census region

Discussion
Twenty-two years of data (1999-2020) were collected from CDC-WONDER to study mortality patterns
related to rheumatic heart disease, encompassing a total of 73,673 deaths. This data included 18,593 (25%)
home or hospice deaths, 52,643 (71.5%) medical facility deaths, and 2,507 (3.4%) deaths categorized as
‘Others.’ Leveraging this data, we generated reliable predictions for an additional five years, bolstering the
strength and reliability of our findings. This extended time frame allows for a more comprehensive
understanding of the disease's long-term trends and potential future developments.

This study investigated the mortality trends and place of death in patients suffering from chronic rheumatic
heart disease. A greater number of deaths occurred in medical facilities and nursing homes compared to
home or hospice settings. This aligns with findings by Siddiqui et al., who observed disparities in place of
death among diabetic patients [5]. Moreover, our analysis identified age, region, and race as significant
predictors of home or hospice death. This emphasizes the critical need for ensuring comprehensive and
accessible end-of-life care options for RHD patients, irrespective of their demographic background.

Consistent with existing knowledge, the study also found that mortality rates for individuals with RHD climb
steadily with age, with the highest number of deaths observed in the 85+ age group [6]. The highest number
of home and hospice deaths was observed to occur among the 85-year-old and above age group. These
environments offer several benefits, including reduced need for medical interventions, fostering a warm and
intimate atmosphere for quality time with loved ones, and empowering patients with greater control over
their surroundings [7].

The probability of passing away at home or in hospice care decreases as age decreases, in contrast to
individuals who are 85 years old or older. However, this likelihood increases with age until the 75-84 age
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group. This result aligns with a study conducted by Cross et al., who also similarly found a lower likelihood of
hospital death and a higher likelihood of dying in a nursing home or hospice with advancing age, compared
to those under 65 [8]. These findings differ from the study by Al Hussein et al., who found a higher likelihood
of home or hospice death in the 45-54-year-old age group [9]. This is consistent with the results of Siddiqui
et al., who found the highest probability of home or hospice death in the age group of 55 to 64 years [10].

This study also revealed that there were more female deaths than male deaths in all categories. This finding
is consistent with existing data that show a higher global burden of RHD among females, reflected in both
higher prevalence and mortality rates [6]. Although our results suggest that gender does not significantly
influence the likelihood of dying at home or in hospice care, several other studies have shown an increased
probability of male deaths in home or hospice care [5,10].

Our study uncovered significant regional discrepancies in end-of-life care for RHD patients. The South had
the highest number of fatalities, while individuals in the West were more likely to pass away at home or in
hospice facilities compared to those living in the Northeast, Midwest, and South. This finding aligns with
some previous research (Siddiqui et al.), but contrasts with others (Hussein et al.), who reported a higher
likelihood of home/hospice deaths in the South [5,9]. The observed regional disparities in end-of-life care
for RHD might be influenced by various factors, such as differences in population characteristics, healthcare
resource availability, and existing economic disparities across different regions of the country [5]. Notably,
countries with well-developed healthcare systems often have lower hospital death rates, likely due to the
availability of alternative care options outside of hospitals, allowing individuals to spend their final
moments in a more familiar and comfortable environment. This underscores the importance of ensuring
accessible and comprehensive end-of-life care options for RHD patients across all regions [11].

Our study further revealed significant racial disparities in the place of death for RHD patients. Although the
overall mortality rate was highest among White individuals, those who identified as Black or African
American individuals had a considerably lower likelihood of passing away at home or in hospice care
compared to those who identified as White, Asian, or Pacific Islander, American Indian, or Alaska Native
individuals. Interestingly, White individuals showed the highest odds of dying at home or in hospice. These
findings highlight the concerning presence of racial disparities in end-of-life care for RHD patients.
Furthermore, studies by Chuzi et al. and Cross et al., investigating trends in cardiovascular mortality, report
similar patterns of racial disparities in place of death [8,12]. Several studies have identified a potential
connection between race and ethnicity and the utilization of hospice care. Research suggests that areas with
a larger percentage of Black and Hispanic residents tend to have lower hospice use rates compared to other
demographics [12]. Additionally, another report found a similar trend, where White individuals were more
likely to experience cardiovascular death in a hospice facility or at home compared to their Black
counterparts [13]. These observed racial disparities might be attributed to a combination of complex factors,
including potential biases in healthcare access and treatment, as well as unfavorable social and economic
determinants impacting health outcomes [14]. Furthermore, research conducted by Wang et al. has
consistently identified statistically significant differences in hospice utilization between African American
and White patients [15]. These disparities in hospice use extend beyond just Black or African American
individuals. Research by Ngo-Metzger suggests that both U.S.-born and foreign-born Asian residents were
less likely to use hospice than the White population, highlighting the need for further exploration of factors
influencing disparities within and between racial and ethnic groups [16].

Meeting patients' preferred place of death (PPOD) is consistently identified as a crucial indicator of high-
quality palliative care. Research emphasizes the importance of respecting patients' choices, considering it an
essential component of optimal terminal care [16,17]. Honoring these preferences demonstrably improves
the quality of end-of-life services and fosters greater social equality [18]. This viewpoint is consistent with
that of healthcare policymakers, who acknowledge the significance of comprehending PPOD. Emphasizing
PPOD promotes improved end-of-life care, demonstrates adherence to patient preferences, and streamlines
resource allocation to ensure the delivery of effective palliative care [19,20].

Various other studies also consistently highlighted home as the chosen place of death for the majority of
people, including terminally ill patients [21-26]. A systematic review by Bell et al. (2010) confirms this global
trend, revealing that the home is the most favored location for cancer patients worldwide [27]. This
preference stems from the inherent comfort and familiarity of one's own home, allowing individuals to
spend their final moments surrounded by loved ones [28]. A systematic review by Hoare et al. further
supports this notion, demonstrating that when missing data points were excluded, the majority of
participants expressed a desire to die at home [22]. Interestingly, other findings by Lee et al. suggest no
significant difference in place of death preference based on a patient's specific diagnosis [29]. However, it's
crucial to acknowledge the gap between preferences and realities.

Despite a strong preference for home-based end-of-life care, a separate study by Iwashyna et al. (2015) found
that over two-thirds of patients ultimately passed away in hospitals, with this proportion continuing to
rise [30]. Various factors influence the alignment between the desired and actual place of death. Studies
examining this "congruence" identify supportive factors like physician support, hospice enrollment, and
family assistance, while hospitalization, lack of family support, and inadequate symptom control can hinder
it [27].

 

2024 Khanal et al. Cureus 16(12): e75162. DOI 10.7759/cureus.75162 6 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Disparities in place of death exist based on sociodemographic factors. Research shows that Black and
Hispanic individuals are more likely to die in hospitals compared to White individuals, who lean towards
nursing homes, even after accounting for other variables like age and income [30,31]. Additionally, married
patients have a higher chance of dying at home due to a larger potential caregiver pool, while those with
higher education and income benefit from greater access to resources, also increasing their likelihood of
home-based death [8,30].

It was also observed that the available literature demonstrates a positive association between receiving
palliative care and dying at home, indicating that palliative care plays an important role in influencing the
place of death. Patients receiving palliative care were twice as likely to die at home as those who did not
receive such care, according to one study by Quinn et al. [32]. Moreover, the provision of palliative care
services in diverse environments, including residential care facilities and nursing homes, augments the
probability of passing away in said specific locations as opposed to a medical facility [32]. Conversely,
hospital-based end-of-life care increases the chance of dying in a hospital compared to home [33].

To provide the best end-of-life care and support services for individuals with chronic RHD, it is crucial to
comprehend the factors influencing their place of death. Healthcare practitioners should consider the
distinctive needs and preferences of patients and their families when discussing treatment alternatives and
planning for end-of-life care. Future research should concentrate on creating treatments that boost access to
palliative care services, reduce inequities in end-of-life care outcomes, and improve the quality of life for
individuals with chronic RHD and their families.

Limitations
Our analysis covers data from 1999 to 2020, excluding the recent period of 2021-2023 due to its
unavailability in the CDC-WONDER database. This restricts our ability to capture the most recent trends and
potential shifts in mortality patterns or places of death. Future research could revisit the study when the
latest data becomes accessible. While we analyze broad categories like home/hospice, medical facility, and
others, the study doesn't delve into specific subcategories within these categories. Examining locations like
nursing homes or specific hospital types could provide a more nuanced understanding of end-of-life care
utilization, especially within the "others" group. Our study further does not account for socioeconomic
factors such as income, education, or access to healthcare, which are significant contributors to disparities
in end-of-life care. These factors often correlate with both healthcare access and quality and may influence
the place of death for different demographic groups. The study also relies solely on data from CDC-
WONDER, which utilizes information from death certificates. While valuable, death certificates may contain
inaccuracies or inconsistencies in completion, potentially affecting the accuracy and reliability of the data.
Future research could explore alternative data sources, like collaborating with healthcare providers, to
potentially improve data robustness.

Conclusions
The study findings underscore several noteworthy trends in the distribution of deaths among individuals
with chronic rheumatic heart disease. Firstly, the majority of deaths occur within medical facilities,
highlighting a reliance on institutionalized care for end-of-life management. Notably, older individuals
consistently contribute the highest number of deaths across both medical facilities and hospices, suggesting
the need for further investigation into factors such as sedentary lifestyle, nutritional status, and geriatric
health concerns that may contribute to mortality in this demographic. Additionally, gender disparities in
mortality rates are evident, with females exhibiting a higher number of deaths compared to males,
potentially influenced by hormonal, anatomical, and lifestyle factors. Furthermore, regional disparities in
death rates suggest that climate, economic conditions, and lifestyle differences among census regions may
contribute to variations in mortality rates, emphasizing the need for nuanced analyses to understand the
underlying factors driving these trends. Moreover, racial disparities in mortality rates highlight the role of
genetic factors in shaping disparities in death rates among different racial groups, warranting further
exploration to elucidate the complex interplay between genetics, healthcare access, and health outcomes.

The findings from this research provide important insights that can guide future healthcare interventions
and research. By understanding the factors that contribute to mortality among older individuals, particularly
those with chronic rheumatic heart disease, targeted interventions can be developed to improve geriatric
health outcomes and enhance end-of-life care for this demographic. Furthermore, investigating the
mechanisms underlying gender disparities in mortality rates can inform tailored approaches to address
gender-specific health concerns and mitigate disparities in healthcare access and outcomes. Addressing
regional disparities in death rates requires targeted interventions that address socio-economic factors,
improve healthcare infrastructure, and promote healthy lifestyles across different geographic regions.
Moreover, efforts to address racial disparities in mortality rates necessitate a multifaceted approach that
addresses systemic barriers to healthcare access, promotes culturally sensitive care, and addresses
underlying socio-economic determinants of health. In conclusion, these findings highlight the importance
of addressing disparities in end-of-life care and health outcomes to ensure equitable access to quality
healthcare for all individuals with chronic rheumatic heart disease, regardless of their age, gender, race, or
geographic location.

 

2024 Khanal et al. Cureus 16(12): e75162. DOI 10.7759/cureus.75162 7 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Jairon Rodriguez, Anuva Khanal, Nidhi Laxminarayan Rao, Anubama
Rajaravichandran, Alen Antony Pathil, Kaustav Majumder

Acquisition, analysis, or interpretation of data:  Jairon Rodriguez, Anuva Khanal, Nidhi Laxminarayan
Rao, Anubama Rajaravichandran, Alen Antony Pathil, Kaustav Majumder

Drafting of the manuscript:  Jairon Rodriguez, Anuva Khanal, Nidhi Laxminarayan Rao, Anubama
Rajaravichandran, Alen Antony Pathil, Kaustav Majumder

Critical review of the manuscript for important intellectual content:  Jairon Rodriguez, Anuva Khanal,
Nidhi Laxminarayan Rao, Anubama Rajaravichandran, Alen Antony Pathil, Kaustav Majumder

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Busolo D, Woodgate R: Palliative care experiences of adult cancer patients from ethnocultural groups: a

qualitative systematic review protocol. JBI Database of Systematic Reviews and Implementation Reports.
2015, 13:99-111. 10.11124/jbisrir-2015-1809

2. Hoare S, Kelly MP, Barclay S: Home care and end-of-life hospital admissions: a retrospective interview study
in English primary and secondary care. Br J Gen Pract. 2019, 69:e561-9. 10.3399/bjgp19X704561

3. Dougherty S, Okello E, Mwangi J, Kumar RK: Rheumatic heart disease: JACC focus seminar 2/4 . J Am Coll
Cardiol. 2023, 81:81-94. 10.1016/j.jacc.2022.09.050

4. ICD-11 for Mortality and Morbidity Statistics . (2024). https://icd.who.int/browse/2024-
01/mms/en#570181034.

5. Siddiqui ZS, Xiao Y, Ansong PO, Muthu SS, Sony A, Doghouz S, Godavarthi A: A 22-year study to assess
disparities in place of death among patients with diabetes. Cureus. 2023, 15:e49929. 10.7759/cureus.49929

6. Salman A, Larik MO, Amir MA, et al.: Trends in rheumatic heart disease-related mortality in the United
States from 1999 to 2020. Curr Probl Cardiol. 2024, 49:102148. 10.1016/j.cpcardiol.2023.102148

7. Ou Z, Yu D, Liang Y, et al.: Global burden of rheumatic heart disease: trends from 1990 to 2019 . Arthritis
Res Ther. 2022, 24:138. 10.1186/s13075-022-02829-3

8. Cross SH, Kaufman BG, Mentz RJ, Kamal AH, Taylor DH Jr, Warraich HJ: Trends in place of death for
individuals with cardiovascular disease in the United States. J Am Coll Cardiol. 2019, 74:1943-6.
10.1016/j.jacc.2019.08.1015

9. Al Hussein H, Jadav DN, Anantharaj A, Doghouz S, Kolhe NS, Thapa J, Asif H: Cardiomyopathy: evaluating
disparities in place of death in the United States using the CDC Wide-Ranging Online Data for
Epidemiologic Research (CDC WONDER) database over 22 years. Cureus. 2023, 15:e46645.
10.7759/cureus.46645

10. Siddiqi TJ, Khan Minhas AM, Greene SJ, et al.: Trends in heart failure-related mortality among older adults
in the United States from 1999-2019. JACC Heart Fail. 2022, 10:851-9. 10.1016/j.jchf.2022.06.012

11. Forma L, Aaltonen M, Raitanen J, Anthun KS, Kalseth J: Place of death among older people in Finland and
Norway. Scand J Public Health. 2020, 48:817-24. 10.1177/1403494820944073

12. Chuzi S, Molsberry R, Ogunseitan A, et al.: Trends in place of death for cardiovascular mortality related to
heart failure in the United States from 2003 to 2017. Circ Heart Fail. 2020, 13:e006587.
10.1161/CIRCHEARTFAILURE.119.006587

13. Haas JS, Phillips KA, Sonneborn D, et al.: Variation in access to health care for different racial/ethnic groups
by the racial/ethnic composition of an individual's county of residence. Med Care. 2004, 42:707-14.
10.1097/01.mlr.0000129906.95881.83

14. Liu L, Yin X, Chen M, Jia H, Eisen HJ, Hofman A: Geographic variation in heart failure mortality and its
association with hypertension, diabetes, and behavioral-related risk factors in 1,723 counties of the United
States. Front Public Health. 2018, 6:132. 10.3389/fpubh.2018.00132

15. Wang SY, Hsu SH, Alridge MD, Cherlin E, Bradley E: Racial differences in health care transitions and
hospice use at the end of life. J Palliat Med. 2019, 22:619-27. 10.1016/S0140-6736(16)00618-8

16. Ngo-Metzger Q, McCarthy EP, Burns RB, Davis RB, Li FP, Phillips RS: Older Asian Americans and Pacific
Islanders dying of cancer use hospice less frequently than older white patients. Am J Med. 2003, 115:47-53.

 

2024 Khanal et al. Cureus 16(12): e75162. DOI 10.7759/cureus.75162 8 of 9

https://dx.doi.org/10.11124/jbisrir-2015-1809?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.11124/jbisrir-2015-1809?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3399/bjgp19X704561?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3399/bjgp19X704561?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2022.09.050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2022.09.050?utm_medium=email&utm_source=transaction
https://icd.who.int/browse/2024-01/mms/en?utm_medium=email&utm_source=transaction#570181034
https://icd.who.int/browse/2024-01/mms/en?utm_medium=email&utm_source=transaction#570181034
https://dx.doi.org/10.7759/cureus.49929?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.49929?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cpcardiol.2023.102148?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cpcardiol.2023.102148?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13075-022-02829-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13075-022-02829-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2019.08.1015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2019.08.1015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.46645?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.46645?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jchf.2022.06.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jchf.2022.06.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1403494820944073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1403494820944073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.119.006587?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.119.006587?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.mlr.0000129906.95881.83?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.mlr.0000129906.95881.83?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2018.00132?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2018.00132?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(16)00618-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(16)00618-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0002-9343(03)00258-4?utm_medium=email&utm_source=transaction


10.1016/s0002-9343(03)00258-4
17. De Roo ML, Miccinesi G, Onwuteaka-Philipsen BD, et al.: Actual and preferred place of death of home-

dwelling patients in four European countries: making sense of quality indicators. PLoS One. 2014, 9:e93762.
10.1371/journal.pone.0093762

18. Institute of Medicine; Committee on Care at the End of Life: Approaching Death: Improving Care at the End
of Life. Field MJ, Cassel CK (ed): National Academies Press, Washington DC; 1997. 10.17226/5801

19. Gomes B, Higginson IJ: Factors influencing death at home in terminally ill patients with cancer: systematic
review. BMJ. 2006, 332:515-21. 10.1136/bmj.38740.614954.55

20. Ali M, Capel M, Jones G, Gazi T: The importance of identifying preferred place of death . BMJ Support Palliat
Care. 2019, 9:84-91. 10.1136/bmjspcare-2015-000878

21. Gu X, Cheng W, Cheng M, Liu M, Zhang Z: The preference of place of death and its predictors among
terminally ill patients with cancer and their caregivers in China. Am J Hosp Palliat Care. 2015, 32:835-40.
10.1177/1049909114542647

22. Hoare S, Morris ZS, Kelly MP, Kuhn I, Barclay S: Do patients want to die at home? A systematic review of the
UK literature, focused on missing preferences for place of death. PLoS One. 2015, 10:e0142723.
10.1371/journal.pone.0142723

23. Fereidouni A, Rassouli M, Salesi M, Ashrafizadeh H, Vahedian-Azimi A, Barasteh S: Preferred place of death
in adult cancer patients: a systematic review and meta-analysis . Front Psychol. 2021, 12:704590.
10.3389/fpsyg.2021.704590

24. Beccaro M, Costantini M, Giorgi Rossi P, Miccinesi G, Grimaldi M, Bruzzi P: Actual and preferred place of
death of cancer patients. Results from the Italian survey of the dying of cancer (ISDOC). J Epidemiol
Community Health. 2006, 60:412-6. 10.1136/jech.2005.043646

25. Foreman LM, Hunt RW, Luke CG, Roder DM: Factors predictive of preferred place of death in the general
population of South Australia. Palliat Med. 2006, 20:447-53. 10.1191/0269216306pm1149oa

26. Higginson IJ, Sen-Gupta GJ: Place of care in advanced cancer: a qualitative systematic literature review of
patient preferences. J Palliat Med. 2000, 3:287-300. 10.1089/jpm.2000.3.287

27. Bell CL, Somogyi-Zalud E, Masaki KH: Factors associated with congruence between preferred and actual
place of death. J Pain Symptom Manage. 2010, 39:591-604. 10.1016/j.jpainsymman.2009.07.007

28. Lee JK, Jang SN: Place of death and associated gender difference in Korea 2006-2014: evidence from exit
interviews of the Korean Longitudinal Study of Ageing. Arch Gerontol Geriatr. 2018, 78:196-202.
10.1016/j.archger.2018.07.006

29. Lee EJ, Lee NR: Factors associated with place of death for terminal cancer patients who wished to die at
home. Medicine (Baltimore). 2022, 101:e30756. 10.1097/MD.0000000000030756

30. Iwashyna TJ, Chang VW: Racial and ethnic differences in place of death: United States, 1993 . J Am Geriatr
Soc. 2002, 50:1113-7. 10.1046/j.1532-5415.2002.50269.x

31. Mayan I, Yaffe K, James J, Hunt LJ: The association between race and place of death among persons with
dementia. J Pain Symptom Manage. 2022, 64:e109-14. 10.1016/j.jpainsymman.2022.05.010

32. Quinn KL, Hsu AT, Smith G, et al.: Association between palliative care and death at home in adults with
heart failure . J Am Heart Assoc. 2020, 9:e013844. 10.1161/JAHA.119.013844

33. Costa V: The determinants of place of death: an evidence-based analysis . Ont Health Technol Assess Ser.
2014, 14:1-78.

 

2024 Khanal et al. Cureus 16(12): e75162. DOI 10.7759/cureus.75162 9 of 9

https://dx.doi.org/10.1016/s0002-9343(03)00258-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0093762?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0093762?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.17226/5801?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.17226/5801?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.38740.614954.55?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.38740.614954.55?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjspcare-2015-000878?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjspcare-2015-000878?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1049909114542647?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1049909114542647?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0142723?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0142723?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpsyg.2021.704590?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpsyg.2021.704590?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech.2005.043646?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech.2005.043646?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1191/0269216306pm1149oa?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1191/0269216306pm1149oa?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/jpm.2000.3.287?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/jpm.2000.3.287?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpainsymman.2009.07.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpainsymman.2009.07.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.archger.2018.07.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.archger.2018.07.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000030756?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000030756?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1532-5415.2002.50269.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1532-5415.2002.50269.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpainsymman.2022.05.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jpainsymman.2022.05.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.119.013844?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.119.013844?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/26351550/?utm_medium=email&utm_source=transaction

	Unveiling End-of-Life Disparities in Chronic Rheumatic Heart Disease: A 22-Year Analysis of the CDC-WONDER Database
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Aims and objectives

	Materials And Methods
	Results
	TABLE 1: Total number of deaths in each place of death, according to demographic variables
	TABLE 2: Univariate logistic regression of place of deaths according to demographic variables
	FIGURE 1: Predictive forecasting of death trends until 2025

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


