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Abstract: Background: The coronavirus disease 2019 (COVID-19) pandemic has generated profound
health, societal and economic consequences, further compounded by long-term sequelae commonly
referred to as post COVID or long-COVID syndrome. Understanding the real-world impact of post
COVID mortality is hence critical for effective healthcare planning and resource allocation. Methods: A
retrospective analysis was conducted using data from the US National Center for Health Statistics to
identify deaths attributed to post-COVID condition, as classified by the ICD-10 code U09.9, from
October 2021 to December 2024. Demographic factors such as gender, age and place of death were also
extracted. Results: By December 2024, 2,653 US deaths were classified under the ICD-10 code U09.9,
corresponding to an age-adjusted mortality rate of 0.089x100,000. Mortality was significantly higher in
males compared to females (0.098 vs. 0.081x100,000; p<0.001). A clear age-related gradient in mortality
was observed, with rates increasing almost linearly with advancing age. The majority of post COVID
deaths occurred at home (33.0%), followed by nursing homes (26.3%) and medical facilities (24.1%).
Conclusions: These findings underscore the significant yet nuanced impact of post-COVID condition
on mortality. The observed patterns underscore the need for targeted healthcare interventions and
resource allocation, particularly for vulnerable populations such as elderly males isolated at home.
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1. Introduction

The recent coronavirus disease 2019 (COVID-19) pandemic has profoundly impacted public
health, society, and the global economy. Estimating the cumulative number of individuals infected
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the associated COVID-19-
related mortality remains a considerable challenge, primarily due to uncontrolled confounding
factors in COVID-19 epidemiology, particularly undertesting and underreporting, especially in
underdeveloped regions [1]. According to the World Health Organization (WHO) COVID-19
dashboard, over 777 million people may have experienced one or more severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infections and approximately 7.1 million deaths may be
attributable to (or associated with) COVID-19 by the end of 2024 [2]. However, these figures are
widely recognized as underestimates, with the WHO suggesting that the actual number of COVID-
19 deaths could be up to 2.7 times higher (i.e., approximately 20 million) [3]. If accurate, this would
position COVID-19 as the second deadliest pandemic of the past century, surpassed only by the
Spanish flu, which caused an estimated 40-50 million deaths [4].

Beyond the acute phase, SARS-CoV-2 infection can lead to persistent and complex sequelae,
variably defined post COVID, long-COVID, or long-haul COVID syndrome [5-7]. This emerging
healthcare challenge prompted the WHO to introduce a specific 10% revision of the International
Classification of Diseases (ICD-10) code, U09.9, in October 2021 [8]. This code, designated as “Post
COVID-19 condition, unspecified,” encompasses a range of symptoms persisting or emerging at least
three months after initial infection and lasting for over two months, with no alternative explanation
[8]. The introduction of this ICD-10 code has facilitated the systematic classification, monitoring, and
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study of post COVID cases, enabling healthcare providers and scientists to adopt a more
standardized approach.

The WHO estimates the incidence of post COVID syndrome to be 10-20% [8]. However, this
figure may also be underestimated, as evidenced by more recent data. A meta-analysis by Sk Abd
Razak et al. [10], which included 16 studies, estimated the global prevalence of post COVID syndrome
at 41.8% (95% confidence interval (CI): 39.7-43.9%). This prevalence showed minor temporal
variation, with rates of 45.1% at three months, and 41.3% at both six- and twelve-month post-
recovery. Women were found to have a higher prevalence than men (52.8% vs. 41.3%). Children are
also affected by post COVID syndrome, as highlighted by a systematic review by Silva et al. [10],
which reported that 29% of children experienced exercise intolerance, while respiratory symptoms
and psychological distress affected 10-12% of children three to 12 months post-infection.

Another recent meta-analysis published by Atchley-Challenner et al. [11] identified the most
prevalent symptoms of post COVID syndrome, including respiratory complains (e.g., shortness of
breath, fatigue), general pain, cognitive and behavioral impairments (e.g., brain fog, insomnia, anxiety,
depression), sensory disturbances (e.g., loss of taste or smell), cardiac symptoms (e.g., palpitations, chest
pain), hair loss, fever, and flu-like syndrome. These symptoms collectively contribute to reduce the
quality of life [12] and highlights a significant issue, as the post COVID syndrome could represent an
“epidemic within the pandemic” [13]. The socioeconomic impact of the post COVID condition is also
substantial, as increased medical care and hospital admissions have been shown to raise healthcare
costs by 23% in the year following an acute SARS-CoV-2 infection [14], and this economic burden can
extend to affected families, causing financial strain and psychological stress [15].

Although the precise mechanisms underlying post COVID syndrome remain unclear, current
hypotheses include viral persistence, autoimmunity, unresolved tissue damage, immune
dysregulation, microbiome dysbiosis, endothelial and neuronal inflammation, mitochondrial
dysfunction, and formation of microclots [16]. Risk factors for developing long-term complications
include severe acute illness, pre-existing comorbidities, older age, female sex, and lack of vaccination
[17].

Despite progress in characterizing and monitoring long-COVID prevalence and morbidity,
specific mortality data attributable to this syndrome are lacking to the best of our knowledge, mostly
because of inconsistent definitions, coding inaccuracies, and documentation challenges. To address
this gap, we have designed a retrospective study to systematically analyze the burden and
demographic characteristics of post COVID mortality, using the U09.9 ICD-10 code and data from
the US National Center for Health Statistics.

2. Materials and Methods

We conducted an electronic search in the US National Center for Health Statistics using the
Wide-Ranging Online Data for Epidemiologic Research (WONDER) interface, which provides
comprehensive statistics derived from death certificates for all US residents [18]. Specifically, we
accessed the "Provisional Multiple Cause of Death" database, which contains population and death
count data across the US up to the most recently

censused week. Death certificates include complete demographic, social, and geographic details,
along with the primary underlying cause of death.

For this study, we used the primary keyword "Post COVID-19," corresponding to the ICD-10
code U09.9. The search was extended to the period from October 2021 (when the ICD-10 code U09.9
was first introduced) through the end of December 2024. Additional searches were performed using

"

keywords for "gender," "ten-year age groups,” and "place of death." In the ICD-10 classification, U09.9
is defined as "post-acute sequela of COVID-19" and encompasses various specific conditions and
related ICD-10 codes associated with COVID-19, including chronic respiratory failure (J96.1), loss of
smell (R43.8), loss of taste (R43.8), multisystem inflammatory syndrome (M35.81), pulmonary

embolism (126), and pulmonary fibrosis (J84.10) [19].
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The results of our searches were provided as total number of deaths (and percentages), and age-
adjusted or crude mortality rate (x100,000) with 95% confidence intervals (95% CI). According to the
database, age-adjusted death rates were calculated as weighted averages of age-specific death rates,
using a fixed age-specific population as weights to enable comparisons of relative mortality risks
among population groups and over time. Statistically significant differences among groups were
assessed using one-way analysis of variance (ANOVA) applied to the annual number of deaths, the
mean death rate, and its standard error, using StatPages (Interactive Statistical Calculation). Statistical
significance was set at p<0.05.

This study was conducted in accordance with the Declaration of Helsinki, the provisions of the
relevant local legislation, and was exempt from Institutional Review Board review, as the WONDER
database is freely searchable and fully anonymized.

3. Results

The results of our analysis are presented in Table 1. As of the end of December 2024, a cumulative
number of 2,653 US deaths were classified with the ICD-10 U09.9 code for “post COVID” as the
primary cause of death, corresponding to an age-adjusted mortality rate of 0.089 (95% CI, 0.085-0.092)
x100,000 population.

Table 1. Mortality for post COVID syndrome in the US in 2024. Data are expressed as age-adjustedx100,000,

crude death rate x100,000, or overall number of deaths, when appropriate.

Groups Death rate p-value

Cumulative mortality (x100,000) | 0.089 (95% CI, 0.085-0.092

Gender (age adjusted mortality x100,000)

- Males 0.098 (95% CI, 0.092-0.104) <0.001
- Females 0.081 (95% CI, (0.077-0.086)

Age (crude mortality x100,000)

- 25-34 years 0.003 (95% CI, 0.001-0.006)

- 35-44 years 0.012 (95% CI, 0.008-0.017)

- 45-54 years 0.031 (95% CI, 0.025-0.038)

- 55-64 years 0.082 (95% CI, 0.072-0.092) | <0.001
- 65-74 years 0.194 (95% CI, 0.176-0.212)

- 75-84 years 0.683 (95% CI, 0.635-0.730)

- Over 85 years 2.263 (95% CI, 2.125-2.402)

Place of death (total number of deaths; %)

- Descent’s home 873 (33.0%)
- Nursing home/long term care | 698 (26.3%)
- Medical facility (inpatient) 638 (24.1%)
_ Hospice facility 204 (7.7%) )

- Medical facility (outpatient) 98 (98%)
- Other 138 (5.2%)
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Mortality was significantly higher among males (0.098; 95% CI: 0.092-0.104 x100,000) compared
to females (0.081; 95% CI: 0.077-0.086 x100,000; £=23.0; p<0.001), with a standardized difference of
0.017 (95% CI: 0.010-0.024) x100,000 (Figure 1).
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Figure 1. Age-adjusted mortality rates for post COVID condition in males and females.

An age-dependent trend was evident, with crude mortality rates for post COVID condition
increasing steadily and significantly with advancing age (f=178; p<0.001), as illustrated in Figure 1.
When analyzed on a logarithmic scale, the relationship between crude death rate and age appeared
nearly linear (Figure 2).
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Figure 2. Crude mortality rates for post COVID condition across different 10-year age groups.
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The distribution of post COVID condition deaths by place of death is also summarized in Table
1. Most deaths occurred at the decedent’s home (33.0%), followed by nursing homes or long-term
care facilities (26.3%), medical facilities (as inpatients; 24.1%), and hospice facilities (7.7%).

4. Discussion

The findings of this study provide a detailed epidemiological overview of the mortality burden
associated with post COVID condition in the US, identified using the ICD-10 U09.9 code within the
National Center for Health Statistics. Our analysis highlights significant demographic patterns,
emphasizing the complexity and public health implications of this emerging condition.

As of the end of 2024, over 2,600 US deaths have been classified under the ICD-10 U09.9 code,
representing a critical yet likely underestimated aspect of the long-term impact of the ongoing
COVID-19 pandemic. Although an age-adjusted mortality of 0.089 x100,000 indicates a relatively
infrequent occurrence of deaths directly attributed to post COVID condition at a national level, this
rate demonstrates substantial variation across specific subpopulations, reflecting disparities rooted
in demographic and social determinants of health. These findings underscore the necessity of
targeted analyses and interventions to mitigate the post COVID mortality burden proactively.

The observed higher mortality rate in men compared to women (0.098 vs. 0.081 x100,000) does
not align with the known prevalence of post COVID syndrome in the general population, which has
consistently been reported as higher in females than in males. A comprehensive analysis by the
Global Burden of Disease Long COVID Collaborators estimated the prevalence of symptom clusters
3 months after acute, symptomatic SARS-CoV-2 infection to be nearly twice as high in females than
in males (10.6% vs. 5.4%) [20]. Similarly, a prospective cohort study involving 377 individuals
clinically recovered from acute SARS-CoV-2 infection found females to be over three times more
likely to be diagnosed with long-COVID syndrome 1-3 months after viral clearance (adjusted odds
ratio (AOR), 3.3; 95% CI, 1.8-6.2) [21]. Supporting these findings, a nationwide, retrospective cohort
study in Scotland [22] with over 4,676,390 participants showed a higher rate of post COVID syndrome
diagnosis in females compared to males (65.1% vs. 50.4%). Similarly, a population-representative
survey of over 3,000 US adults aged =18 years reported nearly double the prevalence of post COVID
syndrome in females compared to males 12 months after acute infection (adjusted prevalence ratio
(APR), 1.84; 95% CI, 1.40-2.42) [23]. Thus, the unforeseen male predominance in post COVID
mortality may reflect biological factors such as hormonal differences influencing immune responses
and a higher prevalence of comorbidities like cardiovascular disease and diabetes in men.
Nonetheless, the significant gender disparity in mortality (0.017x100,000) highlights an actionable
difference that warrants further investigation to identify specific interventions in males.

We then observed a clear age-dependent relationship in post COVID mortality, with rates
increasing steadily and significantly with advancing age. Unlike the gender effect, age has
occasionally been identified as a determinant of post COVID syndrome. In the study by Bai et al. [21],
advanced age was associated with a higher risk of developing long-COVID (AOR, 1.03 per 10-year
increase; 95% ClI, 1.01-1.05). However, this finding has been contradicted by other epidemiological
investigations. A nationwide population cohort study conducted in Scotland and involving 198,096
individuals with acute SARS-CoV-2 infection, reported a higher prevalence of long-COVID
symptoms 6 months after recovery in the 40-59 age group, with a substantial decline in prevalence
among those aged >70 years [24]. Similarly, the US population-representative survey by Robertson et
al. found a lower prevalence of long-COVID syndrome in individuals aged >65 years (APR, 0.43; 95%
CI, 0.27-0.66) [23]. However, Ford et al., using data from the US national Household Pulse Survey,
reported higher rates of significant activity limitations among adults aged >40 years with long-
COVID and a marked 1-year decline in post COVID symptoms was observed primarily in individuals
aged <60 years [25]. This inherently suggests that, although post COVID condition may be more
prevalent in younger age groups, its morbidity and mortality consequences appear to be significantly
more severe in older individuals. Although the biological relationship between the prevalence and
mortality of post COVID syndrome remains unclear, several plausible explanations can be proposed.
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Older individuals are more likely to experience severe acute disease, prolonged hospitalizations, and
complications, making them more susceptible to post COVID sequelae, as clearly by the meta-
analysis conducted by Li et al. [26].

The distribution of post COVID mortality by place of death provides valuable insights into the
healthcare settings most affected by the post COVID condition. A substantial proportion of deaths
occurred at the decedent’s home (33.0%), followed by nursing homes or long-term care facilities
(26.3%). These findings underscore two critical aspects: challenges in care access—such as home
deaths potentially reflecting isolation, barriers to timely medical intervention, or under-recognition
of post COVID condition [27,28] —and the heightened vulnerability of elderly populations residing
in long-term care settings, as many individuals in these facilities may already have severe underlying
comorbidities that could be exacerbated by post COVID sequelae [29].

Altogether, our findings highlight the need for a more structured approach to identifying,
managing, and preventing post COVID mortality, providing useful recommendations to lower the
risk of death from or with post COVID syndrome. In particular, the disproportionate impact on
males, older individuals, and residents of long-term care facilities emphasizes the importance of
targeted interventions in subjects with post COVID condition. Prioritizing vaccination for these high-
risk groups—not only with COVID-19 vaccines but also those for influenza, pneumococci, and
respiratory syncytial virus—is crucial to reducing the risk of clinical deterioration and death among
vulnerable individuals [30]. Facilitating access to post COVID care for elderly individuals and those
with mobility limitations is also imperative [31], alongside the expanded use of remote monitoring
systems and telehealth to detect health, physical, or cognitive decline promptly [32]. Moreover,
healthcare providers would need enhanced training to improve the recognition and management of
post COVID condition, especially outside the hospital environment [33]. Addressing gender and age
disparities in post COVID mortality demands a deeper understanding of the biological and social
determinants of health, so that public health initiatives could be more focused on raising awareness
and ensuring equitable access to diagnostic and therapeutic resources.

Although our study provides significant insights on post COVID mortality, we acknowledge
some limitations in our analysis. First, reliance on the ICD-10 U09.9 code may underestimate the true
burden of post COVID deaths, mostly caused by variability in documentation and coding practices
across the US. Second, the 2024 data remain provisional, reflecting inherent delays in death certificate
processing and reporting through the end of the year. Future studies should hence be aimed to
address these limitations by collecting additional information not available through the WONDER
interface of the US National Center for Health Statistics, including data on the severity of acute SARS-
CoV-2 infection, access to COVID-19 vaccines, ethnic origin, census, and educational level. Continued
monitoring of post COVID mortality trends over time will also be critical for understanding the long-
term trajectory of this syndrome as the acute phase of the pandemic recedes. Finally, additional
research into the precise biological mechanisms underlying post COVID mortality would be essential
for developing effective health strategies to mitigate the burden of post COVID deaths.

5. Conclusions

The results of our analysis highlight the significant yet complex impact of post COVID condition
on mortality. Although the absolute number of deaths remains relatively low compared to acute
COVID-19 fatalities, the observed patterns reveal critical areas for targeted intervention and resource
allocation. Addressing the identified disparities and gaps in care will enable healthcare systems to
more effectively manage the ongoing burden of post COVID condition and improve outcomes for
affected individuals.
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Abbreviations

The following abbreviations are used in this manuscript:
COVID-19 Coronavirus Disease 2019

WHO World Health Organization

SARS-CoV-2  Severe Acute Respiratory Syndrome Coronavirus 2
ICD-10 10t revision of the International Classification of Diseases
CI Confidence Interval

WONDER Wide-Ranging Online Data for Epidemiologic Research
ANOVA One-Way Analysis of Variance

AOR Adjusted Odds Ratio

APR Adjusted Prevalence Ratio
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