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Abstract

Background: Bleeding and clotting disorders result from abnormalities in coagulation factors, leading to excessive bleeding or thrombosis. Haemo-
philia and von Willebrand disease (VWD) are the most common inherited bleeding disorders, while thrombophilia increases the risk of abnormal
clot formation.

Objective: The purpose of this study was to assess the trends and regional differences in coagulation defects-related mortality among adults in the
United States.

Methods: Death certificates from the CDC WONDER (Centers for Disease Control and Prevention Wide-Ranging OnLine Data for Epidemiologic Re-
search) database were examined from 1999 to 2020 for coagulation defects-related mortality in adults. Age-adjusted mortality rates (AAMRs) per
1,000,000 persons and annual percent change (APC) were calculated and stratified by year, sex, race/ethnicity, and geographic region.

Results: From 1999-2020, 283,824 adult deaths were recorded. AAMR was stable until 2018, then rose sharply to 47.5 in 2020 (APC: 9.54; 95% CI:
5.23-14.0). Males had higher AAMRs than females (46.6 vs 33). AAMRs rose in both sexes after 2018, reaching 57 (men) and 39.9 (women) in 2020.
By race, NH American Indians had the highest AAMR (60.8), followed by NH Black (50.4), Hispanic (39.9), NH White (36.9), and NH Asian/Pacific
Islander (29.6). NH American Indian AAMR rose steadily (APC: 2.26), while NH Black AAMR dropped until 2018, then surged (APC: 14.28). Rural
areas had higher AAMRs than urban (41.2 vs 38.4), with nonmetropolitan rates increasing more steeply post-2018. Regionally, the Northeast had
the lowest AAMR peak, while the South and West saw sharp increases after 2018 (APCs: 8.92 and 8.55, respectively). Disparities in mortality trends
persisted across sex, race, geography, and urbanization.

Conclusion: Coagulation defect-related mortality is rising in the U.S., especially among males, American Indians/Alaska Natives, and those in
non-metropolitan areas. These trends highlight the need for improved access to care and targeted interventions to reduce disparities.
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Introduction

Bleeding and clotting disorders arise from abnormalities in
coagulation factors, leading to either excessive bleeding or an in-
creased risk of thrombosis. Among these, haemophilia and von Wil-
lebrand disease (VWD) are the most well-characterized bleeding
disorders, while thrombophilia represents a group of conditions
predisposing individuals to abnormal blood clot formation and ITP,
is a disease with lower amount of platelets than normal which can
result in easy bruising, bleeding gums, and internal bleeding.

Immune thrombocytopenic purpura (ITP) is an autoanti-
body-mediated thrombocytopenic disorder in which accelerated
destruction of platelets occurs; platelet production may also be im-
paired by these antibodies [1]. Haemophilia, an X-linked recessive
disorder, results from inadequate levels of factor VIII (haemophilia
A) or factor IX (haemophilia B), leading to impaired blood clotting.
In contrast, VWD, the most prevalent inherited bleeding disorder,
arises from quantitative or qualitative defects in von Willebrand
factor (VWF), a key protein in platelet adhesion and coagulation [2].
Hemophilia A (HA) is more common than hemophilia B (HB), with
a prevalence of one in 5,000 male live births compared to one in
30,000, respectively. Patients with severe hemophilia frequently de-
velop hemorrhages into joints, muscles or soft tissues without any
apparent cause. They can also suffer from life-threatening bleeding
episodes such as intracranial hemorrhages [3]. Interestingly, it has
been reported that approximately 10 to 15% of patients diagnosed
with severe hemophilia according to their factor level rarely bleed
spontaneously. Emerging evidence suggests that haemophilia may
also impact primary hemostasis, as some studies have reported
prolonged bleeding times in affected individuals. These findings
highlight the complex interplay between coagulation pathways and
platelet function in haemophilia, warranting further investigation
into its underlying mechanisms and clinical implications [4].

VWD presents with a broad spectrum of bleeding manifesta-
tions, including heavy menstrual bleeding, excessive bruising, and
prolonged bleeding following dental procedures, surgeries, or oro-
pharyngeal injuries [5]. Thrombophilia encompasses a group of dis-
orders characterized by an increased predisposition to abnormal
blood clot formation, resulting from either inherited or acquired
conditions. Among inherited thrombophilia’s, Factor V Leiden
mutation is the most prevalent, followed by prothrombin-related
thrombophilia, which affects approximately 1.7-3% of the Europe-
an and U.S. populations [6].

Methods
Study setting and population

This descriptive study analyzed death certificate data from
the CDC WONDER (Centers for Disease Control and Prevention
Wide-Ranging Online Data for Epidemiologic Research) database,
covering the years 1999 to 2020, to investigate mortality related to
coagulation defects in older adults. Relevant deaths were identified
using ICD-10 codes D66, D67, D68, and D69. The analysis focused
on records from the Multiple Cause-of-Death Public Use data, in-
cluding cases where coagulation defects were listed as either an un
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derlying or contributing cause of death. Institutional review board
approval was not required, as the study utilized a publicly avail-
able, de-identified dataset, and the reporting adhered to STROBE
(Strengthening the Reporting of Observational Studies in Epidemi-
ology) guidelines.

Data abstraction

Data for population size, year, urban-rural classification, region,
and demographics were abstracted. Demographics included sex
and race/ethnicity. Race/ethnicity was classified as non-Hispanic
(NH) White, NH Black or African American, Hispanic or Latino, NH
American Indian or Alaskan Native, and NH Asian or Pacific Island-
er. This information relies on reported data on death certificates
and has been used in previous analyses of the WONDER database

[7]-

The National Center for Health Statistics Urban-Rural Classifi-
cation Scheme was used to assess the population by urban (large
metropolitan area] population $1 million], medium/small metro-
politan area [population 50,000-999,999]) and rural (population
<50,000) counties per the 2013 U.S. census classification [8]. Re-
gions were classified into Northeast, Midwest, South, and West ac-
cording to the U.S. Census Bureau definitions [9].

Statistical analysis

To examine national trends in coagulation defects-related
mortality, we calculated crude and age-adjusted mortality rates
(AAMRs) per 1,000,000 population from 1999 to 2020 by year, sex,
race/ethnicity, region, and urban-rural status with 95% Cls. Crude
mortality rates were determined by dividing the number of coagu-
lation defects-related deaths by the corresponding U.S. population
of that year. AAMRs were calculated by standardizing coagulation
defects-related deaths to the year 2000 U.S. population [9]. To
quantify national annual trends in mortality, the Join point Regres-
sion Program (Join point V 4.9.0.0, National Cancer Institute) was
used to determine the annual percent change (APC) with 95% CI in
AAMR [10,11]. This method identifies significant changes in AAMR
over time by fitting log-linear regression models where temporal
variation occurred. APCs were considered increasing or decreasing
if the slope describing the change in mortality was significantly dif-
ferent from zero using 2-tailed t-testing. A value of P < 0.05 was
considered statistically significant.

Results
Overall Mortality Trends

A total of 283,824 deaths occurred among adults between 1999
and 2020 with the highest AAMR reported in 2020 (47.5) and the
lowest being reported in 2007 (37.2) (Supplementary Table 1). The
AAMR was constant from 1999-2018, followed by a sharp increase
till 2020. (APC: 9.54; 95% CI 5.23 to 14.0) (Figure 1, Supplementary
Table 6, Table 1). Highest number of deaths were recorded in Med-
ical Facilities (75%), followed by Decedents home (11.80%), Nurs-
ing home (8.10%), Hospice facility (3.00%) and others (1.90%).
[Supplementary Table 5].
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Table 1: Demographic Characteristics of Deaths due to Coagulation Defects in the United States, 1999-2020

Variable Number of Deaths (n) AAMR per 100,000 (95% CI)
Overall 283824 (100%) 38.9 (38.7-39)
Sex
Male 149169 46.6 (46.3-46.8)
Female 134655 33(32.9-33.2)
US Census Region
Northeast 50087 35.3 (35-35.6)
Midwest 60732 37.2 (36.9-37.5)
South 108357 40.5 (40.3-40.8)
West 64648 40.5 (40.2-40.9)
Race / Ethnicity
NH American Indian or Alaska Native 2817 60.8 (58.5-63.2)
NH Asian or Pacific Islander 8681 29.6 (29-30.3)
NH Black or African American 37021 50.4 (49.9-51)
NH White 207804 36.9 (36.8-37.1)
Hispanic or Latino 26774 39.9 (39.4-40.4)
2013 Urbanization
Metropolitan 232786 38.4 (38.2-38.6)
Non-Metropolitan 51038 41.2 (40.8-41.5)
Place of Death?
Medical Facility 212712 (75%) NA
Decedent’s Home 33368 (11.80%) NA
Hospice / Nursing Facility 31720 (11.1%) NA
Others / Unknown 6024 (2.1%) NA

Note*: "AAMRs are not applicable for the place of death.

0,000
{

()

Age-Adjusted Mortality Rate per 1

Orverall:1999-2018(APC:0.0034(95% C1 -0.13 to 0.13], 2018-2020 (APC: 9.54]95% C1 5.23 to 14.03]
—a— Male:1999-2018[APC: -0.08]95% C1 -0.23 to 0.06], 2018-2020 (APC:10.25[95% CI 5.42 to 15.30]

—+—Female:1593-2018(APC: -0.01[95% C1 -0.14 to 0.11), 2018-2020{ APC:9.65]%5% CI 565 to 13.8]

Figure 1: Overall and Sex-Stratified Coagulation Defects-Related AAMRs per 1,000,000 in the United States, 1999 to 2020.
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Sex specific Trends

Male had consistently higher AAMRs than females throughout
the study period (overall AAMR women: 33; 95% CI: 32.9-33.2;
men: 46.6; 95% CI: 46.3-46.8). (Table 1). The AAMR for women de-
creased from 32.6in 1999 to 33.2in 2018 (APC:-0.01; 95% CI -0.14
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to 0.11), followed by an increase to 39.9 in 2020 (APC: 9.65; 95%
CI 5.65 to 13.80). Similarly, the AAMR for men slightly decreased
from 48.1 in 1999 to 47.7 in 2018 (APC: -0.09; 95% CI -0.23 to
0.068), followed by a sharp increase 57 in 2020 (APC: 10.25; 95%
CI 5.4215.30) (Figure 1, Supplementary Table 6, Table 2).

Table 2: Annual Percentage Changes (APCs) and Average Annual Percentage Changes (AAPCs) for Mortality Rates due to Coagu-

lation Defects in the US, 1999-2020

Variables Trend Segments Years APCs (95% CI) AAPC (95% CI)
1 1999 -2018 0.00(-0.13 to 0.13)
Overall 0.8750* (0.4996 to 1.2518)
2 2018-2020 9.54(5.23 to 14.03)
Sex
1 1999-2018 -0.01(-0.14 to 0.11)
Female 0.8687* (0.5190 to 1.2196)
2 2018-2020 9.65(5.65 to 13.80)
1 1999-2018 -0.08(-0.2 to 0.06)
Male 0.8559* (0.4362 to 1.2773)
2 2018-2020 10.25(5.42 to 15.30)
Census Region
1 1999-2018 -1.15%(-1.44 to -0.86)
Northeast 0.1734 (-0.6825 to 1.0367)
2 2018-2020 13.66%(3.58 to 24.73)
1 1999-2018 -0.32*(-0.55 to -0.09)
Midwest 0.6557* (0.0259 to 1.2895)
2 2018-2020 10.43(3.23 to 18.14)
1 1999-2018 0.08(-0.08 to 0.24)
South 0.8877* (0.4505 to 1.3267)
2 2018-2020 8.93*%(3.96 to 14.13)
1 1999-2018 0.94%(0.70 to 1.17)
West 1.6376* (1.0316 to 2.2472)
2 2018-2020 8.56*%(1.83 to 15.73)
Urbanization
1 1999-2018 -0.17(-0.30 to -0.05)
Metropolitan 0.7102* (0.3947 to 1.0267)
2 2018-2020 9.55(5.96 to 13.27)
1 1999-2018 0.64(0.42 to 0.86)
Non-Metropolitan 1.6729* (1.0819 to 2.2673)
2 2018-2020 12.00(5.22 to 19.23)
Race or Ethnicity?
- * (.
NH Asian or Pacific Islander 1 1999-2020 -0.75(-1.39 to -0.10) 0.7540% (-1.3990 to
-0.1048)
NH A/;’;;;‘:;ﬁ;gg‘:“ or 1 1999-2020 2.26(1.31 t0 3.22) 2.2643* (1.3119 to 3.2257)
i ; 1 1999-2018 -1.75(-2.04 to -1.47
NH Black or African Amer ( ) -0.3336 (-1.1515 to 0.4911)
1can 2 2018-2020 14.27(4.55 to 24.90)
1 1999-2018 0.37(0.26 to 0.48)
NH White 1.1401* (0.8326 to 1.4485)
2 2018-2020 8.73(5.23 to 12.35)
1 1999-2018 -0.43(-0.86 to -0.00)
Hispanic or Latino 1.0542* (0.0676 to 2.0505)
2 2018-2020 16.36(4.96 to 28.99)

Note*: *Hispanics could be of any race, all other categories are non-Hispanics.

Race/Ethnicity-Specific Trends:

When stratified by race, the AAMR was highest for NH Ameri-
can Indian, followed by NH black or African American, Hispanics,
NH White, NH Asian or Pacific Islander (overall AAMR NH American
Indian: 60.8; NH Black: 50.4; Hispanic: 39.9; NH White: 36.9; NH
Asian or Pacific Islander: 29.6). (Table 1).

The AAMR for NH Asian or Pacific Islander was lowest through-
out having a slight decrease from 1999-2020. (APC: -0.75; 95% CI
-1.39 to -0.10). The AAMR for NH Black or African American de-
creased from 60 in 1999 to 44.6 in 2018 (APC: -1.76; 95% CI -2.04
to -1.47), followed by an increase to 57.5 in 2020 (APC: 14.28; 95%
CI 4.55 to 24.99). The AAMR for NH American Indian increased
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from 59.5 in 1999 to 96.9 in 2020 (APC: 2.26; 95% CI 1.31 to 3.22).  decreased from 1999- 2018, followed by an increase till 2020 (Fig-
The AAMR for NH White increased from 35.6 in 1999 to 39 in 2018  ure 2, Supplementary Table 7, Table 2). Absolute number of deaths
(APC: 0.37; 95% CI 0.2 to 0.48), followed by an increase to 45.3 in  were highest among NH Whites (Supplementary Table 2).

2020 (APC: 8.73; 95% CI 5.23 to 12.35). The AAMR for Hispanic
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Figure 2: Coagulation Defects-Related AAMRs per 1,000,000 Stratified by Race in the United States, 1999 to 2020.

Census Region -0.55 to -0.09), followed by an increase till 2020 (APC: 10.43; 95%
CI 3.22 to 18.14). The AAMR four south and west increased slight-
ly till 2018, followed by a sharp increase till 2020. APC for south
2018-2020(8.92; 95% CI 3.95 to 14.13), APC for west from 2018-
2020(8.55; 95% CI 1.83 to 15.73) (Supplementary Table 8, Table
2, Figure 3). Absolute number of deaths was highest in the South,
followed by West, Midwest and Northeast (Supplementary Table 3).

When stratified by census region, the AAMR for Northeast
had the lowest AAMR peak in 2018. The AAMR declined from
1999-2018 (APC: -1.15;95% CI -1.43 to -0.86), followed by an in-
crease till 2020(APC: 13.66; 95% CI 3.57 to 24.7). The AAMR for
Midwest decreased slightly from 1999-2018 (APC: -0.32; 95% CI
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Figure 3: Coagulation Defects-Related AAMRs per 1,000,000 Stratified by Census in the United States, 1999 to 2020.

Urban-Rural Trends

When stratified by urbanization, the AAMR for Non-Metropol-
itan was higher throughout than metropolitan (41.2 vs 38.4). For
nonmetropolitan, the AAMR increased from 38 in 1999 to 43.8 in
2018 (APC: 0.642; 95% CI 0.42 to 0.86), followed by a sharp in-
crease to 54.2 in 2020 (APC: 12.00; 95% CI 5.22 to 19.2). For met-

ropolitan, the AAMR slightly decreased from 39.2 in 1999 to 38.8
in 2018 (APC: -0.17; 95% CI -0.30 to -0.05), followed by a sharp in-
crease to 46.3 in 2020 (APC: 9.55; 95% CI 5.96 to 13.27) (Figure 4,
Supplementary Table 9, Table 4). Metropolitan areas exhibit higher
absolute number of deaths than non-metropolitan areas (Supple-
mentary Table 4).

Age-Adjusted Mortality Rate per 1,000,000
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Figure 4: Coagulation Defects-Related AAMRs per 1,000,000 Stratified by Urban-Rural Status in the United States, 1999 to 2020.

States

AAMR values range from 24.9 in Louisiana to 66.8 in District
of Columbia, with a notable contrast observed in different states.
States in the top 90th percentile include District of Columbia, Ha-
waii, South Carolina, Maryland, West Virginia, North Dakota, and in
the bottom 10th percentile includes lowa, Utah, Wisconsin, Massa-
chusetts, New York and Louisiana (Figure 3, Supplementary Table
10).

Discussion

This analysis of two-decade mortality data from CDC WONDER
database reported some major trends. Overall deaths from coagula-
tion defects in the U.S. were found to be 283,284. Males demonstrat-
ed consistently higher mortality than females throughout the study
duration. Among all the racial groups, American Indians or Alaska
Natives showed the highest mortality rate. Moreover, non-metro-
politan areas and the Western region exhibited the greatest deaths
rates due to coagulation defects from 1999 to 2020.
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Our analysis revealed that overall mortality from coagulation
defects increased in the last two decades. A CDC WONDER study
by Shahzad M, et al. showed that overall mortality from Idiopathic
Thrombocytopenic Purpura (ITP) has been on the rise from 1999
to 2017 with a decrease afterwards [12]. This might be due to the
fact that patients with ITP experience higher mortality rates com-
pared to the general population, primarily due to an increased risk
of death from cardiovascular disease, infections, bleeding, and he-
matological cancers [13]. However, a study by Day JR, et al. revealed
that mortality rates from hemophilia have decreased in recent
years. Several factors contribute to this overall increase in lifespan,
like advancements in comprehensive care provided at federally
funded hemophilia treatment centers (HTCs), enhanced safety of
blood products and factor concentrates, better access to prophylac-
tic regimens, and improvements in hemophilia treatments, particu-
larly the availability of extended half-life factor concentrates, which
have led to greater adherence to prophylaxis and reduced bleeding
episodes [14-16]. Additionally, hemophilia-related morbidity and
mortality have been influenced by care outside hospital settings,
including novel therapies, prophylactic treatments, and on-demand
management [17-20] Enhanced outpatient treatment may also help
minimize complications and reduce hospital admissions for hemo-
philia-related issues [21].

Females are more prone to develop hypercoagulability than
males, likely because of estrogen [22]. Studies have also shown
that females demonstrate hypercoagulable state post-trauma as
compared to males, which in turn contributes to improvements in
hemostasis following traumatic hemorrhage [23,24]. Hemophilia A
and B, the most common inherited coagulation factor deficiency, is
more prevalent in males than females due to its X-linked inheritance
pattern ]25]. It is also well-established that males and females have
inherent differences in enzymatic coagulation, leading to variations
in thrombin generation. Compared to males, females exhibit high-
er levels of coagulation factors II, VII, VIII, IX, X, XI, and XII, along
with a shorter activated partial thromboplastin time (APTT][26].
On the other hand, antiphospholipid syndrome (APS), an autoim-
mune thrombophilia, is seen to be more prevalent in females [27].
The reasons for this predominance are likely multifactorial, pri-
marily related to the X chromosome and various genes expressed
only on it, such as TLR7, FOX-P3, and CD40L [28], and other genes
that play a role in the immune response process [29]. Another pro-
posed mechanism is the involvement of sex hormones. Estrogen
and progesterone can modulate immune responses. Estrogens, in
particular, bind to specific receptors on lymphocytes, influencing
both innate and adaptive immunity, potentially increasing the risk
of APS in women ]30]. Meanwhile, our analysis showed that males
had higher mortality rates than females due to coagulation defects.

Additionally, our study reveals that American Indians or Alaska
Natives had the highest mortality rates from coagulation defects.
A study by Fedewa SA, et al. showed that mortality rates due to he-
mophilia were higher in Blacks than in Whites [31]. Data from U.S.
Haemophilia Treatment Centers reveals a slightly lower prevalence
of haemophilia among Black males compared to White males. This
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disparity may stem from factors such as reduced survival rates,
healthcare disparities, genetic variations, or underdiagnosis within
the Black community [32]. The lower reported prevalence of hae-
mophilia among Black males in U.S. HTC data might also be due to
disparities in access to specialized care and/or inadequate diagno-
sis of mild to moderate cases within the Black population in the U.S.
[33]. Apart from hemophilia, factor 5 Leiden mutation, an inherited
resistance to activated protein C (APC) is a hypercoagulable state
seen most in Caucasian American individuals [34]. This finding sug-
gests that the Factor V-Leiden mutation is more common in pop-
ulations with substantial Caucasian ancestry and is uncommon in
genetically distinct non-European populations [35].

As per our analysis, deaths related to coagulation defects are
greatest in the non-metropolitan areas of the U.S. Possible factors
include variations in the implementation of care standards, which
may not have been adopted as extensively in nonmetropolitan areas
as in metropolitan regions, shifts in insurance coverage rates, fluc-
tuations in disease incidence, and differences in health behaviors
[36]. Furthermore, rural areas face limited access to healthcare ser-
vices, which can be challenging due to long distances from medical
facilities, transportation difficulties, and financial constraints [37].
While no research specifically supports our study’s finding of in-
creased mortality in the Western U.S,, a study by Gong G, et al. found
that the Southern region tends to be socioeconomically disadvan-
taged compared to other U.S. regions, potentially contributing to
higher overall mortality rates in general [38]. This is highlighted
by a study using the National Inpatient Sample (NIS) database by
Carter J, et al., which showed that cases of Thrombotic Thrombocy-
topenic Purpura (TTP), a thrombotic disorder, are more prevalent
in the Southern region, with 43.5% of all cases, significantly higher
than in any other region [39].

Study Limitations

Several limitations must be considered. First, dependance on
ICD-10 codes and death certificates can potentially result in misdi-
agnosis or the exclusion of coagulation defects as the cause of mor-
tality. Second, the database lacks information on disease severity.
Third, it does not specify whether individuals died from coagula-
tion defects or merely had this condition at the time of death. Final-
ly, the database does not have information on treatments and social
determinants of health, both of which can affect healthcare access
and influence mortality rates.

Conclusions

Our analysis of two decades of U.S. mortality data from the CDC
WONDER database highlights significant trends and disparities
in deaths related to coagulation defects. Overall mortality has in-
creased, with notable differences across sex, race, and geographic
regions. Males and American Indians or Alaska Natives demonstrat-
ed higher mortality rates, while non-metropolitan and Western ar-
eas showed the highest regional death rates. These disparities may
stem from a combination of biological factors, healthcare access
limitations, genetic predispositions, and socioeconomic influences.
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Continued research and targeted public health efforts are essential
to address these inequities and improve outcomes for individuals
with coagulation disorders.
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