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Abstract
Background: The myeloproliferative neoplasm (MPN) is a heterogeneous group of clonal 
hyperplasia hematopoietic stem cell disorders, predominantly affecting middle-aged and 
elderly individuals, with a slow disease progression. With advancements in disease-related 
research, the survival rates of MPN patients have significantly improved. This research 
primarily focuses on cardiovascular disease mortality (CVM) and prognostic factors in MPN 
patients, aiming to provide clinicians with more comprehensive references.
Methods: A total of 24,277 patients were included in the Surveillance, Epidemiology, and End 
Results (SEER) database. Cumulative mortality was assessed using a competing risk model, 
univariate and multivariate regression analysis of cardiovascular disease (CVD) mortality risk 
factors, and a comparison of standardized mortality ratio (SMR) and general population CVM.
Results: Among the 24,277 patients included in this study, a total of 8841 deaths occurred 
during the follow-up period, with 2429 attributed to CVD. Notably, the risk of CVM was 
found to be significantly higher in patients with MPNs compared to the general population. 
Furthermore, this risk increased over time. CVD emerged as the predominant cause of 
death among individuals aged over 80 years and younger patients exhibited a significantly 
elevated SMR. Additionally, age, race, marital status, and insurance status were identified as 
independent prognostic factors for CVM.
Conclusion: The incidence of cardiovascular events in patients with MPNs is significantly 
higher compared to the general population. Early screening and assessment of cardiac health 
should be implemented in MPN patients to prevent the occurrence of cardiovascular events 
and enhance their prognosis.

Plain language summary 
Long-term risks of cardiovascular mortality in patients with MPNs

MPN is a group of hematopoietic stem cell disorders that primarily affects middle-aged and 
elderly individuals, with slow disease progression. This study focuses on cardiovascular 
disease mortality (CVM) and prognostic factors in MPN patients to provide clinicians 
with comprehensive references. A total of 24,277 patients from the SEER database were 
included in this analysis. Cumulative mortality was assessed using a competing risk model, 
univariate and multivariate regression analysis identified CVD mortality risk factors, and 
standardized mortality ratio (SMR) was compared to the general population's CVM rate. 
Among these patients, 8,841 deaths occurred during follow-up, with 2,429 attributed to CVD. 
MPN patients had a significantly higher risk of CVM compared to the general population 
which increased over time. CVD emerged as the leading cause of death among individuals 
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Introduction
The Philadelphia chromosome-negative myelo-
proliferative neoplasms (MPNs) represent a 
malignant disorder arising from clonal hemat-
opoietic stem cells and characterized by excessive 
proliferation of one or more lines of bone mar-
row, classified as primary myelofibrosis (PMF), 
polycythemia vera (PV), and essential thrombo-
cythemia (ET). PMF clinically shows splenomeg-
aly (often with giant spleen) and extramedullary 
hematopoiesis in multiple organs, which may 
change to bone marrow failure with the progres-
sion of fibrosis.1 PV showed erythematous and 
purplish skin mucosa, splenomegaly, and vascular 
and neurological symptoms.2 While ET favors 
spontaneous bleeding and potential thrombotic 
events, as well as splenomegaly, is observed in 
approximately half of the affected individuals.3 
Interconversion between ET, PV, and secondary 
myelofibrosis (SMF) can occur, with the possibil-
ity of progression to acute myelogenous leukemia 
(AML).4 Notably, the risk of mortality signifi-
cantly escalates following conversion to SMF/
AML.5

The prevalence of MPN is commonly observed 
among individuals aged 50–70, primarily affect-
ing the middle-aged and elderly population, with 
a notable trend toward extended patient survival.6 
The elucidation of the mechanism underlying 
MPN has facilitated the development of novel 
therapeutic agents, thereby enhancing the overall 
prognosis for patients with MPN.4 The reduction 
in primary tumor progression results in an 
extended life expectancy and an elevation in vari-
ous nonprimary tumor-related mortality, with a 
particular emphasis on CVDs. The risk of cardio-
vascular disease mortality (CVM) in patients with 
tumors has been consistently demonstrated to be 

significantly elevated compared to the general 
population, as evidenced by numerous studies.7–9 
However, to date, there is a dearth of literature 
addressing this topic in the context of MPN. Our 
study will facilitate timely implementation of pre-
ventive treatment and follow-up planning for 
MPN patients.

Methods

Data source and patient selection
The information about MPN patients was 
extracted from the Surveillance, Epidemiology, 
and End Results (SEER; Incidence—SEER 
Research Plus Data, 18 Registries, November 
2020 Sub (2000–2018)). The data were publicly 
available and exempt from ethical approval for 
analysis.

We collected patients with ICD-O-3 histological 
codes 9950/3, 9961/3, and 9962/3 diagnosed with 
PV, PMF, and ET according to the third edition 
of the International Classification of Diseases for 
Oncology. The study adhered to the STROBE 
checklist for observational research. The exclu-
sion criteria were as follows: (1) Not first primary 
malignant tumor; (2) No positive histology; (3) 
<1 year old; (4) Unknown cause of death; (5) 
Survival time was unknown or <1 month; (6) 
Unknown race; (7) Unknown marital status; (8) 
Unknown insurance status (Figure 1).

Study variables and classification of cause  
of death
Study Variables: race (black, white, other 
(American Indian/AK Native, Asian/Pacific 
Islander)), sex (female, male), year of diagnosis 

aged over 80 years while younger patients exhibited an elevated SMR. Age, race, marital 
status, and insurance status were identified as independent prognostic factors for CVM. 
The incidence of cardiovascular events is significantly higher in MPN patients compared 
to the general population; therefore early screening and assessment of cardiac health 
should be implemented to prevent such events and improve prognosis.

Keywords: cardiovascular disease, competing risk, Cox regression analysis, 
myeloproliferative neoplasm, SEER, standardized mortality ratio

Received: 14 March 2024; revised manuscript accepted: 25 September 2024.

https://journals.sagepub.com/home/tah


M Tang, Y Chen et al.

journals.sagepub.com/home/tah 3

(2000–2004, 2005–2009, 2010–2014, 2015–
2018), age (<40, 40–59, 60–79, ⩾80), marital 
status (married, unmarried (divorced, separated, 
single (never married), unmarried or domestic 
partner and widowed)), insurance status (Yes, 
No), and survival time.

Classification of cause of death: death from MPN, 
death from cardiovascular, death from other can-
cers, and death from other noncancers. The pri-
mary endpoint of this study was CVM. 
Furthermore, in accordance with ICD-10, certain 
fatalities related to cardiovascular conditions were 
categorized as a composite variable encompassing 
diseases of the heart, cerebrovascular diseases, 
hypertension without heart disease, other diseases 
of arteries, arterioles, capillaries, aortic aneurysm 
and dissection, and atherosclerosis. Additionally, 
the subsequent 10 categories are classified as the 
predominant causes of mortality stemming from 
noncancerous origins: chronic obstructive pulmo-
nary disease and allied conditions, accidents and 
adverse effects, Alzheimer’s (ICD-9 and 10 only), 
pneumonia and influenza, nephritis, nephrotic 
syndrome and nephrosis, diabetes mellitus, sep-
ticemia, other infectious, and parasitic diseases 

including HIV, symptoms, signs and ill-defined 
conditions, chronic liver disease, and cirrhosis.

Statistical analysis. We employed the competing 
risk model to evaluate the cumulative incidence of 
cause-specific mortality across patient variables 
for MPN, cardiovascular disease (CVD), other 
malignancies, and nonmalignant conditions. The 
standardized mortality ratio (SMR) was defined 
as the ratio of the number of deaths observed in 
our study to the number of deaths expected in the 
general population matched by age, sex, race, and 
year of diagnosis. We used precise methods to cal-
culate a 95% confidence interval (95%CI) for the 
SMR. The absolute excess risk (AER) was calcu-
lated by subtracting the expected number of 
deaths from the number of deaths observed in the 
study by dividing the number of person-years at 
risk and then dividing the result by 10,000. The 
results were presented as the incidence rate per 
10,000 person-years. Univariate and multivariate 
survival analyses were performed to identify inde-
pendent predictors of CVD, and all analyses were 
performed using R software (version 4.2.2), 
where p-values <0.05 were considered statisti-
cally significant.

Figure 1. Selection of eligible patients.
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Results

Patient characteristics
In the study, a total of 24,277 patients were diag-
nosed with MPN from 2000 to 2018, including 
10,409 (42.9%) for PV, 3,229 (13.3%) for PMF, 
and 10,639 (43.8%) for ET. The prevalence of 
this condition was higher among Caucasian males 
in PV and PMF compared to females in ET. 
According to age distribution at diagnosis: 
<40 years old, accounting for 8.0%; 40–59 years 
old, accounting for 29.0%; 60–79 years old, 
accounting for 47.0%; >80 years old, accounting 
for 16.0%. Among these patients, 8841 experi-
enced death during the follow-up period after 
diagnosis, of which 2664 (30.1%) died from 
MPN, 2429 (27.5%) died from CVD, 777 (8.8%) 
died from other cancers, and 2971 (33.6%) died 
from other noncancer diseases. The main type of 
CVD was heart disease (74.2%), followed by cer-
ebrovascular diseases (17.7%), hypertension 
without heart disease (4.1%), atherosclerosis 
(0.7%), aortic aneurysm, and dissection (0.9%), 
and other diseases of arteries, arterioles, capillar-
ies (2.1%). Among other noncancer diseases 
besides CVD, chronic obstructive pulmonary dis-
ease, and allied conditions were the most com-
mon causes of death, followed by Accidents and 
Adverse Effects and Alzheimer’s (ICD-9 and 10 
only). The proportion of cancer-related deaths 
gradually decreased with survival time in patients 
with ET and PV, while the proportion of noncan-
cer-related deaths gradually increased, which 
contradicted the trend observed in ET patients 
(Table 1).

Cumulative mortality of CVD
When we analyzed causes of death in MPN 
patients, we found that at 200 months of follow-
up, the cumulative mortality of CVD, other non-
cancer, MPN, and other cancers was 17.9%, 
22.1%, 18.8%, and 6.1%, respectively (Figure 
2(a)), with the highest incidence of other noncan-
cer related deaths. However, over 50% of PMF 
patients succumbed to the primary disease within 
a follow-up period of 200 months (Figure 2(b)–
(d)). The ease of transformation from PMF to 
AML may be attributed to the fact that compared 
to ET and PV, PMF exhibits a higher susceptibil-
ity. According to several studies, the transforma-
tion of PMF into AML is associated with an 
unfavorable prognosis.

We then categorized patients based on age, sex, 
race, marital status, and insurance status. Our 
analysis revealed that the risk associated with all 
these factors increased over time. Notably, male, 
other race, married, insured, and young patients 
exhibited a relatively lower risk of CVM (Figure 
3). Further analysis of MPN patients stratified by 
age revealed that in individuals aged over 80 years, 
the risk of CVD-related mortality surpassed that 
attributed to other causes, emerging as the pri-
mary cause of death (Figure 4). Further analysis 
of patients with ET, PV, and PMF showed that 
CVD was also the main cause of death in PV 
patients over 80 years old, and CVD also played 
an important role in the cause of death in ET and 
PMF patients (Figures 5–7).

CVM and all-cause mortality compared to the 
general population
When comparing the risk of CVM in MPN 
patients with the general U.S. population, the 
SMR for CVM was 3.25 (95%CI, 3.14–3.35) 
and the AER was 1341.44. The subgroup analy-
sis, stratified by clinical features, revealed signifi-
cant increases in SMRs compared to the general 
U.S. population across all subgroups, including 
sex, age at diagnosis, race, marital status, insur-
ance status, and year of diagnosis. Furthermore, 
our findings indicate a significantly higher SMR 
of CVM in patients diagnosed at a younger age, 
with a gradual decline in SMR as patients advance 
in age. For example, the SMR for CVM in 
patients younger than 40 years old diagnosed was 
80.55 (95%CI, 50.11–133.62), compared to 2.42 
(95%CI, 2.32–2.53) for CVM over 80 years old. 
The lowest SMR for CVM in MPN patients was 
2.76 (95%CI, 2.62–2.90) at 1–5 years after diag-
nosis, and this SMR decreased during follow-up. 
Aneurysm and dissection (SMR, 3.94 (95%CI, 
2.50–5.91)) had the highest SMR for the type of 
CVD death. This was followed by other diseases 
of arteries, arterioles, capillaries (SMR, 3.80 
(95%CI, 3.04–4.70)), and cerebrovascular dis-
eases (SMR, 3.45 (95%CI, 3.19–3.72); Table 2). 
Other major causes of noncancer-related death 
also saw increases in SMR, including chronic 
liver disease and cirrhosis (SMR, 6.97 (95%CI, 
5.74–8.37)), diabetes mellitus (SMR, 4.64 
(95%CI, 4.08–5.25)), septicemia (SMR, 4.50 
(95%CI, 3.93–5.13)), and other infectious and 
parasitic diseases including HIV (SMR, 4.45 
(95%CI, 3.66–5.35; Table 3)).
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Table 1. Baseline clinical characteristics of MPN patients.

Variables PV (N = 10,409) PMF (N = 3229) ET (N = 10,639) Overall (N = 24,277)

Race

 Othera 707 (6.8%) 281 (8.7%) 847 (8.0%) 1835 (7.6%)

 White 8940 (85.9%) 2650 (82.1%) 8373 (78.7%) 19,963 (82.2%)

 Black 762 (7.3%) 298 (9.2%) 1419 (13.3%) 2479 (10.2%)

Sex

 Female 4558 (43.8%) 1306 (40.4%) 6453 (60.7%) 12,317 (50.7%)

 Male 5851 (56.2%) 1923 (59.6%) 4186 (39.3%) 11,960 (49.3%)

Age, year

 <40 714 (6.9%) 92 (2.8%) 1134 (10.7%) 1940 (8.0%)

 40–59 3349 (32.2%) 740 (22.9%) 2949 (27.7%) 7038 (29.0%)

 60–79 4856 (46.7%) 1841 (57.0%) 4723 (44.4%) 11,420 (47.0%)

 ≥80 1490 (14.3%) 556 (17.2%) 1833 (17.2%) 3879 (16.0%)

Year of diagnosis

 2000–2004 2319 (22.3%) 636 (19.7%) 1749 (16.4%) 4704 (19.4%)

 2005–2009 2845 (27.3%) 868 (26.9%) 2922 (27.5%) 6635 (27.3%)

 2010–2014 2934 (28.2%) 942 (29.2%) 3043 (28.6%) 6919 (28.5%)

 2015–2018 2311 (22.2%) 783 (24.2%) 2925 (27.5%) 6019 (24.8%)

Marital status

 Married 6099 (58.6%) 2017 (62.5%) 5948 (55.9%) 14,064 (57.9%)

 Unmarriedb 4310 (41.4%) 1212 (37.5%) 4691 (44.1%) 10,213 (42.1%)

Insurance status

 Yes 2768 (26.6%) 974 (30.2%) 3105 (29.2%) 6847 (28.2%)

 No 7641 (73.4%) 2255 (69.8%) 7534 (70.8%) 17,430 (71.8%)

Survival months

 Mean (SD) 79.9 (56.3) 47.6 (45.1) 74.3 (55.5) 73.1 (55.6)

 Median [Min, Max] 69.0 [1.00, 227] 33.0 [1.00, 222] 61.0 [1.00, 227] 60.0 [1.00, 227]

COD

 Alive 6849 (65.8%) 1224 (37.9%) 7363 (69.2%) 15,436 (63.6%)

  Dead (attributable to this 
cancer dx)

687 (6.6%) 1264 (39.1%) 713 (6.7%) 2664 (11.0%)

 Diseases of heart 857 (8.2%) 205 (6.3%) 740 (7.0%) 1802 (7.4%)

(Continued)
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Variables PV (N = 10,409) PMF (N = 3229) ET (N = 10,639) Overall (N = 24,277)

 Cerebrovascular diseases 212 (2.0%) 36 (1.1%) 183 (1.7%) 431 (1.8%)

  Hypertension without heart 
disease

48 (0.5%) 10 (0.3%) 44 (0.4%) 102 (0.4%)

  Other diseases of arteries, 
arterioles, capillaries

28 (0.3%) 4 (0.1%) 20 (0.2%) 52 (0.2%)

  Aortic aneurysm and 
dissection

10 (0.1%) 1 (0.0%) 13 (0.1%) 24 (0.1%)

  Atherosclerosis 6 (0.1%) 4 (0.1%) 8 (0.1%) 18 (0.1%)

  Chronic obstructive pulmonary 
disease and allied cond

248 (2.4%) 36 (1.1%) 190 (1.8%) 474 (2.0%)

 Accidents and adverse effects 81 (0.8%) 43 (1.3%) 98 (0.9%) 222 (0.9%)

 Alzheimers (ICD-9 and 10 only) 83 (0.8%) 12 (0.4%) 100 (0.9%) 195 (0.8%)

 Pneumonia and influenza 74 (0.7%) 33 (1.0%) 77 (0.7%) 184 (0.8%)

  Nephritis, nephrotic 
syndrome, and nephrosis

59 (0.6%) 30 (0.9%) 70 (0.7%) 159 (0.7%)

 Diabetes mellitus 75 (0.7%) 14 (0.4%) 62 (0.6%) 151 (0.6%)

 Septicemia 61 (0.6%) 24 (0.7%) 56 (0.5%) 141 (0.6%)

  Other infectious and parasitic 
diseases including HIV

28 (0.3%) 21 (0.7%) 33 (0.3%) 82 (0.3%)

  Symptoms, signs, and ill-
defined conditions

37 (0.4%) 8 (0.2%) 25 (0.2%) 70 (0.3%)

  Chronic liver disease and 
cirrhosis

31 (0.3%) 18 (0.6%) 23 (0.2%) 72 (0.3%)

 Other cause of death 549 (5.3%) 178 (5.5%) 494 (4.6%) 1221 (5.0%)

 Other cancer death 386 (3.7%) 64 (2.0%) 327 (3.1%) 777 (3.2%)

COD, cause of death; ET, essential thrombocythemia; MPN, myeloproliferative neoplasm; PMF, primary myelofibrosis; PV, polycythemia vera.
aAmerican Indian/AK Native, Asian/Pacific Islander.
bDivorced, separated, single (never married), unmarried or domestic partner, and widowed.

Predictors of CVM
Cox regression analysis was conducted on MPN 
cases to evaluate the prognostic impact of clinical 
characteristics on cardiac-specific mortality 
(CSM), and the results are shown in Table 4. The 
results of the univariate analysis showed that race, 
age at diagnosis, marital status, and insurance sta-
tus affected patients’ CSM. White race (HR: 
1.503, 95%CI: 1.247–1.786) and black race (HR: 

1.492, 95%CI: 1.247–1.786) had worse CSM 
than those of other races, and unmarried, unin-
sured patients also had worse CSM. Additionally, 
we observed a significant positive correlation 
between HR and age, as well as a significant 
increase in CSM. For example, HR (95%CI) in 
patients aged 40–59, 60–79, and >80 years were 
2.497 (1.827–3.412), 9.988 (7.401–13.479), and 
42.286 (31.274–57.174), respectively, compared 

Table 1. (Continued)
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Figure 2. Cumulative mortality for all causes of death. (a) for MPN, (b) for ET, (c) for PV and (d) for PMF. 
CVD, cardiovascular disease; MPN, myeloproliferative neoplasm; ET, essential thrombocythemia; PV, polycythemia vera; 
PMF, primary myelofibrosis.

Figure 3. Cumulative mortality for CVM in MPN patients stratified by race (a), sex (b), marital status (c), 
insurance status (d), and age (e).
CVM, cardiovascular disease mortality; MPN, myeloproliferative neoplasm.

https://journals.sagepub.com/home/tah
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Figure 4. Cumulative mortality for all causes of death in MPN patients stratified by age at diagnosis: (a) 
age < 40; (b) age between 40 and 59; (c) age between 60 and 79; (d) age ⩾ 80.
MPN, myeloproliferative neoplasm.

with patients aged <40 years. The association 
between gender and CSM was observed in both 
ET and PV patients, wherein female ET patients 
exhibited a higher risk of CSM, while the opposite 
trend was observed in PMF. Multivariate Cox 
regression analysis showed that old age, unmar-
ried, uninsured, black race, and white race were 
independent adverse prognostic factors for CSM 
in MPN patients.

Discussion
The analysis of the causes of death among MPN 
patients will enhance our understanding of the 
disease’s characteristics and bolster disease con-
trol and management. To our knowledge, this 
contemporary large population study is the first to 

examine post-MPN diagnosis mortality causes, 
particularly CVM risk factors, using data from 
the SEER database.

Patients with MPN often coexist with CVD, 
which is often associated with inflammation, pro-
thrombotic and pro-fibrotic factors, and abnormal 
function of mutant leukocyte and platelet circulat-
ing clones in affected individuals.10 In addition, 
other studies have found that gene mutations, 
such as the JAK2V617F and thrombopoietin 
receptor (MPL) mutation, promote endothelial-
to-mesenchymal transformation under stress and 
endothelial dysfunction leads to CVD.11 Because 
CVD is associated with a poor prognosis, we 
wanted to further explore the impact of CVD-
related death on MPN patients.

https://journals.sagepub.com/home/tah
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By conducting an analysis of competing risks, we 
have determined that the primary disease does 
not emerge as the predominant cause of mortal-
ity among MPN patients. Instead, noncancer-
related deaths exhibit the highest incidence rate, 
with CVD ranking third. However, upon exami-
nation of these three distinct diseases, discernible 
differences emerge. Patients with ET and PV 
exhibit a significantly heightened risk of arterio-
venous thrombosis, as well as an increased sus-
ceptibility to CVD, attributable to the substantial 
elevation in blood cell count and the occurrence 
of augmented blood viscosity. The risk of CVD is 
significantly lower in patients with myelofibrosis 
(MF) compared to those with ET and PV, pri-
marily due to the predisposition toward bone 
marrow failure. Additionally, there is a signifi-
cantly higher likelihood of MF progressing into 

AML when compared to ET and PV. The pri-
mary disease is the predominant underlying fac-
tor leading to mortality in patients with MF. In 
the treatment, ET and PV patients often choose 
hydroxyurea and other cell-lowering drugs,12 and 
use aspirin, clopidogrel, and other anti-plate 
drugs to prevent the formation of thrombosis.13,14 
The JAK inhibitor Ruxolitinib was approved by 
the Food and Drug Administration (FDA) in 
2011 and 2014 for the treatment of MF and 
PV,15–17 respectively, and can significantly 
improve outcomes in MPN patients. Novel JAK 
inhibitors, such as Jaktinib, are also being studied 
in patients who cannot tolerate Ruxolitinib or 
who are refractory to relapse.18,19 IFNα can also 
inhibit disease progression by inhibiting blood 
cell colony formation, inducing cytogenetic 
remission, and reducing the JAK2-V617F allele 

Figure 5. Cumulative mortality for all causes of death in ET patients stratified by age at diagnosis: (a) 
age < 40; (b) age between 40 and 59; (c) age between 60 and 79; and (d) age ⩾ 80.
CVD, cardiovascular disease; ET, essential thrombocythemia.
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mutation load. Studies have shown that 
Ruxolitinib is a potent cardioprotective drug.20 

Multivariate competing risk analysis showed that 
the HR value of CVD decreased over time, with 
a 31.0% decrease in CVM among patients diag-
nosed between 2015 and 2018 compared to 
those diagnosed between 2000 and 2004 (HR 
0.690, 95%CI 0.587–0.812).

As previously mentioned, MPN is frequently 
observed in individuals aged 50–70 years. Given 
the heightened susceptibility of this population 
to arteriosclerosis, dyslipidemia, diabetes, and 
other associated risk factors, the likelihood of 
CVD is significantly augmented compared to 
younger cohorts.21,22 Other studies have shown 
that with the increase of age and the occurrence 
of aging, the enhancement of oxidative 

susceptibility promotes the activation of key 
inflammatory transcription factors, and the nor-
mal gene regulation of aging cells leads to the 
intensification of pro-inflammatory state, caus-
ing various metabolic disorders.23 For the MPN 
patients over 80 years old, CVD was the most 
common cause of death, and multivariate com-
peting risk analysis showed that older patients 
were more likely to die of CVD (HR 42.916, 
95%CI: 31.733–58.042). The SMR of MPN 
patients was 8.78 times higher than that of the 
general population. Especially in patients diag-
nosed at a young age, the SMR of CVM was 
very high and gradually decreased with the 
increase of age. The risk of CVM in MPN 
patients younger than 40 years old was 84.55 
times higher than that in the general population 
(95%CI, 50.11–133.62).

Figure 6. Cumulative mortality for all causes of death in PV patients stratified by age at diagnosis: (a) 
age < 40; (b) age between 40 and 59; (c) age between 60 and 79; (d) age ⩾ 80.
CVD, cardiovascular disease; PV, polycythemia vera.
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We observed that race, marital status, and 
insurance status were significant independent 
predictors of risk factors for CVM. Specifically, 
the black population, and individuals without 
insurance exhibited higher HR and SMR. In 
many other types of tumors, black patients have 
been observed to exhibit a poorer prognosis and 
a higher risk of CVM, which may be attributed 
to the elevated incidence of CVD within this 
population.24,25 In addition, other studies have 
found that socioeconomic influences and black 
people have relatively low rates of cardiac reha-
bilitation.26 Married and insured patients, who 
exhibit a relatively lower risk of CVM,  
may benefit from enhanced emotional and 
financial support, thereby facilitating early 
diagnosis, effective treatment, and improved 
prognosis.27,28

In terms of incidence, PV and PMF exhibit a 
higher prevalence among males, while ET dem-
onstrates a greater predominance in females, 
aligning consistently with previous statistical find-
ings.29 The impact of gender on CVM risk is  
evident, with men exhibiting higher CVM risks 
compared to women in the context of multiple 
myeloma, bladder cancer, and esophageal  
cancer.30–32 This disparity may be attributed to 
lifestyle factors such as alcohol consumption and 
tobacco use.33 In our study, there was no statisti-
cally significant disparity in CVM risk between 
genders; however, men with MPN exhibited a 
CVM risk 3.56 times higher than that of the gen-
eral population. The risk of CVM in female MPN 
patients was three times higher compared to the 
general population, although it remained lower 
than that observed in male patients.

Figure 7. Cumulative mortality for all causes of death in PMF patients stratified by age at diagnosis:  
(a) age < 40; (b) age between 40 and 59; (c) age between 60 and 79; (d) age ⩾ 80.
CVD, cardiovascular disease; PMF, primary myelofibrosis.
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Table 2. SMR of CVM among MPN according to baseline characteristics.

Characteristic Observed deaths Excepted deaths SMR (95%CI) AER

Overall 3681 1134.14 3.25 (3.14–3.35) 1341.44

Race

 Black 299 61.22 4.88 (4.35–5.47) 1642.26

 White 3142 1029.30 3.05 (2.95–3.16) 1296.50

 Othera 240 43.63 5.5 (4.83–6.24) 1580.12

Sex

 Female 1939 645.30 3.00 (2.87–3.14) 1304.13

 Male 1742 488.84 3.56 (3.40–3.73) 1382.27

Age group, year

 <40 18 0.21 84.55 (50.11–
133.62)

1177.05

 40–59 239 11.40 20.96 (18.39–23.80) 1233.04

 60–79 1231 217.02 5.67 (5.36–6.00) 1205.44

 ≥80 2193 905.51 2.42 (2.32–2.53) 1501.05

Year group

 2000–2004 165 85.80 1.92 (1.64–2.24) 444.00

 2005–2009 695 332.94 2.09 (1.94–2.25) 588.03

 2010–2014 1176 449.56 2.62 (2.47–2.77) 994.43

 2015–2018 1645 265.85 6.19 (5.89–6.49) 3687.57

Marital status

 Married 1550 471.80 3.29 (3.12–3.45) 1262.82

 Unmarriedb 1737 545.56 3.18 (3.04–3.34) 8429.90

 Unknown 394 116.79 3.37 (3.05–3.72) 1373.69

Insurance status

 No 2622 787.15 3.33 (3.20–3.46) 1344.69

 Yes 1058 346.85 3.05 (2.87–3.24) 1336.13

 Unknown 1 0.14 7.23 (0.18–40.31) 1022.59

Latency periods, months

 0–11 501 172.84 2.90 (2.65–3.16) 1058.60

 12–59 1532 556.07 2.76 (2.62–2.90) 1030.42

 60–119 1131 315.14 3.59 (3.38–3.80) 1621.09

(Continued)
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Characteristic Observed deaths Excepted deaths SMR (95%CI) AER

 >120 517 90.09 5.74 (5.25–6.26) 3088.83

CVD

  Diseases of 
heart

2727 843.18 3.23 (3.11–3.36) 1334.33

  Cerebrovascular 
diseases

674 195.33 3.45 (3.19–3.72) 1441.51

  Hypertension 
without heart 
disease

146 58.27 2.51 (2.12–2.95) 1016.84

  Other diseases 
of arteries, 
arterioles, 
capillaries

85 22.34 3.80 (3.04–4.70) 1376.54

  Aortic aneurysm 
and dissection

23 5.84 3.94 (2.50–5.91) 1762.89

 Atherosclerosis 26 9.19 2.83 (1.85–4.15) 1273.68

AER, absolute excess risk; CVD, cardiovascular disease; CVM, cardiovascular disease mortality; MPN, myeloproliferative 
neoplasm; SMR, standardized mortality ratio.
aAmerican Indian/AK Native, Asian/Pacific Islander.
bDivorced, separated, single (never married), unmarried or domestic partner, and widowed.

Table 3. SMR of other noncancer disease morbidity among MPN.

Characteristic Observed deaths Excepted deaths SMR (95%CI) AER

Chronic obstructive 
pulmonary disease and 
allied conditions

729 164.25 4.44 (4.12–4.77) 1471.69

Accidents and adverse 
effects

357 90.2 3.96 (3.56–4.39) 1443.90

Alzheimers (ICD-9 and 
10 only)

325 160.7 2.02 (1.81–2.25) 840.08

Pneumonia and 
influenza

279 104.61 2.67 (2.36–3.00) 1108.51

Nephritis, nephrotic 
syndrome, and 
nephrosis

228 65.77 3.47 (3.03–3.95) 1165.74

Diabetes mellitus 247 53.28 4.64 (4.08–5.25) 1463.86

Septicemia 223 49.53 4.50 (3.93–5.13) 1523.66

AER, absolute excess risk; MPN, myeloproliferative neoplasm; SMR, standardized mortality ratio.

Table 2. (Continued)
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Table 4. Univariate and multivariate analysis for associations between patient characteristics and CVD in MPN 
patients.

Variables Univariate analysis Multivariate analysis

HR 95%CI p HR 95%CI p

Race

 Othera Reference <0.001 Reference  

 White 1.503 1.295–1.744 <0.001 1.235 1.064–1.434 0.02

 Black 1.492 1.247–1.786 <0.001 1.552 1.295–1.860 <0.001

Sex

 Female Reference  

 Male 0.957 0.896–1.023 0.283  

Age group, year

 <40 Reference <0.001 Reference  

 40–59 2.497 1.827–3.412 <0.001 2.657 1.944–3.631 <0.001

 60–79 9.988 7.401–
13.479

<0.001 10.701 7.927–
14.447

<0.001

 ⩾80 42.286 31.274–
57.174

<0.001 42.917 31.733–
58.042

<0.001

Year group

 2000–2004 Reference 0.034 Reference  

 2005–2009 0.942 0.867–1.023 0.231 0.907 0.834–0.985 0.052

 2010–2014 0.932 0.846–1.027 0.234 0.869 0.789–0.958 0.018

 2015–2018 0.755 0.642–0.888 0.004 0.690 0.587–0.812 <0.001

Marital status

 Married Reference Reference  

 Unmarriedb 1.665 1.557–1.780 <0.001 1.323 1.235–1.418 <0.001

Insurance status

 Yes Reference Reference  

 No 1.206 1.116–1.303 <0.001 1.241 1.148–1.341 <0.001

AER, absolute excess risk; MPN, myeloproliferative neoplasm; SMR, standardized mortality ratio.
aAmerican Indian/AK Native, Asian/Pacific Islander.
bDivorced, separated, single (never married), unmarried or domestic partner, and widowed.
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There are several limitations to our study. First, 
it should be noted that this study employed a ret-
rospective analysis methodology, and despite rig-
orous subject screening, an inherent selection 
bias remains unavoidable. Additionally, the data-
base lacks crucial patient information including 
weight, smoking status, blood lipids, comorbidity 
of diabetes, and gene mutation status. The 
absence of this information impedes our ability 
to conduct a comprehensive evaluation of treat-
ment efficacy and disease outcomes, potentially 
introducing bias into our research. The findings 
of our study clearly demonstrate that CVD-
related mortality holds significant importance as 
a leading cause of death among patients with 
MPNs. Considering the limitations of the public 
database, we anticipate future multicenter large-
scale clinical studies to gather more comprehen-
sive clinical information on MPN patients, 
aiming for improved precision in classification, 
management, and treatment strategies for this 
population.

Conclusion
Noncancer-related mortality emerged as a promi-
nent cause of death among patients with MPN, 
while the risk of CVM exhibited a significant 
increase, particularly in association with advanc-
ing age. This underscores the importance of early 
CVD assessment and regular follow-up post-
MPN diagnosis, necessitating further investiga-
tions into the underlying mechanisms linking 
CVD with MPN to facilitate long-term manage-
ment strategies for affected individuals.
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