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Abstract

Background: The temporal trend and disparities in cardiovascular disease (CVD) mortality risk among long-term survivors of different
Hodgkin lymphoma (HL) types are unclear. Therefore, we aimed to examine the temporal trend and disparities in CVD mortality risk
among survivors of various HL subtypes. Methods: This multicenter cohort included 20,423 patients with HL diagnosed between 1975
and 2018, with an average follow-up time of 18.5 years. Proportional mortality ratio, cumulative cause-specific mortality accounting
for competing risks, standardized mortality ratio, and absolute excess risk were calculated. Results: Patients with nodular lymphocyte-
predominant HL (NLPHL) and classical HL exhibited higher CVD-related deaths than HL-related deaths after approximately 12 and 120
months of follow-up, respectively. From the initial diagnosis to >500 months of follow-up, the cumulative CVD mortality increased
continuously without a plateau and exceeded that of HL at different times in most patients with various HL types. However, CVD
mortality risk exceeded that of HL earlier in NLPHL than in other types. Black or male patients with nodular sclerosing classical HL
exhibited a higher CVD mortality risk, while a contrary trend was noted among those with lymphocyte-rich classical HL or lymphocyte-
depleted classical HL. Over the past decades, CVD mortality risk has decreased slowly or remained unchanged. Patients with HL
exhibited higher risks of CVD mortality than the general population. Conclusions: CVD mortality risk exceeded that of HL over time
among many survivors. This temporal trend was significantly different among various HL subtypes. Thus, more effective strategies are
required to reduce the risk of CVD mortality, depending on subtypes.
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1. Introduction plasms, cardiovascular disease (CVD), infections, and en-
docrine and respiratory disorders [6—11].

Hodgkin lymphoma (HL) was initially described by Previous studies reported that patients with HL exhib-

the famous British pathologist Thomas Hodgkin in 1832.
HL accounts for approximately 0.6% of all cancers and 10%
of lymphomas worldwide [1-3]. HL is divided into clas-
sical and nodular lymphocyte-predominant HL (NLPHL)
types based on morphology and immunohistochemistry.
Classical HL is further subdivided into nodular scleros-
ing classical HL (NSCHL), mixed-cellularity classical HL
(MCCHL), lymphocyte-rich classical HL (LRCHL), and
lymphocyte-depleted classical HL (LDCHL) subtypes. As
treatment has improved over the past decades, the cure
rate of HL has reached 80%-90% in some populations,
meaning this malignancy has become highly treatable [4,5].
However, successful HL treatment is associated with an
increased risk of morbidity and mortality from other dis-
eases among long-term survivors, including secondary neo-

ited a high risk of treatment-related cardiovascular com-
plications, including coronary artery disease, valvular dys-
function, diastolic dysfunction, congestive heart failure,
and pericardial disease [12—15]. Indeed, CVD has become
one of the most important causes of death among long-term
survivors of HL [7,16—19]. Previous studies that assessed
the risk of cause-specific mortality for patients with HL
categorized this as a single population. However, various
HL subtypes may differ based on cause-specific mortality
in the setting of similar clinical management. Moreover,
few studies examined the temporal trend and disparities in
cause-specific mortality risk among patients with different
HL subtypes owing to the difficulty in assessing the CVD-
specific mortality risk in various populations. Additionally,
whether the risk of death due to CVD exceeds that due to
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secondary malignancy or the primary tumor based on the
current markedly improved HL cure rate is unclear. HL in-
cidence peaked first around 20-30 years and again around
50-70 years of age [20]. Older patients have a lower cu-
rative rate than younger patients. Thus, it is necessary to
cover all ages to obtain a comprehensive assessment of the
patients with HL. However, few studies have conducted this
evaluation [21-23].

Therefore, we conducted this study among a large,
multicenter cohort of 20,423 patients of all ages diagnosed
with HL between 1975 and 2018 to examine the temporal
trend and disparities in CVD mortality risk among survivors
of various HL subtypes. This study can facilitate a more
precise assessment of CVD mortality risk among these pa-
tients in the clinical setting and improve their long-term sur-
vival and quality of life.

2. Materials and Methods
2.1 Data Source

This study used data from the National Cancer Insti-
tute’s Surveillance, Epidemiology, and End Results (SEER)
database (available at https://seer.cancer.gov/). The SEER
program is a publicly available, authoritative database with
quality-assured data because of its systematic data collec-
tion procedure [24]. The SEER database provides infor-
mation on cancer statistics to reduce the cancer burden
among the U.S. population. Data were extracted from the
SEER 9 registry, covering most years. SEER*Stat soft-
ware (version 8.4.1; National Cancer Institute, National
Institutes of Health, Bethesda, MD, USA, available from
https://seer.cancer.gov/seerstat/) was used to create a case
list. Ethical approval for our study was not required, as only
de-identified data were used.

2.2 Study Population

Patients with a definitive diagnosis of a single primary
HL subtype who actively attended follow-up assessments
and were first diagnosed between 1975 and 2018 were in-
cluded in this study. When analyzing proportional mortality
ratio (PMR), cumulative cause-specific disease, standard-
ized mortality ratio (SMR), and absolute excess risk (AER),
patients with follow-up times of less than two months or of
unknown race were excluded from the analysis [25].

2.3 Patient Variables and Outcomes

This study considered various causes of death, includ-
ing infection, diabetes mellitus, Alzheimer’s disease, respi-
ratory disease, digestive disease, kidney disease, and other
undefined non-neoplastic diseases and suicides, accidents,
and homicide. CVD encompassed heart disease, cere-
brovascular disease, atherosclerosis, hypertension without
heart disease, aortic aneurysm and dissection, and other
diseases of the arteries, arterioles, or capillaries, classified
according to the International Classification of Disease-10
codes (Supplementary Table 1). Variables were classified

as follows: age at diagnosis (0—34 years; 35-64 years; 65+
years) [19]; sex (male or female); race (white; black; other);
year of diagnosis (1975-1988; 1989-2002; 2003-2018);
follow-up intervals in months (2—11; 12-59; 60-119; 120—
179; 180+); HL pathological subtypes (NSCHL; MCCHL,;
LRCHL; LDCHL; NLPHL).

Primary outcomes were death from HL, other neo-
plasms, CVD, or other non-neoplastic etiologies. The ini-
tial follow-up time was counted from the HL diagnosis
date, and the follow-up termination time was upon all-cause
death or definitive loss to follow-up.

2.4 Statistical Analyses

Data are represented using descriptive statistics ac-
cording to age, sex, race, age at diagnosis, year of diagnosis,
follow-up interval, and HL subtype. The PMR was defined
as the number of deaths from any one cause (HL, CVD,
other neoplasms, other non-neoplasms) divided by the total
number of deaths [26]. SMR was defined as the ratio of ob-
served deaths to the expected number of deaths, with the ex-
pected number of deaths obtained by multiplying the num-
ber of person-years at risk by the mortality rate of the gen-
eral population with the same age, sex, race, and calendar
period. The mortality rate for the general population was
derived from the Centers for Disease Control and Preven-
tion in the United States (https://wonder.cdc.gov/). AER
was calculated by subtracting the expected deaths from the
observed number divided by the number of person-years at
risk with results multiplied by 10,000 and expressed as per
10,000 person-years. A corresponding 95% confidence in-
terval (CI) was calculated for the SMR. All statistical anal-
yses were performed using the IBM Statistical Package for
the Social Sciences (version 26; IBM Corp., Chicago, IL,
USA) and R (version 4.0.3; R Core Team, Vienna, Austria,
2020-10-10) software packages.

3. Results

3.1 Patient Characteristics

Our cohort included 20,423 patients with HL diag-
nosed between 1975 and 2018. Of the 20,423 patients
with HL, 11,389 (55.8%) were male, and 9034 (44.2%)
were female. White and black patients accounted for
85.5% and 10% of the population, respectively; others
accounted for 4.5%. Patients aged 0-34, 35-64, and
65+ years were 57.7%, 31.8%, and 10.5%, respectively.
The proportions of patients diagnosed during each time
interval were 27.3% (1975-1988), 33.6% (1989-2002),
and 39.1% (2003-2018). Among our studied population,
NSCHL, MCCHL, LRCHL, LDCHL, and NLPHL sub-
type diagnoses accounted for 70.8%, 18.1%, 4.0%, 2.2%,
and 4.9% of patients, respectively. Average follow-up
time was 18.5 years (Table 1). Supplementary materials
(Supplementary Table 2) present the ages at diagnosis for
the different pathological types.
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Table 1. Characteristics of patients with HL.

Characteristics Patients with HL (No.) %
Total 20,423
Sex
Male 11,389 55.8
Female 9034 44.2
Race
White 17,456 85.5
Black 2052 10.0
Other® 915 4.5
Age at diagnosis (years)
0-34 11,777 57.7
35-64 6502 31.8
65+ 2144 10.5
Year of diagnosis
1975-1988 5574 27.2
1989-2002 6853 33.6
2003-2018 7996 39.2
Follow-up (months)
2-11 1719 8.4
12-59 4114 20.1
60-119 3487 17.1
120-179 3003 14.7
180+ 8100 39.7
Pathological type
NSCHL 14,472 70.8
MCCHL 3688 18.1
LRCHL 815 4.0
LDCHL 446 22
NLPHL 1002 4.9

@ American Indian/AK Native, Asian/Pacific Islander; HL,
Hodgkin lymphoma; NSCHL, nodular sclerosing classi-
cal HL; MCCHL, mixed-cellularity classical HL; LRCHL,
lymphocyte-rich classical HL; LDCHL, lymphocyte-depleted
classical HL; NLPHL, nodular lymphocyte-predominant HL.

3.2 Mortality Proportion

Irrespective of the follow-up interval, CVD PMR ex-
ceeded that of HL only in patients with NLPHL. HL re-
mained the predominant cause of death among patients with
NSCHL, MCCHL, and LDCHL (Fig. 1A). A similar phe-
nomenon was observed among different types of patients
that had been further classified based on age, race, and
sex (Supplementary Fig. 1). Analysis of cause-specific
PMR at different intervals revealed that the proportion of
CVD-related deaths exceeded that of HL and, thus, was the
leading cause of death among patients with various types.
Among NLPHL and other HL subtypes, the proportion of
CVD-related deaths surpassed that of HL at 12 and 120
months respectively (Fig. 1D), while patients aged over 64
years with NSCHL observed parallel trends at 60 months
of follow-up (Supplementary Fig. 2). Meanwhile, CVD
was the leading cause of death among all non-neoplastic
causes (Fig. 1B). A similar phenomenon was noted among
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the subpopulations classified according to age, race, and sex
(Supplementary Fig. 3). Most CVD deaths were due to
heart disease (Fig. 1C). Almost all patients aged 0-34 years
with MCCHL died from heart disease (Supplementary
Fig. 4).

3.3 Cumulative Cause-specific Mortality

Patients with different HL subtypes were further clas-
sified according to age, race, and sex. The cumulative HL
mortality in all types plateaued, while CVD mortality risks
rapidly and continuously increased throughout the follow-
up (Supplementary Fig. 5A-E). Among patients with
NLPHL, the cumulative CVD mortality exceeded that of
HL among patients other than those aged 0-34 years old,
>64 years old, and those classified as black in race. This
was observed among these patients after approximately 100
months of follow-up (Fig. 2E1-7). Among patients with
LRCHL, the cumulative mortality from CVD exceeded that
of HL among all patients other than those aged 0—34 or more
than 64 years after approximately 180 months of follow-
up (Fig. 2C1-7). Notably, if patients with MCCHL were
treated as a whole, these patients exhibited a higher risk of
mortality due to HL than due to CVD throughout follow-
up (Supplementary Fig. 5B). However, an opposite trend
was observed among patients aged 0-34 years after approx-
imately 480 months and aged 35—64 years after approxi-
mately 420 months (Fig. 2B1-2). The rest of MCCHL is
consistent with the overall trend (Fig. 2B3—7). Among pa-
tients with NSCHL, the cumulative mortality from CVD
exceeded that from HL among all patients except those
aged >64 years. This was observed after approximately
350 months of follow-up among patients aged 35—64 years
(Fig. 2A1-7). Patients with LDCHL exhibited no similar
temporal trend in CVD mortality (Fig. 2D1-7).

3.4 Cumulative CVD Mortality among Different
Populations

Patients with HL aged >64 years exhibited the high-
est risk of CVD mortality, followed by patients aged 35—
64 and 0-34 years (Fig. 3A,D,G,J,M); meanwhile, among
patients with NSCHL, the cumulative CVD mortality for
black patients exceeded that for white patients after approx-
imately 300 months of follow-up (Fig. 3B). Among patients
with LDCHL, white patients exhibited a higher risk all the
time (Fig. 3K). Cumulative CVD Mortality for MCCHL,
LRCHL, and NLPHL did not differ significantly between
whites and blacks, respectively (Fig. 3E,H,N). Males diag-
nosed with NSCHL suffered a higher risk of CVD mortal-
ity; a contrary temporal trend was observed among those
diagnosed with LRCHL and LDCHL (Fig. 3C,ILL). Mean-
while, cumulative CVD mortality rates for MCCHL and
NLPHL were generally consistent in both males and fe-
males (Fig. 3F,0).
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Fig. 1. Proportion of cause-specific death in different HL subtypes. (A) The proportion of deaths from HL, CVD, other neoplasms,
or other non-neoplasms; (B) the proportion of deaths from non-neoplasms; (C) the proportion of deaths from different CVDs; (D) the

proportion of cause-specific deaths at different follow-up intervals
nodular sclerosing classical HL; MCCHL, mixed-cellularity classical

. HL, Hodgkin lymphoma; CVD, cardiovascular disease; NSCHL,

HL; LRCHL, lymphocyte-rich classical HL; LDCHL, lymphocyte-

depleted classical HL; NLPHL, nodular lymphocyte-predominant HL.

3.5 Cumulative Cause-specific Mortality in Different
Periods

Patients in our multicenter cohort were diagnosed
between 1975 and 2018. These 44 years were divided
into three consecutive periods according to the year of di-
agnosis (1975-1988; 1989-2002; 2003-2018). Among
patients with NSCHL, MCCHL, LDCHL, and NLPHL,
the cumulative HL mortality significantly decreased from
1975-1998 to 2003-2018 (Fig. 4A,B,D,E). No improve-
ment was observed among patients with LRCHL diag-

nosed between 2003-2018 and 1989-2002 (Fig. 4C). Over
these four decades, cumulative CVD mortality decreased
slowly among patients with NSCHL, MCCHL, and LRCHL
(Fig. 4F-H) and did not change among patients with LD-
CHL and NLPHL (Fig. 41J).

Patients with different HL subtypes were further
divided into various subpopulations according to age,
race, and sex. Among all subpopulations, the cumu-
lative HL mortality decreased significantly in a tempo-

ral manner (Supplementary Figs. 6,7,8). The cumu-
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Fig. 2. Further classification of the cumulative cause-specific mortality among different subtypes of patients according to age,
race, and sex. (A) the cumulative cause-specific mortality of patients with NSCHL according to age, race, and sex. (B) the cumulative
cause-specific mortality of patients with MCCHL according to age, race, and sex. (C) the cumulative cause-specific mortality of patients
with LRCHL according to age, race, and sex. (D) the cumulative cause-specific mortality of patients with LDCHL according to age,
race, and sex. (E) the cumulative cause-specific mortality of patients with NLPHL according to age, race, and sex.
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Fig. 3. Further classification of the cumulative CVD mortality among different subtypes of patients according to age, race, and
sex. (A) the cumulative CVD mortality of patients with NSCHL according to age at diagnosis. (B) the cumulative CVD mortality of
patients with NSCHL according to race. (C) the cumulative CVD mortality of patients with NSCHL according to sex. (D) the cumulative
CVD mortality of patients with MCCHL according to age at diagnosis. (E) the cumulative CVD mortality of patients with MCCHL
according to race. (F) the cumulative CVD mortality of patients with MCCHL according to sex. (G) the cumulative CVD mortality of
patients with LRCHL according to age at diagnosis. (H) the cumulative CVD mortality of patients with LRCHL according to race. (I)
the cumulative CVD mortality of patients with LRCHL according to sex. (J) the cumulative CVD mortality of patients with LDCHL
according to age at diagnosis. (K) the cumulative CVD mortality of patients with LDCHL according to race. (L) the cumulative CVD
mortality of patients with LDCHL according to sex. (M) the cumulative CVD mortality of patients with NLPHL according to age at
diagnosis. (N) the cumulative CVD mortality of patients with NLPHL according to race. (O) the cumulative CVD mortality of patients
with NLPHL according to sex.
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lative CVD mortality decreased slowly among most pa-
tients (Supplementary Figs. 9,10,11). No changes
were observed among patients with NSCHL aged 0-34
years (Supplementary Fig. 9A), black patients with
MCCHL (Supplementary Fig. 10D), or female pa-
tients with NSCHL (Supplementary Fig. 11B) between
1989-2002 and 2003-2018. Among white patients with
NLPHL, the risk in the 2003—-2018 period exceeded that
in the 1989-2002 period from the beginning of follow-up
(Supplementary Fig. 10H).

3.6 CVD Mortality among Patients with HL Compared
with the General Population

SMR and AER for CVD were assessed at different
follow-up intervals for all HL subtypes. All patients with
HL exhibited a higher CVD mortality rate than the general
population over time. However, only patients with MC-
CHL suffered a higher CVD mortality at all time points
compared with the general population. SMR significantly
differed among patients diagnosed with various HL sub-
types over the same follow-up interval. During the first
interval, the SMR for CVD among patients with MCCHL
reached 5.79 (95% CI: 4.18-7.83) and was higher than
among other types. At the 120-179 months interval, pa-
tients with LDCHL exhibited the highest SMR (SMR =
9.27;95% CI: 4.93—15.85) and a corresponding AER 0f 209
(Table 2).

4. Discussion

Herein, the cumulative HL mortality decreased
rapidly over the past decades regardless of the HL subtype,
which means HL treatment has substantially improved.
However, we found that the risk of CVD mortality de-
creased slowly or remained unchanged. From the initial
diagnosis to >500 months of follow-up, the cumulative
CVD mortality increased continually without a plateau and
exceeded that of HL at different times in most patients
with various HL subtypes. Additionally, black patients or
males with NSCHL exhibited a higher CVD mortality risk,
whereas a contrary trend was observed among those with
LRCHL or LDCHL. The temporal trend of CVD mortality
risk presented disparities among survivors of various HL
subtypes.

Previous studies, without regard to the different HL
subtypes, reported that HL remained the first cause of
death and CVD was only one of the significant causes of
death among long-term survivors of HL [8,16,17,27-30].
Herein, we found that the proportion of CVD-related deaths
exceeded that of HL-related deaths among patients with
NLPHL. The studies mentioned above did not examine the
proportion of cause-specific deaths at different follow-up
intervals. When considering the follow-up intervals, we
found that the proportion of CVD-related deaths exceeded
that of HL over time in patients with various types. How-
ever, the CVD mortality risk in patients with HL could have
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been underestimated in the past. The time when the propor-
tion of CVD-related deaths exceeded that of HL was ear-
lier in patients with NLPHL than in those with other types.
Although patients with NLPHL accounted for a small por-
tion of the overall HL population, further studies should fo-
cus on them. Our results provide a more detailed reflec-
tion of the CVD-related deaths among patients with HL.
Researchers should consider HL subtypes when assessing
the risk of CVD mortality among patients with HL.

We examined the temporal trend in cumulative CVD
mortality among patients with different HL subtypes. As
age, race, and sex are risk factors for CVD morbidity and
mortality among patients with HL, patients diagnosed with
different HL subtypes were further classified into appropri-
ate subpopulations [22,31-33]. Previous studies reported
that the CVD mortality risk increased as follow-up time
progressed [17,29,34,35]. This trend occurred in various
forms. However, inconsistent with previous studies, our
study, which used more recent data, was the first to demon-
strate that the cumulative CVD mortality exceeded that of
HL at different times in patients with different HL types
[8,31,34,35]. For instance, the cumulative CVD mortality
exceeded that of HL among patients with NLPHL, LRCHL,
MCCHL, and NSCHL aged 35-64 years after approxi-
mately 100, 180, 420, and 350 months of follow-up, re-
spectively. These results demonstrated that the temporal
trend in CVD mortality risk exhibited significant dispari-
ties in various HL subtypes. Indeed, cumulative CVD ex-
ceeded that of HL because the cumulative HL mortality has
decreased sharply over previous decades [36—38]. We ob-
served that HL mortality risk has declined sharply over the
past decades. Additionally, the CVD mortality risk was un-
controlled. Our results demonstrate that cumulative CVD
mortality has decreased slowly over the three consecutive
periods. Indeed, the mortality of patients with LDCHL and
NLPHL has remained unchanged. CVD became the lead-
ing cause of death as the follow-up progressed. Thus, pa-
tients should take more measures to reduce the risk of CVD
mortality.

The time when PMR and cumulative CVD mortal-
ity exceeded that of HL. among patients with NLPHL was
the shortest compared to patients with other HL subtypes.
Since NLPHL was more indolent over its course, observa-
tion is an important option [38,39]. In theory, those patients
might suffer less CVD toxicity from chemotherapy and ra-
diotherapy treatments than patients with other subtypes.
This phenomenon occurred for decreased chemotherapy
and radiotherapy dosage and warrants further research as
it is likely caused by several mechanisms, such as the
administration of cardioprotective drugs or surgical treat-
ment during treatment [20,40]. Strategies for reducing the
risk of CVD mortality should not be limited to adjusting
the chemotherapy dose or developing new therapeutic ap-
proaches whose adverse effects on the cardiovascular sys-
tem are unclear in the short term.
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Consistent with previous studies, older individuals  black or male patients exhibited a higher CVD mortality
had a higher risk of CVD mortality [23,30]. Different from risk. Black or male patients with NSCHL exhibited a higher
other studies without regard to the HL subtypes, not all CVD mortality risk, whereas a contrary trend was observed
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Table 2. Standardized mortality ratio, absolute excess risk, and proportional mortality ratio for CVD among patients with HL

at different follow-up intervals.

Histologic type ~ Follow-up interval (months) No. SMR 95% CI AER PMR (%)
NSCHL
2-11 50 1.69 1.26-2.23 17.45 8.20
12-59 109 0.89 0.73-1.08 —2.68 7.88
60-119 126 1.04 0.87-1.24 1.12 17.60
120-179 122 132 1.10-1.58 8.15 29.54
180+ 404  2.55 2.31-2.82 39.24 40.40
MCCHL
2-11 42 579  4.18-7.83 121.14 9.44
12-59 102 3.69 3.01-4.48 68.02 15.89
60-119 92 3.57  2.88-4.38 64.87 25.99
120-179 62 326  2.50-4.18 57.05 34.25
180+ 136 3.7 3.11-4.38 68.27 39.65
LRCHL
2-11 2 1.20 0.14-4.33 5.06 6.45
12-59 17 244 1.42-3.91 36.38 19.32
60-119 17 254 1.48-4.07 38.92 27.42
120-179 16 3.24 1.85-5.26 56.53 35.56
180+ 29 3.17  2.12-4.56 54.83 39.73
LDCHL
2-11 10 471 2.26-8.66 93.78 6.90
12-59 1.57 0.51-3.65 14.29 5.26
60-119 2.32 0.85-5.04 33.25 16.67
120-179 13 9.27 4.93-15.85 209 50.00
NLPHL
2-11 2 0.9 0.10-3.24 -2.56 8.70
12-59 11 1.4 0.70-2.50 10 29.73
60-119 11 1.67 0.83-2.99 17 35.48
120-179 8 2.13 0.92-4.20 28.54 40.00
180+ 11 3.34 1.67-5.98 59.17 45.83

SMR, standardized mortality ratio; AER, absolute excess risk; CI, confidence interval; PMR, propor-

tional mortality ratio.

among those with LRCHL or LDCHL. This may be related
to sex chromosomes and hormone levels. Variations in so-
cioeconomic status and living conditions may contribute
to disparities observed across different racial and ethnic
groups[41,42]. However, the specific reasons need to be
further studied [43]. We might need to focus on these dis-
parities in CVD mortality risk in the process of HL treat-
ment.

CVD mortality among patients with any HL subtype
exceeded that of the general population over time (Table 2)
[18]. The temporal trend of SMR was significantly differ-
ent among patients with different HL subtypes. Addition-
ally, SMR and AER similarly differed over the same inter-
val among patients with different HL subtypes. We suspect
that patients with HL suffering from those subtypes with
higher SMR and AER likely suffer higher levels of CVD
toxicity in the setting of the same chemotherapy and radio-
therapy dosage and regimen.
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The PMR for CVD in different subtypes demonstrated
various temporal trends throughout the follow-up. Al-
though the cumulative mortality of CVD exceeded that of
HL in many survivors of different HL subtypes, the period
this event happened differed for the various types. Fur-
thermore, the phenomenon that the cumulative mortality
of CVD exceeded that of HL did not occur in every type
among patients of the same age, race, or sex. All these dis-
parities indicate that we might need to take measures de-
pending on subtypes. For example, earlier measures might
be used to reduce CVD mortality in populations where the
risk of CVD mortality exceeded that of HL. We might need
to emphasize female or white patients for some types of HL
rather than only focusing on male or black patients who
were considered to be at higher risk in previous studies.
However, different histological subtypes have not currently
been translated into different treatment approaches.
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5. Limitations

There are limitations to this study. First, we only per-
formed an epidemiological study on patients with differ-
ent HL subtypes. This study only reflected the epidemio-
logical situation of CVD for the survivors of different HL
types and did not reveal the reasons for this phenomenon.
We believe that many factors, including smoking, obesity,
chemotherapy, and radiotherapy, can result in disparities
in epidemiological studies for CVD. It is essential to de-
termine the reasons for further reducing the risk of CVD
mortality. For example, if the high dose of chemotherapy
resulted in the phenomenon that the risk of CVD mortality
exceeded that of HL and happened earlier in some popu-
lations than others, we might be able to take measures to
balance the chemotherapy and the risk of CVD mortality in
these populations. If smoking or a lack of monitoring of
other CVD risk factors resulted in a higher CVD mortal-
ity risk than HL, we could strengthen supervision in those
populations. Regrettably, information on treatment options
for HL associated with cardiovascular complications, in-
cluding chemotherapy drug dose and radiotherapy site, was
missing from the SEER database. This limits further anal-
ysis of their impact on the risk of CVD death in patients
with HL [34,44-48]. Information on monitoring for car-
diac complications is useful. Second, statistical bias and
residual confounding are inevitable, as this is a retrospec-
tive analysis of an extensive database. We will further con-
duct studies to determine the reasons for the disparities in
the epidemiological situation of CVD in the future. Third,
because the SEER database did not provide information on
subclinical cardiovascular diseases, cardiovascular comor-
bidities, or common risk factors, we could not describe the
CVD mortality risk in the HL subgroup with these influenc-
ing factors [49]. Further studies on heart diseases, including
coronary heart disease, valvular disease, and heart failure,
could help determine targeted measures to decrease mortal-
ity due to specific diseases.

6. Conclusions

Over the past decades, the HL mortality risk has de-
creased rapidly; however, the CVD mortality risk has re-
duced slowly or remained unchanged. The CVD mortality
risk for patients with various types exceeded HL at different
times as follow-up progressed. The temporal trend of CVD
mortality risk exhibited significant disparities among pa-
tients with various HL subtypes. Patients should take more
measures to control the CVD mortality risk, depending on
their HL types.

Abbreviations

CVD, cardiovascular disease; HL, Hodgkin lym-
phoma; SMR, standardized mortality ratio; AER, absolute
excess risk; NLPHL, nodular lymphocyte-predominant HL;
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