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Abstract

Background Metabolic syndrome (MetS) is a risk factor for cardiovascular disease (CVD), and CVD is a major
challenge for cancer patients. This study aimed to investigate the prevalence and association of MetS and CVD
among adult cancer patients.

Methods This cross-sectional study included cancer patients aged > 18 years from the National Health and Nutrition
Examination Survey (NHANES) from 2007 to 2018. The prevalence of MetS and CVD was calculated using weighted
analysis. Multivariable logistic regression was used to assess the association between MetS and CVD.

Results The study included 2658 adult cancer patients, of whom 1260 exhibited MetS and 636 had CVD. The
weighted prevalence of MetS and CVD in cancer patients was 45.44%, and 19.23%, respectively. Multivariable logistic
regression showed a 79% increased risk in higher CVD prevalence in cancer patients with MetS, with the OR (95%

Cl) of 1.79 (131, 2.44). Notably, obesity, elevated blood pressure (BP), high glucose, and low high density lipoprotein
cholesterol (HDL-C) in the MetS components were significantly associated with higher CVD prevalence after adjust-
ing for covariates. Moreover, the risk of CVD prevalence in cancer patients increased with more MetS components.
Notably, MetS was more strongly linked to CVD in patients aged <65 and women.

Conclusions Among adult cancer patients, over two-fifths (45.44%) were estimated to have MetS, while about one-
fifth (19.23%) were considered to have CVD. Notably, obesity, elevated BP, high glucose, low HDL-C, and higher num-
ber of MetS components were found to be significantly associated with higher CVD prevalence among cancer adults.
Cancer patients under 65 and women with MetS may be at increased risk of CVD.
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Introduction

Cancer and cardiovascular disease (CVD) represent
prominent contributors to mortality globally, with their
burdens continuing to escalate [1-3]. As advancements
in therapeutic modalities enable extended survival
among cancer patients, the cardiac system has been sub-
jected to an intricate interplay between tumor biology
and potentially cardiotoxic treatment exposures. Conse-
quently, cancer survivors face an increased susceptibility
to developing CVD [4].

The metabolic syndrome (MetS), a group of intercon-
nected risk factors for CVD, which significantly elevate
the risk of CVD in adult cancer patients [5]. Notably,
MetS is also an important target for secondary preven-
tion to promote cardiovascular health in long-term can-
cer patients [6]. MetS could be a key factor in predicting
CVD risk in long-term cancer survivors due to its strong
association with cardiovascular events and mortality [7].
MetS is a condition characterized by a set of metabolic
risk factors including abdominal obesity, hyperglycemia,
elevated blood pressure (BP), high triglycerides (TG) lev-
els, or low high-density lipoprotein cholesterol (HDL-C)
levels, with a minimum of three factors required for diag-
nosis [8]. These five MetS components are linked to an
elevated risk of CVD and diabetes [9, 10]. It is estimated
that about 20% to 30% of the world’s adult population is
affected by MetS [11], while 36.5% American adults have
MetS [12].

It is noteworthy that MetS is linked to a higher risk
of cancer. Monestime et al. reported that individu-
als with MetS who are women or older are at a greater
risk of developing obesity-related cancers [13]. Another
cross-sectional analysis of Israeli adults found that in
the presence of MetS, cancer prevalence was higher in
those with hyperglycemia and CVD was more likely in
men with MetS [14]. These studies suggest that MetS
is highly prevalent and interacts with CVD and cancer.
Nevertheless, the existing studies have primarily concen-
trated on the adult general population, leaving a gap in
the prevalence and correlation between MetS and CVD
in cancer survivors. Therefore, the characteristics and
association between MetS and CVD in cancer patients
deserve attention.

Cancer therapies have the potential to induce cardio-
toxicity [4], likewise, the adverse effects of cancer treat-
ment may contribute to the emergence of MetS [15].
Cancer patients typically have an increased risk of CVD,
hospital admissions for CVD, and CVD mortality [16,
17]. Meanwhile, MetS has a significant impact on increas-
ing CVD risk and adversely impacting the prognosis for
CVD [9, 10, 18]. MetS may link cancer therapy with long-
term CVD risks [5]. However, studies on the prevalence
of MetS and CVD and the association between them in
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cancer patients are limited. Thus, we are committed to
addressing this issue.

Methods

Study design and participants

The National Center for Health Statistics (NCHS) con-
ducts the National Health and Nutrition Examination
Survey (NHANES), a comprehensive cross-sectional
survey, which is administered by the Centers for Disease
Control and Prevention (CDC) in the United States. The
survey employs a complex sampling methodology, incor-
porating a multistage probability sampling approach,
to generate statistically significant data that better rep-
resents the non-institutionalized resident population
nationally. The NHANES data are released in a 2-year
cycle and encompass a wide range of information, includ-
ing demographics, physical examinations, health-related
questionnaires, laboratory tests, and dietary assess-
ments. The NHANES data were obtained via standard-
ized household interviews person-in-person, followed
by physical and health examinations carried out at the
Mobile Examination Center (MEC). The investigation
was approved by the research ethics review board of
NCHS, as outlined in their documentation [19]. Before
participating in the study, each participant was required
to provide written informed consent. Comprehensive
information on NHANES study design, survey methods,
and data are provided on the website [20].

This cross-sectional study aims to analyze the preva-
lence and association of MetS and CVD among adult
cancer patients using data from six cycles of NHANES
(2007-2018), a total of 59,842 individuals participated
in the study. Cancer participants were established by
answering “Yes” to the question “Ever been told by a
doctor or other health professional that had cancer or
a malignancy of any kind?” in the medical conditions
questionnaire (MCQ). Exclusion criteria included par-
ticipants aged <18 years, non-cancer patients or non-
responders to the MCQ, and those without baseline data
on waist circumference, blood pressure (BP), body mass
index (BMI), education, smoking, biochemical data. Con-
sequently, a total of 2658 cancer patients were included
in the final analysis. The flowchart of participation selec-
tion is shown in Fig. 1.

Exposure variables

The exposure variables for this study were MetS and
its components, including central obesity, elevated
BP, hyperglycemia, high triglycerides (TG) levels, and
low high-density lipoprotein cholesterol (HDL-C) lev-
els. According to the National Cholesterol Education
Program (NCEP) Adult Treatment Panel III (ATPIII)
[8], Mets was defined as a cluster of at least three of
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Participants of NHANES 2007-2018
n = 59842
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Participants with cancer
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Missing biochemistry data
n=211
Missing BMI (n=9), smoke
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Fig. 1 Flowchart of participation selection for adult cancer patients. MCQ, medical condition questionnaire; BMI, body mass index

the following five components: (1) Obesity (increased
waist circumference>102 cm for men and>88 cm for
women); (2) Elevated BP (systolic BP>130 and / or dias-
tolic BP > 85 mmHg); (3) High glucose (>100 mg / dl); (4)
High TG (>150 mg / dl); (5) Low HDL-C (<40 mg / dl for
men and <50 mg / dl for women). In addition, we classi-
fied the number of MetS components and classified the
above five factors into "0-1", "2", "3", and "4-5". Based on
the diagnostic criteria of MetS, "0-1" and "2" were cat-
egorized as having no MetS.

Waist circumference was measured by connecting the
upper lateral edge of the iliac bones on both sides with
the horizontal line of the front and back of the abdomen.
BP measurements were taken three times consecutively
after a five-minute rest in a quiet sitting position. If a BP
measurement was incomplete or interrupted, a fourth
attempt might be made. The measured mean values
were taken to reflect the systolic BP (SBP) and diastolic
BP (DBP). Serum glucose, HDL-C and TG samples were
shipped to the Collaborative Minnesota Laboratory Ser-
vice Center for analysis by Beckman coulter UniCel DxC
800 Synchron. Serum glucose concentrations were deter-
mined by the glucose oxidase method, while HDL-C and
TG concentrations were determined by the timed end-
point method. The serum glucose, cholesterol and TG in
this study were venous blood extracted from fasting state.
Details of the specific laboratory data and methods are
provided on the website [20].

Outcome variable

The study outcome variable is CVD, which is defined by
using structured questions in a standardized MCQ. Par-
ticipants were asked the following questions, "Has your
doctor or other health professionals ever told you that
you have heart failure, coronary heart disease, angina,
heart attack (or myocardial infarction), or stroke?" Par-
ticipants who responded affirmatively to one or more of
them were classified as having CVD.

Covariates

The covariates for this study were demographic charac-
teristics including age, sex, ethnicity, body mass index
(BMI, body weight divided by height squared, kg/m?),
smoking status, education, and physical activity. Ethnicity
was categorized as "Mexican American", "Non-Hispanic
Black", "Non-Hispanic White", and "Other". Smoking sta-
tus was based on two questions "Do you now smoke ciga-
rettes?" and "Have you ever smoked at least 100 cigarettes
in life?" to be categorized as "None", "Former" and "Now".
Education was categorized as "High school or below"
and "College or above". Alcohol consumption was used
questionnaire "Ever have 4/5 or more drinks every day?",
with a positive answer considered to be "Yes". We clas-
sified physical activity as "Inactive” and "Active” accord-
ing to the physical activity questionnaire, where "Active"
included walking or bicycle, both moderate to vigorous
or vigorous activity of work and recreation.
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Statistical analyses

Since NHANES applied sample weighting, stratification,
and cluster variables to address complex survey designs,
including oversampling and nonresponse, all statistical
analyses in this study were conducted using the complex
sampling design of the NHANES database to better rep-
resent the target population. The sample for this study
encompasses data from six cycles, spanning a total of
12 years of NHANES (2007-2018), with sample weights
calculated following NHANES analytic guidelines [21].
Specifically, we weighted the data by the 6-period Full
Sample 2 Year MEC Exam Weight (WTMEC2YR),
the statistical analysis took into account the weight of
1/6 X WTMEC2YR. Prevalence and 95% confidence
intervals (CI) for MetS, CVD, comorbidity or alone,
and MetS components classification of cancer patients
were calculated using sample weights and converted to
predictions for the corresponding numbers in the US
population. MetS components classification included
specific five components of MetS and number of them, as
described in the exposure variables section. Graphs illus-
trating the prevalence and 95% CI in the overall sample
were generated. Furthermore, the prevalence and 95% CI
trends across the six NHANES cycles were plotted, with
detailed data available in the Supplementary material.

To investigate the association between MetS and CVD
among adult cancer participants, baseline characteris-
tics were presented by non-CVD and CVD. Continuous
variables including age, waist circumference, SBP, DBP,
BM]I, serum glucose, TG, and HDL-C were presented as
weighted mean with standard error (SE), and compari-
sons between groups were performed by using Student’s
t-test (normal distribution) or Mann Whitney U test
(skew distribution). We explored the association of MetS
and MetS components classification with CVD preva-
lence in cancer patients by logistic regression analysis.
To elucidate the results, we built three models to provide
statistical inferences. The Crude model was a univari-
able analysis. Model I adjusted for age, sex, and ethnicity.
Model II additionally adjusted for BMI, education, smok-
ing status, alcohol use, and physical activity in addition to
Model I. Given the multicollinearity of BMI and obesity,
and BMI is also an important indicator of obesity in MetS
[22], we excluded BMI from the multivariable-adjusted
Model II to explore the association between obesity in
the MetS components and CVD.

In addition, we explored the association between base-
line characteristics and CVD in cancer patients by uni-
variable and multivariable logistic regression analysis.
For the significant MetS components in multivariable-
adjusted Model II, we classified them into quartiles
and tested their association with CVD in three models,
also performed with trend tests. Further, we performed
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subgroup analysis of the association of MetS and MetS
components classification with CVD prevalence under
multivariable-adjusted Model II for age (<65 and>65
years) and sex (men and women). Interactions between
subgroups were also tested.

Statistical analyses were executed via R software (ver-
sion 4.2.1), while taking into account sample weights for
all analyses conducted. Significance of results was deter-
mined when the two-tailed P-value was less than 0.05.

Results

Prevalence of MetS and CVD

A total of 2658 adult caner participants from NHANES
2007-2018 were included in this study (Fig. 1). The
2658 cancer patients represented approximately 6.46%
of NHANES 2007-2018 adults, reflecting 19. 97 mil-
lion US population. The weighted prevalence of MetS
in these cancer patients was 45.44%, which represented
9.07 million US population. The weighted prevalence of
CVD among these cancer patients was 19.23%, which
represented 3.84 million US population. About one
tenth (11.89%) cancer patients had MetS comorbid CVD,
reflecting 2.37 million US population (Fig. 2A, Supple-
mentary Table S1). The weighted prevalence (95% CI)
and projected number in US for MetS without CVD
(33.55%, 6.7 million), CVD without MetS (7.34%, 1.46
million), and MetS components classification were also
shown in Supplementary Table S1.

We also calculated the weighted prevalence and 95%
ClI for variables above by each 2-year period for a total
of 6 cycles from NHANES 2007-2018 (Supplementary
Table S2). Bar graphs (Fig. 2) and line graphs (Fig. 3) were
also plotted to visualize the prevalence of variables in
Supplementary Table S1-S2.

Baseline characteristics of cancer participants

The weighted mean age of the overall cancer participants
was 62.47 (0.38) years. Among them, 636 cancer patients
had CVD, and their weighted mean age was 69.29 (0.64)
years. Meanwhile, cancer patients without CVD had a
weighted mean age of 60.85 (0.44) years. Among them,
1271 (44.28%) were male and 361 suffered from CVD
(52.59%). Of the 1260 cancer patients with MetS, 386
(61.83%) had CVD. Among the MetS components, obe-
sity was prevalent in a significant majority (67.53%) of
cancer participants, while elevated BP accounted for
the second proportion (55.99%). Approximately two-
fifths had high glucose (37.41%) and high TG (41.79%).
While, followed by low HDL-C (31.01%). Baseline char-
acteristics among cancer participants with and without
CVD showed significant differences, except for ethnicity,
serum TG, and high TG in MetS components (Table 1).
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Fig. 2 Prevalence of exposure variables and CVD for overall cancer participants from NHANES 2007-2018. A Prevalence of MetS, CVD, and MetS
with CVD. B Prevalence of MetS components. C Prevalence of MetS by number of components
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Fig. 3 Prevalence of exposure variables and CVD in cancer participants by years cycle from NHANES 2007-2018. A Prevalence of MetS, CVD,

and MetS with CVD. B Prevalence of MetS without CVD, and CVD without MetS. C Prevalence of MetS components. D Prevalence of MetS
by number of components

Association between MetS and CVD among adult cancer MetS, MetS components (obesity, elevated BP, high glu-
participants cose, and low HDL-C), and number of MetS components
We explored the association of baseline characteris- (3, 4-5) were significantly associated with higher CVD
tics of cancer patients with CVD using univariable and  prevalence (Table 2).

multivariable logistic regression. Multivariable analysis In three logistic regression models as described in the
suggested that age, education (high school or below), methods, we observed significant associations between
smoking status (form and now), alcohol consumption, MetS and MetS components classification with CVD in
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Table 1 Baseline characteristics of cancer participants by CVD
from NHANES 2007-2018

Characteristics Overall Non-CVD CVvD P-value
n=2658 n=2022 n=636
Age 62.47(0.38) 60.85(0.44) 69.29(0.64) <0.001
Sex <0.001
Female 1387(55.72)  1112(57.70)  275(47.41)
Male 1271(44.28)  910(42.30) 361(52.59)
Ethnicity 055
Mexican American  189(2.63) 151(2.69) 38(2.37)
Non-Hispanic Black  358(4.80) 276(4.64) 82(5.45)
Non-Hispanic White  1795(86.28)  1331(86.61)  464(84.91)
Other 316(6.30) 264(6.06) 52(7.27)
BMI (kg/mz) 29.05(0.15) 28.86(0.17) 29.84(0.34) 0.02
Waist circumference 102.01(0.37) 101.18(045) 105.51(0.78) <0.001
(cm)
SBP (mmHg) 126.65(049) 126.05(048) 129.19(1.19)  0.01
DBP (mmHg) 69.03(0.31)  69.84(0.35)  65.63(0.61) <0.001
Education <0.001
College or above 1528(67.83)  1222(70.97)  306(54.64)
High school 1130(32.17)  800(29.03) 330(45.36)
or below
Smoking status <0.001
Never 1211(46.78)  995(49.53) 216(35.23)
Former 1018(37.22)  717(35.18) 301(45.80)
Now 429(16.00) 310(15.29) 119(18.97)
Physical activity <0.001
Active 659(29.01) 541(31.53) 118(18.43)
Inactive 1999(70.99)  1481(6847) 518(81.57)
Alcohol consumption 0.001
No 2261(85.76)  1757(87.23)  504(79.60)
Yes 397(14.24) 265(12.77) 132(20.40)
Serum glucose (mg/ 104.06(0.71)  102.19(0.74)  111.90(1.82)  <0.001
db)
TG (mg/dL) 161.05(5.23)  15991(6.35) 165.83(6.46) 0.52
HDL-C (mg/dL) 54.82(0.52) 55.60(0.60) 51.57(1.02) 0.001
MetS 1260(45.44)  874(41.54) 386(61.83) <0.001
MetS components
Obesity 1793(67.53)  1341(66.10)  452(73.50) 0.004
Elevated BP 1645(55.99)  1104(49.40)  541(83.64) <0.001
High glucose 1093(37.41)  768(34.24) 325(50.70) <0.001
High TG 1078(41.79)  796(41.15) 282(44.46) 0.25
Low HDL-C 822 (31.01) 580 (29.37) 242 (37.89) 0.01
No. of MetS components <0.001
0-1(n=716) 716(30.26) 612(33.28) 104(17.58)
2 (n=682) 682(24.30) 536(25.19) 146(20.59)
3(n=652) 652(23.03) 488(22.54) 164(25.10)
4-5 (n=608) 608(22.41) 386(19.00) 222(36.72)

Continuous variables are given as mean (standard error) and categorical
variables are given as n (weighted %). P values were calculated by Student’s
t-test or Mann-Whitney U test for continuous variables, and chi-squared test for
categorical variables, respectively

CVD Cardiovascular disease, BMI Body mass index, SBP Systolic blood pressure,
DBP Diastolic blood pressure, TG Triglycerides, HDL-C High-density lipoprotein
cholesterol, MetS Metabolic syndrome
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adults with cancer. As results, cancer patients with MetS
had a significantly higher CVD prevalence compared
to those without MetS. The association between MetS
and CVD of the odds ratios (ORs) and 95% confidence
intervals (CIs) for the Crude model (univariable), Model
I, and Model II (multivariable) were 2.28(1.74,2.98),
2.05(1.56,2.70), and 1.79(1.31,2.44), respectively (Table 2,
Supplementary Table S3).

MetS components classification includes five factors
in MetS components and No. of MetS components, as
described in methods. We found that obesity, elevated
BP, high glucose, and low HDL-C had a significant effect
on the increased CVD prevalence in cancer patients in
all three models. We utilized "0—1" as a reference for the
number of MetS components and found that the risk
of CVD increased significantly across all three models
for individuals with "3" and "4-5" MetS components.
The ORs (95% Cls) for "4—5" were higher than those for
"3" with values of [3.66(2.62,5.12) VS 2.11(1.46,3.04)],
[3.10(2.19,4.37) VS 1.72(1.17,2.52)], and [2.67(1.82,3.92)
VS 1.52(1.02,2.26)] in the three models. However, "2" ver-
sus "0-1" in number of MetS components had a signifi-
cant effect on CVD only in the Crude model, with an OR
(95% CI) of 1.55(1.14,2.10) (Supplementary Table S3). In
order to visually illustrate the associations of MetS and
MetS components classification with CVD, error bar
plots for the three models were presented (Fig. 4).

Additionally, subgroup analysis showed that MetS
was more significantly linked to higher CVD prevalence
(higher OR) in adult cancer patients aged under 65 years
(OR=2.63, 95% CI 1.50-4.61) and women (OR=2.29,
95% CI:1.48-3.55). The association between MetS com-
ponents classification and CVD prevalence in subgroup
analysis was also presented (Table 3).

For MetS components and CVD in multivariable
adjustment Model II has a significant positive correla-
tion between obesity, high glucose and low HDL-C. Thus,
we further explored the quartiles of waist circumference,
serum glucose and HDL-C on CVD, and trend tests were
also depicted. We found that higher waist circumference
and serum glucose were associated with higher CVD
prevalence, whereas the opposite association for HDL-C
and CVD, and the trend tests for all three models were
significant (Supplementary Table S4).

Discussion

The 2019 Global Burden of Disease (GBD) study indi-
cated that cancer ranked second to CVD in terms of
global deaths, disability-adjusted life years, and years
of life lost [3]. Common cardiovascular risk factors in
cancer patients, including genetic factors, aging, smok-
ing, obesity, hyperlipidemia, and diabetes, are linked
to the development of cancer [23, 24]. MetS is believed
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Table 2 Univariable and multivariable logistic regression model for CVD

Characteristics Univariable analysis Multivariable analysis
OR 95%Cl P-value OR 95%Cl P-value
Age 1.05(1.04,1.07) <0.001 1.06(1.05,1.07) <0.001
Sex
Female ref ref ref ref
Male 1.51(1.22,1.88) <0.001 1.16(0.88,1.54) 0.29
Ethnicity
Mexican American ref ref ref ref
Non-Hispanic Black 1.33(0.78,2.26) 0.28 1.05(0.56,1.95) 0.88
Non-Hispanic White 1.11(0.71,1.75) 0.64 088(049,1456> 0.66
Other 1.36(0.70,2.63) 0.36 41(0.71,2.81) 0.32
BMI (kg/m?) 1.02(1.00,1.04) 0.02 1 02(0 99,1.04) 0.19
Waist circumference (cm) 1 02( 01,1.02) <0.001
SBP (mmHg) 01(1.00,1.02) 0.01
DBP (mmHg) 097(0 96,0.98) <0.001
Education
College or above ref ref ref ref
High school or below 2.03(1.57,2.62) <0.001 1.59(1.20,2.10) 0.001
Smoking status
Never ref ref ref ref
Former 1.83(1.38,243) <0.001 1.51(1.09,2.07) 0.01
Now 1.75(1.18,2.57) 0.01 2.84(1.86,4.33) <0.001
Alcohol consumption
No ref ref ref ref
Yes 1.75(1.26,2.44) 0.001 1.47(1.01,2.14) 0.04
Physical activity
Active ref ref ref ref
Inactive 2.04(1.51,2.74) <0.001 1.33(0.96,1.84) 0.08
Serum glucose (mg/dL) 1.01(1.00,1.01) <0.001
TG (mg/dL) 1.00(1.00,1.00) 0.57
HDL-C (mg/dL) 0.99(0.98,0.99) 0.003
MetS 2.28(1.74,2.98) <0.001 1.79(1.31,2.44) <0.001
MetS components
Obesity? 1.42(1.12,1.80) 0.004 1.38(1.06,1.78) 0.02
Elevated BP 5.24(3.98,6.88) <0.001 3.44(2484.78) <0.001
High glucose 1.98(1.51,2.58) <0.001 1.43(1.10,1.88) 0.01
High TG 1.14(0.91,1.44) 0.25 1.03(0.80,1.33) 0.82
Low HDL-C 1.47(1.11,1.94) 0.01 1.56(1.14,2.12) 0.01
No. of MetS components
0-1(n=716) ref ref ref ref
2 (n=682) 1.55(1.14,2.10) 0.01 1.21(0.88,1.67) 0.24
3(n=652) 2.11(1.46,3.04) <0.001 1.52(1.02,2.26) 0.04
4-5 (n=608) 3.66(2.62,5.12) <0.001 267(1.82,3.92) <0.001

The variables included in the multivariable analysis were age, gender, ethnicity, education, BMI, smoking status, alcohol consumption, and physical activity

CVD Cardiovascular disease, BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, TG Triglycerides, HDL-C High-density lipoprotein
cholesterol, MetS Metabolic syndrome

@ BMI, referring to the continuous variable, was excluded from the multivariable analysis of obesity because there was multicollinearity between BMI and obesity
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Fig. 4 Associations of MetS components (4A) and No. of MetS components (4B) with CVD in cancer participants from NHANES 2007-2018. Crude
model, Model |, and Model Il were shown in black, red, and green, respectively. Crude model was univariate logistic regression model. Model |
adjusted for age, sex, and ethnicity. Model Il adjusted for age, sex, ethnicity, BMI, education, smoking status, alcohol consumption, and physical

activity

Table 3 Subgroup analysis of the associations of MetS and MetS components classification with CVD by age and sex

Variable OR (95%Cl) P-interaction OR (95%Cl)
Age Sex P-interaction
<65(n=1103) >65 (n=1555) Male (n=1271) Female (n=1387)
MetS 2.63(1.504.61) 1.77(1.29,2.44) 0.03 1.41(0.87,2.30) 2.29(1.48,3.55) 0.16
MetS components
Obesity® 2. 08( 18,3.65) 17(0.89,1.54) 0.03 27(0.90,1.79) 46(0.91,2.35) 0.95
Elevated BP 91(2.81,8.58) 383(2 60566) 0.55 362(2 16608) 349(2 20,5.53) 04
High glucose 1 62(0 92,2.86) 1.54(1.16,2.04) 0.71 06(0.69,1.62) 2.04(1.41,2.96) 0.06
High TG 51(0.94,2.44) 0.86(0.64,1.17) 0.05 0. 99(0 66,1.49) 1.17(0.76,1.79) 049
Low HDL-C 1 99( 17,3.38) 1.23(0.89,1.70) 0.01 1.47(091,2 40) 1.65(1.08,2. 51) 033
No. of MetS components 0.03 042
0-1(n=716) ref ref ref ref
2 (n=682) 1.12(0.50, 2.54) 1.37(0.95,1.97) 1.17(0.77,1.77) 1.31(0.74,2.31)
3 (n=652) 51(0.64, 3.55) 1.87(1.25,2.81) 1.19(0.67,2.12) 1.97(1.03,3.75)
4-5 (n=608) 4.74(2.17,10.34) 2.51(1.66,3.78) 2.10(1.12,3.93) 3.70(1.95,7.04)

The results were multivariable adjusted for the variables in Model Il, except for the stratification factor itself
CVD Cardiovascular disease, MetS Metabolic syndrome, TG Triglycerides, HDL-C High-density lipoprotein cholesterol
2 Since there was multicollinearity between BMI (continuous variable) and obesity, and BMI is also the indicator of MetS, multivariable adjustment of the association

between obesity and CVD excluded BMI

to increase the risk of diabetes and CVD [10, 17]. We
hypothesize that there is a high prevalence of MetS and
CVD among cancer patients, and these conditions are
significantly associated. However, limited research has
been conducted on this topic. In addition, there is not
enough evidence on MetS components and their number
affect CVD risk in cancer patients.

The present study conducted an analysis of adult can-
cer participants using NHANES data from 2007-2018.

Weighted prevalence estimates indicated that 45.44%
of participants had MetS, and 19.23% had CVD. Nota-
bly, 11.83% of cancer patients with MetS also had co-
morbid CVD. The study showed the prevalence of MetS
components, and their trends over 2-year cycles. The
study found a strong link between MetS and CVD in
cancer patients, even after considering other covari-
ates. Additionally, obesity, elevated BP, high glucose,
and low HDL-C in MetS components were significantly
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associated with increased CVD prevalence, while high
TG were not significant. Cancer patients with more MetS
components have a higher risk of CVD. In subgroup
analysis, MetS was significantly and highly linked to
increased CVD prevalence in aged < 65 years and women
cancer patients.

Cancer therapy itself may increase the risk of CVD
and MetS. Mediastinal radiotherapy and certain chemo-
therapy drugs such as anthracyclines can cause direct
harm to the heart, while platinum and bleomycin chem-
otherapy can lead to vascular endothelial injury [25].
Chemotherapy-induced damage to the endothelium may
contribute to the development of MetS due to its role in
insulin resistance [26]. On the other hand, Nuver et al.
reported that patients with testicular cancer who under-
went chemotherapy (26%) and surgery (36%) are at a sig-
nificantly higher risk of MetS than healthy controls (9%)
[27]. Post-treatment conditions such as hormone defi-
ciency, hypomagnesemia, and endothelial dysfunction
may correlate with the etiology of MetS in cancer survi-
vors [6]. According to an NHANES study (2003-2006)
[28], approximately 34% of the participants met the
NCEP: ATPIII criteria for MetS. In contrast, the preva-
lence of MetS was higher (45.44%) among adult cancer
patients in our study. Liu et al. reported on a cohort of
710,170 cancer patients that 18% of them had comorbidi-
ties related to CVD [29]. Similarly, our results reported
that 19.23% of cancer patients had CVD.

MetS is becoming increasingly prevalent, which may
be attributed to the obesity epidemic [30, 31]. Our study
reveals that obesity is the main factor in MetS, with over
three-fifths of cancer patients being obese during each
2-year period. Obesity is positively correlated with an ele-
vated risk of hypertension, diabetes, dyslipidemia, CVD,
certain cancers, and mortality [32, 33]. This is consistent
with our finding that the higher the waist circumference
of cancer patients, the higher risk of CVD. Obesity in
breast cancer survivors is common, which is often linked
to pre-treatment obesity and a decline in physical activity
post-treatment [34]. Hypertension is a prevalent comor-
bidity among cancer patients, with 38% of them reported
to be affected. Due to the increased cardiovascular and
mortality risks associated with hypertension, optimal
blood pressure management in cancer patients with
hypertension needs to be emphasized [35]. A sedentary
lifestyle and reduced physical activity are essential risk
factors for MetS [36]. Guidelines recommend that a prac-
tical, regular, moderate physical activity program (e.g.,
moderate intensity exercise for 30 min each day) will
decrease the risk of all 5 factors of the MetS [37]. In our
study, we found a risk effect of inactive physical activity
in a univariable logistic regression and considered adjust-
ing for physical activity in Model II as well.
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The MetS is a recognized risk factor and prognostic
indicator for CVD [10, 18, 38]. Hu et al. found that indi-
viduals with MetS had a higher risk of all-cause and car-
diovascular mortality compared to those without MetS,
even after adjusting for age, blood cholesterol, and smok-
ing [39]. Additionally, Wambui et al. discovered that
MetS in women was associated with breast cancer and
overall cancer mortality, with waist circumference, BP
and serum glucose being independent predictors of death
[40]. Similarly, our results show that MetS exhibited a
significantly higher CVD risk in women cancer partici-
pants. Additionally, waist circumference and serum glu-
cose were identified as significant influential variables
in the MetS components. It is noteworthy that the inci-
dence of MetS exhibited an upward trend with advancing
age, with a range of 5% in individuals aged 20—-30 years to
50% in those aged 50 years [41, 42]. However, in the sub-
group analysis of our study, MetS was significantly higher
associated with CVD in adult cancer patients aged <65.
The reason behind this seemingly paradoxical phenom-
enon might be the declining age at which obesity begins
[43], while obesity is considered to be a significant con-
tributor to the onset of MetS [30]. Of note, approximately
32% of US adults are obese [44], while over three-fifths of
the cancer patients in our study had obesity (67.53%).

Studies have found that individuals with more MetS
components have double the cardiovascular risk com-
pared to those with fewer components, even after
accounting for age and other traditional risk factors, indi-
cating that MetS is an independent risk factor for CVD
[38, 45]. Similarly, our study confirmed that the number
of MetS components in cancer patients was significantly
associated with higher CVD prevalence. MetS was linked
to higher risk of death from CVD and coronary heart
disease in two European studies [18, 46]. The significant
associations between MetS and myocardial infarction
and stroke were found in a NHANES III study enroll-
ing 10,537 participants [47]. A study in Korea found that
staying in an unhealthy metabolic state increased the risk
of CVD and all-cause death. However, there was no sig-
nificant association observed between MetS and cancer
morbidity and mortality [48]. This seems to suggest that
MetS is linked to a higher risk of CVD and worse out-
comes, but its impact on cancer remains inconclusive.

MetS and CVD in cancer patients may be associated
with growth hormone deficiency (GHD). Growth hor-
mone plays a pivotal role in protein synthesis, promoting
lipolysis, and exerting indirect insulin-like effects by stim-
ulating Insulin-like Growth Factor-1 (IGF-1) production
in the liver and local tissues, as well as by stimulating glu-
cose uptake by peripheral tissues [49]. GHD in cancer and
brain tumor survivors may be caused by tumor growth,
surgery, or radiation affecting the hypothalamic-pituitary
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region [50]. GHD has been linked to changes in body
composition, including a decrease in lean body mass and
an increase in adiposity. Of note, decreased lean body
mass might lead to insulin resistance and dyslipidemia
[5]. Adults with GHD are usually overweight or obese
and have increased overall fat mass (mainly abdominal),
reduced muscle mass, decreased serum IGF-1 concentra-
tions, and reduced exercise capacity [51]. CVD and ele-
vated BP, similar to the MetS are complications in adults
with GHD. Furthermore, abdominal obesity and insulin
resistance increase the risk of premature atherosclero-
sis and CVD [51]. Notably, insulin resistance is another
description of the MetS [36]. Hyperinsulinemia, which is
the precursor to insulin resistance, disturbs the balance
of the insulin-growth hormone-IGF axis, downregulating
the ratio of growth hormone to insulin, resulting in lower
energy expenditure and higher fat accumulation [52].

Possible mechanisms in the development of MetS
include genetics, caloric imbalance, inflammation, pro-
thrombotic cytokine, and dysregulation of excessive adi-
pose tissue [22, 36]. Similarly, the biological properties of
cancer can exert pro-thrombotic and pro-inflammatory
effects by activating platelets and affecting neutrophils
[53, 54]. Cancer patients have a higher likelihood of
developing MetS due to various factors, including comor-
bidities such as obesity, microalbuminuria, hypertension,
dyslipidemia, and insulin resistance post-chemotherapy.
These risk factors and metabolic changes could indirectly
affect the long-term development of CVD [55].

Treatment of cancer might result in endothelial dys-
function, leading to MetS and early atherosclerosis [11].
Therefore, preventing or treating endothelial dysfunction
may be an important measure to prevent CVD in can-
cer patients. In addition, a study found a 10-year CVD
hospitalization rate of 10.8% in early-stage breast can-
cer patients, with ischemic heart disease being the most
common cause and hypertension, diabetes, and chemo-
therapy as important risk factors for heart failure hospi-
talization [56]. Focusing on female breast cancer patients
and preventing MetS components like atherosclerosis,
hypertension, and diabetes could reduce the risk of CVD-
related hospitalization and cancer mortality [57]. There-
fore, secondary prevention of MetS for cancer patients is
beneficial for improving cancer prognosis [11].

This study’s strengths include its use of NHANES
data representing the U.S. population, weight analysis
for MetS and CVD in cancer patients, and adjustment
for demographic and lifestyle factors. The study focused
on cancer patients, who are susceptible to CVD. To our
knowledge, we are the first to explore the prevalence and
association of MetS with CVD in cancer patients using
weighted analysis in NHANES 2007-2018. Although
there have been a large number of studies on MetS and
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CVD, few studies have linked them in cancer patients.
Furthermore, our study examined the MetS components
classification among adults with cancer, with particular
emphasis on the significant association between waist
circumference, serum glucose, and HDL-C levels with
CVD. Our findings indicate that having more MetS com-
ponents increases the risk of CVD in cancer patients. We
also performed subgroup analysis by age and gender to
identify susceptible populations with significant associa-
tion between MetS and CVD.

However, it should be acknowledged that this study
also has some limitations. First, although several stud-
ies have shown that MetS is a risk factor for CVD, due to
the nature of cross-sectional studies and temporal differ-
ences in the sequence of disease diagnosis, a causal asso-
ciation cannot be clearly established. Moreover, although
we adjusted for most of the relevant confounders, resid-
ual or unknown confounders cannot be ruled out. Sec-
ond, the data regarding cancer and CVD may be subject
to self-reporting bias. Third, due to methodological defi-
nitions and limited sample size, our study involved all
types of cancer and no further analysis was performed
on specific types of cancer. Prospective cohort studies are
necessary in the future to focus on the prognostic impact
of MetS interventions, such as diet, weight loss, and exer-
cise, especially on patients with specific types of cancer.
Such studies will underscore the importance of maintain-
ing the metabolic and cardiovascular health in cancer
patients.

Conclusions

In summary, over two-fifths (45.44%) of US adults with
cancer have MetS and about one-fifth (19.23%) have
CVD. Significant factors associated with an increased
risk of higher CVD prevalence in cancer patients were
identified as obesity, elevated BP, high serum glucose,
low HDL-C, and higher number of MetS components.
Moreover, aged <65 years and women cancer patients
with MetS are more significantly associated with CVD.
According to our study, MetS and CVD are prevalent
among adult cancer patients and should not be over-
looked. It is essential to address the metabolic abnormali-
ties and manage the increased risk of CVD among adults
with cancer.
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