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Background: Cancer survivors are at greater risk for cardiovascular disease (CVD) than second malignancy,
resulting in a decreased quality of life and increased cost of care. Additional knowledge of CVD prevention by
identifying possible risk factors has clinical relevance. Our main objective was to determine the relevance of a
clinical index of arterial stiffness, pulse pressure, in predicting CVD mortality in cancer patients, with a second
objective to examine its relationship with cancer mortality.

Methods: We retrospectively analyzed 781 cancer patients from Third National Health and Nutrition Examination
Survey and Linked Mortality File, including demographic, anthropometric, blood pressure, and cause of death.
Kaplan-Meier survival curve and Cox hazard regression analyses were performed to assess the relationship be-
tween pulse pressure and cardiovascular, cancer, and all-cause mortality.

Results: During a mean follow-up time of 8.1 years, 603 deaths, 257 cancer and 151 CVD, occurred. In unadjusted
models, the risk of CVD, cancer, and all-cause mortality were 3.8-fold, 5.3-fold, and 1.6-fold higher, respectively,
for pulse pressure >70 mmHg compared to <50 mmHg. Adjusted analyses revealed a higher CVD mortality in
cancer patients <65 years with a pulse pressure 60-70 mmHg (adjusted hazard ratio, 5.26; 95%CI, 1.12-24.78)
when compared to pulse pressure of <50 mmHg. Pulse pressure was not associated with risk of all-cause, CVD, or
cancer in those >65 years.

Conclusion: Pulse pressure, an index of arterial stiffness, is predictive of CVD mortality in cancer patients. Our
findings support non-invasive office-setting measurements of arterial stiffness to identify high risk patients.

1. Introduction

Over the last half century improvements in cancer treatments and
technological advancements have led to an overall decline in cancer-
related mortality, with more patients surviving cancer and living long
enough to develop a secondary chronic disease. Recent studies, across a
spectrum of cancer types, have demonstrated that many patients who
survive their cancer diagnosis have a higher risk of death from cardio-
vascular disease (CVD) compared to the general population, with reports
of a greater risk of CVD death than secondary malignancy [1,2]. This

increased chronic disease burden not only diminishes quality of life but
is also a significant driver of the escalated cost of care in cancer survi-
vorship [3]. Thus, advancing our understanding of the predictors of CVD
in the nearly 17 million cancer survivors, representing approximately
5% of the population in the United States, is fundamentally important in
improving cardio-oncology care for this population [4].

In an effort to mitigate risk of CVD in current cancer patients and
survivors, current cardio-oncology guidelines are directed towards
monitoring overt structural changes in left ventricular function for the
detection of cardiovascular toxicity [5,6]. However, there is increasing

Abbreviations: BMI, Body mass index; CVD, Cardiovascular disease; MAP, Mean arterial pressure; NDI, National Death Index; NHANES III, Third National Health

and Nutrition Examination Survey; PP, Pulse Pressure.
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evidence by our group and others that adverse vascular changes, spe-
cifically increases in arterial stiffness, manifest into cancer survivorship
and can occur independent of cardiac dysfunction [7-11]. Because
arterial stiffness is an established surrogate endpoint for CVD and is a
strong predictor of future major adverse cardiovascular events and
all-cause mortality in non-cancer patients and otherwise healthy pop-
ulations [12-14], it has the potential to provide predictive utility in
those previously diagnosed with cancer.

Importantly, several recent reviews have also highlighted the shared
biological mechanisms mediating cancer and cardiovascular disease risk
[15-17]. In this context, arterial stiffness, which is a well-known pre-
dictor of mortality in the general population [12-14], may also serve as
a unique risk-stratification tool for cancer outcomes. While, both
traditional and non-traditional cardiovascular disease risk factors have
been associated with an increased risk for incident cancer [16-19], there
remains a paucity as it relates to arterial stiffness. Therefore, given the
complex mortality risks in those following cancer diagnosis, evaluation
of additional potential predictors, like arterial stiffness, for both disease
entities in this population is essential. Therefore, the first goal of this
investigation was to evaluate whether pulse pressure, a clinical index of
arterial stiffness [20,21], is a significant predictor of CVD mortality.
Since cancer and CVD share several common biological mechanisms
[15] and underlying CVD increases cancer risk [17], the second goal was
to examine the influence of pulse pressure as a predictor of cancer
mortality. Identification of these relationships could assist in stratifying
mortality risk in cancer populations during routine visits in the clinic
without additional imaging procedures.

2. Methods
2.1. Study design and population

Data were obtained from the Third National Health and Nutrition
Examination Survey (NHANES III) which spanned from 1988 to 1994
and was collected by the US National Center for Health Statistics.
NHANES III was conducted using a stratified, multistage, and cluster
sampling design to obtain a randomized representative sample of the
noninstitutionalized civilian U.S. population. The survey included in-
depth, in-person interviews, physical examination, physiological mea-
surements, laboratory assessments, and health history questionnaire.
The methodology of the NHANES III, as well as the data, are publicly
available and can be accessed online (https://www.cdc.gov/nchs/
nhanes/index.htm). The original NHANES III sample size included
~33,994 individuals. The inclusion criteria for our study consisted of
participants >17 years old with a history of a physician diagnosed
cancer. Cancer types included bladder, breast, cervical, colorectal,
prostate, uterine, bone, brain/neurological, esophageal, gallbladder,
and Hodgkin’s disease for a final sample size of 781 subjects. We did not
exclude any participants based on location or type of cancer. NHANES III
was reviewed and approved by the NCHS Institutional Review Board.
Our initial analysis examined pulse pressure as a predictor of cardio-
vascular, cancer, and all-cause mortality in all cancer patients. We
performed a secondary analysis after dividing the cohort into two groups
based on age (<65 years and >65 years) since the average age at cancer
diagnosis is approximately 65-66 years old [22] and there are reported
differences in CVD risk among younger and older cancer populations.
After performing the initial analysis this rationale was confirmed as age
was a significant predictor of cardiovascular, cancer, and all-cause
mortality.

2.2. Arterial pulse pressure

Serial brachial blood pressure measurements were taken in triplicate
in the seated position after 5 min of rest with the arm rested on a table
and positioned at heart level. To calculate mean pulse pressure, we
calculated the algebraic mean systolic and diastolic blood pressure for
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each participant and then calculated the difference between the systolic
and diastolic pressures [23].

2.3. Outcome variables

The primary outcome variables of the study were cardiovascular,
cancer, and all-cause mortality, obtained from the NHANES III Linked
Mortality File, collected by the National Center for Health Statistics
through December 31st, 2011. All mortality outcomes were based on the
NHANES III Linked Mortality file (ICD-10; 13 underlying causes of
death) and were linked with the National Death Index (NDI). Pertinent
to this study, cancer (ICD-10 codes: C00-C97) and cardiovascular (ICD
codes: 100-178) related deaths were coded by NDI. Follow-up for each
person was calculated as the difference between the time from the
NHANES III examination date and the last known date alive or censored
from the NHANES III mortality file.

2.4. Covariate assessment

Covariates included in the multivariate models were identified based
on their clinical relevance and current use in CVD risk stratification [21,
23,24]. These included age (years), sex (male or female), race (specified
as black or nonblack), total cholesterol (mg/dL), HDL cholesterol
(mg/dL), systolic blood pressure (mmHg), diastolic blood pressure
(mmHg), hypertensive medications, history of diabetes mellitus, and
smoking status (each as binary variables). Information for age, sex, race,
use of hypertension medication, diabetes status, and smoking status
were self-reported using standardized questionnaires during interview
and were coded as dichotomous “yes/no” variables in the NHANES
database. Race/ethnicity were classified dichotomously as non-Hispanic
white/Mexican American/Other and non-Hispanic Black [21]. Serum
total cholesterol and high density-lipoprotein (HDL) cholesterol was
collected and analyzed as previously described [25].

2.5. Statistical analysis

Continuous data are presented as mean + SD. Categorical data are
presented as counts and percentages. Kaplan-Meier plots were used to
show the difference in time to event by pulse pressure quartile and
statistically compared with the log-rank test. Cox proportional hazard
regression analysis was used to compare the risk of cardiovascular,
cancer, and all-cause mortality with pulse pressure as a continuous
variable and across pulse pressure quartiles. For the analyses in younger
and older patient cohorts, pulse pressure was binned into four cate-
gories: PP1<50; 50 < PPy >60; 60 < PP3 >70; 70 < PPy, similar to
previous investigations [26]. In the younger and older cohorts, the
assumption of linearity was violated and therefore required categori-
zation. All primary analyses were also performed without pulse pres-
sure, using only the above defined CVD risk factors. The predicted
performance of the models with and without pulse pressure were eval-
uated by concordance index (C index) and the likelihood ratio X2 statistic
[27]. A Cindex of 0.5 indicates a random predictor, while 1.0 indicates a
perfect predictor. Statistical analyses were conducted using survival
package in publicly available R software (version 3.5) [28]. All signifi-
cance tests were two-sided using p < 0.05 as the level of statistical
significance.

3. Results

Baseline demographics and subject characteristics are outlined in
Table 1. A total of 781 adults (307 men, 474 women) with a history of a
cancer diagnosis were included in the analysis, with an average follow-
up of 8.1 years. During the follow-up period, there were 603 deaths
(77% of the participants) including 257 cancer related deaths (43%) and
151 cardiovascular related deaths (25%). The <65-year subcohort
included a total of 301 subjects (80 men, 221 women) with an average
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Table 1
Baseline cardiovascular risk factors by pulse pressure category in participants
with cancer, NHANES III 1998-1994.

PP1 PP2 PP3 PP4
Entire Cancer Cohort, n =781
Systolic blood 116.09 + 129.38 + 138.96 + 159.10 +
pressure, mmHg 12.27 10.06 12.31 19.96
Diastolic blood 76.53 £ 75.47 + 74.62 + 73.17 +
pressure, mmHg 9.89 9.76 11.96 14.84
Age,y 52.91 + 65.07 + 71.35 + 75.85 +
17.10 15.85 12.44 9.66
Total cholesterol, mg/  216.56 + 223.21 £ 212.20 £+ 218.67 +
dL 40.01 41.57 45.65 41.20
HDL cholesterol, mg/ 52.90 + 52.35 + 50.25 + 50.71 +
dL 14.81 41.57 14.08 14.19
Race, % black 25% 15% 12% 8%
Sex, % women 67% 61% 54% 58%
Diabetes, % 6% 12% 14% 14%
HTN meds, % 82% 83% 88% 88%
Cigarette smokers, % 40% 25% 24% 12%
Young Cohort (<65 years), n=301
Systolic blood 115.11 + 128.85 + 141.17 + 158.53 +
pressure, mmHg 11.73 10.16 15.15 23.44
Diastolic blood 76.78 + 75.16 + 77.19 + 77.16 +
pressure, mmHg 9.15 9.40 14.00 18.15
Age, y 44.69 + 50.50 + 54.95 + 55.32 +
12.12 13.27 9.67 12.81
Total cholesterol, mg/ 211.75 + 219.79 + 207.33 + 233.74 +
dL 37.37 39.86 36.36 45.02
HDL cholesterol, mg/ 53.42 + 50.93 + 49.85 + 56.05 +
dL 14.31 11.25 13.60 12.64
Race, % black 27% 4% 26% 21%
Sex, % women 76% 70% 64% 79%
Diabetes, % 6% 10% 15% 16%
HTN meds, % 74% 78% 87% 84%
Cigarette smokers, % 49% 44% 51% 32%
Old Cohort (> 65 years), n =480
Systolic blood 144.67 + 129.76 + 138.19 + 159.16 +
pressure, mmHg 54.67 10.03 11.14 19.67
Diastolic blood 75.89 + 75.70 + 73.73 £ 72.79 +
pressure, mmHg 11.61 10.05 11.10 14.49
Age,y 73.81 + 75.48 + 77.01 + 77.79 +
7.25 6.68 7.13 6.60
Total cholesterol, mg/ 228.81 + 225.53 + 213.88 + 217.25 +
dL 44.01 42.81 48.47 40.66
HDL cholesterol, mg/ 52.90 + 52.35 + 50.23 + 50.71 +
dL 14.81 12.52 14.08 14.19
Race, % black 21% 12% 5% 7%
Sex, % women 57% 55% 50% 56%
Diabetes, % 7% 13% 14% 14%
HTN meds, % 93% 87% 88% 89%
Cigarette smokers, % 16% 11% 15% 10%

Data are presented as mean + standard deviation.
*Significantly different vs. PP1 (P < 0.05).

follow-up cancer duration of 18 years and 136 total deaths [103 cancer
related deaths (75%) and 22 cardiovascular related deaths (16%)]. The
>65 years subcohort consisted of 480 subjects (227 men, 253 women)
with an average follow-up time of 8 years and 467 total deaths [154
cancer related deaths (33%) and 129 cardiovascular related deaths
(28%)]. Baseline demographics and subject characteristics based on
pulse pressure levels are shown in Table 1.

The four indexes of arterial blood pressure were positively and
significantly correlated with each other as determined via product-
moment (Pearson) simple correlations. The correlation coefficients of
pulse pressure with other blood pressure parameters were R = 0.4 (P <
0.0001) with MAP, R = 0.85 (P < 0.0001) with SBP, and R = —0.14 (P <
0.0001) with DBP.

3.1. Associations of pulse pressure with cardiovascular mortality

The unadjusted Cox analysis revealed that in the entire cancer
cohort, pulse pressure was a significant determinant of cardiovascular
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mortality with a hazard ratio of 1.03 (95% confidence interval,
1.02-1.03) for every 10 mm Hg increase (P < 0.001). Moreover, Kaplan-
Meier curve analysis revealed significant differences in cardiovascular
survival probabilities between pulse pressure categories for the entire
cancer cohort (P < 0.0001) (Fig. 1A), such that each level of elevated
pulse pressure category was significantly predictive of mortality
(Table 2). In younger cancer survivors a significant association between
pulse pressure levels (PPy, PP3, and PP4) and cardiovascular mortality
was observed (P = 0.00025) (Table 3) (Supplemental Fig. 1). The overall
predictive model that included pulse pressure and the traditional car-
diovascular risk factors was significant (C index = 0.86, X2 =38.45,P <
0.0001). In this model, a pulse pressure of 60-70 mmHg (PP3) showed
significant increase in the risk for cardiovascular mortality, with highest
pulse pressure category [(>70 mmHg (PP4)] approaching significance
(P < 0.1). Compared to the model containing only risk factors, the
modeling including pulse pressure was incrementally more predictive of
cardiovascular mortality. In the older cohort of cancer survivors pulse
pressure was not predictive of cardiovascular mortality in univariate or
multivariate analysis (Table 3).

3.2. Associations of pulse pressure with cancer mortality

Similar to cardiovascular mortality analyses, the unadjusted Cox
analysis revealed that in the entire cohort, pulse pressure was a signif-
icant determinant for cancer mortality with a hazard ratio of 1.02 (95%
confidence interval, 1.01 — 1.02, P < 0.001). In addition, statistically
significant differences were found in the Kaplan-Meier curve analyses
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Fig. 1. Kaplan-Meier curve analysis of A) cardiovascular, B) cancer, and C) all-
cause mortality in the entire cancer cohort across pulse pressure level. CV in-
dicates cardiovascular mortality.
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Table 2

Association of pulse pressure with cardiovascular, all-cause, and cancer mor-
tality on unadjusted analysis in participants with cancer, NHANES III
1998-1994.

Unadjusted p Value
Outcome HR (95% CI)
Cardiovascular Mortality
PP1 -
PP2 2.05 (1.21-3.49) 0.007
PP3 3.15(1.88-5.28) <0.001
PP4 5.34 (3.34-8.44) <0.001
All-Cause Mortality
PP1 -
PP2 2.27 (1.78-2.92) <0.001
PP3 3.11 (2.43-3.98) <0.001
PP4 3.78 (3.01-4.76) <0.001
Cancer Mortality
PP1 -
PP2 1.52 (1.09-2.12) 0.014
PP3 1.85 (1.31-2.63) 0.0005
PP4 1.60 (1.13-2.26) 0.008

HR = Hazard Ratio, CI = confidence interval.

Table 3

Association of pulse pressure with cardiovascular, all-cause, and cancer mor-
tality on unadjusted and multivariate-adjusted analysis in participants with
cancer, stratified by age, NHANES III 1998-1994.

Younger Cohort (<65 years) Older Cohort (>65 years)
Unadjusted Adjusted Unadjusted Adjusted
Outcome  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Cardiovascular Mortality

PP1 - - - -
PP2 0.94 (0.25-3.50)  0.88 1.08 0.82
(0.21-3.69) (0.59-1.99) (0.44-1.54)
PP3 5.65 5.26 0.87 0.57
(2.08-15.39)*** (1.12-24.78)** (0.47-1.58) (0.29-1.10)*
PP4 4.85 7.28 1.37 0.88
(1.29-18.31)** (0.73-72.18)* (0.81-2.31) (0.44-1.77)
All-Cause Mortality
PP1 - - - -
PP2 1.78 1.31 1.29 1.12
(1.18-2.70)*** (0.82-2.07) (0.94-1.78) (0.80-1.56)
PP3 3.16 1.65 1.16 0.97
(2.01-4.98)*** (0.90-3.02) (0.85-1.59) (0.69-1.37)
PP4 2.86 1.71 1.28 1.14
(1.59-5.15)*** (0.69-4.27) (0.96-1.70)* (0.78-1.67)
Cancer Mortality
PP1 - - - -
PP2 1.28 (0.80-2.06) 1.22 1.04 1.09
(0.72-2.06) (0.63-1.73) (0.65-1.86)
PP3 1.49 0.95 1.11
(0.69-3.17) (0.58-1.55) (0.63-1.94)
PP4 1.52 (0.69-3.34) 1.53 0.74 1.06
(0.52-4.45) (0.46-1.18) (0.55-2.05)

Multivariate model adjusted for age (years), sex (male or female), race (specified
as black or nonblack), total cholesterol (mg/dL), HDL cholesterol (mg/dL),
systolic blood pressure (mmHg), diastolic blood pressure (mmHg), hypertensive
medications, history of diabetes mellitus, and smoking status (each as binary
variables).

HR = Hazard Ratio, CI = confidence interval.

*P < 0.1.

**P < 0.05.

***P < 0.01.

between different pulse pressure levels and cancer survival probabilities
in the entire cancer cohort analysis (Fig. 1 B), P = 0.0024). Univariate
Cox regression analysis, but not adjusted, suggest that compared to the
reference PPy, the risk of cancer mortality were 1.52-fold, 1.85-fold, and
1.60-fold higher for those patients with elevated pulse pressures in PPy,
PP3, and PP, groups, respectively (Table 2). In younger cancer survivors
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a significant association between 60 to 70 mmHg (PP3) and cancer
mortality was observed (Table 3) (Supplemental Fig. 2). However, on
multivariate analysis in both <65 year and >65 years cohorts this
relationship was no longer significant (Table 3).

3.3. Associations of pulse pressure with all-cause mortality

Arterial pulse pressure was associated with all-cause mortality (un-
adjusted HR: 1.01 (95% CI: 1.001 - 1.02, P = 0.03). However, this only
equated to a <1% increased risk for every 10 mm Hg increase in pulse
pressure. Kaplan-Meier curve analyses revealed statistically significant
differences in all-cause survival probabilities between different pulse
pressure levels in the entire cancer cohort (P < 0.0001) (Fig. 1C). Across
the entire cohort, compared to the reference (PP;), the risk of all-cause
mortality were 2.27-fold, 3.11-fold, and 3.78-fold higher for cancer
patients with an arterial pulse pressure 50-60 mmHg (PP3), 60-70
mmHg (PP3), and >70 mmHg (PP,), respectively (Table 2). All-cause
mortality was significantly associated with elevated pulse pressures in
the younger cancer survivors across all categories (Table 3). In the fully
adjusted analyses, pulse pressure was no longer a significant predictor
for all-cause mortality. However, the combination of pulse pressure and
these risk factors revealed slightly better model for predicting all-cause
mortality (C index = 0.77, 32 = 126.8) compared to only the traditional
CVD risk factors alone (C index = 0.76, Xz = 124.0). In the older cohort,
there were no differences in all-cause survival probabilities between the
different levels of pulse pressure (P = 0.32). Cox regression analysis
revealed pulse pressure was not independently predictive of all-cause
mortality in the univariate analysis or the multivariate analyses. The
model including pulse pressure with CVD risk factors as a whole
significantly predicted all-cause mortality (C index = 0.65, x> = 128.5, P
< 0.0001), but did not appear improve upon the model consisting of
only traditional risk factors.

4. Discussion

This study is the first to demonstrate the association of pulse pres-
sure, a clinical index of arterial stiffness [20,21], with CVD mortality in a
large cancer cohort. Specifically, after dividing the cohort by age, we
found in those less than 65 years old, a higher pulse pressure conferred
an increased risk of all-cause and CVD-related mortality after controlling
for multiple traditional CVD risk factors. Moreover, an increased arterial
pulse pressure was also independently predictive of cancer mortality,
highlighting the role of arterial stiffness as a potential common risk
factor for both CVD and cancer. A critical innovative aspect of these
findings includes the applicability to patients; specifically, the relative
ease in which pulse pressure measures are obtained in the office setting,
make it a valuable tool for straightforward assessment of CVD mortality
risk upon adjustment for traditional risk factors.

Several investigations to date have demonstrated a relationship be-
tween CVD outcomes and elevated arterial pulse pressure. In 1991
Domanski and colleagues evaluated the role of arterial pulse pressure in
predicting CVD outcomes in the general population using the NHANES I
dataset. Their study revealed that every 10 mmHg increase in pulse
pressure was associated with a 26% and 10% increased risk of cardio-
vascular death in individuals aged 25-45 years and 46-77 years old,
respectively [21]. Similarly, Liu et al. [29] evaluated the relationship
between pulse pressure and mortality in younger (i.e. <65 years) cancer
and CVD free individuals and found that elevated pulse pressure was a
predictor of both all-cause and cardiovascular mortality. Moreover,
several reports support the premise that arterial pulse pressure provides
important prognostic information in specific populations including pa-
tients with type II diabetes, heart failure, and chronic kidney disease
[21,30-32]. None of these early works, however, focused on patients
with a history of cancer specifically, even though they are at a higher
risk for CVD compared with the general population [1,2,33].

There is a growing body of evidence suggesting a biological link
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between cancer and cardiovascular disease [15]. Reasons for this
include shared risk factors such as inflammation, smoking, obesity,
hypertension, diabetes, diet, and physical inactivity [15,16,34]. Find-
ings from a community based retrospective cohort study consisting of
36,236 cancer survivors support this notion. In a study conducted by
Armenian et al. [1], cancer survivors were found to be more likely to
have cardiovascular risk factors than cancer-free controls; additionally,
cancer survivors with two or more CVD risk factors were more likely to
develop CVD over time [1]. Most importantly, their analysis revealed
cancer survivors who developed CVD had worse 8-year survival out-
comes when compared to CVD free cancer survivors, independent of
age, sex, cancer stage, and CVD risk factors. In another retrospective
population-based study, Strongman and colleagues reported findings
similar to Armenian et al. [33] with cancer survivors in this cohort were
more likely to have baseline CVD risk factors and previous CVD when
compared to cancer-free controls. Additionally, cancer survivors were
also found to be at an increased risk of CVD than the general population
and this association persisted after adjustment for shared risk factors for
cancer and CVD. Findings from both of these studies indicate an
increased prevalence of CVD related risk factors in cancer survivors
when compared to cancer free controls, along with support for the
notion that presence of CVD results in worsened outcomes in cancer
survivors, further providing evidence for a shared biological link be-
tween cardiovascular disease and cancer.

To date, most studies evaluating the relationship between CVD risk
and cancer have focused on the direct cardiotoxic effects, such as de-
creases in left ventricular function, following treatment with anti-cancer
therapies including doxorubicin, trastuzumab, 5-fluorouracil, and
androgen deprivation therapy [35-38]. Traditional therapies such as
anthracyclines have been associated with a dose-dependent cardiotox-
icity resulting in irreversible structural myocardial damage over time
that manifests as decreased left ventricular mass and wall thickness,
eventually leading to dilated cardiomyopathy and synchronous heart
failure [39]. Characterization of this relationship has led to surveillance
strategies in the cardio-oncology field that are centered around moni-
toring changes in left ventricular ejection fraction during and immedi-
ately after treatment [40]. However, it has come to light that vascular
changes are occurring in this patient population that manifest as endo-
thelial dysfunction, coronary vasospasm, and increased arterial stiffness
[41-43]; and importantly, these changes often precede structural al-
terations in the myocardium [9,10]. Recently, our group performed an
in-depth meta-analysis to demonstrate significant increases in arterial
stiffness after exposure to anticancer therapies during cancer treatment
and into survivorship, highlighting the vasculotoxicity associated with
many chemotherapy agents [7]. This coupled with the findings of the
current study highlight arterial stiffness as a possible treatable risk factor
for the prevention of CVD following cancer treatment.

Mechanistically increases in pulse pressure, via increases in arterial
stiffness, increase the risk for cardiovascular events through alterations
in the Windkessel effect. In health, each cardiac contraction sends en-
ergy waves across the periphery that are reflected back to the myocar-
dium during early diastole to increase diastolic coronary perfusion,
without increasing cardiac afterload. With increases in stiffness, the
wave reflection returns to the myocardium during late systole and
augments systolic pressure [44]. Coupled together, these factors
augment total systolic ventricular load, decrease coronary perfusion
pressure, and lead to an imbalance of myocardial oxygen delivery and
demand [45,46].

4.1. Study strengths and limitations

Strengths of this study include the relatively large study population
that consisted of a broad range of cancer types in both men and women.
A second key strength is multiple adjustment analyses for competing risk
factors, thus preventing the overestimation of the ‘real’ effect of pulse
pressure on each outcome of interest. Furthermore, by evaluating
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subcohorts defined by age, the relationship between arterial pulse
pressure and each outcome was specific to younger and older cancer
populations, which have known differences in CVD risk [2,47]. Lastly,
the use of pulse pressure to evaluate arterial stiffness versus other more
costly and time-consuming techniques allows for easier translation of
this work into the cardio-oncology clinic. Limitations of this study
however must be taken into consideration. Specifically, with the
NHANES III database, we were only able to utilize a snapshot in time of
pulse pressure and we were not able to track these changes over time
leading to the study endpoint. Further, our study does not have treat-
ment information on the patients examined in this analysis. Because of
this limitation, we cannot determine whether specific treatments or the
diagnosis of cancer itself could have led to higher pulse pressure in this
population.

5. Conclusion

In a large study of cancer patients from the NHANES III database,
arterial pulse pressure adds valuable clinical information for CVD
stratification. Given that pulse pressure is a readily available measure-
ment in the office setting, our study supports the use of pulse pressure as
a clinical tool to identify cancer patients and survivors who are at an
enhanced risk of cardiovascular mortality. Future studies are warranted
to examine whether this association is due to cancer treatments or the
shared risk factors between cancer and cardiovascular disease.

Clinical perspectives

In cancer patients increases in arterial stiffness, assessed via arterial
pulse pressure, are associated with an increased risk of cardiovascular
and cancer mortality.

CRediT author statement

Shannon K. Parr: Conceptualization, Methodology, Formal anal-
ysis, Investigation, Data Curation, Writing — Original draft. Catherine C.
Steele: Software, Formal analysis, Investigation. Stephen T. Ham-
mond: Conceptualization, Writing - Review & Editing. Vanessa Rose G.
Turpin: Conceptualization, Writing - Review & Editing. Carl J. Ade:
Conceptualization, Methodology, Supervision, Project Administration,
Writing - Review & Editing.

Disclosures

We state that this manuscript is not under consideration elsewhere
and that the research reported will not be submitted for publication
elsewhere until a final decision is made as to the acceptability of the
manuscript. There is no financial or other relationship that influenced
the outcome of this paper. In addition, this manuscript represents
original work without fabrication, fraud or plagiarism and has been read
and approved by all authors.

Funding

NA.

Declaration of competing interest

We state that this manuscript is not under consideration elsewhere
and that the research reported will not be submitted for publication
elsewhere until a final decision is made as to the acceptability of the
manuscript. There is no financial or other relationship that influenced
the outcome of this paper. In addition, this manuscript represents
original work without fabrication, fraud or plagiarism and has been read
and approved by all authors.



S.K. Parr et al.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.ijchy.2021.100085.

References

[1] S.H. Armenian, L. Xu, B. Ky, C. Sun, L.T. Farol, S.K. Pal, et al., Cardiovascular
disease among survivors of adult-onset cancer: a community-based retrospective
cohort study, J. Clin. Oncol. 34 (2016) 1122-1130.

[2] K.M. Sturgeon, L. Deng, S.M. Bluethmann, S. Zhou, D.M. Trifiletti, C. Jiang, et al.,
A population-based study of cardiovascular disease mortality risk in US cancer
patients, Eur. Heart J. 40 (2019) 3889-3897.

[3] S.H. Rim, G.P. Guy Jr., K.R. Yabroff, K.A. McGraw, D.U. Ekwueme, The impact of
chronic conditions on the economic burden of cancer survivorship: a systematic
review, Expert Rev. Pharmacoecon. Outcomes Res. 16 (2016) 579-589.

[4] K.D. Miller, L. Nogueira, A.B. Mariotto, J.H. Rowland, K.R. Yabroff, C.M. Alfano, et
al., Cancer treatment and survivorship statistics, 2019, CA Cancer J. Clin. 69
(2019) 363-385.

[5] J. Herrmann, A. Lerman, N.P. Sandhu, H.R. Villarraga, S.L. Mulvagh, M. Kohli,
Evaluation and management of patients with heart disease and cancer: cardio-
oncology, Mayo Clin. Proc. 89 (2014) 1287-1306.

[6] J.C. Plana, P. Thavendiranathan, C. Bucciarelli-Ducci, P. Lancellotti, Multi-
modality imaging in the assessment of cardiovascular toxicity in the cancer patient,
JACC Cardiovasc. Imaging 11 (2018) 1173-1186.

[7] S.K. Parr, J. Liang, K.L. Schadler, S.C. Gilchrist, C.C. Steele, C.J. Ade, Anticancer
therapy-related increases in arterial stiffness: a systematic review and meta-
analysis, J. Am. Heart Assoc. 9 (2020), e015598.

[8] J.N. Frye, S.L. Sutterfield, J.T. Caldwell, B.J. Behnke, S.W. Copp, H.R. Banister, et
al., Vascular and autonomic changes in adult cancer patients receiving anticancer
chemotherapy, 1985, J. Appl. Physiol. 125 (2018) 198-204.

[9] T. Sekijima, A. Tanabe, R. Maruoka, N. Fujishiro, S. Yu, S. Fujiwara, et al., Impact
of platinum-based chemotherapy on the progression of atherosclerosis, Climacteric
14 (2011) 31-40.

[10] N. Chaosuwannakit, R. D’Agostino Jr., C.A. Hamilton, K.S. Lane, W.O. Ntim,

J. Lawrence, et al., Aortic stiffness increases upon receipt of anthracycline
chemotherapy, J. Clin. Oncol. 28 (2010) 166-172.

[11] J.L Krystal, M. Reppucci, T. Mayr, J.D. Fish, C. Sethna, Arterial stiffness in
childhood cancer survivors, Pediatr. Blood Canc. 62 (2015) 1832-1837.

[12] Y. Ben-Shlomo, M. Spears, C. Boustred, M. May, S.G. Anderson, E.J. Benjamin, et
al., Aortic pulse wave velocity improves cardiovascular event prediction: an
individual participant meta-analysis of prospective observational data from 17,635
subjects, J. Am. Coll. Cardiol. 63 (2014) 636-646.

[13] S. Laurent, P. Boutouyrie, R. Asmar, I. Gautier, B. Laloux, L. Guize, et al., Aortic
stiffness is an independent predictor of all-cause and cardiovascular mortality in
hypertensive patients, Hypertension 37 (2001) 1236-1241.

[14] C. Vlachopoulos, K. Aznaouridis, C. Stefanadis, Prediction of cardiovascular events
and all-cause mortality with arterial stiffness: a systematic review and meta-
analysis, J. Am. Coll. Cardiol. 55 (2010) 1318-1327.

[15] R.J. Koene, A.E. Prizment, A. Blaes, S.H. Konety, Shared risk factors in
cardiovascular disease and cancer, Circulation 133 (2016) 1104-1114.

[16] C.B. Johnson, M.K. Davis, A. Law, J. Sulpher, Shared risk factors for cardiovascular
disease and cancer: implications for preventive health and clinical care in oncology
patients, Can. J. Cardiol. 32 (2016) 900-907.

[17] CCvt Klooster, P.M. Ridker, N.R. Cook, J.G.J.V. Aerts, J. Westerink, F.

W. Asselbergs, et al., Prediction of lifetime and 10-year risk of cancer in individual
patients with established cardiovascular disease, JACC (J. Am. Coll. Cardiol.):
CardioOncol. 2 (2020) 400-410.

[18] C.E.Handy, C.S. Desai, Z.A. Dardari, M.H. Al-Mallah, M.D. Miedema, P. Ouyang, et
al., The association of coronary artery calcium with noncardiovascular disease: the
multi-ethnic study of atherosclerosis, JACC Cardiovasc. Imaging. 9 (2016)
568-576.

[19] H. Eyre, R. Kahn, R.M. Robertson, N.G. Clark, C. Doyle, Y. Hong, et al., Preventing
cancer, cardiovascular disease, and diabetes: a common agenda for the American
cancer society, the American diabetes association, and the American heart
association, Stroke 35 (2004) 1999-2010.

[20] M.A. Said, R.N. Eppinga, E. Lipsic, N. Verweij, P. van der Harst, Relationship of
arterial stiffness index and pulse pressure with cardiovascular disease and
mortality, J. Am. Heart Assoc. 7 (2018).

[21] M. Domanski, J. Norman, M. Wolz, G. Mitchell, M. Pfeffer, Cardiovascular risk
assessment using pulse pressure in the first national health and nutrition
examination survey (NHANES I), Hypertension 38 (2001) 793-797.

[22] Surveillance E, and end results (SEER) program SEER*stat database: populations-
total U.S. (1969-2018), in: Adjustment> KR, National Cancer Institute, 2019.

[23]

[24]

[25]

[26]
[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

International Journal of Cardiology Hypertension 9 (2021) 100085

A. Benetos, M. Safar, A. Rudnichi, H. Smulyan, J.L. Richard, P. Ducimetieere, et al.,
Pulse pressure: a predictor of long-term cardiovascular mortality in a French male
population, Hypertension 30 (1997) 1410-1415.

D.C. Goff Jr., D.M. Lloyd-Jones, G. Bennett, S. Coady, R.B. D’Agostino, R. Gibbons,
et al., 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report
of the American college of cardiology/American heart association task force on
practice guidelines, Circulation 129 (2014) S49-S73.

C.K. Wu, J.W. Lin, J.L. Caffrey, M.H. Chang, J.J. Hwang, Y.S. Lin, Cystatin C and
long-term mortality among subjects with normal creatinine-based estimated
glomerular filtration rates: NHANES III (Third National Health and Nutrition
Examination Survey), J. Am. Coll. Cardiol. 56 (2010) 1930-1936.

R.J. Glynn, C.U. Chae, J.M. Guralnik, J.O. Taylor, C.H. Hennekens, Pulse pressure
and mortality in older people, Arch. Intern. Med. 160 (2000) 2765-2772.

F. Harrell, Regression Modeling Strategies, 1 ed., Springer-Verlag, New York, 2001.
New York.

R.C. Team, R: A Language and Environment for Statistical Computing, 2013.

D. Liu, P. Qin, L. Liu, Y. Liu, X. Sun, H. Li, et al., Association of pulse pressure with
all-cause and cause-specific mortality, J. Hum. Hypertens. (2020).

A. Karras, J.P. Haymann, E. Bozec, M. Metzger, C. Jacquot, G. Maruani, et al.,
Large artery stiffening and remodeling are independently associated with all-cause
mortality and cardiovascular events in chronic kidney disease, Hypertension 60
(2012) 1451-1457.

G.F. Mitchell, L.A. Moye, E. Braunwald, J.L. Rouleau, V. Bernstein, E.M. Geltman,
et al., Sphygmomanometrically determined pulse pressure is a powerful
independent predictor of recurrent events after myocardial infarction in patients
with impaired left ventricular function. SAVE investigators. Survival and
Ventricular Enlargement, Circulation 96 (1997) 4254-4260.

M.T. Schram, P.J. Kostense, R.A. Van Dijk, J.M. Dekker, G. Nijpels, L.M. Bouter, et
al., Diabetes, pulse pressure and cardiovascular mortality: the Hoorn Study, J.
Hypertens. 20 (2002) 1743-1751.

H. Strongman, S. Gadd, A. Matthews, K.E. Mansfield, S. Stanway, A.R. Lyon, et al.,
Medium and long-term risks of specific cardiovascular diseases in survivors of 20
adult cancers: a population-based cohort study using multiple linked UK electronic
health records databases, Lancet 394 (2019) 1041-1054.

J. Li, D.H. Lee, J. Hu, F.K. Tabung, Y. Li, S.N. Bhupathiraju, et al., Dietary
inflammatory potential and risk of cardiovascular disease among men and women
in the U.S, J. Am. Coll. Cardiol. 76 (2020) 2181-2193.

C.E. Hamo, M.W. Bloom, D. Cardinale, B. Ky, A. Nohria, L. Baer, et al., Cancer
therapy-related cardiac dysfunction and heart failure: Part 2: prevention,
treatment, guidelines, and future directions, Circ Heart Fail 9 (2016), e002843.
B.G. Kanar, B. Ozben, M. Sunbul, E. Sener, O. Ozkan, I. Tinay, et al., Androgen-
deprivation therapy impairs left ventricle functions in prostate cancer patients, Int.
Urol. Nephrol. 51 (2019) 1107-1112.

LE. Perez, S. Taveras Alam, G.A. Hernandez, R. Sancassani, Cancer therapy-related
cardiac dysfunction: an overview for the clinician, Clin. Med. Insights Cardiol. 13
(2019), 1179546819866445.

Z.S. Clayton, V.E. Brunt, D.A. Hutton, A.G. Casso, B.P. Ziemba, S. Melov, et al.,
Tumor necrosis factor Alpha-mediated inflammation and remodeling of the
extracellular matrix underlies aortic stiffening induced by the common
chemotherapeutic agent doxorubicin, Hypertension 77 (2021) 1581-1590.

M. Volkova, R. Russell 3rd, Anthracycline cardiotoxicity: prevalence, pathogenesis
and treatment, Curr. Cardiol. Rev. 7 (2011) 214-220.

S.H. Armenian, C. Lacchetti, A. Barac, J. Carver, L.S. Constine, N. Denduluri, et al.,
Prevention and monitoring of cardiac dysfunction in survivors of adult cancers:
American society of clinical oncology clinical practice guideline, J. Clin. Oncol. 35
(2017) 893-911.

S.L. Sutterfield, J.T. Caldwell, H.K. Post, G.M. Lovoy, H.R. Banister, C.J. Ade,
Lower cutaneous microvascular reactivity in adult cancer patients receiving
chemotherapy, 1985, J Appl Physiol 125 (2018) 1141-1149.

J.H. Chong, A.K. Ghosh, Coronary artery vasospasm induced by 5-fluorouracil:
proposed mechanisms, existing management options and future directions,
Intervent Cardiol. 14 (2019) 89-94.

A. Soultati, G. Mountzios, C. Avgerinou, G. Papaxoinis, D. Pectasides, M.

A. Dimopoulos, et al., Endothelial vascular toxicity from chemotherapeutic agents:
preclinical evidence and clinical implications, Canc. Treat Rev. 38 (2012) 473-483.
R.P. Kelly, R. Tunin, D.A. Kass, Effect of reduced aortic compliance on cardiac
efficiency and contractile function of in situ canine left ventricle, Circ. Res. 71
(1992) 490-502.

F.A. Recchia, H. Senzaki, A. Saeki, B.J. Byrne, D.A. Kass, Pulse pressure-related
changes in coronary flow in vivo are modulated by nitric oxide and adenosine,
Circ. Res. 79 (1996) 849-856.

A. Saeki, F. Recchia, D.A. Kass, Systolic flow augmentation in hearts ejecting into a
model of stiff aging vasculature. Influence on myocardial perfusion-demand
balance, Circ. Res. 76 (1995) 132-141.

J.L. Patnaik, T. Byers, C. DiGuiseppi, D. Dabelea, T.D. Denberg, Cardiovascular
disease competes with breast cancer as the leading cause of death for older females
diagnosed with breast cancer: a retrospective cohort study, Breast Cancer Res. 13
(2011) R64.


https://doi.org/10.1016/j.ijchy.2021.100085
https://doi.org/10.1016/j.ijchy.2021.100085
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref1
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref1
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref1
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref2
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref2
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref2
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref3
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref3
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref3
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref4
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref4
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref4
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref5
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref5
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref5
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref6
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref6
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref6
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref7
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref7
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref7
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref8
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref8
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref8
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref9
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref9
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref9
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref10
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref10
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref10
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref11
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref11
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref12
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref12
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref12
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref12
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref13
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref13
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref13
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref14
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref14
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref14
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref15
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref15
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref16
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref16
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref16
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref17
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref17
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref17
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref17
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref18
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref18
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref18
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref18
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref19
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref19
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref19
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref19
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref20
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref20
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref20
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref21
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref21
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref21
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref22
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref22
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref23
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref23
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref23
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref24
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref24
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref24
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref24
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref25
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref25
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref25
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref25
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref26
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref26
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref27
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref27
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref28
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref29
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref29
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref30
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref30
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref30
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref30
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref31
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref31
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref31
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref31
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref31
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref32
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref32
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref32
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref33
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref33
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref33
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref33
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref34
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref34
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref34
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref35
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref35
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref35
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref36
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref36
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref36
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref37
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref37
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref37
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref38
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref38
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref38
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref38
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref39
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref39
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref40
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref40
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref40
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref40
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref41
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref41
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref41
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref42
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref42
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref42
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref43
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref43
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref43
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref44
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref44
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref44
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref45
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref45
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref45
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref46
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref46
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref46
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref47
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref47
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref47
http://refhub.elsevier.com/S2590-0862(21)00010-0/sref47

	Arterial stiffness is associated with cardiovascular and cancer mortality in cancer patients: Insight from NHANESIII
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Arterial pulse pressure
	2.3 Outcome variables
	2.4 Covariate assessment
	2.5 Statistical analysis

	3 Results
	3.1 Associations of pulse pressure with cardiovascular mortality
	3.2 Associations of pulse pressure with cancer mortality
	3.3 Associations of pulse pressure with all-cause mortality

	4 Discussion
	4.1 Study strengths and limitations

	5 Conclusion
	Clinical perspectives
	CRediT author statement
	Disclosures
	Funding
	Declaration of competing interest
	Appendix A Supplementary data
	References


