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Purpose: Peripheral arterial disease (PAD) presenting with underlying hypertension (HTN) poses a higher risk of bilateral lower limb
amputation than PAD patients without HTN. While the role of HTN management of PAD patients has received limited attention. We
analyzed the clinical characteristics of PAD in adults with HTN and explored risk factors for PAD to construct a nomogram for
evaluating critical limb ischemia (CLI) and lesion severity.

Methods Patients and Methods: Between January 2014 and December 2019, we retrospectively evaluated 1886 patients with
peripheral artery disease with coexisting HTN. Patients were randomly divided into training (n = 1320, 70%) and validation cohorts
(n = 566, 30%), and according to the subjective experience of PAD [Fontaine classification (I-II vs III-1V)], patients were further
classified into intermittent claudication (IC) and CLI groups. LASSO regression and multivariate Cox proportional hazard analyses
were used to construct a nomogram using variables defined in the training cohort, which was validated in the validation cohort. The
evaluation of the predictive discriminative, accuracy and clinical application are further analyzed.

Results: In the training cohort, optimal independent factors included age, male sex, body mass index, diabetes mellitus, heart rate,
triglyceride, and uric acid (AM-BDHTU), which were included in the nomogram predicting the CLI risk (all P < 0.05). The C-index
values for CLI risk in PAD with HTN patients were 0.729 (95% CI: 0.704-0.807) and 0.728 (95% CI: 0.652—0.744) in the training and
validation sets, respectively. Calibration curves indicated good consistency between predicted and actual outcomes. DCA confirmed
the clinical utility of the diagnostic model.

Conclusion: The AM-BDHTU nomogram, constructed and validated using simple to obtain clinical variables, when combined with
the Fontaine classification, effectively predicts the risk of CLI among PAD patients with HTN.

Keywords: peripheral arterial disease, hypertension, vascular-related complications, LASSO regression, nomogram, predictive
diagnosis

Introduction

Peripheral arterial disease (PAD) is a form of atherosclerosis (AS) that causes a high incidence of lower extremity
adverse events and nontraumatic amputations and affects more than 200 million people worldwide.'> PAD is
a degenerative disease that often occurs in senior adults, a population also presenting the concomitant risks for major
cardiovascular events and higher mortality.* Management of PAD requires a strict control of cardiovascular risk factors,
including hypertension (HTN), diabetes mellitus (DM), and dyslipidemia. Effective attention has been paid to the
importance of managing glucose and lipid levels.” However, the role of HTN in the management of PAD patients has
received limited attention.
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Epidemiological studies have also shown that the prevalence of systolic HTN® and aortic stiffness’ among patients
with PAD is also increasing. HTN is an independent risk factor for progressive AS, which is the underlying pathophy-
siological cause of PAD, and an adjusted odds ratio (ORs) of 1.25 for each increase in 10-mmHg systolic blood pressure
has been reported for the development of PAD.® Thus, the combination of these two factors leads to more severe vascular
disease. The combination of atherosclerotic effects on the blood vessel framework of the lower limbs and HTN has
resulted in higher mortality rates in both developed and developing countries worldwide.” Recent research reported that
treatment with HTN using calcium channel blockers (CCB) was strongly associated with a decrease in the PAD.*> And
contribution of the angiotensin II (Ang II) pathway and an overactive sympathetic nervous system (SNS) can accelerate
atherogenesis, but may represent other target of HTN and PAD treatment.'®'? Although sharing a fairly common
pathophysiology, risk factors, and management, the presentation of symptoms in most patients with PAD and HTN is
often obscure and PAD is difficult to diagnose at an early stage.'®> AS usually develops gradually and silently over time,
and its associated complications are markedly greater in patients with HTN.'*!* In particular, critical limb ischemia
(CLI), an adverse effect that is commonly observed in combination with existing HTN, is associated with a poor
prognosis of higher 5-year mortality.'® Chronic limb-threatening ischemia (CLTTI) is associated with mortality, amputa-
tion, and poor quality of life. Thus, the identification of predictive clinical signals and stratification of disease risk is
urgently needed to help markedly reduce the progression of the adverse macroangiopathy.

PAD itself can be considered a marker for systemic atherosclerotic processes,'> HTN are likely to be one of the main
driving forces.** PAD and its ABI index was positively and independently associated with the yearly change in SBP and
hypertension incidence.*>*® The migration of smooth muscle cells, the reduction of elastic fibers, and aggregation of
macrophages and T lymphocytes at the arterial wall all contribute to endothelial dysfunction, AS formation, and
calcification of the atherosclerotic plaque, which predisposes to vascular injury and the appearance and development
of PAD or HTN.'"*!” However, limited data regarding the clinical characteristics of patients with PAD with co-existing
HTN are available. In particular, subjective symptoms are the main motivation for patients to seek care.'® The
international criteria for the standard diagnosis of PAD, the Fontaine classification, emphasize the diagnostic importance
of symptoms, and when combined with clinical characteristics of HTN these are essential to accurately manage patients
with coexisting PAD and HTN, and allow to start an appropriate treatment regimen to avoid severe vascular events.
Given the common underlying pathology of PAD and HTN, it is important to define the characteristics of these patients
to assess the risk for serious life-threatening vascular-related complications.'”

Early identification and effective intervention are indispensable for clinical decision-making for patients with PAD
and HTN. The nomogram, a graphical calculation tool designed to allow prediction of the overall probability of disease
progression in combination with the current clinical characteristics of an individual patient, can provide clinicians with an
accurate estimate of risk for different diseases.”’ Thus, the establishment of a nomogram model could help in the early
detection of disease progression and identify high-risk cases, and further promote initial management to help reduce
significant complications and mortality.

In this study, we established a novel AM-BDHTU nomogram integrating the Fontaine classification and clinico-
pathological characteristics to establish easy-to-use and efficient diagnostic tool to predict the probability of risk of
Fontaine I-II stage (intermittent claudication [IC]) progression to stage III-IV (critical limb ischemia [CLI]) disease in
subjects with PAD and HTN.

Methods and Study Population

Study Design and Patient Selection

This was a single-center, retrospective, observational study. Patients with HTN and PAD hospitalized for treatment at the
Affiliated Hangzhou First People’s Hospital of Zhejiang University School of Medicine (Zhejiang, China) between
January 2014 and December 2019 were enrolled. Ethical approval for the study was obtained from the Ethics Committee
and Institutional Review Board of the Affiliated Hangzhou First People’s Hospital. Study procedures were conducted in
accordance with the Declaration of Helsinki.
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Baseline data (including sex, age, body mass index [BMI], smoking habits, alcohol use, blood pressure, duration of
CLI), laboratory results for tests conducted at hospital laboratory after admission (complete blood count, biochemical
tests, and coagulation function) were collected.

Fontaine stage (stage I: defined as asymptomatic or effort pain; stage IIA/IIB: pain starting over a walking distance of
>200 meter /<200 meter; stage III: pain in rest; stage IV: trophic lesions in the lower extremities) was determined
standardized report of possible walking distance supervised by a senior vascular surgeon.*”** The degree of IC and CLI
was established according to Fontaine stage (I-1I vs III-1V) with symptoms and signs of chronic PAD including lower
extremity numbness, chills, fear of cold, intermittent claudication, rest pain and gangrene, distal arterial pulse weakened
or absent.”'** Patients with PAD and HTN (defined as diastolic blood pressure [DBP] >90 mmHg or systolic blood
pressure [SBP] >140 mmHg or taking antihypertensive medicine) were defined according to the corresponding
guidelines.'**

The exclusion criteria were as follows: age <18 years old; arteritis and other systemic diseases causing arterial
embolization; severe liver and kidney dysfunction; malnutrition; malignant tumors; malignant anemia; history of
myocardial infarction or stroke or cerebrovascular incidents within 1 month of the study; acute inflammatory disease;
pregnant females; lactating mothers; and incomplete follow-up data.

In total, 1886 patients aged above 18 years were enrolled in the study and were assessed for eligibility from
January 2014 to December 2019. Patients withdrawn informed consent (N = 7) and blood pressure of patients returns to
normal without oral anti-HTN medicine (N = 13) excluded of the research. Among, 1886 patients divided training cohort
(N = 1320, 70%) and validation cohort (N = 566, 30%) were enrolled for the further analysis (Shown in Figure S1). The
analyses were stratified by Fontaine stages (according to the corresponding ICD-10 code) during the index stage: stage I-11
for the IC group vs stage III/IV for the CLI group.'>??

Statistical Analysis
The Kolmogorov—Smirnov statistical test was used to check the normality of continuous variables. Continuous data and
categorical data were expressed as mean + standard or median (interquartile range), and categorical characteristics were
expressed as n (%). Baseline variables were compared using the unpaired #-test (normal distribution) or the Mann—
Whitney U-test (non-normal distribution) for continuous variables, and Pearson’s chi-square test for categorical variables.
The Least absolute shrinkage and selection operator (LASSO) regression analysis was used for data dimension and
predictor selection. Regarding LASSO regression, we used a 10-fold cross-validation method to identify the optimal lambda
of regularization parameter and the area under the curve (AUC) values for data dimension reduction and feature selection in
the training cohort. Multivariate logistic regression analysis based on LASSO regression results was used to develop
a predictive model and a nomogram for PAD patients with coexisting HTN.>* The discriminatory capacity of the model
was determined by calculating the AUC. The consistency of the predicted and actual results was evaluated using the Hosmer—
Lemeshow (H-L) )(2 test and plotting the calibration curve. Decision curve analysis (DCA)? and clinical impact curve (CIC)
analysis were applied to assess clinical utility of the diagnostic model.® Statistical analyses were performed using SPSS
version 24 (IBM Corporation, Armonk, NY, USA) and R software (version 4.0.3; R Foundation for Statistical Computing,
Vienna, Austria) including the functions “glmnet”, “ggplot2”, “pROC”, “rms”, “ResourceSelection”, and “rmda”. All tests
were two-sided and P <0.05 was considered statistically significant.

Results

Baseline Characteristics in the Training and Validation Cohorts
A total of 1886 patients (males: 66.33%, n = 1251; females: 33.67%, n = 635; aged, 64.68+8.93 years old) were
randomly allocated to the training cohort (n = 1321, 70%) or the validation cohort (n = 566, 30%). According to Fontaine
stage, patients were further divided into the IC group (Fontaine I-II) (58.7% males) and the CLI group (Fontaine III-1V)
(55.6% males). The demographics and clinical characteristics of both cohorts are summarized in Table 1.

High-risk groups were more likely to include older adults, males, smokers, and alcohol users, adults with a higher
BMI, and individuals presenting DM comorbidities, lower estimated glomerular filtration rate (¢GFR), lower triglyceride
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Table | Baseline Characteristics of Clinical Data

Variables Discovery Validation

Less-Risk PAD High-Risk PAD Less-Risk PAD High-Risk PAD

(n=635) (n=685) (n=260) (n=306)

Age (years), meantSD 59.3+7.7 69.7£9.9* 61.917.3 67.8+10.8*
Male, n (%) 402(58.7) 482(75.8) * 170(55.6) 197(75.8) *
Smoking, n (%) 245(35.8) 304(47.8) * 98(32.0) 125(48.1) *
Alcohol user, n (%) 155(37.2) 278(43.7) * 102(33.3) 128(49.2) *
Diabetes mellitus, n (%) 114(16.6) 221(34.7) * 47(15.4) 100(38.5) *
BMI (kg/m?), meanSD 24.2+3.4 27.7£3.1* 25.4+3.2 28.5+3.4*
MHR (bpm), mean+SD 65.318.6 67.3£19.2*% 66.7£9.2 65.1£8.3*
WBC (x10° /L), meanSD 6.4+1.8 6.6x1.7 6.7£1.7 6.51.7
Neutrophils (x10° /L), meanSD 4.0+1.3 6.111.4*% 4.0%1.4 5.9+2.3
RBC (x107 /L), mean+SD 4.8+0.7 4.7+0.5% 4.8+0.5 4.7+0.5*
Hemoglobin (g/L), mean+SD 141.5+15.4 145.4+14.3* 146.7+14.5 139.7+£16.0*
HCT (%), mean=SD 42.9+39 41.8+4.1%* 43.324.0 41.4x4.1%
PLT (x107 /L), mean£SD 211.8+53.9 223.4+54.8* 214.0£51.3 225.6+55.6%
PDW (%), mean+SD 13.5+2.5 16.7+2.9% 13.3+24 15.1+2.2
ALT (U/L), mean+SD 25.0[18.0, 37.0] 23.0[16.0, 34.0]* 24.0[17.0, 37] 21.0[15.0, 32.0]*
AST (U/L), mean+SD 20.0[16.0, 25.0] 19.0[16.0, 24.01* 19.0[16.0, 25.0] 19.0[16.0, 23.0]
LDH (U/L), meanxSD 164.0 [145.0, 187.0] 163.0 [145.0, 189.0] 164.0 [145.0, 188.0] 162.0 [145.0, 180.0]
TBIL (umol/L), meanSD 12.2+5.2 12.1£5.3 12.66.3 12.0+£5.8
GLU (mmol/L), meantSD 5.3%1.4 5.1+1.2* 5.4+1.4 S5.0l.0%
TC (mmol/L), meanSD 3.7x1.6 3717 3.7x1.8 3.7x1.6
HDLC (mmol/L), mean+SD 1.8+1.4 2.0£1.5% 2.0x1.6 1.9£1.5
LDLC (mmol/L), mean+SD 2.6x0.7 2.6+0.7* 2.7+0.8 2.6+0.7
TG (mmol/L), mean+SD 2.3%1.6 1.9£1.1% 22+14 1.9£1.1%
Albumin (g/L), mean+SD 41.4+3.2 41.2+3.5 41.3+3.5 40.9+3.5
Urea (mmol/L), mean+SD 5.5%1.7 5.2£1.6*% 5.6x1.7 5.0£1.6*
Egfr (mL/min/1.73 m?), mean+SD 94.6+20.6 92.2421.0% 95.5+19.4 89.8+20.8*
UA (U/L), Q4 359.0 [297.0, 425.0] 326.0 [262.0, 386.01* 370.0 [307.0, 428.0] 313.0 [269.0, 376.0]*
CRP (mg/L), Q4 1.5[0.7, 3.2] 1.1[0.6, 2.2]* 1.4[0.8, 2.9] I.1[0.6, 2.77*

Notes: Data are presented as mean (SD) or median [interquartile range], or n (%). *A two-tailed significant difference P < 0.05 between less-risk and high-risk patients.
Abbreviations: PAD, peripheral arterial disease; BMI, body mass index; MHR, average heart rate; WBC, white blood cell; RBC, red blood count; HCT, hematocrit; PLT,
blood platelet count; RDWY, red blood cell distribution width; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; TBIL, total
bilirubin; GLU, glucose; TC, total cholesterol; HDLC, high density lipoprotein cholesterol; LDLC, low density lipoprotein cholesterol; TG, triglyceride; PDW, platelet
distribution width; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; UA, uric acid; CRP, C-reactive protein.

(TG) levels, and lower hemoglobin and platelet count (PLT) compared to individuals in the low-risk group (P < 0.05).
The characteristics of the corresponding training and validation sets were comparable.

Multivariable Selection for Prediction Model

We performed a LASSO regression analysis in the training cohort and seven variables were identified: age, sex, uric acid
(UA) level, TG, mean heart rate (MHR), BMI, and DM (Figure 1). The results of multivariate logistic regression
according to the variables selected by the LASSO regression method were used to build the model adjusted for the seven
variables indicated above (Table 2). The optimal model (AM-BDHTU) revealed that the following seven variables were
independently associated with PAD patients with HTN: older age (odds ratio [OR], 1.04; 95% CI: 1.03—1.06); male sex
(OR, 2.14; 95% CI: 1.61-2.87) and Log transformed UA (OR, 3.46; 95% CI: 1.11-10.84); higher TG (OR, 1.17; 95% CI,
1.06-1.28) and MHR (OR, 1.03; 95% CI, 1.02-1.04); BMI (OR, 1.13; 95% CI, 1.09-1.18), and DM (OR, 1.96; 95% ClI,
1.48-2.60) compared to those with HTN complications.
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Figure 1 Construction of classification models using machine learning based on the training dataset. Select predictive variables using LASSO regression (A). Exploration of
the relationship using the LASSO coefficients and Log(A) (B). Determination of the best penalty coefficient in the LASSO regression between the minimal and standard
square error. LASSO, least absolute shrinkage and selection operator.

Nomogram Development

To develop an AM-BDHTU score system for identifying patients with high-risk PAD with concomitant HTN,
a multivariate LASSO regression analysis was performed using the training set to detect independent diagnostic factors
(Supplementary file Table 1). The nomogram was constructed accordingly to predict the risk of LI in patients with PAD

and HTN and was used to define patients at high-risk stages (Figure 2).

Model Evaluation

Model performance was assessed using the validation set. The AUROCS indicated the discriminative ability of the AM-
BDHTU nomogram in the training and validation cohorts were 0.729 and 0.728, respectively. There was no significant
difference between the two cohorts (P = 0.994), suggesting a remarkable sensitivity and specificity of the nomogram in the
clinical context (Figure 3). The AM-BDHTU nomogram model predicted the probability of LI in PAD (Fontaine IIB-1V)
patients with HTN. The calibration curve showed that the nomogram exhibited favorable concordance between actual
results and predicted probabilities (Hosmer—-Lemeshow test P = 0.664) (Figure 4). The DCA in the training cohort was

Table 2 Odds Ratios of the Multivariable
Logistic Regression Model Predicting PAD

Variables | OR (95% CI) P
Age 1.04 (1.03-1.06) | <0.001
Male 2.14(1.61-2.87) | <0.001
Lg UA 3.46(1.11-10.84) | 0.032

TG 117(1.06-1.28) | 0.001

MHR 1.03(1.02-1.04) | <0.001
BMI 1.13(1.09-1.18) | <0.001
DM 1.96(1.48-2.60) | <0.001

Note: Multivariable logistic regression adjusted confound-
ing factors included gender, age, body mass index, smoking,
alcohol use, blood pressure, diabetes mellitus.
Abbreviations: PAD, peripheral arterial disease; OR,
odds ratios; Lg UA, Log-transformed uric acid; TG, trigly-
ceride; MHR, mean heart rate; BMI, body mass index; DM,
diabetes mellitus.
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Figure 2 Construction of the nomogram model. Construction of the nomogram model based on the seven significant variables (age, sex, uric acid, triglyceride, mean heart rate,
body mass index, diabetes mellitus). The vertical line crosses through the value of each variable and obtains an integral at the top of the nomogram. The integrals of all variables are
added to obtain a total score to predict the risk of PAD patients with HTN at the bottom of the nomogram. PAD, peripheral arterial disease; HTN, hypertension.

Statistical comparison

100
|

Sensitivity (%)
60

40

20

p-value = 0.994

—— Train: AUC 0.729
—— Test: AUC 0.728

120

T T T T T T
100 80 60 40 20 0

Specificity (%)

Figure 3 Receiver operator characteristics (ROC) curve analysis of the prediction model in the cohort (N=1321) (area under the ROC curve 0.729) and validation cohort
(n=566) (area under the ROC curve 0.728). ROC: receiver operator characteristic.

performed to assess the net benefit of the clinical risk prediction model. The threshold probability of PAD and co-existing

HTN was 54-85%. The application of this nomogram would add a significant benefit to the neglected management of these

factors and in improving the inadequate intervention scheme (Figure 5).
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Figure 4 The calibration curve showing the predictiveness of the nomogram model in the test cohort (A) and the validation cohort (B). The “Apparent” curve was close to
the “Ideal” curve and there was no statistical departure from observed values, demonstrating that the nomogram model was accurate and sensitive for identifying patients
with high-risk PAD and HTN. PAD, peripheral arterial disease; HTN, hypertension.
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Figure 5 Decision curve analysis of the nomogram in the test cohort. The solid blue line represents the nomogram. The solid gray line represents the net benefit without
intervention. The decision curve analysis indicating the threshold probability of patients with AHF is between 54% and 85%, suggesting that the application of the nomogram
strategy would add a significant net benefit for high-risk patients with PAD with HTN. PAD, peripheral arterial disease; HTN, hypertension.

Optimal Model Analysis

The clinical applicability of the risk prediction nomogram was evaluated using CIC analysis and showed that the “high
risk number” curve was close to the “high risk number with the events” curve at a high risk threshold of 0.65 to 1
(Figure 6). CIC intuitively showed that the nomogram provided a superior overall net benefit based on the practical
ranges of threshold probabilities and impacted on patient outcomes, which indicated that the model possessed significant
predictive value of identifying high-risk PAD cases among HTN patients.
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Figure 6 Model of the clinical impact curve of the nomogram. The red curve indicates the corresponding number of people corresponding to the threshold probability. The
blue dotted line represents the actual number of patients corresponding to each threshold probability. The “Number high-risk” curve was close to the “Number high-risk
with event” curve at high-risk threshold ranging from 0.65 to I.

Discussion
In the study, we explored the application of a nomogram to predict the development of high-risk PAD among patients
with HTN. An increasing number of patients with PAD who present with HTN comorbidities seek medical treatment in
hospitals. Our AM-BDHTU nomogram incorporated variables, including age, sex, BMI, UA levels, TG levels, the MHR,
and the presence of DM, and showed good discriminatory ability, calibration, and value in clinical application. Combined
with these clinical characteristics and the Fontaine stage, this nomogram used as a prognostic indicator would be
beneficial for early assessment and high-risk stratification of identification of PAD patients with HTN at high-risk of CLI.
In recent decades, research on vascular-related diseases has grown explosively due to changing lifestyle and aging of the
population. PAD has been recognized as a characteristic pathological disease of systemic atherosclerosis, posing a public
health crisis and a threat to health safety.'*® In particular, HTN leads to approximately 7.6 million premature deaths each year
(=13.5% of the global total).”” HTN can alter the release of endothelial-derived vasoactive factors and adverse effects of
systemic arterial vessels, contributing to arterial disease of the lower extremities.”® In fact, very few patients with PAD were
not associated with other cardiovascular risk factors. Therefore, the screening of such high-risk patients for critical LI should
always be considered when assessing an PAD patient presenting with HTN in clinical practice. The Fontaine classification is
widely used in the clinical evaluation of PAD and could also be applied in the planning of the treatment of PAD.?’ However,
a previous study evaluating the Fontaine classification showed that the ratio of chronic vascular-related diseases such as HTN
among patients with ischemic limbs was relatively low.’® The advantage of this nomogram scoring system combined with
Fontaine diagnostic criteria is that it could simultaneously assess patients with PAD with HTN at the early stages of hospital
admission. Meanwhile, clinicians could take applied optional steps for further examination in the identified high-risk patients
with PAD, and also reduce the potential for side effects from unnecessary invasive care, thus reducing the burden of medical
resources. Although PAD poses a challenge to treatment in general, most patients with and early diagnosis of PAD can be
controlled by prompt detection and proper management of risk factors using appropriate regimens. Several risk factors for

PAD have been identified, such as aging, smoking, coexisting diabetes, and other ischemic comorbidities."*'® Most studies
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have highlighted DM-associated macrovascular and microvascular injury of the lower extremities.**' Few studies have
described PAD risk prediction models in patients with HTN.

Nomograms, which can easily estimate the predicted and diagnosis probability of different predictors alone or in
combination, have been widely used as a clinical tool in chronic disease and oncology. The scoring standard is formulated
based on the size of the regression coefficients of all independent variables. Thus, the nomogram allows to visualize
a predictive model. Further, a nomogram is more advantageous than a traditional diagnostic criterion, like Fontaine or
Rutherford mainly emphasized subjective symptoms, as it can provide personalized predictive diagnosis and treatment, and
can quickly guide clinical practice. LASSO regression optimization variance collinearity is a good solution for evaluating
vascular-related diseases associated with other chronic pathological mechanisms. The present study was the first to explore
a diagnostic prediction model of CLI in patients with PAD presenting with HTN. The seven ease of acquisition variables (age,
male, BMI, UA, TG, MHR, DM) included in the nomogram were identified by LASSO regression analysis, which is
considered to be effective for selecting predictors by univariate analysis. It is especially suitable for primary hospitals that
cannot carry out imaging examination or chronic disease management clinics.

Aging, male sex, and DM>? were independent factors associated with adverse cardiovascular events and vascular
damage, also confirmed by our nomogram scoring system. The mean age of our subjects was younger than that of
patients exhibiting only PAD in clinical studies, which indicates that patients with coexisting PAD and HTN are more
susceptible to pathological changes in the vasculature. Our results also demonstrated that a higher resting heart rate (HR)
is associated with a higher risk of PAD among patients with HTN. Similar results were observed in patients with
atherosclerotic peripheral artery disease.* Increased resting HR decreases in arterial distensibility and arterial stiffness,>*
which induce the first detectable manifestations of adverse structural and functional changes within the vessel wall.” In
addition, an increased HR gives rise to high arterial pulsatile flow and shear stress promotes atherosclerotic lesion
formation, which is marked in patients with HTN.>*® HR is independently correlated with arteriolar lesion sclerosis and
cohort studies have shown that hypertensive patients with a high resting HR have an increased risk of all-cause and
cardiovascular death.*”*® Apart from age, MHR was the second most important factor in our prediction model.
A possible explanation for our optimized model was that influencing factors associated with high blood pressure also
led to pathological manifestations. One explanation for this finding is that higher risk of lower limb ischemia and
amputation in PAD patients with concomitant HTN.

Earlier detection of vascular damage and screening for potential clinical events by other atherosclerotic biomarkers in
the plasma was expected. The BMI level was slightly higher than the normal range in the population, while increased TG
levels were possibly due to a decrease in lipoprotein lipase activity and an inhibition of reverse cholesterol transport.*
Furthermore, overweight and obese status induced glucose and lipid metabolism disorders that participate to the
endocrine regulation of the vascular system. Visceral adipose tissue, excessive abdominal fat, and its concomitant
metabolic characteristics are important key mediators that influence blood pressure, lipid profiles, and inflammatory

4
status,3 9,40

as well as generate atrial endothelium dysfunction. UA is also associated with known risk factors for the
progression of kidney disease, including HTN*' and atherosclerosis.*? The prognosis of cardiovascular diseases has been
associated with a decrease in renal reperfusion and eGFR.** In fact, the variables in our study yielded an estimated risk
assessment based on factors that may be potentially modified by preventative measures for PAD and HTN. Further, these
continuous outcomes instead of one cutoff value could provide a more visualized probabilistic risk assessment.

The AM-BDHTU showed good discriminatory ability and calibration, and DCA and CIC analyses showed its clinical
significance and utility. These seven predictors identified in this study are easily acquired in PAD patients with HTN,
providing an early-to-use diagnostic tool and allowing a supplementary evaluation in accordance with the Fontaine
classification to achieve prompt clinical intervention. This simple and cost-free scoring system may be helpful in
continued screening of patients at high-risk of CLI.

To our knowledge, few studies have explored the utility of a risk prediction tool for high-risk PAD patients with HTN to
identify the probability of CLI. Nonetheless, our findings should be considered in light of several limitations. First, the study
only used hospital data to ensure that complete clinical variables were collected, which could have caused a specific selection
bias due to the lack of inclusion of outpatient and primary care settings. Second, the nomogram was built based on a 5-year
retrospective cohort study conducted in China and was conducted using internal validation. Therefore, whether the nomogram
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is generalizable to other populations requires further verification in multicenter studies. Third, the data relative to the more
noninvasive and invasive imaging evaluation of ischemia were not included in our analysis, as these data were not available in
the original dataset. Expanding the study population and stratified analysis of cardiovascular complications should be
considered to improve popularization meanings of the model in the future. However, it is important to point out that 1884
subjects were identified in our cohort and completed functional performance measures with moderate statistical power.

In conclusion, the current study constructed an easy-going AM-BDHTU score nomogram that plays a convincing role
in the evaluation of the risk of progression of the CLI risk in PAD patients concomitant HTN. This nomogram could
complement the diagnostic identification of high-risk PAD patients presenting underlying HTN, especially in patients
with vascular-related risk factors. Nonetheless, further study with larger sample sizes and multiple centers are essential to
verify our conclusions.

In conclusion, the current study constructed an easy-going AM-BDHTU score nomogram could complement the
diagnostic identification of high-risk PAD patients presenting underlying HTN, especially in patients with vascular-related
risk factors. Nonetheless, further study with larger sample sizes and multiple centers are essential to verify our conclusions.
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