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Introduction: To examine the factors associated with PAD, with a specific focus on bone metabolism factors such as osteocalcin.
Methods: This cross-sectional study examined factors about demographic, clinical, and laboratory parameters including bone
metabolism biomarkers in hemodialysis patients. The ankle-brachial index (ABI) was measured in all patients, with PAD diagnosed
as an ABI <0.9.

Results: Out of the 71 patients, PAD was found in 23 individuals. These patients had an average age of 63.5+£13.0 years, with 59.2%
being male. Compared to non-PAD patients, those with PAD were older, had a lower proportion of males, and had a higher prevalence
of diabetes and coronary artery disease. Among the factors related to bone metabolism, only osteocalcin exhibited a significant
increase in the PAD group compared to the non-PAD group.

Conclusion: PAD in patients on hemodialysis was independently linked to high levels of osteocalcin in the bloodstream, indicating
the presence of bone metabolism disorders.
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Introduction

Peripheral artery disease (PAD) is a chronic medical condition that is becoming more common worldwide and is
associated with a poor outlook.' > Recent study revealed that inflammation was associated with acute and chronic
PAD as detected by neutrophils / lymphocyte ratio. Moreover, there were studies showed that inflammatory burden was
increased as renal dysfunction progressed and predicted adverse clinical prognosis in hemodialysis patients.*> Thus, the
development of PAD seems to be related to renal dysfunction. The diagnosis of PAD using the ankle-brachial index
(ABI) is more prevalent in individuals undergoing hemodialysis and has been linked to the prediction of cardiovascular
disease and overall mortality.” The Dialysis Outcomes and Practice Patterns Study (DOPPS) collected data indicating that
approximately one-third of patients on hemodialysis suffer from PAD, which significantly increases the risks of both
illness and death compared to the general population.® Despite numerous studies investigating potential risk factors for
PAD, these factors have not been adequately explored in patients undergoing hemodialysis. The involvement of abnormal
bone metabolism in the development of cardiovascular disease, particularly in patients on hemodialysis, has been a well-
known fact for a considerable period.7 Due to the distinct combination of biochemical, endocrine, and molecular
irregularities in bone metabolism disorders specific to these patients, there is evidence indicating a consistently higher
prevalence of systemic atherosclerosis, including PAD.® A previous study conducted on patients on hemodialysis in
Central Nepal revealed a significant and independent association between PAD and levels of intact parathyroid hormone
exceeding 300 ng/mL.” However, a subsequent study yielded conflicting results.'® Although a few studies have examined

the predictive role of calcium and phosphate metabolism biomarkers for PAD in patients on hemodialysis,'""'? the
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available information remains insufficient and contradictory. The objective of this study was to investigate the factors
associated with PAD in individuals undergoing hemodialysis and to assess the influence of bone metabolism, specifically
osteocalcin serum levels, in these patients.

Materials and Methods

Patients
We included participants in our study who were patients on hemodialysis, aged 18 years or older, and received treatment
at Beijing Jishuitan Hospital, Capital Medical University from April 2021 to April 2022. The treatment regimen
consisted of three sessions per week, each lasting four hours. All the patients in the study underwent treatment for
regulating calcium-phosphorus levels such as Vitamin D Receptor Activators and calcimimetics and were monitored by
qualified staff. Patients with a duration of hemodialysis of less than six months, as well as those with severe infections or
malignancy, were excluded from the study.

The Institutional Review Board of Beijing Jishuitan Hospital, Capital Medical University granted approval for this
study, and the procedures followed in the study adhered to the principles outlined in the Declaration of Helsinki. Prior to
their participation in the study, written informed consent was obtained from all patients.

Demographic and Clinical Characteristics

The medical records of the enrolled patients were examined. We gathered information on various demographic factors
such as gender, age, and body mass index (BMI). Additionally, we recorded specific details related to hemodialysis,
including primary kidney disease, duration of hemodialysis, dialysis adequacy, and the presence of diabetes mellitus
(DM), coronary artery disease or fractures. Dialysis adequacy was assessed using Kt/V, while BMI was calculated using
the formula weight/height® (kg/m?).

Laboratory Parameters

The patients’ laboratory values were regularly assessed on a monthly basis, encompassing various parameters such as
serum albumin, potassium, sodium, uric acid, triglyceride, total cholesterol, hemoglobin levels, and C-reactive protein
(CRP). Additionally, bone-related parameters, including serum calcium, phosphorus, intact parathyroid hormone, 25-
hydroxyvitamin D (25[OH]D), and osteocalcin, were also routinely evaluated each month. These measurements were
conducted at the Clinical Laboratory of Beijing Jishuitan Hospital, Capital Medical University, and the data was obtained
from the electronic clinical database.

ABI Measurements

The ABI values were determined by the same skilled doctor using a portable handheld bidirectional Doppler device and
was conducted within one week after blood test. The patients were positioned on their backs, and monitoring cuffs were
attached to appropriate areas. The doctor measured the systolic blood pressure in the brachial artery of the arm without
vascular access, as well as in the dorsalis pedis artery and posterior tibial artery of both lower limbs using a Doppler
probe. To calculate the ABI values, the systolic pressure at the ankle was divided by the systolic pressure in the arm. The
lower ABI value from both legs was considered the leg index. The diagnosis of PAD was based on an ABI value below
0.9, which is in line with the guidelines provided by the American College of Cardiology/American Heart Association

and consistent with previous studies.>'*"'*

Statistical Analysis

The meantstandard deviation or median value and interquartile range were used to express continuous variables,
depending on the distribution of the data. Numbers and percentages were used to express categorical variables. The
comparison of continuous variables was done using Student’s #-test and the Mann—Whitney U-test, while the chi-square
test was used for comparing categorical variables. To examine the relationship between the variables and PAD, multi-
variate logistic regression models were created, including only those variables that showed statistical significance in the
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univariate analyses. The correlation between osteocalcin and these variables was also tested using Spearman’s Rank-
Order Correlation. A P value < 0.05 was considered statistically significant. All statistical analyses were conducted using
SPSS software for Windows (version 25.0; SPSS, Chicago, IL, USA).

Results

In the study, a total of 71 patients were included. Their average age was 63.5+13.0 years, with 40.8% being female and
59.2% male. These patients had been undergoing dialysis for an average duration of 75.2+50.0 months. Among them, 23
patients were identified as having PAD and were assigned to the PAD group, while the remaining 48 patients were
classified as the non-PAD group. The baseline characteristics of the patients are provided in Table 1. The most common
cause of end-stage renal disease (ESRD) was diabetes mellitus (36.6%), followed by glomerulonephritis (25.4%). When
comparing the PAD group with the non-PAD group, it was found that the PAD patients were older (72.2+£10.9 vs 59.3
+11.9 years, p<0.001), had a lower percentage of males (47.8% vs 64.4%, p<0.001), and a higher prevalence of diabetes
mellitus or coronary artery disease (56.5% vs 31.3%, p<0.001; 65.2% vs 27.1%, p<0.001, respectively). Eight patients
had history of fracture, three were in the PAD group and five were in the non-PAD group without statistic significant
difference (13.0% vs 10.4%, p=0.872). No statistically significant differences were found between patients with or
without PAD in terms of the traditional markers related to bone metabolism. These markers include phosphate (1.54+0.44

Table | Baseline Characteristics of Study Population

Total (71) PAD (23) No PAD (48) P

Gender Male, n (%) 42 (59.2) 11 (47.8) 31 (64.6) <0.001
Age years, mean+SD 63.5+13.0 72.2+10.9 59.311.9 <0.001
BMI (kg/m?) 24.1£3.6 24.8+3.2 23.9+3.7 0.354
Primary kidney disease, n (%)

Diabetes mellitus 26 (36.6) Il (47.8) 15 (31.2)

Glomerulonephritis 18 (25.4) 4(17.4) 14 (29.2)

Hypertension 9 (12.7) 4 (17.4) 5(10.4)

Obstructive uropathy 4 (5.6) 0 (0) 4 (8.3)

Polycystic kidney 4 (5.6) 1 (4.3) 3 (6.3)

Other 10 (14.1) 3 (13.0) 7 (14.6)
Duration of hemodialysis 75.2+50.0 75.6%61.9 75.0£44.0 0.966
KTV 1.50£0.25 1.52+0.23 1.49+0.27 0.748
History, n (%)

Diabetes mellitus 28 (39.4) 13 (56.5) 15 (31.3) <0.001

CAD 28 (39.4) 15 (65.2) 13 (27.1) <0.001

Fractures 8 (11.3) 3 (13.0) 5(10.4) 0.872
Biochemical characteristics mean+SD

Albumin, g/L 40.90+2.90 40.74+2.64 40.97+3.02 0.759

Potassium, mmol/L 5.260.63 5.41+0.60 5.20+0.64 0.191

Sodium, mmol/L 140.10+3.06 140.38+2.85 139.98+3.17 0.619

Uric acid, umol/L 439.07+93.50 450.86191.41 433.92+94.89 0.493

Triglyceride, mmol/L 1.76£1.06 1.67£1.14 1.81£1.03 0.610

Total cholesterol, mmol/L 3.424+0.76 3.68+0.68 3.30+0.78 0.058

Hemoglobin, g/L 108.4£12.8 109.6£14.5 107.9£12.0 0.606

CRP, mg/L 4.78+10.94 4.20+4.93 5.05+1.89 0.771
Bone metabolism

Phosphate, mmol/L 1.531£0.44 1.54£0.44 1.53£0.45 0.908

Calcium, mmol/L 2.25+0.14 2.29+0.11 2.24+0.15 0.138

iPTH, pg/mL 251.5+22.4 286.07+35.82 235.39+36.52 0.393

25-hydroxyvitamin D, ng/mL 13.07£5.97 11.61£5.44 13.74£6.13 0.166

Osteocalcin, ng/mL 150.97+£19.28 166.07+11.34 118.04£15.33 0.017

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CRP, C-reactive protein; iPTH, intact parathyroid hormone.
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Table 2 Univariate and Multivariate Analysis for Peripheral Arterial Disease

Independent Univariate Model Multivariate Model
Variable
OR (95% CI) P OR (95% CI) P

Age 0.92 (0.84-1.00) 0.047 1.08 (0.98-1.19) 0.127
Duration of hemodialysis 0.99 (0.98-1.01) 0.031 1.00 (0.99-1.02) 0.442
Diabetes mellitus 3.29 (0.51-21.24) 0.021 1.16 (0.14-9.45) 0.889
CAD 0.66 (0.104.51) 0.018 0.29 (0.04-2.00) 0.208
Osteocalcin 1.04 (1.01-1.09) 0.005 1.03 (1.00-1.05) 0.021

Abbreviations: CAD, coronary artery disease; OR, odds ratio; Cl, confidence interval.

Table 3 Correlation Between Osteocalcin and Other Factors

Variable R P

Age —0.140 0.366
Duration of hemodialysis 0.252 0.099
Diabetes mellitus —0.145 0.347
CAD 0.179 0.244

Abbreviation: CAD, coronary artery disease.

vs 1.534£0.45, p=0.908), calcium (2.29+0.11 vs 2.24+0.15, p=0.138), intact parathyroid hormone calcium (286.07+35.82
vs 235.39+36.52, p=0.393), and 25(OH)D (11.61+5.44 vs 13.74+6.13, p=0.166). However, there was an increase in
osteocalcin levels in the PAD group compared to the non-PAD group (166.07+£11.34 vs 118.04+15.33, p=0.017) as shown
in Table 1. A single-variable analysis revealed a significant correlation between PAD and various factors such as age,
duration of dialysis, diabetes mellitus (DM), coronary artery disease, and osteocalcin level. However, other indicators of
bone metabolism did not exhibit any association with PAD. Subsequent multivariable analyses demonstrated that only
osteocalcin remained an independent risk factor for the development of PAD. The odds ratio (OR) for osteocalcin was
1.03 with a confidence interval (CI) of 1.00 to 1.05 and a p-value of 0.021, indicating its significant impact (Table 2). No
significant relationship was found between osteocalcin and these factors (Table 3).

Discussion

This research aimed to examine the factors associated with PAD in patients on hemodialysis. Previous study showed that PAD
patients undergoing popliteal and infrapopliteal percutancous peripheral arterial interventions with renal dysfunction
(GFR<60 mL/min/1.73 m2) and hemodialysis had increased risk of major amputations and mortality. This study called for
novel therapeutic strategies to improve outcomes of this population.'® Specifically, our study revealed that the bone metabolism
marker osteocalcin exhibited an independent correlation with PAD. To the best of our knowledge, this is the first study to establish
a connection between PAD and bone metabolism in patients on hemodialysis, considering the unique bone metabolism disorder in
this population that may contribute to vascular calcification. Numerous studies conducted over the past few decades have
endeavored to identify predictive factors for PAD. Age, female gender, body mass index, critical limb ischemia, diabetes mellitus,
hypertension, cerebrovascular disease, heart failure, and chronic kidney disease (CKD) have been associated with poor limb
salvage, mortality, or readmission following peripheral revascularization in patients with or without hemodialysis.'®*° Recent
studies have further demonstrated that patients undergoing hemodialysis are more susceptible to PAD and experience worse
outcomes.*'**!2° Cross-sectional studies have reported a high prevalence of PAD in patients on hemodialysis and have identified
lower serum albumin levels, elevated C-reactive protein levels, Hickman vascular access, and foot deformity as independent
predictors of PAD or foot ulceration in these patients.'*'? However, a prospective study involving 450 dialysis patients only found
neuropathy and previous ulceration to be significant risk factors for foot ulceration, while serum albumin and C-reactive protein
levels showed no significant association with this condition.”” Risk factors also varied between patients with and without prior
ulceration. Raikou et al*® conducted an analysis of 150 patients undergoing on-line-predilution hemodiafiltration and discovered
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that low-grade inflammation, as indicated by elevated monocyte chemoattractant protein-1 serum concentrations was a significant
predictor for PAD. This biomarker has long been recognized as a key mediator of osteoclastogenesis in HD patients with PAD,
which suggested an association between inflammatory response and bone metabolism. But the relationship between bone
metabolism, especially the osteocalcin and PAD was not discussed by the authors. Another study involving peritoneal dialysis
patients demonstrated that osteoprotegerin was an independent predictor of PAD, establishing a link between bone metabolism
and arterial calcification.'* Collectively, while these previous studies identified both traditional and novel risk factors, the findings
were not consistent, and most factors were non-intervenable. In line with previous research, our study focused on a group of
hemodialysis patients with a low ABI. These patients tended to be older, more likely to be female, and had a higher prevalence of
diabetes mellitus or coronary artery disease compared to those with a normal ABI. We examined bone metabolism and found that
commonly used indicators such as phosphate, calcium, intact parathyroid hormone, and 25(OH)D did not show any significant
differences between hemodialysis patients with PAD and those without PAD.

Bone metabolism disorders have long been linked to arterial calcification, which can lead to PAD. Previous studies,
such as the NEFRONA study,'' have noted lower levels of 25(OH)D in patients with CKD with an ABI <0.9. A meta-
analysis also revealed reduced 25(OH)D levels in non-hemodialysis patients with PAD, suggesting it could be an
independent risk factor for PAD.* However, a recent study from China found no association between vitamin
D deficiency and PAD in middle-aged and elderly diabetic patients. The authors attributed this inconsistency to age
differences, as the expression level of the vitamin D receptor decreases linearly with age.>® Notably, our study also
observed that patients with PAD were older than those without, consistent with these findings.

Another study by Hsu et al®' reported that parathyroidectomy reduced the risk of PAD in patients on hemodialysis with severe
secondary hyperparathyroidism, possibly by lowering parathyroid hormone levels. However, subsequent studies in patients on
hemodialysis with PAD found no significant differences in intact parathyroid hormone and 25(OH)D levels, as well as phosphate
and calcium levels.'**”*** These results align with our study’s findings. The lack of variation in traditional bone metabolism
markers may be attributed to severe mineral metabolism abnormalities or the increased use of phosphate binders and vitamin
D supplements in patients on hemodialysis, which might have masked the differences. The current study made an important
discovery regarding the relationship between high levels of osteocalcin and PAD in patients on hemodialysis. Osteocalcin, a factor
produced by osteoblasts primarily involved in bone mineralization, was found to have additional functions beyond bone
regulation, including effects on the pancreas, liver, muscle, adipose tissue, testes, vascular system, as well as the central and
peripheral nervous system. This indicates that osteocalcin has an endocrine role outside of the skeletal system.**>°

A study conducted by Wu et al’® demonstrated that osteocalcin can protect against neuronal loss and improve
outcomes in patients with acute ischemic stroke. This effect is attributed partly to the inhibition of proline hydroxylase 1
and prevention of gasdermin D degradation. Another clinical study on PAD in patients revealed that bone-like structures
containing osteocalcin were present in heavily calcified blood vessels.*’

Furthermore, both laboratory experiments and studies in living organisms have shown that osteocalcin is involved in
the regulation of vascular calcification through the Wnt/B-catenin signaling pathway and glucose metabolism.*®
Therefore, the increased levels of osteocalcin observed in this study may indicate an interaction between bone
metabolism and vascular calcification, or it could suggest that osteocalcin itself plays a significant role in this process.
However, further research is needed to fully understand the underlying mechanism involved. The current investigation
had certain constraints. To begin with, it employed a cross-sectional approach and involved a restricted number of
patients that might resulted in a weak relationship of osteocalcin with PAD. Secondly, bone turnover markers collected in
this study was limited because other markers were not routinely tested in our hemodialysis center. Despite these
limitations, our study provides significant understanding regarding the connection between bone metabolism and PAD
in patients on hemodialysis. Additional studies with a larger sample size, collected more biomarkers and long-term
follow-up are necessary within this population to draw definitive conclusions.

Conclusion
To summarize, the study concluded that there is a significant association between serum osteocalcin levels and PAD in
patients undergoing hemodialysis. Traditional markers for bone metabolism did not demonstrate enough sensitivity.
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These findings suggest that osteocalcin may play a role in the development of PAD in patients on hemodialysis, although
the exact mechanism requires further investigation.

Abbreviations
PAD, Peripheral artery disease; ABI, ankle-brachial index; DM, diabetes mellitus; CRP, C-reactive protein; 25(OH)D,
25-hydroxyvitamin D; ESRD, end stage renal disease; CKD, chronic kidney disease.
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