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 I. INTRODUCTION

A. STATEMENT OF THE PROBLEM/QUESTION TO BE RESEARCHED 

The following research seeks to distinguish the relationship between blood serum biomarkers 

with walking distance autonomy and skeletal muscle oxygenation in peripheral artery disease 

(PAD) patients. Interest for this study came from the insufficient understanding of the 

association between biochemical parameters within blood serum and the functional decline 

experienced by PAD patients. 

            The primary purpose of this study is to compare various biochemical parameters in serum 

between PAD patients and non-PAD controls to assess potential disease biomarkers. Secondly, 

the associations between the blood biomarkers and walking distance autonomy as well as 

skeletal muscle oxygenation will be analyzed. The analysis of systemically circulating 

biomarkers will reflect the pathophysiological processes contributing to oxidative stress, 

coagulation, and inflammation within the subjects and allow further understanding of the unique 

characteristics of peripheral circulation. With the effects of pharmacological treatments 

remaining insubstantial, exercise intervention procedures continue to remain a highly researched 

alternative to alleviating intermittent claudication, the underlying symptom of PAD. This study 

will expand our knowledge on the relationship between these pathophysiological processes and 

functional outcomes in PAD patients. 

            The target population for this study includes those currently diagnosed with PAD, as well 

as age- and sex-matched non-PAD controls. Overall, the goal of this research is to make 

conclusive results from the data applicable to at-risk populations and to better understand PAD-

specific markers. 



 II. REVIEW OF THE LITERATURE

A. BACKGROUND

Peripheral artery disease (PAD) is readily defined as the narrowing of the peripheral arteries 

serving the limbs. Atherosclerosis is the most common cause of lower extremity PAD and affects 

over eight million individuals in the United States alone (McDermott, 2015). Blockage of the 

arteries in the extremities of the body result in oxygen deficits during the course of exercise due 

to decreased pathways for blood flow. Once oxygen deficit reaches a level of severity, oxygen 

demands of the muscles are no longer being sufficiently met, leading to intermittent claudication 

(IC), as well as, in later stages, critical limb ischemia (CLI) (Criqui & Aboyans, 2015; Lau, 

2011; McDermott, 2015). 

           Inflammatory risk factors for PAD have been widely researched and are similar to the risk 

factors for other forms of cardiovascular diseases (Joosten, 2012). Smoking, hypertension, 

diabetes, and dyslipidemia rank among the most prominent risk factors, with smoking being the 

greatest contributor (Frank et al. 2019). Previous studies have shown that active smoking is two 

to four times more strongly correlated to PAD than coronary heart disease, and the risk remains 

prevalent twenty years after cessation (Joosten, 2012; Criqui & Aboyans, 2015). Inflammatory 

markers within the blood, such as significantly high C-reactive protein concentrations (CRP) 

have also been associated with increased potential of developing PAD (Ridker et al., 1998). CRP 

has also been extensively studied as a marker of PAD, and is inversely related to the ankle 

brachial index (Folsom et al 2001). Walking impairment in PAD is believed to significantly 

involve inflammation via arterial stiffness and endothelial dysfunction (Coutinho et al 2011). 

PAD patients with the lowest levels of flow mediated dilation, a technique used to measure 



endothelial function, have been shown to have significantly increased levels of CRP and 

fibrinogen, another marker of inflammation (Brevetti et al. 2003). Furthermore, another study 

showed a negative association between the ankle-brachial index (ABI), a measure of PAD 

severity, and CRP, intracellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion 

molecule-1 (VCAM-1), other inflammatory markers (Silvestro et al. 2003). Finally, the 

inflammatory markers of neutrophil myeloperoxidase and interleukin-6 (IL-6) have been 

associated with impaired endothelial function in PAD patients, suggesting that the link between 

endothelial function with inflammation and disease severity in PAD may lead to the poor 

prognosis with advancing disease stage (Brevetti et al 2008). 

            In addition to arteriosclerosis, other manifestations of PAD include various 

musculoskeletal impairments. Ambulatory dysfunction such as muscular denervation, muscular 

atrophy, and loss of type II muscle fibers all result from the severe muscle ischemia caused by 

PAD (Regensteiner et al., 1993). Although exercise is considered a gold-standard initial, 

noninvasive treatment for PAD (Gardner et al., 2016), there remains a lack of understanding of 

the mechanisms that are improved by exercise. Since a central theme surrounding limb 

claudication and impaired walking capacity in PAD patients relates to an imbalance of oxygen 

supply and demand, exercise may allow for greater blood flow to the extremities by improving 

flow-mediated dilation, thus decreasing the deficit between oxygen supply and demand (Brendle 

et al 2001). Research on PAD has shown that calf muscle hemoglobin oxygen saturation (StO2) 

exhibits major levels of desaturation during times of peak intensity exercises, as well as delayed 

recovery to baseline times (Fuglestad et al., 2019). Interestingly, external factors, such as 

diabetes, smoking, and hypercholesterolemia have been shown to further lower StO2 levels 



(Afaq et al. 2007, Afaq et al. 2008, and Mohler et al. 2006). This suggests a potential link 

between inflammation and muscle oxygenation, which warrants further exploration in this study.    

 

III. METHODOLOGY 

          PAD patients with IC and CLI, and non-PAD controls were recruited by vascular surgeons 

at Baylor Scott and White Hospital, Capital Regional Medical Center, and Vascular Surgery 

Associates Tallahassee under approved IRB protocols. IC or CLI diagnosis were made after 

medical history examination, physical examination, measurement of the ankle-brachial index 

(ABI), and arteriography. Non-PAD controls had normal blood flow to their legs, no history of 

PAD symptoms, normal lower limb pulses, normal ABIs at rest and after stress, and were all 

age- and sex-matched and lead sedentary lifestyles. 

            Near-infrared spectroscopy (NIRS) was implemented for measuring StO2 levels. The 

Moxy Monitor (MM), which was the NIRS device used for this study, operates by using LED 

lights at wavelengths 630-850 nm to radiate into designated tissue. The MM functions to 

measure oxyhemoglobin to total hemoglobin concentrations ratios; StO2 is reported as a 

percentage from each MM device when attached to extremities (Crum et al., 2017).

            Each participant was asked to wear clothing that will permit access to participation in 

moderate exercise trials with ready access to their gastrocnemius for MM attachment. The MM 

was placed at the same position (anteromedial head of the gastrocnemius) and held securely in 

place with athletic tape. A Samsung Galaxy Tablet (Samsung, Seoul, South Korea) was used to 

enable the MM to record data. Baseline StO2 was taken after the participant sat still for 5 

minutes.  The faster time between the trials was kept and documented. 



            A treadmill test was administered next in the trial. This test was adapted from the 

Gardner Graded Treadmill Protocol  (Gardner et al., 1991) and included walking at the speed of 

2-mph at 0% incline, with a 2% increase in grade every two minutes. The test continued until the 

participant felt discomfort or until the total ten minutes for the test were completed. Participants  

rested for 15 minutes after completion of the treadmill test. 

            MM data was collected from each participant, documented into an Excel file, and 

graphed. The baseline StO2, maximum treadmill StO2 value, minimum treadmill StO2 value, 

treadmill recovery time, were manually extracted from the graphs. Recovery time was defined as 

the time it took the participant to return to their baseline StO2 level after each test. 

           Blood samples from participants were collected before exercise trials in the morning after 

an overnight fast. Thirty mL of blood were obtained from each participant, immediately 

centrifuged for 10 minutes, 2000 x g at 4 degrees Celsius. Serum were aliquoted and stored in 

separate polypropylene tubes at -80 degrees Celsius.  

A Piccolo Xpress Chemistry Analyzer (Abott Laboratories, Abott Park, IL) was used for 

the quantitative determination of the serum parameters. For this study, the Biochemistry Panel 

Plus reagent discs were used to test each serum sample. The Biochemistry Panel Plus tests for 

alanine aminotransferase (ALT), albumin, alkaline phosphatase (ALP), amylase, aspartate 

aminotransferase (AST), C-Reactive protein (CRP), calcium, creatinine, gamma 

glutamyltransferase (GGT), glucose, total protein, blood urea nitrogen (BUN), and uric acid.  

Data from the panels were compiled into Excel sheets. 

Comparison of baseline StO2, maximum treadmill StO2 value, minimum treadmill StO2 

value, treadmill recovery time, between groups was done using a one-way analysis of variance 



(ANOVA). A one-way ANOVA test was also used to identify differences between non-PAD 

control, IC, and CLI groups for all the serum parameters. Pearson correlations were calculated to 

evaluate associations between the biochemistry blood serum biomarkers and the StO2 values and 

walking distances. 

 

IV. ANALYSIS OF DATA

A. RESULTS

Data from a total of 23 PAD participants and 37 non-PAD controls were used in 

analyzing the final results. The average age of the non-PAD controls was 49.32(12.76) years and 

included 18 males and 19 females. The average age of the PAD patients was 62.68(11.53) years, 

consisting of 16 male and 7 females (Table 1). Although the non-PAD controls were younger, 

there was no significant difference in age between groups (p=0.16). 

There was a significant difference for the baseline StO2 between groups (PAD: 44.30 ± 

9.684, non-PAD control: 60.86 ± 18.648, p=0.028). Additionally, there was a significant 

difference in the minimum treadmill value between the groups (PAD: 5.38 ± 9.052, non-PAD 

control: 45.97 ± 20.290, p=0.07), as well as treadmill recovery (PAD: 5.342843 ± 4.3054009, 

non-PAD control: 0.431968 ± 0.4809831, p<0.0001). There was no difference between groups 

observed in the maximum treadmill value (Table 2). 

With respect to the biochemical parameters creatinine (PAD: 1.848 ± 2.6817, non-PAD 

control: 0.927 ± 0.2207, p<0.0001), BUN (PAD: 16.61 ±  8.484, non-PAD control: 13.16 ± 

3.460, p=0.001), GLU (PAD: 130.39 ± 45.172, non-PAD control: 95.32 ± 7.638, p<0.0001), 

GGT (PAD: 35.13 ± 32.064, non-PAD control: 18.89 ±  12.394, p<0.0001),  and CRP (PAD: 



21.952 ± 49.8892, non-PAD control: 3.262 ±  4.3908, p=0.001) were all significantly elevated in 

PAD compared to non-PAD participants. In contrast, CA (PAD: 6.965 ± 3.6553, non-PAD 

control: 8.859 ± 2.3891, p=0.001), ALB (PAD: 3.278 ± 0.4981, non-PAD control: 3.992 ± 3.278, 

p=0.035), TP (PAD: 6.152 ± 0.6881, non-PAD control: 7.084 ± 0.3563, p=0.001), ALP (PAD: 

57.39 ± 36.568, non-PAD control: 60.32 ± 23.037, p=0.018), and AMY (PAD: 49.35 ± 31.701, 

non-PAD control: 50.95 ± 15.998, p=0.018) were significantly lower in PAD patients than in 

non-PAD controls. There were no significant differences between UA, ALT or AST between the 

two populations (Table 3). 

Table 4 shows the correlations between the baseline StO2 value (% StO2), maximum treadmill 

value (% StO2), minimum treadmill value (%StO2), and treadmill recovery (min) with the 

biochemical parameters measured in blood serum. There was a significant association between 

ALB (r=0.455, p=0.001), GGT (r=-0.304, p=0.038), and CRP (r=-0.294, p=0.045) with the 

baseline StO2. The maximum treadmill value was associated with UA (r=-0.374, p=0.010), GGT 

(r= -0.301, p=0.040), and CRP (r=-0.366, p=0.011) levels. The minimum treadmill value was 

significantly correlated with GLU (r=-0.386, p=0.003), ALB (r=0.532, p<0.0001), TP (r=-0.486, 

p<0.0001), and GGT (r=-0.293, p=0.026) levels. Additionally, BUN (r=0.319, p=0.015), GLU 

(r=0.380, p=0.003), CA (r=-0.318, p=0.015). ALB (r=-0.433, p=0.001), and TP (r=-0.556, 

p<0.0001) levels were associated with treadmill recovery (min).    

 



Table 1. Participant demographics. Data are shown as mean ± standard deviation

PAD (n=23) Non-PAD control (n=37) p

Age (years) 62.68 ± 11.53 49.32 ± 12.76 0.160

Male 16 18

Female 7 19

Table 2. Performance variables. Data are shown as mean ± standard deviation

PAD (n=23) Non-PAD control 

(n=37)

p

Baseline (%StO2) 44.30 ± 9.68 60.86 ± 18.64 0.028

Max Treadmill value (%StO2)

Min Treadmill value (% StO2)                                      

63.90 ± 16.28

5.38 ± 9.052                             

80.05 ± 12.25

45.97 ± 20.29

0.445

.007

Treadmill Recovery (min) 5.34 ± 4.30 0.431 ± 0.48 .000

Table 3. Biomarker variables. Data are shown as mean ± standard deviation

PAD (n=23) Non-PAD control 

(n=37)

p

Creatinine (mg/dL) 1.84 ± 2.68 0.927 ± 0.22 .000 

Blood Urea Nitrogen (mg/dL) 16.61 ± 8.48 13.16 ± 3.46 .001

Glucose (mg/dL) 130.3 ± 45.17 95.32 ± 7.63 .000

Uric Acid (mg/dL) 4.34 ± 1.32 4.014 ± 1.13 .398

Calcium (mg/dL) 6.96 ± 3.65 8.859 ± 2.38 .001

Albumin (g/dL) 3.27 ± 0.49 3.992 ± 3.27 .035

Total Protein (g/dL) 6.152 ± 0.68 7.084 ± .356 .001

Alanine aminotransferase (U/L) 21.43 ± 10.96 26.19 ± 16.84 .281

Aspartate aminotransferase (U/L) 25.04 ± 9.26 31.86 ± 16.28 .408

Alkaline phosphatase (U/L) 57.39 ± 36.56 60.32 ± 23.03 .018

Gamma glutamyltransferase (U/L) 35.13 ± 32.06 18.89 ± 12.39 .000

Amylase (U/L) 49.35 ± 31.70 50.95 ± 15.99 .018

C-Reactive Protein (mg/L) 21.95 ± 49.88 3.262 ± 4.39 .001



Table 4. Treadmill performance relationship with blood serum biomarkers. BUN= Blood Urea Nitrogen, GLU= glutamate, UA= Uric 

Acid, CA= Calcium, ALB= Albumin, TP=Total protein, ALT= Alanine aminotransferase, AST= Aspartate aminotransferase, ALP= 

alkaline phosphatase, GGT= Gamma glutamyltransferase, AMY= Amylase, CRP= C-reactive Protein.  

Creatinine 

(mg/dL)

BUN 

(mg/dL)

GLU

(mg/dL) 

UA 

(mg/dL)

CA 

(mg/dL)

ALB 

(g/dL)

TP 

(g/dL)

ALT 

(U/L)

AST 

(U/L)

ALP 

(U/L)

GGT 

(U/L)  

AMY 

(U/L)

CRP 

(mg/L)

Pearson 

Correlation

-.061 .009 -.148 -.134 .033 .455 .173 -.077 -.078 .146 -.304 .082 -.294Baseline 

(%StO2)

Sig (2-

tailed)

.682 .953 .320 .371 .828 .001 .246 .609 .604 .328 .038 .585 .045

Pearson 

Correlation

-.015 .074 -.160 -.374 .167 .264 .197 -.032 -.016 .039 -.301 .218 -.366Max 

Treadmill 

value 

(%StO2)
Sig (2-

tailed)

.919 .621 .283 .010 .262 .072 .185 .829 .915 .793 .040 .140 .011

Pearson 

Correlation

-.250 -.236 -.386 -.208 .254 .532 .486 .072 .157 .042 -.293 .151 -.251Min 

Treadmill 

value 

(%StO2)

Sig (2-

tailed)

.058 .074 .003 .116 .054 .000 .000 .590 .239 .752 .026 .259 .058

Pearson 

Correlation

.150 .319 .380 .154 -.318 -.433 -.556 -.111 -.153 -.169 .219 .037 .020Treadmill 

Recovery 

(min) Sig (2-

tailed)

.261 .015 .003 .249 .015 .001 .000 .408 .252 .206 .099 .785 .883



B. DISCUSSION 

            This primary goal of this study was to compare blood serum biomarkers with walking 

distance autonomy and StO2 in both PAD patients and non-PAD controls. Both populations were 

administered identical treadmill testing protocols for standardization purposes. In the present 

study, the main findings suggest that creatinine, blood urea nitrogen, glutamate, calcium, 

albumin, total protein, alkaline phosphatase, gamma glutamyltransferase, amylase, and C-

reactive protein are all molecules that are significantly different in PAD patients. Creatinine and 

BUN are used to estimate kidney function and are often correlated with PAD as reduced kidney 

function is a contributor to atherosclerosis. Chronic kidney disease is a common comorbidity of 

PAD and testing for such metabolites can provide insight on the blood flow to the kidneys, as 

well as muscles. The relationship between the heart and kidneys is critical in cardiovascular 

disease and studying markers of kidney function will be able to detect any hemodynamic 

changes in PAD or at-risk patients. Glutamate levels are related to cardiometabolic factors and 

studies have shown that plasma glutamate levels are associated with increased body mass index, 

blood pressure and insulin resistance (Zheng et al., 2016).  Both alkaline phosphatase and C-

reactive protein are both inflammatory markers strongly associated with cardiovascular disease 

and are numerous studies have shown ALP and CRP to be elevated in PAD (Chung et al., 2009). 

Albumin is a significant protein found in human blood plasma that functions in maintaining 

oncotic pressure. When measured with total protein (TP) levels, albumin and TP can provide 

information on liver function. Low levels of ALB and TP have been shown to be associated with 

the presence of vascular disease (Krijgsman et al., 2002). Calcium is included in routine basic 

metabolic panels as a marker of parathyroid and bone disease; elevated calcium is positively 



associated with PAD (Kim et al., 2018). Likewise, gamma glutamyltransferase can indicate 

artery calcification making it an important biomarker in peripheral artery disease. Amylase level 

are a determinant of pancreatitis and elevated significantly in various types of heart disease. 

Prior findings have shown links between some of these markers and the development of 

PAD in both men and women alike (Brevetti, 2010).    For example, C-reactive protein, an 

inflammatory cytokine, has shown great correlation to the progression of PAD and symptoms of 

claudication when levels are elevated above normal (Cooke et al., 2010).  In this study, CRP 

values were shown to be almost 7 times higher in PAD patients than in non-PAD controls. 

When assessing the functional variables between the two groups, the findings 

demonstrate significant differences in baseline StO2, minimum StO2, and StO2 recovery times 

between PAD patients and non-PAD controls. Specifically, baseline StO2 values and recovery 

times were higher in non-PAD controls (means and p-values), and the minimum treadmill value 

was significantly lower (means and p-value)  ( p=0.028, p=.007, p<0.0001).  Due to the treadmill 

tests being tested at the same level for both populations, it is clear that a PAD patient would 

perform at a significantly lower level than their non-PAD counterpart, even at the same 

workload. Those experiencing increasing levels of impairment during exercise testing will reach 

a decline in StO2 at a faster level than others due to the increases in capillary blood volume and 

positive association with intermittent claudication (ICD) and absolute claudication distance 

(ACD) (Gardner et al., 2008). The decreased flow of oxygen to the lower extremities will thus 

require the PAD participant to work at a much higher, fatigable rate while at the same level of 



intensity as the healthy participant, justifying the outcomes that were observed in this 

experiment.                            

            Furthermore, when specifically assessing the correlation between treadmill performance 

and the serum biomarkers it was noted that there are several significant associations., ALB 

showed a moderate correlation with baseline StO2 (r=0.455, p=0.001), with GGT (r=-.304, 

p=0.038) and CRP (r=-0.293, p=0.045) also showing significant associations. Maximum 

treadmill values were significantly associated with UA (r=-0.374, p=.010), GGT (r=-0.301, 

p=0.040), and CRP (r=-0.366, p=0.011). Minimum treadmill values were correlated with GLU 

(r=-0.386, p=0.003), ALB (r=0.532, p<0.0001), TP (r=0.486, p<0.0001), and GGT (r=-0.293, 

p=0.026). Treadmill recovery time was significantly associated with levels of BUN (r=0.319, 

p=0.015), GLU (r=0.380, p=0.003), CA (r=-0.318, p=0.015), ALB, (r=-0.433, p=0.001) and TP 

(r=-0.556, p<0.0001). Serum gamma-glutamyltransferase was notably significantly associated 

with all functional variables  except treadmill recovery time, which may be explained by the fact 

that GGT, along with fasting glucose and CRP, can be an independent determinant of occlusion 

and atherosclerosis (Jiang et al., 2013).  Similarly, our findings are in support of other studies 

indicating that low serum albumin levels, and consequently total protein, are independently 

related to treadmill walking distance (Frank et al., 2019). High levels of CRP and low levels of 

albumin and creatinine have been associated with inflammation and their ratios are often used as 

determinants of low muscle mass and muscle wasting in cardiovascular disease patients (Wong 

et al,, 2016). This study shows that these molecules may also play a role in predicting functional 



outcomes of PAD patients and in determining which patients demonstrate the greatest functional 

impairments. 

            It is likely that the biomarkers tested in this study represent different roles in 

atherosclerotic conditions. Limitations of this study include its cross-sectional nature; therefore 

no cause-effect relationship can be established. Furthermore, these findings warrant further 

exploration of the associations between the identified biomarkers with other functional 

performance measures, including 6 minute walking distances, in a larger sample. The results 

from this experiment indicate that there may be biological markers at the intracellular level that 

cause hindrance in walking autonomy and decreased muscle oxygen saturation levels in those 

presenting peripheral artery disease. Future studies should also explore the mechanisms behind 

these associations. 

 

V. CONCLUSION

Overall, this study has demonstrated that certain molecules, including creatinine, blood 

urea nitrogen, glutamate, calcium, albumin, total protein, alkaline phosphatase, gamma 

glutamyltransferase, amylase, and C-reactive protein are significantly different in PAD serum 

compared to non-PAD controls, and thus may serve as potential biomarkers for the disease. 

Further, several of these blood serum biomarkers  were significantly associated with functional 

performance variables, including muscle oxygen saturation. This study�s findings complement 

prior studies in this field that have shown how lower extremity muscle oxygenation is hindered 

in the presence of PAD. It is worth noting that even though the observed biomarkers have shown 



association to PAD, these markers are not always directly associated with PAD alone and may be 

related to other comorbidities such as chronic kidney disease and/or diabetes. More or less, these 

markers act to aid in targeting specific biochemical processes in the body that may have some 

effect, whether it be direct or indirect, on the progression or diagnosis of atherosclerosis. 

Becoming more familiar with the biomarkers known to be associated with peripheral artery 

disease will allow for further manipulation of them as variables in experimental settings to aim 

for improving walking autonomy and potentially reduce symptoms of claudication with proper 

medications and lifestyle modifications. 
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