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Background: Levels of inflammatory proteins and their prognostic potential

have been inadequately studied in patients with peripheral artery disease

(PAD). In this study, we quantified and assessed the ability of inflammatory

proteins in predicting PAD-related adverse events.

Methods: In this prospective case-control study, blood samples were

collected from patients without PAD (n = 202) and patients with PAD

(n = 275). The PAD cohort was stratified by disease severity based on

ankle brachial index (ABI): mild (n = 49), moderate (n = 164), and severe

(n = 62). Patients were followed for 2 years. Plasma concentrations of

5 inflammatory proteins were measured: Alpha-2-Macroglobulin (A2M),

Fetuin A, Alpha-1-Acid Glycoprotein (AGP), Serum Amyloid P component

(SAP), and Adipsin. The primary outcome of our study was major adverse

limb event (MALE), defined as the need for vascular intervention (open

or endovascular revascularization) or major amputation. The secondary

outcome was worsening PAD status, defined as a drop in ABI greater than

or equal to 0.15 over the study period. Multivariable logistic regression

was performed to assess the prognostic value of inflammatory proteins in

predicting MALE, adjusting for confounding variables.

Results: Compared to patients without PAD, three inflammatory proteins were

differentially expressed in patients with PAD (AGP, Fetuin A, and SAP). The

primary outcome (MALE) and secondary outcome (worsening PAD) status

were noted in 69 (25%) and 60 (22%) patients, respectively. PAD-related
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adverse events occurred more frequently in severe PAD patients. Based on

our data, the inflammatory protein AGP was the most reliable predictor of

primary and secondary outcomes. On multivariable analysis, there was a

significant association between AGP and MALE in all PAD disease states [mild:

adjusted HR 1.13 (95% CI 1.05–1.47), moderate: adjusted HR 1.23 (95% CI 1.16–

1.73), severe: adjusted HR 1.37 (95% CI 1.25–1.85)]. High levels of AGP were

associated with lower 2-year MALE-free survival in all PAD disease states [mild

(64% vs. 100%, p = 0.02), moderate (64% vs. 85%, p = 0.02), severe (55% vs.

88%, p = 0.02), all PAD (62% vs. 88%, p = 0.01)].

Conclusion: Levels of inflammatory protein AGP may help in risk stratifying

PAD patients at high risk of MALE and worsening PAD status and

subsequently facilitate further vascular evaluation and initiation of aggressive

medical/surgical management.

KEYWORDS

inflammatory proteins, AGP, prognosis, peripheral artery disease, biomarker

Introduction

Peripheral artery disease (PAD) primarily involves lower
extremity arterial atherosclerosis, which may result in limb
ischemia manifesting as claudication, rest pain, and/or tissue
loss (1). Affecting over 200 million people worldwide, PAD
represents a major disease burden for patients and healthcare
systems (2). The gold-standard for PAD screening is the ankle
brachial index (ABI) (3); however, it does not correlate well
with PAD-related complications, as demonstrated by several
studies (4–6). Therefore, there is a critical need to identify better
prognostic biomarkers for PAD.

Previously, several proteins have been demonstrated to be
associated with PAD diagnosis and disease prognosis. Syed et al.
demonstrated that serum fatty acid binding protein 3 (FABP3)
levels were elevated in PAD patients and associated with greater
severity of ischemia (7). These findings were replicated in
urinary FABP3 (8, 9). More recently, we showed that higher
levels of Cystatin C correlated with long-term adverse PAD-
related events (10). These results suggest that there is potential to
develop a multifaceted approach to risk stratifying PAD patients
using a panel of biomarkers.

Previous studies have demonstrated that inflammatory
proteins contribute to cardiovascular diseases, including Alpha-
2-Macroglobulin (A2M), Fetuin A, Alpha-1-Acid Glycoprotein
(AGP), Serum Amyloid P component (SAP), and Adipsin
(11–15). Inflammation has a central role in the development
of atherosclerosis and cardiovascular risk factors including
hypertension, diabetes, and dyslipidemia, all of which contribute
to PAD (16–19). We hypothesize that increased levels of these
inflammatory proteins may be associated with PAD-related
adverse events. Herein, we assess prognostic value of various
inflammatory proteins in PAD.

Materials and methods

Ethics approval

This study was approved by the Unity Health Toronto
Research Ethics Board at the University of Toronto, Canada.
All patients provided informed consent to participate in this
study. Methods were carried out according to the Declaration
of Helsinki (20).

Study design and patients

We conducted a prospective case-control study, recruiting
consecutive patients with and without PAD presenting to St.
Michael’s Hospital vascular surgery clinics between January 2019
and March 2020. PAD was defined as an ABI less than 0.9 or toe
brachial index (TBI) less than 0.7 along with one of the following
clinical findings: (1) diminished pedal pulses or (2) claudication
(21). Patients without PAD had an ABI ≥ 0.9 or TBI ≥ 0.7,
palpable distal pulses, and no history of claudication. ABI’s
and TBI’s were performed in an accredited vascular laboratory
by trained technicians using automated blood pressure cuffs
at the levels of the ankle and toe, respectively, and indexed
to the highest brachial blood pressure. Patients with stages
3–5 chronic kidney disease [estimated glomerular filtration
rate (eGFR) less than 60 mL/min/1.73 m2], acute or acute on
chronic limb threatening ischemia, or acute coronary syndrome
within the past 3 months were excluded. Additionally, patients
with chronic inflammatory conditions (including autoimmune,
rheumatologic, or allergic diseases) or malignancies were also
excluded. These exclusion criteria were chosen because the
conditions may confound serum inflammatory protein levels.
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Baseline demographic and clinical
characteristics

Each patient was evaluated with a complete medical
history, physical exam, ABI and TBI values, and assessment of
symptomatic status related to PAD. Baseline variables recorded
included age, sex, and history of hypertension [systolic blood
pressure ≥ 130 mmHg, diastolic blood pressure ≥ 80 mmHg, or
taking blood pressure lowering therapy (22, 23)], dyslipidemia
[total cholesterol > 5.2 mmol/L, triglyceride > 1.7 mmol/L, or
taking lipid lowering therapy (22, 23)], diabetes [hemoglobin
A1c ≥ 6.5% or taking an antidiabetic medication (22, 23)],
chronic kidney disease (eGFR less than 90 mL/min/1.73 m2),
smoking status (non-smoker, past smoker, current smoker),
coronary artery disease (abnormal cardiac stress test or
coronary angiogram), congestive heart failure (symptomatic
with decreased or preserved ejection fraction), and ABI (7).
Definitions for cardiovascular comorbidities were based on
American Heart Association guidelines (22, 23).

Inflammatory proteins

The following inflammatory proteins were analyzed: A2M,
Fetuin A, AGP, SAP, and Adipsin. These factors were chosen
based on the literature demonstrating their potential relevance
to patients with atherosclerosis (11–15, 24, 25). They have also
not been previously studied in patients with PAD, and therefore,
may act as potential prognostic biomarkers.

Plasma sample collection and protein
level quantification

Blood samples were collected from patients and
inflammatory protein concentrations in plasma were measured
in duplicate using MILLIPLEX MAP Human Cardiovascular
Disease Magnetic Bead Panel 1 (EMD-Millipore, Billerica,
Massachusetts) (26). Intra- and inter-assay coefficients of
variability were < 10%, meeting the threshold for statistical
acceptability (27). Prior to sample analysis, Fluidics Verification
and Calibration bead kits (28) were used to calibrate the MagPix
analyzer (Luminex Corp., Austin, Texas) (29). A minimum of
50 beads for each inflammatory protein was acquired using
Luminex xPonent software and analyzed using Milliplex
Analyst software version 5.1 (EMD-Millipore, Billerica,
Massachusetts) (30).

Follow-up and outcomes

Patients were followed up via clinic visits at 12 and
24 months. During these visits, we recorded ABI, vascular

interventions, treatment changes, and adverse events. The
primary outcome of our study was 2-year major adverse
limb events (MALE), a composite of the need for vascular
intervention (open or endovascular revascularization of lower
extremity arteries) and major amputation (any lower extremity
amputation above the ankle). We also investigated the
individual components of MALE. The secondary outcome of
our study was 2-year worsening PAD, defined as an ABI
drop greater than or equal to 0.15, as previously studies have
demonstrated that this threshold is clinically relevant for limb
prognosis (31–33). Given that the 5 proposed proteins have
been heavily investigated for cardiac and cerebrovascular events
previously (12, 15, 24, 34, 35), we aimed to specifically assess
their predictive value for limb- and PAD-related outcomes. To
reduce the risk of confounding from cardiovascular events, we
excluded patients with acute coronary syndrome within the past
3 months to ensure that our proteins were specifically associated
with PAD-related adverse events.

Statistical analysis

Based on their ABI, patients were stratified into non-
PAD (ABI > 0.9), mild PAD (ABI 0.89–0.75), moderate
PAD (0.74–0.50), and severe PAD (<0.50) groups. These
thresholds were chosen based on the European Society for
Vascular Medicine (ESVM) guidelines (36). Dividing our cohort
into subgroups allowed for assessment of the association
between inflammatory proteins and both the presence and
severity of PAD. Furthermore, given that patients with
different severities of PAD generally have different baseline
characteristics, this stratified analysis reduced the risk of
confounding. Baseline characteristics for each subgroup were
summarized as means [standard deviations (SD)] or numbers
(proportions). Differences between subgroups were calculated
using one-way analysis of variance (ANOVA) followed by
post hoc Tukey’s test for continuous variables and chi-square
test for categorical variables. Inflammatory protein levels were
represented as mean (SD) and compared between groups using
one-way ANOVA followed by post-hoc Tukey’s test. Primary
and secondary outcome event rates were reported for each
subgroup and compared using chi-square test. Multivariable
Cox proportion hazards analysis was performed to determine
the relationship between inflammatory protein levels and the
primary outcome of MALE in patients with mild, moderate, and
severe PAD, adjusting for age, sex, smoking status, hypertension,
diabetes, dyslipidemia, chronic kidney disease, congestive heart
failure, and coronary artery disease. Results were presented
using hazard ratios (HR) and 95% confidence intervals (CI).
The cohort was then risk-stratified into patients with low
and high levels of AGP, the inflammatory protein that most
reliably predicted PAD-related adverse events. The threshold
was the median plasma concentration of AGP in our cohort.

Frontiers in Cardiovascular Medicine 03 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1073751
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1073751 December 7, 2022 Time: 15:10 # 4

Li et al. 10.3389/fcvm.2022.1073751

TABLE 1 Baseline demographic and clinical characteristics.

Non-PAD (n = 202) Mild (n = 49) Moderate (n = 164) Severe (n = 62) P-value

ABI range >0.90 0.89–0.75 0.74–0.50 <0.50

Age, mean (SD), years 62 (14) 71 (9) 69 (10) 70 (9) 0.001

Sex, male 126 (62) 32 (65) 109 (67) 42 (68) 0.811

Hypertension 99 (49) 37 (76) 122 (74) 56 (90) 0.001

Dyslipidemia 99 (49) 41 (84) 129 (79) 52 (84) 0.001

Diabetes 27 (13) 16 (33) 63 (38) 28 (45) 0.001

Chronic kidney disease 4 (2) 5 (10) 12 (7) 2 (3) 0.027

Past smoker 76 (38) 14 (29) 54 (33) 28 (45) 0.228

Current smoker 30 (15) 20 (41) 44 (27) 18 (29) 0.003

Congestive heart failure 4 (2) 3 (6) 3 (2) 6 (10) 0.011

Coronary artery disease 41 (20) 15 (31) 65 (40) 33 (53) 0.001

Values reported as N (%) unless otherwise specified. PAD, peripheral artery disease; ABI, ankle brachial index.

TABLE 2 Levels of inflammatory protein levels among patients with and without PAD.

Non-PAD (n = 202) Mild (n = 49) Moderate (n = 164) Severe (n = 62) P-value

A2M, µg/mL 1.98 (1.66) 2.01 (1.28) 1.89 (0.88) 2.15 (1.04) 0.847

Fetuin A, pg/mL 252.3 (73.1) 234 (64.1) 206 (3.03) 197 (16.7) 0.023

AGP, µg/mL 1.77 (1.06) 1.98 (0.91) 1.86 (0.76) 1.92 (1.31) 0.015

SAP, pg/mL 10.4 (1.02) 10.6 (3.13) 9.08 (1.19) 8.86 (8.62) 0.023

Adipsin, pg/mL 10.51 (4.05) 13.1 (5.82) 12.9 (1.18) 12.2 (4.17) 0.391

Values reported as mean (SD). PAD, peripheral artery disease; A2M, Alpha-2-Mmacroglobulin; Fetuin A, AGP, Alpha-1-Acid Glycoprotein; SAP, Serum Amyloid P
component; and Adipsin.

MALE-free survival rates were summarized using Kaplan-Meier
survival curves, and differences between groups was determined
using log-rank test. Our sample size calculation indicated that
for detection of an estimated 10% difference in the primary
outcome of 2-year MALE assuming a type 1 error rate of 5%
and power of 80%, 199 patients per arm would be required.
Our cohort met this sample size requirement with 202 PAD
patients and 275 non-PAD patients. This study will also provide
a better understanding of the strength of association between
the investigated proteins and PAD-related outcomes, allowing
for more robust sample size calculations for future validation
studies. All continuous variables had normal distribution.
Statistical significance was set at a two-tailed p < 0.05. All
analysis was carried out using SPSS software version 23 (SPSS
Inc., Chicago, Illinois) (37).

Results

Patient characteristics

In this study, we recruited 477 patients (202 without PAD
and 275 with PAD). In the PAD cohort, we stratified patients
into those with mild (n = 49), moderate (n = 164), and severe
(n = 62) disease. Compared to patients without PAD, those with
PAD were older and more likely to have cardiovascular risk
factors including hypertension, dyslipidemia, diabetes, chronic
kidney disease (stages 1–2), coronary artery disease, congestive

heart failure, and be current smokers. In addition, patients
with more severe PAD were more likely to have cardiovascular
comorbidities than those with mild/moderate PAD (Table 1).

Inflammatory protein levels are
differentially expressed in patients with
and without PAD

Compared to patients without PAD, those with PAD had
lower mean (±SD) levels of Fetuin A (non-PAD [252.3 (73.1)
pg/mL, p = 0.023], mild [234 (64.1) pg/mL], moderate [206
(3.03) pg/mL], severe [197 (16.7) pg/mL], p = 0.023) and
SAP (non-PAD [10.4 (1.02) pg/mL], mild [10.6 (3.13) pg/mL],
moderate [9.08 (1.19) pg/mL], severe [8.86 (8.62) pg/mL],
p = 0.023).

Conversely, patients with PAD had higher mean (±SD)
levels of AGP (non-PAD [1.77 (1.06) µg/mL], mild [1.98 (0.91)
µg/mL], moderate [1.86 (0.76) µg/mL], severe [1.92 (1.31)
µg/mL], p = 0.015). There were no differences in A2M and
Adipsin levels between both groups (Table 2).

Adverse events were more commonly
observed in patients with PAD

Over 2 years of follow-up, all adverse events happened in
PAD patients. MALE occurred in 69 (25%) patients in the
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TABLE 3 Adverse events.

Non-PAD (n = 202) Mild (n = 49) Moderate (n = 164) Severe (n = 62) P-value

MALE 0 (0) 9 (18) 40 (24) 20 (32) 0.001

Vascular intervention 0 (0) 9 (18) 40 (24) 16 (26) 0.001

Major amputation 0 (0) 3 (6) 4 (2) 6 (10) 0.001

Worsening PAD status 0 (0) 22 (45) 29 (18) 9 (15) 0.001

Values reported as N (%). MALE, major adverse limb event; composite of vascular intervention and major amputation; PAD, peripheral artery disease.

following distribution based on PAD disease severity: mild [n = 9
(18%)], moderate [n = 40 (24%)], and severe [n = 20 (32%)].
Thirteen (4.7%) patients required major amputation (mild [n= 3

FIGURE 1

Multivariable Cox proportional hazards analysis of association
between inflammatory protein levels and major adverse limb
events in patients with (A) mild PAD, (B) moderate PAD, and
(C) severe PAD. Adjusted for baseline demographic and clinical
characteristics: age, sex, hypertension, dyslipidemia, diabetes,
chronic kidney disease, smoking status, congestive heart failure,
and coronary artery disease. PAD, peripheral artery disease.

(6%)], moderate [n = 4 (2%)], severe [n = 6 (10%)]), 65 (23.6%)
patients had vascular intervention (mild [n = 9 (18%)], moderate
[n = 40 (24%)], severe [n = 16 (26%)]), and 60 (21.8%) patients
had worsening PAD status (mild [n = 9 (18%)], moderate [n = 40
(24%)], severe [n = 20 (32%)]) (Table 3). As expected, adverse
PAD-related events occurred most frequently in patients with
severe disease.

Multivariable analysis demonstrates
significant association between levels
of some inflammatory proteins and
adverse events

In mild PAD patients, there was an association between
MALE and A2M (HR 1.24 [95% CI 1.06–1.45], adjusted HR
1.23 [95% CI 1.05–1.41]), AGP (HR 1.13 [95% CI 1.06–
1.48], adjusted HR 1.13 [95% CI 1.05–1.47]), and SAP (HR
1.03 [95% CI 1.02–1.66], adjusted HR 1.03 [95% CI 1.01–
1.65]) (Figure 1A). In moderate PAD patients, there was an
association between MALE and A2M (HR 1.69 [95% CI 1.12–
1.95], adjusted HR 1.69 [95% CI 1.11–1.96]) and AGP (HR
1.24 [95% CI 1.17–1.74], adjusted HR 1.23 [95% CI 1.16–1.73])

TABLE 4 Baseline demographic and clinical characteristics in patients
with low and high alpha-1-acid glycoprotein (AGP) levels.

Low AGP
(n = 238)

High AGP
(n = 239)

P-value

PAD groups

Mild 25 (11) 24 (10) 0.224

Moderate 75 (31) 89 (37)

Severe 38 (16) 24 (10)

Age, mean (SD), years 67 (12) 65 (13) 0.068

Sex, male 151 (63) 158 (66) 0.543

Hypertension 151 (63) 163 (68) 0.274

Dyslipidemia 160 (67) 161 (67) 0.975

Diabetes 62 (26) 72 (30) 0.322

Chronic kidney disease 11 (5) 12 (5) 0.839

Past smoker 81 (34) 91 (38) 0.464

Current smoker 54 (23) 58 (24) 0.684

Congestive heart failure 6 (3) 10 (4) 0.313

Coronary artery disease 75 (31) 79 (33) 0.719

Values reported as N (%) unless otherwise specified. PAD, peripheral artery disease.
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FIGURE 2

Kaplan–Meier curves demonstrating MALE-free survival rates over a 2-year follow-up period in patients with low and high AGP levels based on
disease severity: (A) all PAD, (B) mild PAD, (C) moderate PAD, (D) severe PAD. Stratification into low vs. high AGP groups was based on the
median level in our cohort. MALE, major adverse limb event; composite of vascular intervention and major amputation; PAD, peripheral artery
disease.

(Figure 1B). In severe PAD patients, there was an association
between MALE and AGP (HR 1.39 [95% CI 1.26–1.86], adjusted
HR 1.37 [95% CI 1.25–1.85]) (Figure 1C).

AGP was also significantly associated with worsening
PAD status in patients with mild PAD (HR 1.23 [95% CI
1.08–1.87], adjusted HR 1.22 [95% CI 1.07–1.86]). Given
that AGP was the most robust predictor of primary and
secondary outcomes, we risk-stratified our patients into those
with low vs. high AGP levels based on the median value in
our cohort.

Risk-stratification based on AGP levels
demonstrates that high levels of AGP
are associated with PAD-related
adverse events

We found no differences in age, sex, and comorbidities
including hypertension, diabetes, dyslipidemia, chronic kidney
disease, coronary artery disease, congestive heart failure, and
smoking status between patients with low and high levels of
AGP (Table 4). Over 2 years of follow up, patients with high
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AGP levels had lower MALE-free survival rates [mild (64%
vs. 100%, p = 0.02), moderate (64% vs. 85%, p = 0.02), severe
(55% vs. 88%, p = 0.02), all PAD (62% vs. 88%, p = 0.01)]
(Figure 2). In addition, patients with high AGP levels also had
lower vascular intervention-free survival rates [mild (76% vs.
100%, p = 0.01), moderate (83% vs. 97%, p = 0.02), severe (71%
vs. 96%, p = 0.02), all PAD (78% vs. 97%)], and amputation-
free survival [all PAD (91% vs. 99%)]. Patients with high AGP
levels had a lower freedom from worsening PAD status only in
the mild disease subgroup (40% vs. 71%, p = 0.025), which likely
represents the fact that this subgroup of patients are most likely
to have significant absolute changes in ABI (e.g., patients with
already low starting ABI’s are less likely to have a > 0.15 change
over a 2-year period). Figure 3 summarizes the use of AGP as a
clinical biomarker for predicting adverse PAD-related events.

Discussion

In a cohort of 477 patients (202 patients without PAD and
275 patients with PAD), we demonstrated that inflammatory
proteins, particularly AGP, may have good prognostic value
in PAD. We showed that several inflammatory proteins are

FIGURE 3

Alpha-1-acid glycoprotein (AGP) as a clinical biomarker for
predicting adverse peripheral artery disease (PAD) related events.
MALE, major adverse limb event; ABI, ankle brachial index.
Created by the authors using BioRender.com with permission.

differentially expressed based on PAD disease state. Fetuin A
and SAP were lower, while AGP was elevated, in PAD patients.
Furthermore, we noted that AGP and A2M were correlated with
MALE after controlling for baseline demographic and clinical
characteristics in patients with mild and moderate PAD. AGP
was the only protein that independently predicted MALE in
patients with severe PAD. Furthermore, AGP was an important
predictor of worsening PAD status in those with mild PAD. On
stratification of our cohort based on the median AGP level, we
showed that patients with higher levels of AGP had a greater
risk of developing MALE and other PAD-related adverse events
over a 2-year period. This is the first study demonstrating the
potential of utilizing AGP as a risk stratification biomarker
in PAD patients.

Inflammatory proteins have previously been studied in
several disease states. We chose to assess 5 specific inflammatory
proteins because they have been previously demonstrated to
be associated with cardiovascular disease. Shimomura et al.
showed that patients with higher A2M levels were more likely
to have dyslipidemia and exhibit endothelial dysfunction (24).
Jensen et al. demonstrated that Fetuin-A, a hepatic secretory
protein, trended toward heightened cardiovascular risk in
diabetic patients (38). In animal models of hypertensive heart
disease, SAP administration was associated with unfavorable
cardiac remodeling (39). Clinically, Ohtsuki et al. demonstrated
that higher levels of adipsin predicted rehospitalization and
mortality in patients with coronary artery disease (15). In
our study, the most reliable predictor of adverse PAD-
related events was AGP, which has been studied in several
other contexts. Previously, Henry et al. demonstrated that
AGP predicted in-hospital mortality in older patients, in
addition to other cardiovascular events such as stroke and
congestive heart failure (34). Elsewhere, Chu et al. showed
that higher levels of AGP was correlated with myocardial
infarction and congestive heart failure (35). Interestingly,
Mackiewicz and Mackiewicz demonstrated the role of AGP
as a marker of pro-inflammatory states and malignancy (40).
The association between AGP and inflammation may explain
its role in cardiovascular disease development and progression
(40). Given the previously demonstrated associations between
these inflammatory proteins and cardiovascular outcomes,
we chose to investigate their predictive value in PAD-
related limb events.

The predictive potential of classical inflammatory proteins,
such as C-reactive protein (CRP), interleukins (IL) 1 and 6,
and tumor necrosis factor (TNF) alpha, have been previously
investigated. Singh et al. conducted a systematic review of
16 studies demonstrating an association between CRP and
elevated risk of major cardiovascular events in PAD patients,
with a pooled hazard ratio of 1.38 per unit increase in logeCRP
(41). We demonstrated similarly strong associations between
AGP and MALE, with hazard ratios ranging from 1.13 in
patients with mild PAD to 1.37 in patients with severe PAD.
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Elsewhere, Vainas et al. demonstrated that elevated CRP was
associated with lower ABI, death, and cardiovascular events in
patients with PAD (42). However, the authors reported that
this correlation was non-specific, as CRP was also elevated in
patients with coronary plaques, aortic aneurysms, and failed
coronary bypasses (42). Others have demonstrated that IL-
6 and TNF-a become elevated in PAD patients after exercise
treadmill testing, suggesting that inflammatory markers increase
in conditions of atherosclerosis and hemodynamic stress (43).
This is corroborated by Andreozzi et al. who showed that
IL-1 and IL-6 were activated in claudicants and enhanced
after maximal exercise (44). Others have shown that IL-1, IL-
6, and TNF-a are associated with atherosclerosis in general,
and therefore, may be elevated in patients with cardiac or
cerebrovascular diseases (45). As a result, these markers may
not be specifically associated with PAD prognosis. This is
the first study assessing the prognostic value of 5 novel
inflammatory markers in patients with PAD (A2M, Fetuin
A, AGP, SAP, and Adipsin), which have not been previously
investigated. We demonstrated that one specific inflammatory
marker (AGP), has good predictive value specifically for PAD-
related adverse events.

In this study, we showed that patients with more severe
PAD had a greater number of risk factors and were more
likely to develop MALE. This is in line with previous findings
showing that patients with PAD represent a high risk population
who are at increased risk of adverse events (46). Furthermore,
we found that AGP was the most reliable predictor of
primary and secondary outcomes in patients regardless of
PAD disease severity. AGP is an acute-phase protein that
contains five strongly sialylated complex glycans, making it
an extremely acidic glycoprotein in plasma (47, 48). The
glycans’ composition changes during inflammation, which plays
a central role in the immunomodulatory properties of AGP
(49). Although the exact physiological function of AGP remains
an area of heavy investigation, it plays a role in dampening
excessive inflammatory reactions (49). AGP is therefore a
marker of inflammation, which has been demonstrated to
play an essential role in PAD (43). A pro-inflammatory state
contributes to atherosclerosis by promoting the buildup of
low-density lipoproteins (LDL) in the intima and stimulation
of endothelial dysfunction (50). Given that atherosclerosis
forms the basis of PAD and its complications, elevated AGP
levels may therefore act as a pathological biomarker for PAD.
This was highlighted in our study when we showed elevated
AGP levels in patients with PAD. Lastly, we were able to
demonstrate the prognostic value of AGP in PAD by risk-
stratifying our cohort into patients with low vs. high AGP
levels. We demonstrated that individuals with higher AGP
levels had a greater risk of developing PAD-related adverse
events over a 2-year period. This suggests that PAD patients
with higher baseline levels of inflammation, as measured by

AGP, are more likely to have limb-related complications over
the long term. Our paper provides some evidence that AGP
can be used as a potential prognostication biomarker for
PAD, adding to our repository of potential biomarkers to
improve prognosis of this condition via a multifaceted approach
(7–10).

This study has limitations that warrant mentioning. First,
all patients were recruited from a single center, thus potentially
affecting generalizability of our results. Second, while we
reported outcomes over a 2-year period, a longer follow-up may
have proved more informative with regards to understanding
the prognostic value of AGP. Third, we excluded patients
with certain disease conditions. Therefore, our results may not
apply to all PAD patients. Additional studies are required to
validate the potential of AGP in patients with PAD. Fourth,
we did not analyze other potential inflammatory markers such
as CRP, IL-1/6, and TNF-a due to risk of non-specificity for
PAD prognosis (42, 45); however, further investigation may be
warranted. Fifth, our study focused on limb-related outcomes
relevant to PAD patients. Cardiac and cerebrovascular events
were not included as endpoints; however, it may be valuable to
assess these outcomes in future studies.

Conclusion

In this study, we showed that AGP, an inflammatory
protein, has prognostic value in PAD. Higher AGP levels are
independently associated with the development of adverse PAD-
related events, including MALE. Measurement of AGP may
guide risk-stratification strategies by identifying individuals at
high risk of developing PAD-related limb complications. These
patients may benefit from further clinical assessment, close
follow-up, and aggressive medical/surgical management. Larger
studies with longer-term follow-up are needed to confirm the
findings in our study.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the Unity Health Toronto, University of
Toronto, Canada. The patients/participants provided their
written informed consent to participate in this study.

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1073751
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1073751 December 7, 2022 Time: 15:10 # 9

Li et al. 10.3389/fcvm.2022.1073751

Author contributions

SJ, ND, MS, and SA: acquisition, analysis and interpretation
of data, revising the manuscript for important intellectual
content, and approval of the final manuscript draft submitted
for publication. BL, ND, and AZ: methodology, statistical
analysis, data analysis and interpretation, writing—original
draft, revising the manuscript for important intellectual
content, and approval of the final manuscript draft submitted
for publication. RA and MQ: study concept and design,
methodology, data analysis and interpretation, writing—
original draft, revising the manuscript for important intellectual
content, and approval of the final manuscript draft submitted for
publication. All authors reviewed the manuscript and agreed to
be accountable for all aspects of the work, ensuring the accuracy
and integrity of the publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

1. Zemaitis M, Boll J, Dreyer M. Peripheral Arterial Disease. Treasure Island, FL:
StatPearls Publishing (2021).

2. Olin J, Sealove B. Peripheral artery disease: current insight into the disease and
its diagnosis and management. Mayo Clin Proc. (2010) 85:678–92. doi: 10.4065/
mcp.2010.0133

3. AbuRahma A, Adams E, AbuRahma J, Mata L, Dean L, Caron C, et al.
Critical analysis and limitations of resting ankle-brachial index in the diagnosis of
symptomatic peripheral arterial disease patients and the role of diabetes mellitus
and chronic kidney disease. J Vasc Surg. (2020) 71:937–45. doi: 10.1016/j.jvs.2019.
05.050

4. Pasqualini L, Schillaci G, Pirro M, Vaudo G, Leli C, Colella R, et al. Prognostic
value of low and high ankle-brachial index in hospitalized medical patients. Eur J
Intern Med. (2012) 23:240–4. doi: 10.1016/j.ejim.2011.09.004

5. Hatmi Z, Dabiran S, Kashani A, Heidarzadeh Z, Darvishi Z, Raznahan M.
Ankle-brachial index as a prognostic factor and screening tool in coronary artery
disease: does it work? J Tehran Heart Cent. (2014) 9:174–8.

6. Wolosker N, Rosoky R, Nakano L, Basyches M, Puech-Leão P. Predictive value
of the ankle-brachial index in the evaluation of intermittent claudication. Rev Hosp
Clin Fac Med Sao Paulo. (2000) 55:61–4. doi: 10.1590/s0041-87812000000200005

7. Syed M, Zamzam A, Khan H, Singh K, Forbes T, Rotstein O, et al. Fatty acid
binding protein 3 is associated with peripheral arterial disease. JVS Vasc Sci. (2020)
1:168–75. doi: 10.1016/j.jvssci.2020.08.003

8. Zamzam A, Syed M, Harlock J, Eikelboom J, Singh K, Abdin R, et al. Urinary
fatty acid binding protein 3 (uFABP3) is a potential biomarker for peripheral
arterial disease. Sci Rep. (2021) 11:11061. doi: 10.1038/s41598-021-90395-0

9. Li B, Zamzam A, Syed M, Jahanpour N, Jain S, Abdin R, et al. Urinary fatty
acid binding protein 3 has prognostic value in peripheral artery disease. Front
Cardiovasc Med. (2022) 9:875244. doi: 10.3389/fcvm.2022.875244

10. Li B, Zamzam A, Syed M, Jahanpour N, Jain S, Abdin R, et al. Urinary cystatin
C has prognostic value in peripheral artery disease. Biomolecules. (2022) 12:860.
doi: 10.3390/biom12070860

11. Vandooren J, Itoh Y. Alpha-2-macroglobulin in inflammation, immunity and
infections. Front Immunol. (2021) 12:803244. doi: 10.3389/fimmu.2021.803244

12. Zheng J, Huang M, Huang Q, Chen Q, Chen Z. The relationship between
fetuin-A and coronary atherosclerotic heart disease (CHD) and CHD-related risk
factors: a retrospective study. Medicine (Baltimore). (2021) 100:e27481. doi: 10.
1097/MD.0000000000027481

13. Gannon B, Glesby M, Finkelstein J, Raj T, Erickson D, Mehta S. A point-of-
care assay for alpha-1-acid glycoprotein as a diagnostic tool for rapid, mobile-based
determination of inflammation. Curr Res Biotechnol. (2019) 1:41–8. doi: 10.1016/j.
crbiot.2019.09.002

14. Xi D, Zhao J, Guo K, Hu L, Chen H, Fu W, et al. Serum amyloid P component
therapeutically attenuates atherosclerosis in mice via its effects on macrophages.
Theranostics. (2018) 8:3214–23. doi: 10.7150/thno.22704

15. Ohtsuki T, Satoh K, Shimizu T, Ikeda S, Kikuchi N, Satoh T, et al.
Identification of adipsin as a novel prognostic biomarker in patients with coronary
artery disease. J Am Heart Assoc. (2019) 8:e013716. doi: 10.1161/JAHA.119.013716

16. Brevetti G, Giugliano G, Brevetti L, Hiatt W. Inflammation in peripheral
artery disease. Circulation. (2010) 122:1862–75. doi: 10.1161/CIRCULATIONAHA.
109.918417

17. Cauley J, Kassem A, Lane N, Thorson S, Osteoporotic Fractures in
Men [MrOS] Study Research Group. Prevalent peripheral arterial disease and
inflammatory burden. BMC Geriatrics. (2016) 16:213. doi: 10.1186/s12877-016-
0389-9

18. Khawaja F, Kullo I. Novel markers of peripheral arterial disease. Vasc Med.
(2009) 14:381–92. doi: 10.1177/1358863X09106869

19. Stone P, Yacoub M. Inflammatory biomarkers in peripheral arterial disease.
Semin Vasc Surg. (2014) 27:148–51. doi: 10.1053/j.semvascsurg.2015.01.009

20. World Medical Association. World medical association declaration of
Helsinki: ethical principles for medical research involving human subjects. JAMA.
(2013) 310:2191–4. doi: 10.1001/jama.2013.281053

21. Gerhard-Herman M, Gornik H, Barrett C, Barshes N, Corriere M, Drachman
D, et al. 2016 AHA/ACC guideline on the management of patients with
lower extremity peripheral artery disease: a report of the American college of
cardiology/American heart association task force on clinical practice guidelines. J
Am Coll Cardiol. (2017) 69:e71–126. doi: 10.1016/j.jacc.2016.11.007

22. Grundy S, Stone N, Bailey A, Beam C, Birtcher K, Blumenthal R, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol. J Am Coll Cardiol. (2019)
73:e285–350. doi: 10.1016/j.jacc.2018.11.003

23. Whelton P, Carey R, Aronow W, Casey D, Collins K, Dennison H,
et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and management of high blood
pressure in adults. J Am Coll Cardiol. (2018) 71:e127–248. doi: 10.1016/j.jacc.2017.
11.006

24. Shimomura R, Nezu T, Hosomi N, Aoki S, Sugimoto T, Kinoshita N, et al.
Alpha-2-macroglobulin as a promising biological marker of endothelial function. J
Atheroscler Thromb. (2018) 25:350–8. doi: 10.5551/jat.41335

25. Annapoorani P, Dhandapany P, Sadayappan S, Ramasamy S, Rathinavel
A, Selvam G. Cardiac isoform of alpha-2 macroglobulin–a new biomarker for
myocardial infarcted diabetic patients. Atherosclerosis. (2006) 186:173–6. doi: 10.
1016/j.atherosclerosis.2005.07.004

Frontiers in Cardiovascular Medicine 09 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1073751
https://doi.org/10.4065/mcp.2010.0133
https://doi.org/10.4065/mcp.2010.0133
https://doi.org/10.1016/j.jvs.2019.05.050
https://doi.org/10.1016/j.jvs.2019.05.050
https://doi.org/10.1016/j.ejim.2011.09.004
https://doi.org/10.1590/s0041-87812000000200005
https://doi.org/10.1016/j.jvssci.2020.08.003
https://doi.org/10.1038/s41598-021-90395-0
https://doi.org/10.3389/fcvm.2022.875244
https://doi.org/10.3390/biom12070860
https://doi.org/10.3389/fimmu.2021.803244
https://doi.org/10.1097/MD.0000000000027481
https://doi.org/10.1097/MD.0000000000027481
https://doi.org/10.1016/j.crbiot.2019.09.002
https://doi.org/10.1016/j.crbiot.2019.09.002
https://doi.org/10.7150/thno.22704
https://doi.org/10.1161/JAHA.119.013716
https://doi.org/10.1161/CIRCULATIONAHA.109.918417
https://doi.org/10.1161/CIRCULATIONAHA.109.918417
https://doi.org/10.1186/s12877-016-0389-9
https://doi.org/10.1186/s12877-016-0389-9
https://doi.org/10.1177/1358863X09106869
https://doi.org/10.1053/j.semvascsurg.2015.01.009
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/j.jacc.2016.11.007
https://doi.org/10.1016/j.jacc.2018.11.003
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.5551/jat.41335
https://doi.org/10.1016/j.atherosclerosis.2005.07.004
https://doi.org/10.1016/j.atherosclerosis.2005.07.004
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1073751 December 7, 2022 Time: 15:10 # 10

Li et al. 10.3389/fcvm.2022.1073751

26. MERCK. MILLIPLEX MAP Human Cardiovascular Disease (CVD) Magnetic
Bead Panel 1–Cardiovascular Disease Multiplex Assay | HCVD1MAG-67K.
(2021). Available online at: https://www.emdmillipore.com/CA/en/product/
MILLIPLEX-MAP-Human-Cardiovascular-Disease-CVD-Magnetic-Bead-
Panel-1-Cardiovascular-Disease-Multiplex-Assay,MM_NF-HCVD1MAG-67K
(accessed December 18, 2021).

27. Reed G, Lynn F, Meade B. Use of coefficient of variation in assessing
variability of quantitative assays. Clin Diagn Lab Immunol. (2002) 9:1235–9. doi:
10.1128/CDLI.9.6.1235-1239.2002

28. Thermo Fisher Scientific. Luminex Platform. (2021). Available
online at: https://www.thermofisher.com/ca/en/home/life-science/antibodies/
immunoassays/procartaplex-assays-luminex.html (accessed December 18, 2021).

29. Luminex Corporation. MAGPIX R© System | xMAP Instrument. (2021).
Available online at: https://www.luminexcorp.com/magpix-system/ (accessed
December 18, 2021).

30. SelectScience. MILLIPLEX R© Analyst 5.1 Software from Merck. (2021).
Available online at: https://www.selectscience.net/products/milliplex-analyst-51-
software/?prodID=171598 (accessed December 18, 2021).

31. Wassel C, Allison M, Ix J, Rifkin D, Forbang N, Denenberg J, et al. Ankle-
brachial index predicts change over time in functional status in the san diego
population study. J Vasc Surg. (2016) 64: 656–662.e1. doi: 10.1016/j.jvs.2016.02.066

32. McClary K, Massey P. Ankle Brachial Index. Treasure Island, FL: StatPearls
Publishing (2021).

33. Khan T, Farooqui F, Niazi K. Critical review of the ankle brachial index. Curr
Cardiol Rev. (2008) 4:101–6. doi: 10.2174/157340308784245810

34. Henry O, Blacher J, Verdavaine J, Duviquet M, Safar M. Alpha 1-acid
glycoprotein is an independent predictor of in-hospital death in the elderly. Age
Ageing. (2003) 32:37–42. doi: 10.1093/ageing/32.1.37

35. Chu J, Kishion S, Nomura A, Miyazaki K. Serum alpha 1-acid glycoprotein,
sialic acid, and protein binding of disopyramide in normal subjects and cardiac
patients. Zhongguo Yao Li Xue Bao. (1997) 18:408–10.

36. Frank U, Nikol S, Belch J, Boc V, Brodmann M, Carpentier P, et al. ESVM
Guideline on peripheral arterial disease. Vasa. (2019) 48:1–79. doi: 10.1024/0301-
1526/a000834

37. SPSS Software. Bridge the gap Between data Science and Data Understanding.
(2021). Available online at: https://www.ibm.com/analytics/spss-statistics-software
(accessed December 18, 2021).

38. Jensen M, Bartz T, Mukamal K, Djoussé L, Kizer J, Tracy R, et al. Fetuin-A,
type 2 diabetes, and risk of cardiovascular disease in older adults: the cardiovascular
health study. Diabetes Care. (2013) 36:1222–8. doi: 10.2337/dc12-1591

39. Horgan S, Watson C, Glezeva N, Collier P, Neary R, Tea I, et al.
Serum amyloid p-component prevents cardiac remodeling in hypertensive heart
disease. J Cardiovasc Transl Res. (2015) 8:554–66. doi: 10.1007/s12265-015-9
661-1

40. Mackiewicz A, Mackiewicz K. Glycoforms of serum alpha 1-acid glycoprotein
as markers of inflammation and cancer. Glycoconj J. (1995) 12:241–7. doi: 10.1007/
BF00731326

41. Singh T, Morris D, Smith S, Moxon J, Golledge J. Systematic review and meta-
analysis of the association between C-reactive protein and major cardiovascular
events in patients with peripheral artery disease. Eur J Vasc Endovasc Surg. (2017)
54:220–33. doi: 10.1016/j.ejvs.2017.05.009

42. Vainas T, Stassen F, de Graaf R, Twiss E, Herngreen S, Welten R, et al. C-
reactive protein in peripheral arterial disease: relation to severity of the disease and
to future cardiovascular events. J Vasc Surg. (2005) 42:243–51. doi: 10.1016/j.jvs.
2005.03.060

43. Signorelli S, Anzaldi M, Fiore V. Inflammation in peripheral arterial disease
(PAD). Curr Pharm Des. (2012) 18:4350–7. doi: 10.2174/138161212802481273

44. Andreozzi G, Martini R, Cordova R, D’Eri A, Salmistraro G, Mussap M, et al.
Circulating levels of cytokines (IL-6 and IL-1beta) in patients with intermittent
claudication, at rest, after maximal exercise treadmill test and during restore phase.
Could they be progression markers of the disease? Int Angiol. (2007) 26:245–52.

45. Fiotti N, Giansante C, Ponte E, Delbello C, Calabrese S, Zacchi T, et al.
Atherosclerosis and inflammation. Patterns of cytokine regulation in patients with
peripheral arterial disease. Atherosclerosis. (1999) 145:51–60. doi: 10.1016/s0021-
9150(99)00013-1

46. Mukherjee D, Cho L. Peripheral arterial disease: considerations in risks,
diagnosis, and treatment. J Natl Med Assoc. (2009) 101:999–1008. doi: 10.1016/
s0027-9684(15)31066-x

47. Fournier T, Medjoubi-N N, Porquet D. Alpha-1-acid glycoprotein. Biochim
Biophys Acta. (2000) 1482:157–71. doi: 10.1016/s0167-4838(00)00153-9

48. Iijima S, Shiba K, Kimura M, Nagai K, Iwai T. Changes of alpha1-
acid glycoprotein microheterogeneity in acute inflammation stages analyzed by
isoelectric focusing using serum obtained postoperatively. Electrophoresis. (2000)
21:753–9. doi: 10.1002/(SICI)1522-2683(20000301)21:43.0.CO;2-Y

49. Dijk W, Carmo S, Rassart E, Dahlbäck B, Sodetz J. The Plasma Lipocalins α1-
Acid Glycoprotein, Apolipoprotein D, Apolipoprotein M and Complement Protein
C8γ. Austin, TX: Landes Bioscience (2013).

50. Hansson G, Robertson A, Söderberg-Nauclér C. Inflammation and
atherosclerosis. Annu Rev Pathol. (2006) 1:297–329. doi: 10.1146/annurev.pathol.
1.110304.100100

Frontiers in Cardiovascular Medicine 10 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1073751
https://www.emdmillipore.com/CA/en/product/MILLIPLEX-MAP-Human-Cardiovascular-Disease-CVD-Magnetic-Bead-Panel-1-Cardiovascular-Disease-Multiplex-Assay,MM_NF-HCVD1MAG-67K
https://www.emdmillipore.com/CA/en/product/MILLIPLEX-MAP-Human-Cardiovascular-Disease-CVD-Magnetic-Bead-Panel-1-Cardiovascular-Disease-Multiplex-Assay,MM_NF-HCVD1MAG-67K
https://www.emdmillipore.com/CA/en/product/MILLIPLEX-MAP-Human-Cardiovascular-Disease-CVD-Magnetic-Bead-Panel-1-Cardiovascular-Disease-Multiplex-Assay,MM_NF-HCVD1MAG-67K
https://doi.org/10.1128/CDLI.9.6.1235-1239.2002
https://doi.org/10.1128/CDLI.9.6.1235-1239.2002
https://www.thermofisher.com/ca/en/home/life-science/antibodies/immunoassays/procartaplex-assays-luminex.html
https://www.thermofisher.com/ca/en/home/life-science/antibodies/immunoassays/procartaplex-assays-luminex.html
https://www.luminexcorp.com/magpix-system/
https://www.selectscience.net/products/milliplex-analyst-51-software/?prodID=171598
https://www.selectscience.net/products/milliplex-analyst-51-software/?prodID=171598
https://doi.org/10.1016/j.jvs.2016.02.066
https://doi.org/10.2174/157340308784245810
https://doi.org/10.1093/ageing/32.1.37
https://doi.org/10.1024/0301-1526/a000834
https://doi.org/10.1024/0301-1526/a000834
https://www.ibm.com/analytics/spss-statistics-software
https://doi.org/10.2337/dc12-1591
https://doi.org/10.1007/s12265-015-9661-1
https://doi.org/10.1007/s12265-015-9661-1
https://doi.org/10.1007/BF00731326
https://doi.org/10.1007/BF00731326
https://doi.org/10.1016/j.ejvs.2017.05.009
https://doi.org/10.1016/j.jvs.2005.03.060
https://doi.org/10.1016/j.jvs.2005.03.060
https://doi.org/10.2174/138161212802481273
https://doi.org/10.1016/s0021-9150(99)00013-1
https://doi.org/10.1016/s0021-9150(99)00013-1
https://doi.org/10.1016/s0027-9684(15)31066-x
https://doi.org/10.1016/s0027-9684(15)31066-x
https://doi.org/10.1016/s0167-4838(00)00153-9
https://doi.org/10.1002/(SICI)1522-2683(20000301)21:43.0.CO;2-Y
https://doi.org/10.1146/annurev.pathol.1.110304.100100
https://doi.org/10.1146/annurev.pathol.1.110304.100100
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	The prognostic capability of inflammatory proteins in predicting peripheral artery disease related adverse events
	Introduction
	Materials and methods
	Ethics approval
	Study design and patients
	Baseline demographic and clinical characteristics
	Inflammatory proteins
	Plasma sample collection and protein level quantification
	Follow-up and outcomes
	Statistical analysis

	Results
	Patient characteristics
	Inflammatory protein levels are differentially expressed in patients with and without PAD
	Adverse events were more commonly observed in patients with PAD
	Multivariable analysis demonstrates significant association between levels of some inflammatory proteins and adverse events
	Risk-stratification based on AGP levels demonstrates that high levels of AGP are associated with PAD-related adverse events

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


