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Abstract: The association between chronic inflammation and depression, anxiety, anhedonia, and
quality of life (QoL) has been recently emphasized. However, the pathophysiology of this relation-
ship remains unsolved. This study aims to assess the dependence between vascular inflammation
represented by eicosanoid concentration and quality of life in patients with peripheral arterial disease
(PAD). A total of 175 patients undergoing endovascular treatment due to lower limbs ischemia were
covered with eight years of observation after the endovascular procedure, including ankle-brachial
index (ABI), color Doppler ultrasound examination, urinary leukotriene E4 (LTE4), thromboxane B2
(TXB2) and 5-Hydroxyeicosatetraenoic acid (5-HETE) measurement and quality-of-life assessment
with VascuQol-6. The baseline concentrations of LTE4 and TXB2 reversely correlated with preopera-
tive VascuQol-6 and were predictive of the postoperative values of VascuQol-6 at each follow-up. At
every follow-up timepoint, the results of VascuQol-6 reflected the LTE4 and TXB2 concentrations.
Higher concentrations of LTE4 and TXB2 were correlated with lower life quality during the next
follow-up meeting. Changes in VascuQol-6 at eight years vs. preoperative values were reversely
related to the preoperative concentrations of LTE4 and TXB2. This is the first study to confirm that
changes in life quality in PAD patients undergoing endovascular treatment are highly dependent on
eicosanoid-based vascular inflammation.

Keywords: peripheral arterial disease; quality of life; inflammation; endothelium; eicosanoids;
leukotrienes; thromboxanes

1. Introduction

Peripheral arterial disease (PAD) is an atherosclerosis-based civilization disease that
affects more than 200 million people worldwide and has become an important issue of
the healthcare system [1,2]. The first symptoms of PAD are most commonly lower limb
cramps and intermittent claudication, escalating into resting pain localized in the lower
extremities, then into unhealing wounds and lower limb necrosis [3]. Those ailments impair
the ability to walk and conduct daily routines, significantly impacting the life quality of
patients. There is strong evidence of the association between PAD and mood disorders [4,5].
According to the literature, patients with PAD quite frequently suffer from depression,
anxiety, and anhedonia. The prevalence of psychiatric conditions is estimated to range
from 11% to as high as 48% [6]. In addition, rates of aforementioned mood disorders are
thought to increase with the severity of reported symptoms of PAD [5].
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Recently, an association between chronic inflammation and quality of life has been
afresh emphasized. However, the pathophysiology of this relationship remains unsolved.
It has been shown that in patients with major depressive disorders, an increased level of
cytokines such as IL-6, IL-13, TNF alpha, and CRP is observed [7]. Similar results were
obtained in the study considering patients with chronic low back pain, where an increased
IL-6 level was observed among patients with higher pain severity and sleep problems in
addition to a depressive mood [8]. Lowering the level of pro-inflammatory eicosanoids in
patients with asthma also leads to quality-of-life improvement [9].

Even though the combination of dyslipidemia and inflammation is known to be
the pathophysiological mechanism leading to atherosclerosis, all of the exact pathways
and dependences are still not fully discovered and proven. In the last decade, the role
of the inflammatory component was growing the attention of scientists [10,11]. New
ways of inhibiting vascular inflammation were presented, showing promising clinical
results, especially in improving outcomes in patients with coronary arterial disease [12,13].
Unfortunately, not all of the new pharmacotherapy pathways were equally effective in
PAD patients [14]. The group of vascular inflammatory biomarkers that were hypothesized
to play a significant role in the development of PAD are products of arachidonic acid,
especially leukotrienes (LT) [15,16]. According to Maga et al., they are not only related
to the occurrence of re-stenosis in PAD patients, but also the elevated LT values predict
the incoming poor outcome of endovascular treatment [17]. The latest studies prove that
increased concentrations of LT E4 and B4 directly impair the functions of endothelium by
decreasing flow-mediated dilatation and increasing the stiffness of arteries [18].

This study aimed to examine the dependence between eicosanoids represented by
leukotrienes E4 (LTE4), 5-Hydroxyeicosatetraenoic acid (SHETE), and thromboxane B2
(TXB2) corresponding to vascular wall inflammation and the dynamics of changes in life
quality of patients undergoing endovascular treatment due to peripheral arterial disease.

2. Materials and Methods
2.1. Participants

Consecutive patients of both genders aged 45-85 years old undergoing plain balloon
angioplasty or angioplasty combined with stenting due to peripheral arterial disease were
enrolled in this prospective observational study. In accordance with inclusion criteria,
all of the participants had chronic lower limb ischemia in stages 3—4 of the Rutherford
classification. The ulcerations, acute lower limb ischemia, unstable coronary artery disease,
signs of inflammation (such as skin infections, fever, or active wounds), and previously
diagnosed asthma or currently ongoing neoplasm were excluded from participation in the
study. Participants in which the drug-coated balloons were used or drug-eluting stents
placed within the last 6 months were not included in the study.

All of the participants were covered with follow-up meetings in angiology outpatient
1,3, 6, and 12 months after the endovascular procedure as well as a telemedical visit 8 years
later, as presented in Figure 1.
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Figure 1. Study timeline.
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2.2. Follow-Up Meetings Outcomes Assessment

Every follow-up meeting consisted of an interview with the participant, basic physical
examination including a 4-point pulse assessment at lower limbs, and ABI measurement
(Hadeco Doppler Bidop ES 100 V3 Bi-directional flowmeter, Kawasaki, Japan). Color
Doppler ultrasound examination of lower limbs arteries was performed with two ultra-
sound units: Siemens Acuson Sequoia 512 with linear 15L8W and convex 6C2 transducers
(Siemens Healthcare, Erlangen, Germany) and Hitachi Arietta 850 with linear L441 and
convex C252 transducers (Hitachi, Tokyo, Japan). During a telemedical follow-up con-
ducted 8 years after hospitalization, every participant was questioned with the prepared
vascular interview, and the medical documentation on any hospitalizations was obtained
from patients (Supplementary Figure S1).

2.3. Laboratory Measurements

Urine samples were taken from participants in the morning during hospitalization (be-
fore and after the endovascular procedure) and at 1, 3, 6, and 12-month follow-up meetings.
They were centrifuged (10 min, 5000 x g) and frozen at —70 °C. Leukotriene E4 (LTE4),
thromboxane B2 (TXB2), and 5-Hydroxyeicosatetraenoic acid (5-HETE) urine concentra-
tions were assessed in all patients using high-performance liquid chromatography-mass
spectrometry recalculated by urine creatinine level. The detailed method of laboratory
measurements was described in our previous articles [17,19].

2.4. Quality-of-Life Assessment

Participants’ quality of life was assessed by a disease-specific Vascular Quality-of-Life
(VascuQoL-6) questionnaire, the shortened validated version of VascuQol-25 [20,21]. It as-
sesses the life quality in 5 domains (activity, symptoms, activity, emotional, social, and pain)
and also includes the summarized SCORE. The activity domain is based on 2 questions
(numbers 1 and 3). Participants filled out the questionnaire on their own at hospitaliza-
tion as well as during follow-up meetings. At telemedical visits, the questionnaire was
distributed to patients and filled out via telephone conversation.

2.5. Statistical Analysis

Descriptive results were expressed as means and standard deviations (standard errors
on the figures) and numbers and percentages. The assumption of normality was checked
for all variables by means of visual inspections of histograms of distributions as well as
the Shapiro-Wilk tests. Most variables showed a significant and considerable departure
from normality. Most vascular inflammatory markers had a right-skewed distribution. We
tried to correct that by means of a log transformation. The variables relating to the quality
of life showed left-skewed distributions. The variables were reversed, log-transformed,
and reversed back. In most cases, the skewness of the variables was reduced, although not
eliminated at all. Indicators of the magnitude of change were computed by subtracting the
results before the intervention from each respective time point.

In order to analyze the differences among time points, a repeated-measures ANOVA
was applied, with multiple comparisons among time points adjusted by means of the Sidak
method. As the assumption of sphericity was not met, Greenhouse-Geisser correction was
applied. Pearson r correlations were used to analyze the relationships between the vascular
inflammatory markers and quality of life.

2.6. Ethical Aspects

All of the enrolled patients have given informed consent to participate in this study.
All participants were treated with the standard treatment procedures dedicated to patients
with chronic lower limb ischemia, which was not modified due to participation in the study.
The proper approval of the Jagiellonian University Medical College Bioethical Committee
was obtained prior to the beginning of the study (1072.6120.365.2020), which was conducted
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in accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans.

3. Results
3.1. Patients Characteristics

A total of 175 patients, mean age of 64.8 years old, were enrolled in the study, with
a majority of males (68.6%). Most of the participants were in stage 3 in the Rutherford
classification, and all of them underwent plain balloon angioplasty. The studied population
was with a high burden of cardiovascular comorbidities, with 40% of them with coronary
artery disease, 34% with diabetes type II, and 73% with hypertension. Detailed population
characteristics are presented in Table 1. The primary patency of treated arteries was 79%
(139) within 12 months. In 49 (28%) participants, reintervention due to hemodynamically
significant arteries stenosis or occlusion was necessary. There were no major or minor
amputations needed. Six patients died, and one (0.57%) was lost-to-follow-up. In the 8-year
observation, 49 (28%) deaths were recorded, and an additional 19 participants (11%) were
lost to observation.

Table 1. Patients’ characteristics.

Patients Characteristics

Participants (1, %) 175 100%

Age (mean, SD) 64.77 +8.94
Male (1, %) 120 68.57%

Active smoking habit (1, %) 47 26.86%
Former smokers (1, %) 106 60.57%
Comorbidities
Coronary artery disease (11, %) 77 44.25%
Diabetes mellitus t IT (1, %) 116 66.29%
Hypertension (1, %) 128 73.14%
Hypercholesterolemia (1, %) 73 41.71%
Heart failure (1, %) 21 12.00%
History of MI (1, %) 47 26.86%
History of stroke (1, %) 17 9.71%
Peripheral Interventions History

No 88 50.29%

Yes, within 1 limb (1, %) 49 28.0%
Yes, within both limbs (1, %) 38 21.71%
More than 1 restenosis (1, %) 32 18.29%

3.2. Quality of Life and Its Changes after Endovascular Procedures

The mean summarized VascuQol-6 score elevated from 2.24 to 3.60 (p < 0.001). Those
values did not change significantly during the 12-month observation, finally decreasing
significantly to 2.92 after eight years (p < 0.001) but remained superior compared to the
baseline level (p = 0.038) (Figure 1). This pattern of results was generally the same for every
domain of life quality; in particular, one month after the endovascular procedures, the
participants had a significant increase in every domain of life quality: activity (2.28 to 3.52),
symptoms (2.31 vs. 3.43), emotional (1.78 vs. 3.64), social (2.34 vs. 3.70), and pain (2.43 vs.
3.78); all p < 0.001).
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The general dynamics of pro-inflammatory biomarkers perioperative levels have been
described previously, and their exact values are presented in Supplementary Table S1 and
Figure 52 [17,19].

3.3. Preoperative Inflammatory Biomarkers and Life Quality

The baseline concentrations of LTE4 and TXB2 (respectively 149.82 + 91.64 pg/mL
and 1760.09 + 2007.76 png/mL) negatively correlated with the preoperative result of sum-
marized preoperative VascuQol-6 (p < 0.01). The same phenomenon was not present in
5-HETE concentrations. Baseline concentrations LTE4 and TXB2 were predictive for the
postoperative values of VascuQol-6 at each of the follow-ups for 12 months (both p < 0.001).
There was no significant dependence between preoperative values of LTE4, TXB2, or SHETE
and eight-year observation life quality (p > 0.05). Preoperative SHETE concentrations did
not show prediction for VascuQol-6 results at any follow-up time points (Table 2).

Table 2. Spearman correlation of LTE4, TXB2, and SHETE concentrations and values of VascuQol-6 at
each observation timepoint (correlation coefficient; * p < 0.01; ** p < 0.001).

Qa)
5 5 = = = >
3 3 2 b = 3
& S o] S ) S
S g g g 2 P
) s g s g s
@
P
Preoperative —0.46 ** —0.25 ** —0.26 ** —0.23 ** —0.22 ** 0.16
1M FU —0.32** —0.55 ** —0.44 ** —0.23** —0.24 ** 0.08
LTE4 3MFU —0.35** —0.37 ** —0.72 ** —0.41 ** —0.26 ** 0.06
6 M FU —0.30 ** —0.24 ** —0.42 ** —0.57 ** —0.31** 0.11
12M FU —0.28 ** —0.18* —0.33 ** —0.37** —0.71 ** 0.03
Preoperative —0.52 ** —0.15* —0.24 ** —0.24 ** —0.20 ** 0.10
1M FU —0.24 ** —0.21 ** —0.32** —0.14 —0.08 —0.01
TXB2 3MFU —0.27 ** —0.21** —0.34 ** —0.21 ** —0.19* —0.09
6 M FU —0.28 ** —0.21** —0.37 ** —0.28 ** —0.20 ** 0.02
12 M FU —0.16 * —0.19* —0.23 ** —0.21** —0.21 ** 0.00
Preoperative 0.11 0.00 0.11 0.03 0.04 —0.01
1MFU 0.06 —0.16 * 0.09 0.12 0.03 0.05
S5HETE 3MFU 0.08 —0.19% 0.03 0.04 0.11 —0.02
6 M FU 0.05 —0.05 0.07 0.02 —0.08 0.07
12M FU 0.05 —0.11 0.11 0.05 0.02 —0.03

3.4. Inflammatory Biomarkers and Life Quality during Follow-Up

At every single time point of the 12-month observation, the results of VascuQol-6
reflected the LTE4 and TXB2 concentrations. The same observation was not present for the
SHETE. Both LTE4 and TXB2 concentrations presented significant predictions for life quality
in forthcoming months. The higher concentrations of LTE4 and TXB2 were correlated with
lower life quality during the next follow-up meeting (Table 2).

LTE4 at each time point of postoperative observation also was related to the dynamics
of changes in VascuQol-6 results (p < 0.001) (Table 3). It also presented predictive features
at one month for three months of quality-of-life change (p < 0.001) and at three months
for six months QoL (p < 0.01), when such dependence was not observed in case of 6- and
12-months observation (p < 0.05).
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Table 3. Spearman correlation of LTE4, TXB2, and S5HETE concentrations and VascuQol-6 changes
at each observation time point compared to preoperative values (correlation coefficient; * p < 0.01;
*%

p <0.001).

& & & 3 Y
= g & S &
~ ~ ~ R &
g g g 5 g
= = = = >
— ) © o ®
3 = 3 — o
8 8 3 & S
g g g g 8
g g g 2 K
2 2 2 Z 2
Preoperative 0.13 0.02 0.06 0.04 0.35 **
1MFU —0.21 ** —0.25** —0.03 —0.06 0.15
LTE4 3MFU —0.05 —0.52 ** —0.19* —0.06 0.16
6 M FU 0.02 —0.24** —0.37 ** —0.13 0.20 *
12M FU 0.06 —0.15* —0.17* —0.52 ** 0.11
Preoperative ~ (0.25 ** 0.07 0.09 0.09 0.35 **
1MFU 0.01 —0.17* 0.02 0.06 0.17
TXB2 3MFU 0.03 —0.18* —0.04 —0.03 0.07
6 M FU 0.04 —0.20 ** —0.09 —0.04 0.19
12 M FU —0.03 —0.12 —0.10 —0.11 0.10
Preoperative —0.08 0.04 —0.04 —0.03 —0.10
1MFU —0.18 * 0.05 0.08 0.00 0.02
SHETE 3MFU —0.21** —0.02 —0.01 0.06 —0.10
6 M FU —0.07 0.03 —0.01 —0.11 0.04
12 M FU —0.13 0.07 0.02 —0.02 —0.07

TXB2 concentrations were not related to the changes in VascuQol-6 at any time points
of postoperative observation (p > 0.05), but its preoperative value was predictive for
1-month postoperative change in life quality (p < 0.01) (Table 3).

SHETE did not present any significant relationship with either the values or changes
in quality of life (p > 0.05) at any observation time points (Tables 2 and 3).

Values of VascuQol-6 at the eight years time point did not present any relationship
with the LTE4, TXB2, or SHETE concentrations (Table 2), but its eight-year vs. preoperative
change was reversely related to the preoperative concentrations of LTE4 and TXB2 (p < 0.01)
(Table 3).

3.5. Impact of Changes in Inflammatory Biomarkers Concentrations on Quality-of-Life Changes
during Follow-Up

The changes in concentrations of LTE4 and TXB2 compared to the preoperative values
were accompanied by the reverse changes in quality of life at the same time points. (LTE4
1,3,6,12M and TXB2 1,3 M p < 0.001; TXB2 6,12 M p < 0.01).

The changes in concentrations of LTE4 at one and three months of observations were
predictive of reverse changes in quality of life in the following months p < 0.001). The same
phenomenon was observed for TXB2 changes after one month p < 0.001). There was no
significant correlation between changes in SHETE concentrations and changes in quality of
life. The changes of SHETE did not present the predictive values for changes in life quality
at the following them timepoints (Table 4).
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Table 4. Spearman correlation of changes in LTE4, TXB2, and 5SHETE concentrations and VascuQol-6
changes at each observation time point compared to preoperative values (correlation coefficient;
*p <0.01; ** p <0.001).

o
& & & S &
= g g » &
&~ - - o "y
= = = = >
— o0 © o ®
S S S 3 S
o Q Q ! -

g g g g B!
9 w
8 4 (4 2 s
> > > S >
< < < ” <
1 M vs. Preoperative —0.29*  —0.25** —0.07 —0.08 —0.11
ALTEA 3 M vs. Preoperative —0.14 —053* —0.23* —0.09 —0.09
6 M vs. Preoperative —0.08 —0.24* | —0.37 ** —0.15 —0.08
12 M vs. Preoperative —0.05 —0.18 % —0.22* | —(.53 ** —0.17
1 M vs. Preoperative —021*  —0.24* —0.06 —0.02 —0.12
ATXBD 3 M vs. Preoperative —0.18* —0.23 ** —0.11 —0.11 —0.21*
6 M vs. Preoperative —0.16 * —0.27 ** —0.18* —0.12 —0.06
12 M vs. Preoperative ~ —0.21 ** —-0.17* —0.17* —0.18 * —0.11
1 M vs. Preoperative —0.10 0.01 0.12 0.03 0.12
ASHETE 3 M vs. Preoperative -0.16 * —0.06 0.03 0.09 —0.01
6 M vs. Preoperative 0.00 0.00 0.02 —0.08 0.13
12 M vs. Preoperative —0.06 0.05 0.06 0.01 0.02

4. Discussion

Analyses of life quality indicated that it rose considerably after the endovascular
treatment, remained at this higher level for 12 months, and dropped during the following
eight years but remained higher than before angioplasty. This applied to the general results
on the VascuQol-6 questionnaire as well as its domains: activity (including the ability to
walk), experienced symptoms, emotional concerns, participation in social activities, and
pain. The general results on the VascuQol-6 questionnaire were expressed as means from
the six questions, with the possible range from ‘1’, referring to the most severe problem
(e.g., “All of the time’, ‘Couldn’t walk at all’), to ‘4’—no problem at all, e.g., ‘Not at all
limited’, “No discomfort or stress’. Before the endovascular treatment, the mean on the
VascuQol-6 was 2.24, that is, close to severe problems. After one month, the mean was
3.60, that is, somewhat between least severe problems and no problems at all. After eight
years, the mean dropped somewhat but still was close to the least severe problems (2.92).
This confirms that the endovascular treatment had a long-lasting positive impact on the
well-being of the patients and is, along with previous reports [22,23].

The pattern of results of correlational analyses concerning the relationships between
the inflammatory biomarkers and life quality was quite clear-cut. As for the LTE4 and
TXB2, they were consistently related to life quality: at the preoperative level, at subsequent
time points, and as changes from the baseline: the lower were LTE4 and TXB2, or the
greater their decrease, the higher the quality of life. This did not concern the measurement
performed eight years after endovascular treatment, probably because such a period was
connected with a great number of possible influences on life quality after such a long time.
Nether the less, the initial level of vascular inflammation represented by concentrations of
TXB2 and LTE4 kept its predictive value for changes in life quality even over such a long
time. This proves that vascular inflammation has a great impact on postoperative long-term
outcomes, while so far, only predictions of short-time outcomes have been described [17,19].
Our analysis of the dependencies between eicosanoids and life quality was complex as we
took under consideration not only the absolute values but also concentration changes and
their dynamics. This is due to a lack of standardized cut-off points or normal basal levels
of examined substances [24].
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The exact mechanism regulating the impact of inflammation on the process of atheroscle-
rosis remains the subject of discussion [16]. It is associated with endothelial dysfunction,
but the role of interleukins and their inhibition has been emphasized again by the CANTOS
study [13]. Even though the rate of MACEs was reduced by canakinumab, proving the
importance of interleukins in coronary artery disease, the occurrence of peripheral arterial
disease adverse events was not significantly minimalized [14]. This leads once again to
the conclusion that the mechanism of PAD and CAD differ significantly, and further re-
searches on the pathophysiology of those manifestations of atherosclerosis are essential in
the development of future efficient treatment methods [11].

The eicosanoids have been hypothesized to be involved in the development of atheroscle-
rosis plaque and to significantly impair the arteries functioning [25]. The direct product
of arachidonic acid metabolism by 5-lipooxygenase, which is expressed in leukocytes and
many other cells responsible for immune defense, is SHETE, which is not a stable sub-
stance. It is easily metabolized into the leukotriene A4 starting the leukotrienes production
pathway [26]. We hypothesize that its short time of duration is the biggest reason for the
lack of any significant relations with quality-of-life outcomes. The LTs family includes
five compounds: unstable LTA4 and LTB4, as well as cysteinyl leukotrienes, including
LTC4, LTD4, and LTE4 [26]. The last one has become a useful biomarker of systemic LTs
synthesis [27]. These pro-inflammatory agents take part in chemotaxis and are able to
maintain inflammation [28]. This hypothesis was clinically supported by the Swedish
report on the decreased vulnerability to CAD of asthmatic patients taking anti-leukotriene
drugs [29]. A recent systematic review on the leukotrienes in atherosclerosis-based arterial
diseases also proves that elevated LT concentrations are related to an increased risk of
stroke, myocardial infarction, or the development of PAD [15]. In our previous studies,
we presented that elevation of both LT E4 and LT B4 is related to the occurrence of re-
stenosis and re-occlusions in patients after percutaneous transluminal angioplasty due to
PAD [17,18].

There is evidence of the relationship between chronic inflammation and changes
in life quality [30]. According to Nowakowski et al., patients suffering from chronic
inflammation with elevated CRP concentrations have lower odds of reporting high QoL,
especially in relational and emotional domains [31]. The impact of inflammation on the life
quality decrease is observed in inflammatory-related diseases like rheumatoid arthritis [32],
asthma [33,34], Crohn’s disease [35], ulcerative colitis [36], inflammatory bowel disease [37],
and vulvodynia [38].

The dependence between elevated interleukins IL-6 and IL-1 and depressive disorders
has been described [7]. As both of those cytokines play a significant role in atherosclero-
sis [39], an assumption that a higher rate of depression in patients with peripheral arterial
disease occurs may also be related to the inflammatory background. Even though the
inflammatory component of atherosclerosis has been known for a long time, there are no
studies examining the direct impact of increased vascular wall inflammation on the life
quality changes in patients with peripheral arterial disease. There are also studies prov-
ing that permanent stress enhances inflammation itself [40]. As a consequence, patients
with a lowered quality of life due to their stress-causing disease are more vulnerable to
a basal elevation of inflammation, which may further decrease their life quality [31,41].
Most of the studies analyze the general inflammatory biomarker—the CRP protein [42—44].
What is more, there are no studies at all examining the impact of inflammation on life
quality in PAD patients. In our study, we focused on more peripheral arterial disease-
specific inflammatory substances, which previously proved to have a direct influence on
treatment outcomes [15]. In this study, we tried to limit factors influencing inflammation
and eicosanoid concentrations and bias the results. Sirolimus, which is one of the sub-
stances used in drug-eluting stents (DES) and drug-coated balloons (DCB), has strong
anti-inflammatory properties [45]. The use of drug-coated devices also requires prolonged
dual antiplatelet therapy influencing the endovascular treatment outcomes significantly
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but also reducing vascular inflammation [46,47]. That is why we decided not to include
patients undergoing endovascular treatment with the use of DEB or DCB.

The study has its limitations. Even though only four patients were previously di-
agnosed with depression, the history of antidepressant drug use of all participants is
unknown, which could impact the obtained results. Only during the first 12 months pa-
tients were attending on-site follow-up meetings. After this time, observation was kept only
by telephone contacts. In the meantime, multiple of them suffered from re-occurrence of
PAD symptoms and underwent re-interventions. Newly detected comorbidities and modi-
fications of pharmacotherapy could bias the results. The loss to follow-up and death rate in
the eight-year observation was high (combined 35%), and this time point result needs to be
interpreted with great caution. Last but not least, the COVID-19 pandemic occurred, which
is known to impair the vascular endothelium structure leading to an increase the vascular
inflammation. That is why the long-term results should be interpreted with great caution.
Second of all, this study was conducted only in patients without unhealing wounds, so the
population of chronic limb-threatening ischemia was represented only by patients with
Rutherford 4 Stage, so the conclusions should not be implemented in Rutherford 5 and 6
Stage patients.

5. Conclusions

The values and the magnitude of changes in the inflammatory biomarkers LTE4
and TXB2 were consistently positively related to life quality during the whole 12-month
observation. This leads to the conclusion that the changes in quality of life in patients
with peripheral arterial disease are related to the intensity of eicosanoid-based vascular
inflammation. The presented results emphasize the role of inflammation in the pathogen-
esis of atherosclerosis and its influence not only on the blood flow parameters but also
directly on the patients-reported outcomes of endovascular treatment. Further studies on
the therapies based on the inhibition of vascular inflammation are strongly awaited and
desired to improve the existing treatment pathways for patients suffering from peripheral
arterial disease.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jem12103412/s1, Figure S1: Concentrations of LTE4, TXB2, and 5HETE at
each of the observation time points; Figure S2: Dynamics of LTE4, TXB2, and 5SHETE concentrations
changes in course of observation period; Table S1: 8-year telemedical follow-up chart.

Author Contributions: Conceptualization, A.W.-M., M.M. and PM.; Data curation, M.M. and A.W,;
Formal analysis, R.P,; Funding acquisition, A.W.-M.; Investigation, A.W.-M., AW., M.M. and PP;
Methodology, A.W.-M., R.P. and PM.; Project administration, A.W.-M. and M.M.; Resources, K.T.;
Software, AW.-M., AW. and M.M.; Supervision, PM. and R.P; Validation, PM.; Visualization,
AW.-M. and R.P,; Writing—original draft, A.W.-M., AW, M.M., R.P, K.T. and P.P,; Writing—review
& editing, M.M. and PM. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Polish National Science Centre with PRELUDIUM, grant
number 2017/27/N/NZ5/02191. The APC was funded by Jagiellonian University Medical College.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Bioethics Committee of Jagiellonian University Medical
College in Krakéw (1072.6120.365.2020, January 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to their ongoing analysis at the moment
of publication.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.


https://www.mdpi.com/article/10.3390/jcm12103412/s1
https://www.mdpi.com/article/10.3390/jcm12103412/s1

J. Clin. Med. 2023, 12, 3412 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

Shu, J.; Santulli, G. Update on Peripheral Artery Disease: Epidemiology and Evidence-Based Facts. Atherosclerosis 2018, 275,
379-381. [CrossRef] [PubMed]

Song, P.; Rudan, D.; Zhu, Y.; Fowkes, F].I,; Rahimi, K.; Fowkes, F.G.R.; Rudan, I. Global, Regional, and National Prevalence and
Risk Factors for Peripheral Artery Disease in 2015: An Updated Systematic Review and Analysis. Lancet Glob. Health 2019, 7,
€1020-e1030. [CrossRef] [PubMed]

Aday, A.W.; Matsushita, K. Epidemiology of Peripheral Artery Disease and Polyvascular Disease. Circ. Res. 2021, 128, 1818-1832.
[CrossRef] [PubMed]

McDermott, M.M.; Guralnik, ].M.; Tian, L.; Kibbe, M.R,; Ferrucci, L.; Zhao, L.; Liu, K; Liao, Y.; Gao, Y.; Criqui, M.H. Incidence and
Prognostic Significance of Depressive Symptoms in Peripheral Artery Disease. |. Am. Heart Assoc. 2015, 5, €002959. [CrossRef]
Sliwka, A.; Furgal, M.; Maga, P; Drelicharz, L.; Mika, P.; WLoch, T.; Nowobilski, R. The Role of Psychopathology in Perceiving,
Reporting and Treating Intermittent Claudication: A Systematic Review. Int. Angiol. 2018, 37, 335-345. [CrossRef]

Brostow, D.P; Petrik, M.L.; Starosta, A.J.; Waldo, S.W. Depression in Patients with Peripheral Arterial Disease: A Systematic
Review. Eur. J. Cardiovasc. Nurs. 2017, 16, 181-193. [CrossRef]

Haapakoski, R.; Mathieu, J.; Ebmeier, K.P.; Alenius, H.; Kivimé&ki, M. Cumulative Meta-Analysis of Interleukins 6 and 13, Tumour
Necrosis Factor « and C-Reactive Protein in Patients with Major Depressive Disorder. Brain Behav. Immun. 2015, 49, 206-215.
[CrossRef]

Saravanan, A.; Bajaj, P.; Mathews, H.L.; Tell, D.; Starkweather, A.; Janusek, L. Behavioral Symptom Clusters, Inflammation, and
Quality of Life in Chronic Low Back Pain. Pain Manag. Nurs. 2021, 22, 361-368. [CrossRef]

Biernacki, W.A.; Kharitonov, S.A.; Biernacka, H.M.; Barnes, PJ. Effect of Montelukast on Exhaled Leukotrienes and Quality of Life
in Asthmatic Patients. Chest 2005, 128, 1958-1963. [CrossRef]

Fredman, G.; MacNamara, K.C. Atherosclerosis Is a Major Human Killer and Non-Resolving Inflammation Is a Prime Suspect.
Cardiovasc. Res. 2021, 117, 2563-2574. [CrossRef]

Béck, M.; Yurdagul, A.; Tabas, L; Obrni, K.; Kovanen, P.T. Inflammation and Its Resolution in Atherosclerosis: Mediators and
Therapeutic Opportunities. Nat. Rev. Cardiol. 2019, 16, 389-406. [CrossRef] [PubMed]

Koenig, W. Inflammation Revisited: Atherosclerosis in the Post-CANTOS Era. Eur. Cardiol. Rev. 2017, 12, 89-91. [CrossRef]
Ridker, PM.; Everett, B.M.; Thuren, T.; MacFadyen, ].G.; Chang, W.H.; Ballantyne, C.; Fonseca, F.; Nicolau, ]J.; Koenig, W.;
Anker, S.D; et al. Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease. N. Engl. ]. Med. 2017, 377,
1119-1131. [CrossRef] [PubMed]

Russell, K.S.; Yates, D.P.; Kramer, C.M.; Feller, A.; Mahling, P; Colin, L.; Clough, T.; Wang, T.; LaPerna, L.; Patel, A.; et al.
A Randomized, Placebo-Controlled Trial of Canakinumab in Patients with Peripheral Artery Disease. Vasc. Med. 2019, 24, 414-421.
[CrossRef] [PubMed]

Wachsmann-Maga, A.; Kaszuba, M.; Maga, M.; Wlodarczyk, A.; Krezel, J.; Kaczmarczyk, P.; Bogucka, K.; Maga, P. Leukotrienes
in the Atherosclerotic Cardiovascular Diseases—A Systematic Review. Acta Angiol. 2022, 28, 147-153. [CrossRef]

Béack, M. Leukotriene Receptors: Crucial Components in Vascular Inflammation. Sci. World . 2007, 7, 1422-1439. [CrossRef]
Maga, P; Sanak, M.; Rewerska, B.; Maga, M.; Jawien, J.; Wachsmann, A.; Rewerski, P.; Szczeklik, W. Urinary Cysteinyl
Leukotrienes in One-Year Follow-up of Percutaneous Transluminal Angioplasty for Peripheral Arterial Occlusive Disease.
Atherosclerosis 2016, 249, 174-180. [CrossRef]

Wachsmann-Maga, A.; Wiodarczyk, A.; Maga, M.; Batko, K.; Bogucka, K.; Kapusta, M.; Terlecki, P.; Maga, P. Leukotrienes E4 and
B4 and Vascular Endothelium—New Insight into the Link between Vascular Inflammation and Peripheral Arterial Disease and
Its Complications. Cells 2023. Epub ahead of printing. [CrossRef]

Maga, P; Sanak, M.; Jawien, J.; Rewerska, B.; Maga, M.; Wachsmann, A.; Koziej, M.; Gregorczyk-Maga, I.; Nizankowski, R.
11-Dehydro Thromboxane B2 Levels after Percutaneous Transluminal Angioplasty in Patients with Peripheral Arterial Occlusive
Disease during a One Year Follow-up Period. |. Physiol. Pharmacol. 2016, 67, 377-383.

Belowski, A.; Partyka, L.; Krzanowski, M.; Polczyk, R.; Maga, P.; Maga, M.; Acquadro, C.; Lambe, J.; Morgan, M.; Nizankowski, R.
Clinical and Linguistic Validation of the Polish Version of VascuQol: A Disease-Specific Quality-of-Life Questionnaire Assessing
Patients with Chronic Limb Ischemia. Pol. Arch. Intern. Med. 2019, 129, 167-174. [CrossRef]

Nordanstig, J.; Wann-Hansson, C.; Karlsson, J.; Lundstrom, M.; Pettersson, M.; Morgan, M.B.F. Vascular Quality of Life
Questionnaire-6 Facilitates Health-Related Quality of Life Assessment in Peripheral Arterial Disease. J. Vasc. Surg. 2014, 59,
700-707. [CrossRef] [PubMed]

Shan, L.L.; Yang, L.S.; Tew, M.; Westcott, M.].; Spelman, T.D.; Choong, P.E; Davies, A.H. Quality of Life in Chronic Limb
Threatening Ischaemia: Systematic Review and Meta-Analysis. Eur. |. Vasc. Endovasc. Surg. 2022, 64, 666—683. [CrossRef]
[PubMed]

Thanigaimani, S.; Phie, J.; Sharma, C.; Wong, S.; Ibrahim, M.; Huynh, P.; Moxon, J.; Jones, R.; Golledge, ]. Network Meta-Analysis
Comparing the Outcomes of Treatments for Intermittent Claudication Tested in Randomized Controlled Trials. ]. Am. Heart Assoc.
2021, 10, e019672. [CrossRef] [PubMed]

Kumlin, M. Measurement of Leukotrienes in Humans. Am. |. Respir. Crit. Care Med. 2000, 161, S102-5106. [CrossRef]

Piper, K.; Garelnabi, M. Eicosanoids: Atherosclerosis and Cardiometabolic Health. J. Clin. Transl. Endocrinol. 2020, 19, 100216.
[CrossRef]


https://doi.org/10.1016/j.atherosclerosis.2018.05.033
https://www.ncbi.nlm.nih.gov/pubmed/29843915
https://doi.org/10.1016/S2214-109X(19)30255-4
https://www.ncbi.nlm.nih.gov/pubmed/31303293
https://doi.org/10.1161/CIRCRESAHA.121.318535
https://www.ncbi.nlm.nih.gov/pubmed/34110907
https://doi.org/10.1161/JAHA.115.002959
https://doi.org/10.23736/S0392-9590.18.03948-2
https://doi.org/10.1177/1474515116687222
https://doi.org/10.1016/j.bbi.2015.06.001
https://doi.org/10.1016/j.pmn.2020.11.012
https://doi.org/10.1378/chest.128.4.1958
https://doi.org/10.1093/cvr/cvab309
https://doi.org/10.1038/s41569-019-0169-2
https://www.ncbi.nlm.nih.gov/pubmed/30846875
https://doi.org/10.15420/ecr.2017:18:1
https://doi.org/10.1056/NEJMoa1707914
https://www.ncbi.nlm.nih.gov/pubmed/28845751
https://doi.org/10.1177/1358863X19859072
https://www.ncbi.nlm.nih.gov/pubmed/31277561
https://doi.org/10.5603/AA.2022.0013
https://doi.org/10.1100/tsw.2007.187
https://doi.org/10.1016/j.atherosclerosis.2016.04.013
https://doi.org/10.20944/preprints202305.0532.v1
https://doi.org/10.20452/pamw.4455
https://doi.org/10.1016/j.jvs.2013.08.099
https://www.ncbi.nlm.nih.gov/pubmed/24342060
https://doi.org/10.1016/j.ejvs.2022.07.051
https://www.ncbi.nlm.nih.gov/pubmed/35952907
https://doi.org/10.1161/JAHA.120.019672
https://www.ncbi.nlm.nih.gov/pubmed/33890475
https://doi.org/10.1164/ajrccm.161.supplement_1.ltta-20
https://doi.org/10.1016/j.jcte.2020.100216

J. Clin. Med. 2023, 12, 3412 11 of 11

26.
27.
28.
29.
30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Murphy, R.C.; Gijon, M.A. Biosynthesis and Metabolism of Leukotrienes. Biochem. J. 2007, 405, 379-395. [CrossRef]
Rabinovitch, N. Urinary Leukotriene E4. Immunol. Allergy Clin. N. Am. 2007, 27, 651-664. [CrossRef]

Mayatepek, E.; Hoffmann, G.F. Leukotrienes: Biosynthesis, Metabolism, and Pathophysiologic Significance. Pediatr. Res. 1995, 37,
55-60. [CrossRef]

Ingelsson, E.; Yin, L.; Back, M. Nationwide Cohort Study of the Leukotriene Receptor Antagonist Montelukast and Incident or
Recurrent Cardiovascular Disease. J. Allergy Clin. Immunol. 2012, 129, 702-707.€2. [CrossRef]

Nowakowski, A.C.H.; Graves, K.Y.; Sumerau, J.E. Mediation Analysis of Relationships between Chronic Inflammation and
Quality of Life in Older Adults. Health Qual. Life Outcomes 2016, 14, 46. [CrossRef]

Nowakowski, A.C.H. Chronic Inflammation and Quality of Life in Older Adults: A Cross-Sectional Study Using Biomarkers to
Predict Emotional and Relational Outcomes. Health Qual. Life Outcomes 2014, 12, 141. [CrossRef] [PubMed]

Pope, ].E.; Choy, E.H. C-Reactive Protein and Implications in Rheumatoid Arthritis and Associated Comorbidities. Semin. Arthritis
Rheum. 2021, 51, 219-229. [CrossRef] [PubMed]

Louis, G.; Pétré, B.; Schleich, F.; Zahraei, H.N.; Donneau, A.F,; Silvestre, A.; Henket, M.; Paulus, V., Guissard, F.;
Guillaume, M; et al. Predictors of Asthma-Related Quality of Life in a Large Cohort of Asthmatics: A Cross-Sectional
Study in a Secondary Care Center. Clin. Transl. Allergy 2021, 11, e12054. [CrossRef] [PubMed]

Lodin, K.; Lekander, M.; Syk, J.; Alving, K.; Petrovic, P.; Andreasson, A. Longitudinal Co-Variations between Inflammatory
Cytokines, Lung Function and Patient Reported Outcomes in Patients with Asthma. PLoS ONE 2017, 12, e0185019. [CrossRef]
[PubMed]

Afzal, N.A.; Van Der Zaag-Loonen, H.J.; Arnaud-Battandier, F.; Davies, S.; Murch, S.; Derkx, B.; Heuschkel, R.; Fell, ]. M.
Improvement in Quality of Life of Children with Acute Crohn’s Disease Does Not Parallel Mucosal Healing after Treatment with
Exclusive Enteral Nutrition. Aliment. Pharmacol. Ther. 2004, 20, 167-172. [CrossRef]

Fritsch, J.; Garces, L.; Quintero, M.A.; Pignac-Kobinger, J.; Santander, A.M.; Ferndndez, I; Ban, Y.J.; Kwon, D.; Phillips, M.C;
Knight, K.; et al. Low-Fat, High-Fiber Diet Reduces Markers of Inflammation and Dysbiosis and Improves Quality of Life in
Patients With Ulcerative Colitis. Clin. Gastroenterol. Hepatol. 2021, 19, 1189-1199.e30. [CrossRef] [PubMed]

Simrén, M.; Axelsson, J.; Gillberg, R.; Abrahamsson, H.; Svedlund, J.; Bjérnsson, E.S. Quality of Life in Inflammatory Bowel
Disease in Remission: The Impact of IBS-like Symptoms and Associated Psychological Factors. Am. ]. Gastroenterol. 2002, 97,
389-396. [CrossRef]

Peters, K.M.; Carrico, D.J.; Diokno, A.C. Characterization of a Clinical Cohort of 87 Women with Interstitial Cystitis/Painful
Bladder Syndrome. Urology 2008, 71, 634—640. [CrossRef]

Henein, M.Y.; Vancheri, S.; Longo, G.; Vancheri, F. The Role of Inflammation in Cardiovascular Disease. Int. . Mol. Sci. 2022,
23,12906. [CrossRef]

Liu, Y.Z.; Wang, Y.X,; Jiang, C.L. Inflammation: The Common Pathway of Stress-Related Diseases. Front. Hum. Neurosci. 2017,
11, 316. [CrossRef]

Maydych, V. The Interplay between Stress, Inflammation, and Emotional Attention: Relevance for Depression. Front. Neurosci.
2019, 13, 384. [CrossRef] [PubMed]

Faugere, M.; Micoulaud-Franchi, ].A.; Faget-Agius, C.; Langon, C.; Cermolacce, M.; Richieri, R. Quality of Life Is Associated with
Chronic Inflammation in Depression: A Cross-Sectional Study. J. Affect. Disord. 2018, 227, 494-497. [CrossRef] [PubMed]

Li, L.; Chan, S.L.; Mo, E; Hui, E.P; Koh, J.; Chan, A K,; Tang, N.L.; Chu, C.M.; Hui, J.; Lee, K.E; et al. Status of Inflammation in
Relation to Health Related Quality of Life in Hepatocellular Carcinoma Patients. Qual. Life Res. 2019, 28, 2597-2607. [CrossRef]
[PubMed]

De Almeida Roediger, M.; De Fatima Nunes Marucci, M.; Duim, E.L.; Santos, ]J.L.E; De Oliveira Duarte, Y.A.; De Oliveira, C.
Inflammation and Quality of Life in Later Life: Findings from the Health, Well-Being and Aging Study (SABE). Health Qual. Life
Outcomes 2019, 17, 26. [CrossRef]

Linn, Y.L.; Choke, ET.C; Yap, C.J.Q.; Tan, R.Y;; Patel, A.; Tang, T.Y. Utility of Sirolimus Coated Balloons in the Peripheral
Vasculature—A Review of the Current Literature. CVIR Endovasc. 2022, 5, 29. [CrossRef]

Frank, U.; Nikol, S.; Belch, J.; Boc, V.; Brodmann, M.; Carpentier, PH.; Chraim, A.; Canning, C.; Dimakakos, E.; Gottséter, A.; et al.
ESVM Guideline on Peripheral Arterial Disease. Vasa 2019, 48, 1-79. [CrossRef]

Cerda, A.; Pavez, M.; Manriquez, V.; Luchessi, A.D.; Leal, P; Benavente, F,; Fajardo, C.M.; Salazar, L.; Hirata, M.H.; Hirata, R.D.C.
Effects of Clopidogrel on Inflammatory Cytokines and Adhesion Molecules in Human Endothelial Cells: Role of Nitric Oxide
Mediating Pleiotropic Effects. Cardiovasc. Ther. 2017, 35, €12261. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1042/BJ20070289
https://doi.org/10.1016/j.iac.2007.09.004
https://doi.org/10.1203/00006450-199501000-00001
https://doi.org/10.1016/j.jaci.2011.11.052
https://doi.org/10.1186/s12955-016-0452-4
https://doi.org/10.1186/s12955-014-0141-0
https://www.ncbi.nlm.nih.gov/pubmed/25260501
https://doi.org/10.1016/j.semarthrit.2020.11.005
https://www.ncbi.nlm.nih.gov/pubmed/33385862
https://doi.org/10.1002/clt2.12054
https://www.ncbi.nlm.nih.gov/pubmed/34504679
https://doi.org/10.1371/journal.pone.0185019
https://www.ncbi.nlm.nih.gov/pubmed/28915273
https://doi.org/10.1111/j.1365-2036.2004.02002.x
https://doi.org/10.1016/j.cgh.2020.05.026
https://www.ncbi.nlm.nih.gov/pubmed/32445952
https://doi.org/10.1016/S0002-9270(01)04037-0
https://doi.org/10.1016/j.urology.2007.11.013
https://doi.org/10.3390/ijms232112906
https://doi.org/10.3389/fnhum.2017.00316
https://doi.org/10.3389/fnins.2019.00384
https://www.ncbi.nlm.nih.gov/pubmed/31068783
https://doi.org/10.1016/j.jad.2017.11.061
https://www.ncbi.nlm.nih.gov/pubmed/29156363
https://doi.org/10.1007/s11136-019-02190-0
https://www.ncbi.nlm.nih.gov/pubmed/31037590
https://doi.org/10.1186/s12955-019-1092-2
https://doi.org/10.1186/s42155-022-00308-z
https://doi.org/10.1024/0301-1526/a000834
https://doi.org/10.1111/1755-5922.12261

	Introduction 
	Materials and Methods 
	Participants 
	Follow-Up Meetings Outcomes Assessment 
	Laboratory Measurements 
	Quality-of-Life Assessment 
	Statistical Analysis 
	Ethical Aspects 

	Results 
	Patients Characteristics 
	Quality of Life and Its Changes after Endovascular Procedures 
	Preoperative Inflammatory Biomarkers and Life Quality 
	Inflammatory Biomarkers and Life Quality during Follow-Up 
	Impact of Changes in Inflammatory Biomarkers Concentrations on Quality-of-Life Changes during Follow-Up 

	Discussion 
	Conclusions 
	References

