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Abstract

Background: Diabetes mellitus (DM) is an established risk factor for peripheral arterial disease (PAD)
and its possible manifestation intermittent claudication (IC). Indications for surgery in infrainguinal IC are
debated, especially among IC patlents with DM. PAD diagnosis relies on ankle brachial index (ABI)
measurement which has limitations in patients with arterial calcification. Prior publications have shown
potential of biomarkers for identification and prediction of PAD.

Aims: The aims of this thesis was to evaluate short- and long-term effects of DM upon cardiovascular
morbidity and mortality in patients after infra-inguinal endovascular and open surgery for IC. We also
aimed at identifiying novel biomarkers that could be used for prediction and identification of PAD.
Methods: In papers | and I, data from the Swedish Vascular Registry and the National Diabetes
Register were compiled and patients with and without DM underwent propensity score adjusted long-
term follow-up regarding cardiovascular morbidity and mortality. Paper Ill was a proscpective 11.2 year
follow-up analysis of incident PAD in a prospective cohort (Malmé Preventive Project) in relation to
biomarkers analyzed at baseline, whereas paper IV was a cross sectional study evaluation of
biomarkers and PAD in 65-year old men participating in abdominal aortic aneurysm screening.
Results: Long-term (5 year) follow-up of 626 patients with and 1,112 patients without DM after
endovascular surgery in paper | showed higher rates of major adverse cardiovascular events (MACE,
hazard ratio [HR] 1.26, 95% confidence interval [CI] 1.07-1.48; p<0.01), acute myocardial infarction
(AMI, HR 1.48, Cl 1.09-2.00; p=0.01), and major amputation (HR 2.31, Cl 1.24-4.32; p<0.01) in those
with DM. During 5 years of follow-up after open surgery in paper Il, 323 patients with DM showed higher
rates of MACE (HR 1.33, Cl 1.08-1.62; p<0.01) and AMI (HR 2.21, Cl 1.46-3.35; p<0.01) than 679
patients without DM. In paper llI, higher levels of C-terminal endothelin-1 (CT-proET-1, HR 1.8; 95% ClI
1.4-2.3), N-Terminal prosomatostatin (NT-proSST, (HR 1.5;95% CI 1.2-2.0), and midregional proatrial
natriuretic peptide (MR-proANP, HR 1.7; 95% CI 1.3-2.3) in 5,160 individuals at baseline examination
were independently associated with incident PAD during 11.2 years of follow-up. Furhtermore, higher
levels of CT-proET-1 (HR 1.3; 95% CI 1.2-1.5), NT-proSST (HR 1.2;95% CI 1.1-1.3), MR-proANP (HR
1.4; 95% CI 1.3-1.6), procalcitonin (HR 1.1;95% CI 1.0-1.2), and copeptin (HR 1.2; 95% CI 1.1-1.4) at
baseline were independently associated with mortality during follow-up. In cross-sectional analysis of
267 65-year old men in paper IV, those with PAD had significantly higher levels of secretoglobin family
3A member 2, osteoprotegerin, urokinase-type plasminogen activator surface receptor, serum
macrophage chemokine ligand 16, matrix metalloproteinase 9, p-selectin, growth differentiation factor
15, elafin, cystatin B, trefoil factor 3, and fatty acid-binding protein 4.

Conclusions: DM patients undergoing endovascular surgery, however, have increased risk of major
adverse cardiovascular events, acute myocardial infarction and major amputation in the long-term.
Furthermore, DM patients undergoing open surgery have increased risk of MACE and AMI. Elevated
levels of CT-proET-1, NT-proSST, and MR-proANP independently predicted the risk of future PAD.
Elevated plasma levels of Secretoglobin Family 3A Member 2, Osteoprotegerin, Urokinase-type
plasminogen activator surface receptor, Serum macrophage chemokine ligand 16, Matrix
metalloproteinase 9, P-selectin, Growth differentiation factor 15, Elafin, Cystatin B, Trefoil factor 3, and
Fatty acid-binding protein 4 can potentially be used to identify PAD in men.
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surgery, atherosclerosis.
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AAA - Abdominal aortic aneurysm

ACEi — Angiotensin converting enzyme inhibitors
Al — Artificial intelligence

AMI - Acute myocardial infarction

ARB — Angiotensin receptor blockers
AUC - Area under the curve

BMI - Body mass index

BMT- Best medical treatment

BP - Blood pressure

CAD - Coronary artery disease

CI - Confidence interval

CKD - Chronic kidney disease

CLTI - Chronic limb threatening ischemia

COMPASS - Cardiovascular Outcomes for People Using Anticoagulation
Strategies

CSTB - Cystatin B

CT-proET-1 - C-terminal endothelin-1

CTA - Computed tomography angiography

CV - Cardiovascular

CVD - Cardiovascular disease

CXCL16 - Serum macrophage chemokine ligand 16
DM - Diabetes mellitus

ESVS - European Society for Vascular Surgery
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FABP4 - Fatty acid-binding protein 4

GDF-15 - Growth differentiation factor 15

GLP1-RA - Glucagon-like peptide-1 receptor agonists
HR - Hazard ratio

HRQoL - Health-related quality of life

IC - Intermittent claudication

IPTW - Inverse probability of treatment weighting
IQR - Interquartile range

ISTH - International Society on Thrombosis and Haemostasis
LDL-C - Low-density lipoprotein cholesterol

MACE - Major adverse cardiovascular events

MALE - Major adverse limb events

MMP-9 - Matrix metalloproteinase 9

MR-proANP - Midregional proatrial natriuretic peptide
NDR - National Diabetes Register

NT-proSST - N-Terminal prosomatostatin

OPG - Osteoprotegerin

PAD - Peripheral arterial disease

PCT — Procalcitonin

PI3 - Elafin

RCT - Randomized controlled trial

ROC - Receiver-operating characteristic

SCGB3A2 - Secretoglobin Family 3A Member 2

SD - Standard deviation

SELP - P-selectin
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SGLT2 - Sodium-glucose transport protein 2

T1DM - Type 1 diabetes mellitus
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Thesis at a glance

I. Worse cardiovascular
prognosis after
endovascular surgery for
intermittent claudication
caused by infrainguinal
atherosclerotic disease in
patients with diabetes

Il. Higher long-term
cardiovascular morbidity
after open surgery for
intermittent claudication
caused by infrainguinal
atherosclerotic disease in
patients with diabetes — a
nationwide observational
cohort study

lll Vasoactive biomarkers
associated with long-term
incidence of symptomatic
peripheral arterial disease
and mortality

IV Novel cardiovascular
biomarkers associated
with peripheral arterial
disease in men screened
for abdominal aortic
aneurysm

Compare short- and long-
term total and
cardiovascular (CV)
mortality, and morbidity
after elective endovascular
surgery for infrainguinal
intermittent claudication
(IC) in patients with and
without diabetes mellitus
(DM), and potential
relationships between
glycaemic control and
outcomes in patients with
DM.

Compare short- and long-
term total and CV mortality,
and morbidity after elective
open surgery for
infrainguinal IC in patients
with and without DM, and
potential relationships
between glycaemic control
and outcomes in patients
with DM.

Evaluate if biomarkers
associated with other forms
of CV disease can predict
incident peripheral arterial
disease (PAD) and mortality
during long-term follow-up.

Identify novel biomarkers
associated with PAD and
identify their diagnostic
potential.

Propensity score adjusted
nationwide registry study
of 626 patients with DM
and 1,112 patients
without DM undergoing
endovascular surgery for
IC.

Follow up after 30 days
and 5 years.

Propensity score adjusted
nationwide registry study
of 323 patients with DM
and 679 patients without
DM undergoing open
surgery for IC.

Follow up after 30 days
and 5 years.

Retrospective analysis of
5,160 participants from
the Malmé Preventive
Project, regarding
incidence of PAD in
participants with elevated
levels of biomarkers
during 11.2 years of
follow-up.

Cross sectional study of
91 CV specific proteins in
a cohort of 267 65-year-
old men recruited from a
screening program for
abdominal aortic
aneurysm. PAD was
defined as ankle brachial
index <0.9.

No significant difference
between groups in morbidity
or mortality during short-
term follow-up. Patients
with DM showed higher
rates of major adverse
cardiovascular events
(MACE), acute myocardial
infarction (AMI), and major
amputations during long-
term follow-up. Higher
glycated haemoglobin
(HbA1c) in diabetic patients
was associated with higher
total mortality.

No significant difference
between groups in morbidity
or mortality during short-
term follow-up. Patients
with DM showed higher
rates of MACE and AMI
during long-term follow-up.
Higher HbA ¢ in diabetic
patients was associated with
higher rates of MACE,
stroke, and total mortality.

Participants with elevated
levels of the CT-proET-1,
NT-proSST, and MR-
proANP had a significantly
higher risk of developing
PAD. Elevated levels of all
analyzed biomarkers were
associated with higher
mortality.

Elevated levels of 11
different biomarkers were
associated with higher risk
of PAD
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Introduction

Peripheral Arterial Disease

Epidemiology

Peripheral arterial disease (PAD) refers to an atherosclerotic occlusive
disease of the lower extremities !, which can also be referred to as peripheral
vascular disease, peripheral arterial occlusive disease, or lower extremity
arterial disease .

PAD is the third most common manifestation of atherosclerosis, following
coronary artery disease (CAD) and stroke 2. Despite the high prevalence rate,
PAD remains largely underdiagnosed and undertreated 2.

A systematic review and modelling analysis by Song et al. from 2015
estimated that 237 million individuals worldwide were affected by PAD 3,
with a prevalence of 5.6% in individuals aged 25 years and older. Compared
to an older systematic review and analysis of community-based studies
between 2000 and 2010 showing a prevalence of 202 million individuals with
PAD ¢, the figures reported by Song et al. indicate a relative increase of
17.1% percent within 5 years 3. The prevalence of PAD in young individuals
is higher in countries with low- and middle-income compared to in high
income countries °. After the age of 50 years, however, PAD prevalence in
low- and middle-income countries decreases compared to in high income
countries, possibly due to a relatively lower life expectancy in low- and
middle-income countries °.

PAD prevalence increases with age °, and in Sweden almost a fifth of all
elderly individuals are estimated to be affected with PAD °. The prevalence
of PAD in Sweden in ages 60 to 90 years is 18%; 16.5% in men and 19.2%
in women °.
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Atherosclerosis

The pathogenesis of atherosclerosis can be divided into three phases:
initiation, progression, and complications °.

Cumulative exposure of the vessel wall to concentrations of low-density
lipoprotein cholesterol (LDL-C) in excess of physiological needs is a
principal determinant of initiation and progression of atherosclerosis °.
Impaired endothelial barrier function resulting from chronic inflammatory
processes at sites with disturbed laminar flow 7 allows excess LDL-C
particles to accumulate within the intima and undergo oxidation by reactive
oxygen species. This leads to increased secretion of chemokines by
endothelial cells and intimal immune cell infiltration °. Additionally,
extravascular sites of inflammation resulting from the below mentioned
atherosclerotic risk factors might affect the arterial walls by disturbing
production of endogenous vasodilators and increasing the release of
inflammatory mediators, leading to endothelial inflammation . Oxidized
LDL-C expresses scavenger receptors involved in transformation of
macrophages into foam cells filled with lipids ®. Dying foam cells and smooth

17



muscle cells constitute the necrotic core of the resulting atheroma or
atherosclerotic plaque composed of collagen and smooth muscle cells.
During the evolution of atherosclerotic plaques, some regions might develop
calcification contributing to plaque instability and rupture potentially
provoking thrombosis, resulting in vessel occlusion or embolization °.

Early stages of atherosclerosis are often asymptomatic, but with progression
of the disease, clinical manifestations might occur with symptoms depending
on the localization of the lesions in the arterial tree. The three most common
forms of atherosclerotic cardiovascular disease (CVD) are coronary heart
disease including angina pectoris and acute myocardial infarction (AMI),
precerebral and cerebral vascular disease including transitory ischaemic
attacks and ischemic stroke, and PAD which will be discussed more in detail
below °.

Risk factors for PAD

As PAD is a manifestation of atherosclerosis, the established risk factors for
initiation and progression of atherosclerosis have all been shown to increase
the risk of PAD. The different risk factors listed in table I can be categorized

into either modifiable or non-modifiable &,
Smoking Age
Arterial hypertension Male gender
Diabetes mellitus Genetic factors
Sedentary lifestyle Chronic kidney disease
LDL cholesterol Hyperhomocysteinemia*

Obesity

Table I. Modifiable and non-modifiable risk factors for atherosclerosis. * Supplements with Vitamin-B or folate
can lower homocysteine levels but high quality evidence for the benefits of treatment is lacking. As
supplemental B vitamins and folate in patients with CAD showed no benefit and suggested possible harm,
supplementation therapy is not recommended 8.

In addition to the above-mentioned well-established risk factors, it has been

shown that environmental factors such as poverty, industrialization, and

18



infection may also affect the development of atherosclerosis and PAD
particularly in low- and middle-income countries °.

Smoking

Smoking is an important risk factor for development of CVD, and both active
and passive smoking are related to development of PAD ?. Cigarette smoking
induces endothelial cell dysfunction, oxidative stress, vascular inflammation,
platelet coagulation, and smooth muscle cell remodelling through multiple
molecular mechanisms ° '°. Furthermore, the severity of PAD, risk of
amputation, risk of postoperative peripheral graft occlusion, and mortality in
PAD patients all increase with the number of cigarettes smoked. Heavy
smokers have a four-fold higher risk of developing PAD manifesting as
intermittent claudication ([IC], which will be described in detail below) when
compared to non-smokers ®.

Moreover, pre- and post- operative smoking have also been shown to have a
large negative influence on the postoperative prognosis after lower extremity
revascularization °.

Furthermore, smoking is the most important modifiable risk factor for PAD
and other atherosclerotic diseases. Cessation reduces the risk of PAD
development and may even reverse or delay disease progression °.

Smoking cessation may also reduce the risk of development and progression
of other forms of atherosclerosis and CVD and its associated morbidity and
mortality, risk of atrial fibrillation, risk of venous thromboembolism,
development of abdominal aortic aneurysm (AAA), chronic obstructive
pulmonary disease, and various type of cancer !!. Support for smoking
cessation can be offered utilizing nicotine replacement therapy. Support for
smoking cessation can be offered utilizing nicotine replacement therapy,
varenicline, bupropion, and formal cessation support programs 2.

Between 2004 and 2022 daily smoking in Sweden decreased in the
population aged 16-84 years. It was estimated that about six percent of both
men and women smoked daily in 2022 3. It has also been shown that
smoking rates vary depending on educational level. Individuals with a post
high school degree have lower rates of smoking compared to individuals with
only a high school degree, and those without 3. In recent years usage of
nicotine containing oral snuff (snus) has increased among young Swedish
individuals, particularly in young women '*. A recent community-based
study of 14,344 participants showed that rates of PAD in individuals
consuming smokeless tobacco (defined as chewing tobacco or taking snuff)
had a twofold increased risk of developing PAD compared to individuals that
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had never used tobacco products, furthermore, PAD rates were comparable
to those of cigarette smokers ',

Arterial hypertension

Arterial hypertension is associated with the development of atherosclerosis
and with a two- to three-fold increase in the risk for PAD 8,

Hypertension is defined as office systolic blood pressure (BP) >140 mmHg
and/or diastolic BP >90 mmHg '°. Current European guidelines from 2023
recommend that blood pressure should be treated when >140/90 mmHg and
lowered to <130/80 mmHg in patients 18-64 years old and < 140/80 mmHg
in ages 65-79 years if the treatment is well tolerated, whereas systolic BP
targets <120 mmHg should be avoided '°. The same targets apply for patients
with diabetes Mellitus (DM) ',

Diabetes Mellitus

DM (covered in more detail later in this thesis) is strongly associated with
atherosclerotic disease and increases the risk of PAD approximately three- to
four-fold, and the risk of IC two-fold ®. Furthermore, most diabetic patients
have additional risk factors such as smoking, hypertension, and dyslipidemia
further contributing to the development of CVD 8,

Manifestations and diagnosis of PAD

PAD can have different manifestations depending on disease severity. The
main focus of this thesis is, however, on intermittent claudication (IC).

Asymptomatic PAD — Intermittent claudication
Amputation _ Chronic limb threatening
or death ischemia

Figure Il PAD progression from asymptomatic to amputation or death. PAD - Peripheral arterial disease

Asymptomatic PAD

It is estimated that approximately 20 — 50% of individuals with PAD lack
symptoms '°. However, one third of these individuals may develop leg pain
during a 6-minute walk test. Thus, these individuals may be asymptomatic
due to self-imposed reduction of walking pace or due to relative physical

20




inactivity in order to avoid leg pain ! '8, Furthermore, subjects with

asymptomatic PAD experience progressive functional impairment and
diminished walking capability compared to those without PAD '8,

Intermittent claudication

During ambulation the metabolic needs of the calf muscles increase,
demanding greater oxygen supply !°. This results in a physiological
compensatory arterial vasodilation, increasing vital blood supply. However,
due to narrow arterial lumina and impaired endothelial vasodilator responses,
patients with PAD cannot achieve sufficient compensatory vasodilation 7%,
This supply-demand mismatch is a hallmark of intermittent claudication,
presenting as temporary ischemia of the muscles distal to the atherosclerotic
lesions; manifesting as pain, cramping, or fatigue, causing individuals with
IC to stop walking to alleviate the supply-demand mismatch and its
symptoms 7. The temporary ischemic pain results in severe limitation of
exercise performance and walking ability, leading to greatly impaired
walking distance, walking speed, and overall function %. The reduction of
walking capacity can be quantified with a graded treadmill test, in which
onset of ischemic pain and peak walking time can be determined ®.
Additionally, patients with symptomatic PAD experience reduced health-
related quality of life (HRQoL, discussed in greater details on page 29) and
have higher prevalence of depression '%.

Chronic limb threatening ischemia

Chronic limb threatening ischemia (CLT]I) is the end stage form of PAD, a
condition with significantly higher risk of mortality and tissue-loss 2. The
hallmark of CLTI is ischemic rest pain or tissue loss affecting the forefoot,
the pain is most severe when the leg is resting and is relieved by muscle
activation ?°. As a result of the ischemic pains, patients often sleep with their
legs in a position in which gravitational forces may improve the blood flow.
At this point walking capacity is severely impaired, and in severe cases
walking is almost or absolutely impossible ®. Studies have shown that
untreated CLTI has an all-cause mortality rate of 22% and a similar 22% risk
of major amputation within one year of follow-up 2'.

Diagnosis of PAD

PAD diagnosis is based on evaluation of patient history combined with
clinical examination and measurement of the ankle-brachial index (ABI) °.
An ABI <0.9 has 75% sensitivity and 86% specificity for detection of
peripheral stenosis 2? and is the method of diagnosis most commonly used in
both clinical practice and epidemiological research . The sensitivity of ABI
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is, however, poor in patients with heavily calcified arteries (media sclerosis),
such as those with DM, renal insufficiency, or old age; in these patients the
ABI can be falsely elevated resulting in false negative results 2324,

ABI and prognosis

ABI is a reflection of generalised atherosclerotic disease and shows a
nonlinear relationship with the occurrence of CVD 2°. A low ABI has been
related to increased risk of both total- and CV-mortality, myocardial
infarction, and stroke 2. ABI > 1.4 can indicate medial calcification,
however, which is common in diabetes and renal failure and associated with
an increased CVD risk. ABI values between 0.9 and 1.4 are therefore
considered optimal #°, in patients with ABI >1.4 toe-brachial index might be
needed for a correct diagnosis 2. It is, nevertheless, important to note that

resting ABI is only a modest predictor of the degree of walking impairment
27

Other diagnostic options

A treadmill test can be useful method of both determining IC severity and
revealing stenotic arterial lesions not evident at rest '“. Duplex ultrasound can
be used for both screening and diagnosis of PAD 2°. Computed tomography
angiography (CTA) is a relatively fast, non-invasive imaging method that
provides high resolution images with the ability to visualise calcifications,
stents, and aneurysms 2°, Magnetic resonance angiography (MRA) can be
used both with and without contrast medium, ensuring a crucial role in
diagnostics of patients with chronic kidney disease (CKD); but
contraindications for MRA such as non-compatible pacemakers and
claustrophobia must be acknowledged ¢. Digital subtraction angiography, an
invasive imaging method which was previously considered as the standard
reference for diagnosis of PAD has nowadays been replaced with non-
invasive diagnostic methods °.

Therapeutic options

Non-surgical treatment

Given that PAD patients have increased risk of systemic atherosclerotic
complications such as myocardial infarction and stroke, treatment aims both
to decrease the overall CV risk and improve limb function 2%,
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The recommended non-pharmacological measures are the same as those
recommended for management of hypertension; smoking cessation, healthy
diet, weight loss, and regular exercise (table II) 2.

Pharmacological treatment should be offered in accordance with European
guidelines as a combination known as best medical therapy (BMT) 2.
Treatment should be tailored to fit the individual patient and consists of a
combination of antihypertensive, lipid-lowering, and antiplatelet
medications in patients with symptomatic PAD ?°. A meta-analysis has
shown that the risk for a patient with IC to develop advanced ischemia ranges
between 4% and 27% %°.

Management of hyperlipidemia

European guidelines recommend lipid-lowering drugs for all patients with
PAD; with a LDL-C goal of <1.4 mmol/L, or a decrease by >50% if the initial
LDL-C level is between 1.8 and 3.5 mmol/L %%,

Statins are the most commonly used drug groups for reduction of lipid
levels?®, owing to their potential in reducing cardiovascular morbidity and
mortality, and improving IC symptoms . In a study of symptomatic PAD
patients, statin use reduced the risk adverse limb outcomes, including
worsening symptoms, peripheral revascularization, and ischaemic
amputations by approximately 18% 3°. If LDL-C targets are not reached with
maximal tolerable statin dose alone, addition of ezetimibe or PCSK9
inhibitors may be considered '*. The addition of PCSK9 inhibitors to statins
have shown a potential pan-vascular impact of aggressive lipid-lowering
therapy, decreasing CV events in patients with PAD 3!
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Management of hypertension

European guidelines recommend initial treatment with non-pharmacological
lifestyle changes listed in table II for hypertensive individuals who are not at
high level of CV risk .

Smoking cessation Cigarette smoking is accompanied by activation of
the sympathetic nervous system leading to a
temporary BP increase 5.

Diet change The optimal dietary interventions for hypertension
are the DASH (Dietary Approaches to Stop
Hypertension) and the Mediterranean diets which
can lower the risk of all-cause and cause-specific
mortality and BP irrespectively of hypertension
status '®. Furthermore, a low-caloric diet in adults
with hypertension can reduce BP with 6.5/4.6
mmHg °.

Physical activity Physical activity can potentially prevent and treat
hypertension while simultaneously lowering CV
risk and mortality, with aerobic exercise reducing
systolic BP with 5-8 mmHg in patients with
hypertension °.

Salt restriction Restricting salt intake to approximately 5.8 g per
day results in an average decrease in BP by 5/2
mmHg in patients with hypertension 5.

Reduced alcohol consumption The risk of hypertension increases with daily
alcoholic intake more than 10-20 g alcohol and
alcohol reduction close to abstinence can lower
BP by 3.3/2.0 mmHg with potential for 5.5/4.0
mmHg reduction in heavy drinkers 5.

Weight reduction Overweight and obesity are associated with
increased risk of CV death, all-cause mortality,
and hypertension. A healthy body mass index
(BMI) of 20 — 25 kg/m? is recommended to
prevent hypertension in healthy people and to
reduce BP in hypertensive patients 32,

Modest weight loss is recommended for patients
with hypertention as it lowers all-cause mortality
and for each kilogram of body weight loss BP can
be lowered by 1/1 mmHg 'S.

Table II Recommended lifestyle changes in hypertensive patients, also applicable for patients with PAD 32,
PAD - peripheral arterial disease, CV — cardiovascular, BP — blood pressure.

Pharmacological treatment can be offered in addition to lifestyle
modifications to achieve optimal BP control *. Studies have shown similar
efficiency in improving major CV outcomes and mortality across all major
classes of antihypertensive drugs ** but angiotensin converting enzyme
inhibitors (ACEi) and angiotensin receptor blockers (ARB) are considered
first-line therapy in PAD as they have been shown to reduce CV events in
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this particular group of patients ®33. Furthermore, guidelines recommend
treatment initiation with a combination of two drugs to improve speed,
efficiency, and predictability of achieving BP control 2,

Angiotensin converting enzyme inhibitors (ACEi)/ First-line therapy in patients with PAD, shown to

angiotensin receptor blockers (ARB) reduce CV events in this group 2.

Calcium channel blockers and thiazide diuretics Can be used as first additions to the first-line
therapy 2.

Spironolactone Can be added if BP is not optimal despite a

combination of the abovementioned medications

Beta blockers Should be used with caution in patients with CLTI
12

Table Ill Simplified algorithm for antihypertensive treatment in PAD 32. PAD — peripheral arterial disease, CV
— cardiovascular, BP — blood pressure, CLTI — chronic limb threatening ischemia.

Antithrombotic medication

Antiplatelet medication

No beneficial effects of antithrombotic treatment have been documented in
patients with asymptomatic PAD %3¢ Antiplatelet medication should
therefore only be offered to patients with symptomatic PAD as studies have
shown that they can reduce major adverse cardiovascular events (MACE) in
this condition. ? Either aspirin or clopidogrel are recommended as first line
therapy % *’. Studies have, however, shown that secondary preventive
pharmacotherapy with antithrombotic medication is generally underused in
patients with symptomatic PAD 3,

Antiplatelet medication in combination with low dose anticoagulation with
rivaroxaban

The Cardiovascular Outcomes for People Using Anticoagulation Strategies
(COMPASS) *® showed better CV outcomes but also more major bleeding in
PAD patients assigned to low dose of rivaroxaban (2.5mg twice daily) plus
low-dose aspirin than those assigned to aspirin alone . Efficacy and Safety
of Rivaroxaban in Reducing the Risk of Major Thrombotic Vascular Events
in Subjects With Symptomatic Peripheral Artery Disease Undergoing
Peripheral Revascularization Procedures of the Lower Extremities
(VOYAGER PAD) ¥ study corroborated the evidence on efficacy of
combination treatment by expanding these results to patients having
undergone surgical revascularization due to symptomatic PAD. VOYAGER
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PAD also showed that major bleeding as classified by the Thrombolysis in
Myocardial Infarction (TIMI) classification did not differ significantly
between the groups. The incidence of major bleeding according to the
International Society on Thrombosis and Haemostasis (ISTH) was, however,
significantly higher with the combination of rivaroxaban and aspirin than
with aspirin alone *°.

Surgical treatment

Revascularization options are highly dependent on the anatomical location
and extension of arterial lesions 2°. Additionally, lesions can be categorized
into supra- or intralingual based on their anatomical location in relation to
the inguinal ligament.

Aona

Common iliac artery Supra_”']gu'nal
Internal iliac artery

Inguinal ligament

Common femoral artery

Profunda femoris artery

Superficial femoral artery

Infra-inguinal

Anterior tibial artery

Dorsalis pedis artery

Figure IIL. lllustration of the supra- and infra-inguinal division used in this thesis Image modified with
permission from Radiologykey.
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As the durability of interventions for infrainguinal lesions is generally
inferior compared to in suprainguinal interventions, most experienced
clinicians have a higher threshold for invasive intervention for IC in patients
with infrainguinal lesions 2’. The official recommendations regarding
indications for surgical revascularization of infrainguinal atherosclerotic
lesions in patients with IC are also conservative *°. As surgical
revascularization is associated with both morbidity and mortality %; it is only
recommended in patients who have not responded favorably to BMT and
supervised exercise training, or have disabling symptoms that substantially
alter daily life activities ?°. Furthermore, an inability to perform an
occupation or quality of life issues arising from the inability to provide care
to a spouse or a family member may also be an indication for
revascularization ?’. All patients with CLTI should, however, if possible, be
offered surgical revascularization 2,

Infrainguinal atherosclerotic lesions can be operated by either endovascular-
or open surgical approach 2,

Surgical complications —short & long term

Postoperative complications can be divided into short-term <30 days
complications, commonly reflecting perioperative factors, and long term >30
days complications, reflecting pre- and postoperative factors such as natural
progression of the disease “.

Arterial dissection Stent fracture

Arterial perforation* Chronic arterial erosion
Pseudoaneurysm * Arterial perforation®

Acute recoil with abrupt closure or restenosis Restenosis with potential occlusion
Distal embolization Loss of collateral branches
Arteriovenous fistula Pseudoaneurysm formation*

Table IVa. The most common short- and long-term surgical complications following endovascular surgery

*Complications which might occur both as short- and long term.

Incisional wound hematoma Pseudoaneurysm formation
Ipsilateral lymphedema Graft infection

Graft stenosis* Graft stenosis*

Graft occlusion® Graft occlusion®

Major amputation* Major amputation*
Incisional wound infection Graft infection

Table IVb. The most common short- and long-term surgical complications following open surgery & 4! *
Complications which might occur both as short- and long term.

27



Endovascular surgery

Endovascular procedures are generally well tolerated, resulting in minimal
complications and require relatively short hospitalization when compared to
open surgical revascularization ?’. They are, on the other hand, considered to
be less durable than surgical bypass operations and have greater need for
reintervention, especially in cases with diffuse or long stenosis ?’.
Furthermore, the durability of revascularization is further diminished with
greater lesion length, occlusive, multiple, or diffuse lesions, DM, CKD, and
smoking *.

Patients undergoing surgical revascularization due to IC caused by infra-
inguinal atherosclerotic lesions are recommended endovascular surgery as
first choice for lesions up to 25¢m in length *°.

Endovascular procedures involve a variety of devices and methods including
balloon angioplasty, drug-coated balloons, stenting, drug-eluting stents, and
atherectomy **. The operating method of choice is dependent on anatomic
location, lesion length, degree of calcification, and operator experience *.

Open surgery

Open surgical interventions have greater patency and durability, it is,
however, also associated with greater risk of adverse perioperative events *.
Bypass surgery is the mainstay of open surgery for IC but is being less
frequently performed due to more modern revascularization methods such as
endovascular surgery 2’. Stenosis or occlusion of the superficial femoral- and
proximal popliteal arteries are the most probable cause of infrainguinal
claudication, making femoral-popliteal bypass the most common open
surgical procedure for claudication *. Furthermore, the success of surgical
bypass is dependent on arterial inflow, outflow, target vessel, and quality of
the bypass conduit ?’. Endarterectomy is a surgical method for direct removal
of obstructive plaque that is best applied for focal lesions in vessels of large
caliber, particularly at bifurcations *!. Advantages of endarterectomy are due
to the autogenous nature of the procedure; not requiring a conduit.
Limitations, on the other hand, lies in the thrombogenicity of the resulting

surface and subsequent arterial healing which may lead to recurrent stenosis
41

Hybrid surgery
Open and endovascular surgical procedures can be combined, performing a

common femoral artery endarterectomy and then angioplasty of proximal
iliac artery lesion or distal superficial femoral artery (SFA) lesion %’
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Figure IV. lllustration showing the endovascular interventional methods on the top and open surgical methods
on the bottom. Image used with permission from Nature

Health related quality of life

Health-related quality of life (HRQoL) is a multidimensional assessment of
how disease and treatment affect a patients sense of overall function and
wellbeing; representing physical, psychological, and social aspects of life .
Patients with IC have significantly lower quality of life (QoL) and reduced
functional status ?’; making HRQoL improvement an important treatment
goal in management of IC *4,

Endovascular revascularization of the SFA in combination with BMT in
patients with IC has shown to improve HRQoL and walking distance more
than BMT alone at 12 and 24 months of follow-up after revascularization*-*.
Extended follow-up has shown that HRQoL remains improved after 36
months but that the benefits were no longer detectable at 60 months *.
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Diabetes Mellitus

Epidemiology

Diabetes Mellitus (DM) is a chronic condition estimated to affect 463 million
adults globally ¥’. The main types of DM are type 1 DM (T1DM) which
constitutes approximately 5% of all cases of DM, type 2 DM (T2DM)
constituting 90% of all DM cases, and gestational and other types of DM
5%,

Obesity and insulin resistance commonly associated with DM #° are thought
to decrease nitric oxide activity and contribute to endothelial dysfunction .
In physiological conditions, insulin inhibits thrombosis and increases
fibrinolysis %°, insulin resistance, however, has a prothrombotic effect *.
Furthermore, relative lack of insulin due to insulin resistance leads to calcium
accumulation in platelets, which enhances platelet aggregation and
contributes to atherogenesis * *°, Furthermore, hyperglycemia can through
the formation advanced glycation end products contribute to CVD

development by inducing inflammatory changes in the vascular endothelium
49

If left untreated, long-term hyperglycemia may lead to both macro- and
microvascular complications . Macrovascular complications include
peripheral arterial disease, stroke, heart failure, myocardial infarction, and
angina pectoris > 3!, Microvascular complications include peripheral
neuropathy, nephropathy eventually leading to chronic kidney disease
(CKD), and retinopathy 7 %2,

T1DM is caused by insulin deficiency due to autoimmune-mediated loss of
beta-cell function and is typically diagnosed in childhood or early adulthood,
as the acute symptoms of T1DM makes it easier to diagnose *.

T2DM is characterized by hyperglycemia due to progressive resistance to the
action of insulin that eventually a loss of loss of beta- cell function as well.
The gradual onset of symptoms caused by T2DM makes it harder to
diagnose, as a result it is typically diagnosed in adulthood .

Atherosclerotic lesions of diabetic patients are more likely to be diffuse and
more distal, and diabetic patients may present with atypical IC symptoms 3.
Furthermore, diabetic patients also experience worse lower extremity
function than individuals with PAD alone 3.

30



Treatment of T2DM

As the risk of complications is highly correlated with glycaemic control,
glucose-lowering and other medication specifically addressing the
prevention or therapy of diabetes-related complications are the cornerstone
of diabetes management **. The optimal and most common method of
assessing glycaemic control is done by measuring Hemoglobin Alc (HbAlc)
and both Swedish and European guidelines recommend a near normal
HbAlc goal in diabetic patients 3 3%(42 -52 mmol/mol in patients with
DMT?2 in the first five to ten years and 53 — 69 mmol/mol in patients with
longer DM duration ). Lowering HbAlc confers a reduction in
microvascular complications, whereas evidence is less compelling regarding
reduction of macrovascular complications °.

The most commonly used oral glucose-lowering medication is Metformin, it
has effective glucose lowering abilities, is cheap and has a relatively good
overall safety profile *’. Studies have also shown that metformin can reduce
the risk of MI, coronary death, and stroke in overweight patients with newly
diagnosed T2DM without previous CVD %, suggesting that metformin
improves CV prognosis *. Furthermore, metformin is considered as the first
choice of treatment in patients with DM unable to achieve glycemic targets
by diet- and lifestyle interventions *°.

A relatively new class of antidiabetic medication are sodium-glucose
transport protein 2 (SGLT2) inhibitors acting on the SGLT-2 proteins
expressed in the renal proximal convoluted tubules to reduce the reabsorption
of filtered glucose and promote urinary glucose excretion **. Dapagliflozin is
a SGLT?2 inhibitor which has been shown to improve the control of blood
glucose levels, decrease the risk of CV adverse events in T2DM subjects with
underlying CV illness, and minimize the risk of CV mortality and heart
failure hospitalization in adult subjects with underlying heart failure and
decreased ejection fraction 3. Although PAD patients have been included in
trials and observational research on SGLT2 inhibitors, the heterogeneity of
methods and patient selection makes it difficult to draw concrete conclusions
regarding the utility of this drug class in PAD °.

Another relatively new class of antidiabetic medication are the glucagon-like
peptide-1 receptor agonists (GLP1-RA) which act by stimulating insulin
synthesis and secretion . Recent studies have shown that GLP1-RA have
beneficial effects on CV events in patients with T2DM %60,

A meta-analysis consisting of eight randomized placebo-control CV outcome
trials with data of 60,800 individuals reported lower rates of MACE (defined
as CV mortality, stroke, or MI), all-cause mortality, hospitalization due to
heart failure, and improved renal outcomes °'. Data regarding the effects of
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GLP-1 RAs in PAD are mainly derived from retrospective studies comparing
them to other antidiabetic drugs such as SGLT-2 inhibitors . These
comparisons show lower rates of major adverse limb event in diabetic
patients treated with GLP1-RA compared to those treated with SGLT2
inhibitors . Furthermore, GLP1-RA conferred a significant reduction in
hospitalization due to PAD and lower limb complications when compared to
other antidiabetic medications, including SGLT2 inhibitors ®. There are
currently no randomized controlled trials (RCTs) focusing on diabetic
patients with PAD. The highly anticipated RCT the Effects of Semaglutide
on Functional Capacity in Patients With Type 2 Diabetes and Peripheral
Arterial Disease study is ongoing, however, and aims to examine the impact
of semaglutide on walking ability in diabetic people with PAD . It is,
however, important to note that data regarding the impact of GLP1-RA in
PAD are scarce and there are no RCTs directly comparing effects of GLP1-
RAs with SGLT2 inhibitors. Therefore, clear recommendations cannot be
issued regarding the choice of treatment .
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Abdominal aortic aneurysm

Abdominal aortic aneurysm (AAA) is a dilation of the abdominal aorta most
commonly defined as maximum infrarenal abdominal aortic diameter of
>30mm on ultrasonography or CT imaging ®. AAA development is
traditionally considered to be a result of weakening of the arterial wall caused
by inflammatory activity in the aortic media and vascular smooth muscle cell
apoptosis ®2. Another theory is that AAA development is a compensatory
arterial response to atherosclerotic plaque growth and expansion causing
remodelling stimulated by hemodynamic changes .

AAA is usually asymptomatic until potentially lethal aortic rupture occurs .
Risk factors for AAA development are similar to those of PAD mentioned
on pages 18-20; with the exception of DM which has shown to be associated
with reduced prevalence of AAA 2. Best medical treatment of AAA includes
antihypertensive, antiplatelet and lipid lowering medications, and smoking
cessation and aims to lower the overall CV risk profile . Early detection of
AAA by ultrasound screening and prophylactic surgery has been shown to
reduce AAA-related mortality and all-cause mortality % %, All 65-year-old
men in Sweden and Great Britain are offered screening for AAA as an
effective preventive health measure > .
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Plasma biomarkers

The definition of a biomarkers is “A defined characteristic that is measured
as an indicator of normal biological processes, pathogenic processes or
responses to an exposure or intervention.” ¢’ In medicine, biomarkers can be
used for several different purposes of which the most important are listed in
table V.

Diagnostic Detection or confirmation of a disease or
condition

Monitoring Assessment of disease status or efficacy of
treatment

Pharmacodynamic Evaluation of response to medical therapy

Predictive Prediction of individuals at risk of unfavourable
effects of exposure to a medical or environmental
agent

Prognostic Identification of risk for a clinical event or disease

Safety Measurement before and after an exposure or
intervention to evaluate likelihood of adverse
event.

Susceptibility/risk Indication of risk for disease development in an

otherwise healthy individual

Table V. Different types and purpouses of biomarkers
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Plasma biomarkers of relevance in PAD

Many biomarkers have been proposed for prediction, diagnosis, monitoring,
prognosis, and other aspects of PAD 8. In papers III-IV in this thesis, a total
of 96 different biomarkers were evaluated. The below markers were those
for which a relevant association with PAD could be demonstrated.

C-terminal endothelin-1 (CT-proET-1)

CT-proET-1 is a precursor peptide of endothelin-1 (ET-1) . ET-1 was
initially discovered as a powerful vasoconstrictor and has thus been
implicated in the pathogenesis of arterial hypertension *°. Furthermore, renal
vasculature is particularly sensitive to ET-1, strengthening the evidence for
arole of this peptide in arterial hypertension . ET-1 is synthesized by almost
every cell type but has higher expression in vascular endothelial and smooth

muscle cells ®. Its secretion is activated in response to major CV risk factors
69

CT-proET-1 can be used as a diagnostic and prognostic biomarker for CVD
. Increased levels have been reported in individuals with arterial
hypertension, cigarette smoking, DM, and obesity, leading to impaired
endothelial function and vasodilation %. Studies have shown a causal
involvement of endothelin in atherogenesis due to endothelial
overexpression of ET-1 causing endothelial injury and aggravating
atherosclerotic progression and lesion severity .

N-Terminal prosomatostatin (NT-proSST)

NT-proSST is a fragment of the somatostatin precursor °. Somatostatin is
also known as growth hormone inhibiting hormone 7!, It was first discovered
in the hypothalamus but is also produced in the gastrointestinal tract,
pancreas, and the central nervous system (CNS) 7!. Somatostatin is involved
in the exocrine, endocrine, and CNS systems and its actions are mentioned
in table VI 7. To avoid spreading actions of somatostatin, it is rapidly
degraded by plasma enzymes, giving it a half-life in circulation of about three
minutes 7°.

Exocrine Inhibition of bile secretion, colonic fluid secretion,
pancreatic enzymes

Endocrine Inhibition of growth hormone, thyroid-stimulating
hormone, prolactin, insulin, and glucagon

CNS A neurotransmitter in the lateral septum, cortex,

amygdala, and hippocampus
Table V1. The actions of somatostatin based on its location.
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Midregional proatrial natriuretic peptide (MR-proANP)

MR-proANP is a precursor of atrial natriuretic peptide 2, which is a hormone
secreted from the right atrium, as a response to atrial stretch 2. ANP increases
glomerular filtration rate in the kidney, inhibits sodium and water
reabsorption in the nephron, and plays a role in lipid mobilization in white
adipose tissue 2. It also plays a role in vascular remodelling by inhibiting
vascular smooth muscle cell proliferation and regulating endothelial cell
growth and permeability 7.

Procalcitonin (PCT)

PCT is an inflammatory peptide of which serum levels are very low in normal
physiological conditions, but can be increased up to 1000 folds in response
to bacterial infection causing release of endotoxins and cytokines 7*. Levels
can however also be elevated due to trauma, burns, carcinomas, and
cardiogenic chock ™. Since PCT is an inflammatory marker there has been
growing evidence linking it to atherosclerosis and conditions such as AMI 7.

Copeptin

Copeptin is a fragment of pro-arginine vasopressin (AVP), a peptide that is
released in response to several inflammatory stimuli 7. It is synthesised in
the hypothalamus and released from the posterior neurohypophysis °. It has
been described as a quantitative marker of endogenous stress that acts as a
nonspecific marker of acute disorder and disease severity. Studies have
shown that it has modest diagnostic accuracy in AMI 7,

Secretoglobin family 34 Member 2 (SCGB3A42)

SCGB3A2 is also known as uteroglobin-related protein 1 (UGRP1), it is a
small molecular weight protein 77. It is secreted in airway epithelial cells
where it is involved in lung development, inflammatory reactions, and
potentially in the development of asthma 7", It plays an important role in anti-
inflammatory activity, acting downstream of inflammation modulators and
controlling the inflammatory pathways ”’.

Osteoprotegerin (OPG)

OPG is a glycoprotein that is a member of the tumour necrosis factor receptor
superfamily 7®. It was originally discovered as an inhibitor of bone resorption
but has since then also been found in vascular smooth muscle cells where it
acts as a survival factor for endothelial cells 8. Elevated concentrations of
OPG have also been reported in diabetic patients with microvascular
complications, indicating a possible involvement in the development of
vascular dysfunction in DM 7%, Furthermore, serum OPG levels has been
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reported to be significantly associated with both the presence and severity of
PAD in diabetic patients 7.

Urokinase-type plasminogen activator surface receptor (uPAR)

The urokinase-type plasminogen activator and its specific receptor (uPAR)
are a potent multifunctional system involved in vascular remodelling, they
are induced by vascular injury and promote neointima formation in
atherosclerosis *. They act by controlling vascular smooth muscle
cell migration and proliferation, deposition, and by interfering with wound
healing *. Additionally, uPAR may act as a circulating marker for
inflammation, thromobogenesis, immune regulation, and has been associated
with PAD, hypertension, DM, CVD, and CKD 8!,

Serum macrophage chemokine ligand 16 (CXCL16)

CXCL16 is a transmembrane protein expressed in macrophages and aortic
smooth muscle cells, and the expression is enriched in atherosclerotic
plaques 2. It acts as an attractant for cells and scavenger receptors facilitating
uptake of oxidized LDL-C 2. CXCL16 levels have shown a modestly
positive association with metabolic dyslipidaemia and inflammatory risk
factors 2. Furthermore, increased levels of CXCL16 has been related to
carotid artery intima-media thickness, plaque area, lumen stenosis rate, and
increased plaque vulnerability in patients with acute ischemic stroke *.

Matrix metalloproteinase 9 (MMP-9)

The matrix metalloproteinases (MMPs) proteases act as controllers of
extracellular matrix turnover thanks to their ability to degrade extracellular
matrix '> 8, They are secreted by inflammatory cells and take part of the
vascular remodelling during the development and progression of
atherosclerosis 2. Higher levels of MMP-9 have been reported in patients
with PAD, of which CLTI patients showed highest levels of MMP-9, thus
possibly reflecting higher levels of ischemia with abnormal vascular turnover
and inflammation 84,

P-selectin (SELP)

P-selectin (SELP) is a glycoprotein localized in the granules of platelets and
Weibel-Palade bodies of endothelial cells . P-selectin mediates interaction
of leukocytes and platelets with the endothelium, thus playing a central role
in the process of atherosclerosis, arterial injury, thrombosis, and
inflammatory responses.

85, Furthermore, elevated levels of P-selectin have been reported in patients
with PAD #¢,
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Growth differentiation factor 15 (GDF15)

GDF15 is a member of the transforming growth factor family, the protein
modulates macrophage chemotaxis, affects macrophage apoptosis, and
inhibits the proliferation of endothelial cells 7. GDF15 has been proposed as
a promising prognostics marker for CV disease *’, and elevated GDF15 levels
in PAD patients have been associated with increased mortality and major
amputation %7,

Elafin (PI3)

Elafin is an endogenous protein expressed in epithelial tissues such as skin
88 inhibiting destructive and inflammatory neutrophil derived proteases *%.
Preclinical studies have shown that elafin administration limits tissue
destruction and preserves organ function in inflammatory vascular injury %%,

Cystatin B (CSTB)

CSTB is expressed in many types of human cells and considered as a
biomarker for cancer and CV disease *. A study based on participants in the
The Malmo Diet and Cancer cohort reported a significant association
between levels of CSTB and coronary events during follow-up *.
Furthermore, CSTB levels are correlated with metabolic syndrome and
increased in diabetic patients ¥. Such associations might perhaps also be
relevant in PAD.

Trefoil factor 3 (TFF3)

TFF3 is a small-molecule peptide mainly secreted by intestinal goblet cells
and is involved in mucosal repair of the gastrointestinal tract *°. It has been
shown to participate in the pathological process of DM, colitis, non-alcoholic
fatty liver disease, and cancer *°. TFF3 can also activate multiple signalling
pathways to repair damaged mucosa, regulate glucose and lipid metabolism,
and supress inflammation *°. Furthermore, TFF3 has shown a
cardioprotective effect with the ability to reduce infarction size when
administered immediately after myocardial ischemia in mice °'.
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Fatty acid-binding protein 4 (FABP4)

FABP4 is an intracellular lipid chaperon released into the bloodstream by
adipocytes and expressed in activated macrophages °2. In animal studies,
FABP4 deficiency limited to macrophages was related to a reduction in
atherosclerotic lesion area and an inhibitor targeting FABP4 in mice was
shown to reduce atherosclerotic lesions *2. In human studies FABP4 has been
associated with coronary artery disease and intima-media thickness of the
carotid artery 2. In patients with PAD, higher levels of FABP4 were related
to a significantly higher risk of MACE and all-cause mortality 2.
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substrate 1
Chitinase-3-like
protein 1

Insulin-like growth
factor-binding
protein 7

Cathepsin Z

Platelet-derived
growth factor
subunit A

C-C motif
chemokine 16

Procalcitonin

Low-density
lipoprotein receptor

Ephrin type-B
receptor 4
P-selectin

Granulins

Neurogenic locus
notch homolog
protein 3

Fatty acid-binding
protein, adipocyte
Tumor necrosis
factor receptor
superfamily member
10C

Spondin-1

Insulin-like growth
factor-binding
protein 1

Elafin

Matrix
metalloproteinase-2

Proprotein
convertase
subtilisin/kexin type
9

Carboxypeptidase
A1

C-C motif
chemokine 15

ST2 protein

Complement
component C1q
receptor

Matrix
metalloproteinase-3

Tumor necrosis
factor receptor 1

N-terminal
prohormone of brain
natriuretic peptide

Copeptin

Integrin beta-2

Interleukin-2 receptor
subunit alpha

Cystatin-B

Matrix extracellular
phosphoglycoprotein
Metalloproteinase
inhibitor 4

Tissue factor
pathway inhibitor
Growth/differentiation
factor 15

Myeloperoxidase

Chitotriosidase-1

Epithelial cell
adhesion molecule

Tumor necrosis
factor receptor
superfamily member

Urokinase
plasminogen
activator surface
receptor

Junctional adhesion
molecule A

Caspase-3

Tissue-type
plasminogen
activator
Interleukin-18-
binding protein

Retinoic acid
receptor responder
protein 2
Insulin-like Growth
Factor-Binding
Protein 2
N-Terminal
prosomatostatin

Table VII. List of all biomarkers analysed in the thesis
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Interleukin-17
receptor A

Osteoprotegerin

Monocyte
chemotactic protein
1

Bleomycin
hydrolase

Contactin-1

Plasminogen
activator inhibitor 1

E-selectin

Serum macrophage
chemokine ligand
16
Tartrate-resistant
acid phosphatase
type 5

Aminopeptidase N

Myoglobin

Osteopontin

Galectin-4

Urokinase-type
plasminogen
activator

Secretoglobin
family 3A member 2

Collagen alpha-1(l)
chain

Intercellular
adhesion molecule
2

von Willebrand
factor

C-terminal
endothelin-1

Tumor necrosis
factor receptor 2

CD166 antigen

Scavenger receptor
cysteine-rich type 1
protein M130

Perlecan

Cadherin-5

C-C motif
chemokine 24

Azurocidin

Interleukin-6
receptor subunit
alpha

C-C motif
chemokine 22

Tyrosine-protein
kinase receptor
UFO

Tumor necrosis
factor ligand
superfamily member
13B

Cathepsin D

Interleukin-1
receptor type 2

Carboxypeptidase B

Epidermal growth
factor receptor

Paraoxonase

Kallikrein-6

Platelet endothelial
cell adhesion
molecule

Midregional proatrial
natriuretic peptide



Patients and methods

Methodological overview of the studies

Study design

Study sample

Enrolment

Methods

Data analysis

Retrospective
cohort.

Patients having
undergone
elective
endovascular
infrainguinal
surgery for IC
registered in
Swedvasc
(n=1,738).
2010 — 2014.

Identification of
patients with and
without DM
through NDR.

Comparison of
diabetic and
nondiabetic
patients regarding
CV morbidity and
mortality.

Median follow-up
5.2 years for
patients with DM
and 5.4 for
patients without.

Propensity score
adjusted
analyses.

Cox regression
model.
Kaplan—Meier
curves with life
tables.

Retrospective
cohort.

Patients having
undergone
elective open
infrainguinal
surgery for IC
registered in
Swedvasc
(n=1,002).

2010 — 2014.

Identification of
patients with and
without DM
through NDR.

Comparison of
diabetic and
nondiabetic
patients regarding
CV morbidity and
mortality.

Median follow-up
5.2 years for
patients with and
without DM.

Propensity score
adjusted
analyses.

Cox regression
model.
Kaplan—Meier
curves with life
tables.

Prospective
cohort.

Individuals
participating in
baseline and
follow-up
evaluation of the
MPP (n=5,160).

1974 — 1992,
reexamination in
2002 — 2006.

Exclusion of
individuals with
prevalent PAD.

Comparison of
biomarker levels
at baseline in
subjects with and
without incident
PAD.

Median follow-up
11.2 years.

Cox proportional
hazards

regression model.

Kaplan-Meier
estimator.

Cross sectional.

Men participating
in AAA screening
(n=267).

2010 - 2017.

Division of men
into two
categories based
on the presence
of PAD defined as
ankle brachial
index <0.9.

Comparison of
biomarker levels
in men with and
without PAD.

Receiver-
operating
characteristic.
Area under the
curve.

The Youden
Index Method.

Table VIIl. Summary of methods used in the papers AAA - abdominal aortic aneurysm, NDR — National
Diabetes Register, DM - diabetes mellitus, IC — intermittent claudication, PAD - peripheral arterial disease,

CV - cardiovascular.
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Patients

Paper 1

All 2,858 subjects in Swedvasc having undergone infrainguinal surgery for
IC between 2010 and 2014 were identified. For analysis in paper I, the 1,120
subjects having undergone open- or hybrid surgery were excluded. Among
the remaining 1,783 subjects meeting the inclusion criteria, we used the NDR
for division into two groups based on the presence or absence of DM. We
found 626 subjects with DM and 1,112 subjects without DM. Subjects were
followed up until 31:st December 2017, enabling a median follow-up of 5.2
years for subjects with DM and 5.4 for those without DM.

Elective infrainguinal
surgery for IC
N =2,858

Open or hybrid

surgery
N=1,120

Endovascular surgery

N=1,738
Registered in the NDR No DM
due to DM N=1,112
N =626
[ 31 December 2017 ]
v v

Median follow-up 5.2 years Median follow-up 5.4
years

Figure IX. Flowchart of patient selection and follow-up in paper I. IC —Intermittent claudication, DM — Diabetes
mellitus.
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Paper 11

As stated above, all 2,858 subjects in Swedvasc having undergone
infrainguinal surgery for IC between 2010 and 2014 were identified. In paper
IT we excluded the 1,856 subject that had undergone endovascular- or hybrid
surgery. The remaining 1,002 subjects meeting the inclusion criteria were
divided into two groups based on the presence or absence of DM. We found
323 subjects with DM and 629 subjects without DM. The subjects were
followed up until 31st December 2017, enabling a median follow-up of 5.2

years in both groups.

Elective infrainguinal
surgery for IC
N =2.858

surgery
N = 1,856

- Endovascular or hybrid

Open surgery
N =1,002

Registered in NDR No DM
because of DM N =679
N =323

[ Median follow-up 5.2 years ] [ Median follow-up 5.2 years ]

[ 31 December 2017

Figure X. Flowchart of patient selection and follow-up in paper Il. IC —Intermittent claudication, DM — Diabetes

mellitus
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Paper 111

A total of 33,346 middle aged subjects from the background population were
included in the MPP between 1974 and 1992. Among these, 18,240 were re-
examined between 2002 and 2006, and analysis of vasoactive biomarkers
was performed on 5,160 participants during this re-examination. Subjects
were further classified based on PAD diagnosis according to the ICD
classification, and those with prevalent PAD at baseline were excluded.
Remaining subjects were thereafter followed up until 31:st December 2016.
During this median follow-up of 11.2 years, 221 subjects developed incident
PAD and 4,939 remained free of PAD.

Participants in the Malmd Preventive Project
(MPP) 1974-1992
(n= 33,346)

Re-examined in 2002-2006 (n = 18,240)

Re-examined in 2002-2006 with complete set of
vasoactive biomarkers and without prevalent
peripheral arterial disease (PAD).

Selected for analysis (n = 5,160)

[ 31 December 2016 ]

A

[ Median follow-up 11.2 years ]

AR

Without incident PAD With incident PAD
(n = 4,939) (n=221)

Figure XI. Flowchart of patient selection and follow-up.
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Paper 1V

During 2010-2017 24,589 men were included in AAA screening at Skane
University Hospital *, 415 of these men were diagnosed with AAA and 133
of the men with AAA accepted inclusion into the study. Subjects underwent
physical examination, measurement of ABI, blood sampling, and assessment
of medical history **. PAD was defined as ABI <0.9 and 38 individuals were
diagnosed with PAD. As a control group, we selected 134 screened men
without AAA that were matched for cardiovascular comorbidity and date of

examination.
Screened for AAA
N =24,589

P | Without AAA
N=24,174

v

With AAA Control group with
N =415 equivalent comorbidities
N =134

]

ABI < O/ yl: 0.9
PAD No PAD
N=38 N =229

Figure XII. Flowchart of patient selection and follow-up. AAA - Abdominal aortic aneurysm

; i ABI measurement
Did not parti t
le I;ézpar cipate and blood sampling
N = 267
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Data collection

The Swedish Vascular Registry

The Swedish Vascular Registry (Swedvasc) was the world’s first population-
based registry in vascular surgery when created in 1987, and by 1994 it
achieved national coverage *°. Swedvasc has grown into an integral part of
the Swedish healthcare system, providing clinicians, clinics, and researchers
with real-world data from an unselected nationwide population *°. Data is
annually analysed, and approximately 10,000—12,000 procedures are yearly
registered in Swedvasc *°. Furthermore, the registry has been validated on
several occasions and has shown internal- and external validity of 100% for
carotid- and 98.8% for AAA procedures °* 7. Access to high quality registry
such as Swedvasc enables production of high quality and generalizable
nationwide cohorts %°.

For example, in 2021, 5,712 procedures due to PAD were registered, the
majority of the operations were due to CLTI and 1,253 of the procedures
were due to IC 8. A standard follow-up in Swedvasc is performed 30 days
and one year after surgery *°. The frequency of complications such as AMI,
stroke, reoperation due to bleeding, vascular occlusion, amputation, and
mortality are registered at 30 days postoperative follow-up *.

In papers I and II we used Swedvasc to access information regarding the
2,858 patients that underwent elective infrainguinal intervention for IC
during 2010 — 2014.

National Diabetes Register (NDR)

The Swedish NDR was initiated in the beginning of the 1990s, with the first
patients reported in 1996 ', The purpose of the NDR is to monitor the results
of health centres and provide continuous follow-up of national guidelines for
diabetes care, treatment, and complications '®. Annual reports contain
characteristics of the patients with TIDM and T2DM such as risk factors,
treatments, complications, and procedures such as eye and foot examinations
100 As 0f 2022 the NDR has over 470,000 individuals registered °!.

The NDR is validated using automatic controls on newly registered and
already existing data. If deviations in the data are discovered the unit
responsible for the patient will be contacted '*' . The NDR is estimated to
cover 85% of adults with DM, when compared to data on use of antidiabetic
medication from the national drug registry. In children with DMT1, however,
the NDR is estimated to cover 98% of the patients 1!,

The NDR was used to identify patients with DM for papers I and II.
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Malmo Preventive Project

Malmé Preventive Project (MPP) is a large-scale screening program for CV
risk factors and health promotion that began in 1974 '°2, Initially only men
born between 1921 and 1949 were included, but eventually women were also
included. By the end of the project in 1992, 22,444 men and 10,902 women
had participated 2. Subjects underwent comprehensive risk factor screening,
including physical examination, laboratory testing, and answered a self-
administered questionnaire on CVD, hypertension, DM, smoking habits, and
alcohol consumption 2, Laboratory parameters were analysed directly, and
serum samples were saved at minus 20 ° C. All surviving participants were
invited for re-examination during the years 2002 to 2006; 11,500 men and
6,500 women participated '2. During this re-examination CV disorders and
risk factors were reassessed, a shortened questionnaire and new blood
samples were collected %2,

Other registers used in the thesis

The Swedish Cause of Death Register was created in 1952 and comprises
data on all deaths of people registered in Sweden '2. The cause of death
registerer was used in papers I and II for identification of causes and time of
death.

The Swedish National Inpatient Register (IPR) was created in 1964 and
achieved complete coverage in 1978, it contains more than 99% of the
somatic and psychiatric discharges, and validation has shown that 85 — 95%
of the diagnoses were valid '. The IPR was used in Papers I and II for data
regarding primary and secondary discharge diagnoses and lengths of
hospitalization.

The Prescribed Drug Register (PDR) was established in 2005 and contains
information about all prescribed drugs dispensed at pharmacies'®. The PDR
was used for information regarding prescribed drug usage in papers I and II.

The National Cancer Register was founded in 1958 and contains data on the
patient, medical- and follow-up data '®. The National Cancer Register was
used in papers I and II for information about comorbidities. The longitudinal
integration for health insurance and job market studies (LISA; Statistics
Sweden) was used in papers I and II to obtain socioeconomic characteristics,
such as marital status and educational level.
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Ethical approval

Studies I and II were approved by The Regional Board for Research Ethics
in Lund, Sweden with registration numbers 2016/232 and 2016/544.

Study III was approved by The Regional Board for Research Ethics in Lund,
Sweden with registration number 2014/643.

Study IV was approved by the Regional Board for Research Ethics in Lund
with registration numbers 2010/239 and 2014/643.

In studies I-1I all patients had given written informed consent to registration
in NDR and Swedvasc. In studies III-IV all subjects gave written consent to
participation.
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Definitions used in papers I-1V

Acute myocardial infarction was defined by international classification of
diseases, tenth revision (ICD-10) code 121.

Body mass index was calculated using the following equation where kg
represents a person’s weight in kilograms and m? their height in meters

squared BMI = k—‘z

m

Chronic limb-threatening ischemia was defined by the presence of ischaemic
rest pain, with or without tissue loss for more than two weeks.

Diabetes mellitus was defined as being registered in the NDR in papers I and
I1, as fasting plasma glucose >7.0 mmol/L in paper III, and patient reported
and verified in patient files in paper IV.

Duration of DM was in papers I and II defined as the years since DM
diagnosis.

Drug treatment, including lipid lowering drugs, acetylsalicylic acid,
metformin and other glucose-lowering medications, and anticoagulant
therapy was defined according to the Prescribed Drug Register in papers 1
and II.

Hypertension was in papers I and II defined as collecting a minimum of one
prescription of antihypertensive drugs one year prior to index operation and
one prescription is equivalent of three months of medicine.

Major adverse cardiovascular events (MACE) in papers I and II included
angina pectoris, acute myocardial infarction, papillary muscle rupture,
hemopericardium, ventricular septal rupture, chronic ischemic heart disease
(ICD-10 codes 120-125) ; cerebral infarction, intracerebral haemorrhage, and
subdural haemorrhage (ICD-10 codes 161-164).

Major amputation was defined as above ankle-level amputation.
Peripheral arterial disease was in paper IV defined as an ABI <0.9.
Psychiatric disorders in papers I and II excluded dementia.

Smoking was in paper I and II defined as currently smoking at baseline
according to data collected from Swedvasc or NDR. In paper III, smoking
status was based on a self-administered questionnaire, and “ever smoker”
was defined as a participant who has been smoking on a daily basis for >6
months. In paper IV, smoking habits was categorized into never-, previous-
or current smoker.
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Plasma biomarkers

Circulating levels of CT-proET-1 were assessed using Thermo Scientific
B-R-A"H-M-S CT-proET-1 KRYPTOR '%,

Circulating  levels of  NT-proSST  were  assessed  using
chemiluminescence/coated tube format (B-R-A-H-M-S GmbH) with a
detection limit of 4 pmol/L %7,

Circulating levels of MR-proANP were assessed Thermo Scientific
B-R-A‘-H-M‘S MR-proANP KRYPTOR (B-R-A-H-M-S, Hennigsdorf,
Germany) %,

Circulating levels of copeptin were assessed using Thermo Scientific
B'R'A-H-M-S CT-proAVP LIA 1%,

Serum PCT concentrations were measured by by an ultrasensitive assay
(ProCa-S; BRAHMS GmbH, Hennigsdorf, Germany) %,

Circulating  levels of  NT-proSST  were  assessed  using
chemiluminescence/coated tube format (B-R-A-H-M-S GmbH) with a
detection limit of 4 pmol/L %7,

Circulating levels of SCGB3A2, OPG, U-PAR, CXCL16, MMP-9, SELP,
GDF-15, PI3, CSTB, TFF3, and FABP4 were assessed with with Proseek
Multiplex CVD I1196x96 (Olink Biosciences) panel. This high-throughput,
multiplex immunoassay allows simultaneous measurement of 91 CVD-
related proteins by proximity extension assay and was performed in
accordance with the Proseek Multiplex CVD I1196x96 user manual at

SciLifeLab at the Clinical Biomarker Facility, Uppsala University, Sweden
109, 110

Statistical analyses

Descriptive statistics were presented using median, interquartile range (IQR),
mean, standard deviation (SD), counts, and percentages with 95% confidence
intervals (CIs). P-values <0.05 were considered as significant.

In papers I and II all analyses were propensity score adjusted, using Cox
regression analysis adjusted for several factors. We estimated propensity
scores using a generalized boosted multinomial regression model with an
interaction depth of 3, a maximum of 10,000 trees, and a shrinkage of 0.01.
Standardized mean difference was used to describe similarity between
infrainguinal IC patients with and without DM. Incidence rates were
estimated as the number of events per 1,000 person-years with exact 95%
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Poisson Cls. Kaplan-Meier curves were used to describe cumulative total and
CV mortality, MACE, AMI, stroke, major amputation, and a composite of
death or major amputation. The analyses compared infrainguinal IC patients
with and without DM using both unadjusted and inverse probability of
treatment weighting (IPTW) adjusted Cox regression presented as hazard
ratio (HR). Analyses were performed using R 3.4.3.

In paper III quantitative normal and skewed distributed variables were
presented as mean with standard deviation (SD) and median with
interquartile range (IQR). Differences between groups were assessed with t
test for continuous parametric variable, Chi-Square test for nominal
variables, and the Mann-Whitney U test for continuous nonparametric
variables. Log transformed values of CT-proET-1, NT-proSST, MR-
proANP, PCT, and copeptin were used in the Cox proportional hazards
regression models to determine HRs. Risk factors for PAD and plasma
biomarkers were included in a multivariable-adjusted model. Kaplan-Meier
estimator was used to make the survival analysis. Analyses were performed
using SPSS version 25.0.

In paper IV Mann—Whitney U test was used for quantitative variables and
the two-sided Fisher’s exact test for nominal variables, and the Bonferroni
method for multiple-comparison correction. Univariate and multivariate
logistic regression models were used to examine the association between
biomarkers and clinical variables with PAD. Diagnostic potential of the
different protein biomarkers were evaluated by analysing receiver-operating
characteristic (ROC) curves and accuracy was measured as the area under
the curve (AUC). The Youden Index Method was used to establish the
optimal cut-off point to discriminate those with and without PAD. Statistical
analyses were done in SPSS version 20.

Propensity score adjusted analysis

Propensity score-adjusted analysis is an approach that was developed in the
1980s and is defined as the probability that an individual would have been
allocated to a particular treatment group as a function of observed baseline
characteristics '!!. These conditional probabilities can be estimated using
multivariable logistic regression where the treatment group is the dependent
variable and the baseline characteristics and risk factors are the independent
variables. Propensity scores ranging from 0 to 1 for each patient are produced
as predicted probabilities of a given treatment by the regression model
featuring identified risk factors. It is commonly used in observational studies

to reduce selection bias, mitigate confounding, and improve internal validity
111
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In papers I and II we used inverse probability of treatment weighting (IPTW),
which is a method that entails allocating a weight to each patient in the
cohort. This method allowed us to generate a synthetic sample with virtually
balanced covariates to reduce confounding between those with and without

DM. 1,
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Aims

Papers I and II: The primary aim of these studies was to compare propensity
score-adjusted short- (30-day) and long-term total and CV mortality, AMI,
MACE, stroke, and major amputation after elective surgery for infrainguinal
IC in patients with and without DM. Paper I evaluated patients having
undergone elective endovascular surgery and paper Il evaluated patients after
open vascular surgery. The secondary aim of these studies was to evaluate
potential relationships between glycaemic control and outcomes in diabetic
patients.

Paper III: The primary aim was to evaluate if biomarkers associated with
other CVD can predict mortality and incident PAD during long-term follow-

up.

Paper IV: The aim was to evaluate 91 proteins associated with
inflammation, angiogenesis, platelet activation, coagulation, wound healing,
chemotaxis, cell adhesion, metabolism, and with AAA development for a
potential role as new diagnostic biomarkers for PAD.
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Results

Paper I

Main findings

54

During short-term follow-up, the IPTW-adjusted Cox regression
showed no differences between patients with and without DM in
total- and CV mortality, MACE, AMI, stroke, and major amputation.

During long-term follow-up, the IPTW-adjusted Cox regression
showed higher rates of MACE (HR 1.26, CI 1.07-1.48; p< 0.01),
AMI (HR 1.48, CI 1.09-2.00; p=0. 01), and major amputation (HR
2.31, CI 1.24-4.32; p< 0.01) in patients with DM (Table IX).

Higher HbA 1c in diabetic patients was associated with higher risk of
total mortality (HR 1.01, CI 1.00-1.03; p<0.05), whereas neither
duration of diabetes nor HbAlc level was related to CV mortality,
MACE, AMI, stroke, or major amputation during follow-up.



Short-term

Mortality 0.86 0.8470 0.19 - 3.89
CV mortality 0.77 0.7795 0.13 - 4.66
MACE 1.06 0.7703 0.73 -1.52
AMI 1.68 0.3364 0.58 — 4.86
Stroke 0.38 0.3844 0.04 - 3.39
Major amputation 1.80 0.5613 0.25-13.23
Major amputation or death 0.91 0.8619 0.32-2.60
Long-term

Mortality 1.12 0.2901 0.91-1.40
CV mortality 1.14 0.3225 0.88 —1.49
MACE 1.26 0.0051 1.07-1.48
AMI 1.48 0.0113 1.09 - 2.00
Stroke 1.25 0.2515 0.86 - 1.81
Major amputation 2.31 0.0087 1.24 -4.32
Major amputation or death 1.18 0.1336 0.95-1.45

Table IX Propensity score adjusted of short- and long-term complications after elective infrainguinal
endovascular surgery for intermittent claudication in patients with and without DM. Hazard ratio (HR) for total
and cardiovascular (CV) mortality, major adverse CV events (MACE), acute myocardial infarction (AMI),
stroke, major amputation, and the composite of major amputation and death. P-values and 95% confidence
interval (Cl).
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Paper 11

Main findings
e During short-term follow-up, the IPTW-adjusted Cox regression
showed no differences between patients with and without DM in
total- and CV mortality, MACE, AMI, stroke, and major amputation
(table X).

e During long-term follow-up, the IPTW-adjusted Cox regression
showed higher rates of MACE (HR 1.33, CI 1.08-1.62; p<0.01), and
AMI (HR 2.21, CI 1.46-3.35; p<0.01) in patients with DM (table X).

e Higher HbAlc in diabetic patients was associated with higher risk of
MACE (HR 1.02, CI 1.00-1.03; p= 0.02), stroke (HR 1.05, CI 1.00—
1.11; p=0.04), and total mortality (HR 1.03, CI 1.01-1.06; p<0.01).
Duration of diabetes was associated with higher risk of major
amputation (HR 1.08, CI 1.02-1.15; p <0.01).

Short-term

MACE 1.18 0.5330 0.70 — 2.02
AMI 1.24 0.7713 0.29-5.21
Stroke 0.49 0.5315 0.05-4.67
Major amputation*

Major amputation or death 1.79 0.5300 0.29-1.04
Total mortality 0.69 0.7511 0.07 - 6.68
CV mortality 0.69 0.7511 0.07 - 6.68
Long-term

MACE 1.33 0.0062 1.08 - 1.62
AMI 2.21 0.0002 1.46 -3.35
Stroke 1.10 0.7381 0.63 —1.91
Major amputation 1.17 0.6988 0.52 -2.65
Major amputation or death 1.25 0.0877 0.97 - 1.62
Total mortality 1.22 0.1450 0.93 - 1.59
CV mortality 1.38 0.0514 1.00 - 1.92

Table X. Propensity score adjusted of short- and long-term complications after elective infrainguinal open
surgery for intermittent claudication in patients with and without DM. Hazard ratio (HR) for total and
cardiovascular (CV) mortality, major adverse CV events (MACE), acute myocardial infarction (AMI), stroke,
major amputation, and the composite of major amputation and death. P-values and 95% confidence interval
(Cl). *Not calculated as only one patient underwent amputation.
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Papers I and 11

Differences between non-diabetic and diabetic patients after endovascular-
and open surgery during long-term follow up are shown below, enabling
comparison of results after intervention with different surgical techniques
(table XI).

Mortality 0 0
CV mortality 0 0
MACE + +
AMI + +
Stroke 0 0
Major amputation + 0
Major amputation or death 0 0

Table XI. Summary of long-term outcomes endovascular- and open surgery for IC. Results are based on
propensity score adjusted Cox regression analysis. Increased risk in diabetic patients is represented as + and
no increased risk in diabetic patients is represented as 0. Major adverse cardiovascular events (MACE). Acute
myocardial infarction (AMI).

The importance of diabetes duration and HbAlc in diabetic patients during
long-term follow up after endovascular- and open surgery during long-term
follow up are shown below, enabling comparison of results after intervention

with different surgical techniques (table XII).

Endovascular surgery Open surgery Endovascular Open surgery
surgery
Mortality 0 0 + +
CV mortality 0 0 0 0
MACE 0 0 0 +
AMI 0 0 0 0
Stroke 0 0 0 +
Major amputation + 0 0 0
Major amputation or 0 0 0 0

death

Table XIl Summary of effects of diabetes duration and HbA1c in diabetic patients undergoing
revascularization for IC. Results are based on propensity score adjusted Cox regression analysis. Increased
risk in diabetic patients is represented as + and no increased risk in diabetic patients is represented as 0.
Major adverse cardiovascular events (MACE). Acute myocardial infarction (AMI).
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Paper 111

Main findings

Adjusted Cox proportional hazards regression model showed that
higher levels of CT-proET-1 (HR 1.8; 95% CI 1.4-2.3; p< 0.001),
NT-proSST (HR 1.5; 95% CI 1.2-2.0; p=0.002), and MR-proANP
(HR 1.7; 95% CI 1.3-2.3; p=0.001) were independently associated
with incident PAD during 11.2 years of follow-up (table XIII).

Adjusted Cox proportional hazards regression model showed that
higher levels of CT-proET-1 (HR 1.3; 95% CI 1.2-1.5; p<0.001),
NT-proSST (HR 1.2; 95% CI 1.1-1.3; p<0.001), MR-proANP (HR
1.4; 95% CI 1.3-1.6; p< 0.001), PCT (HR 1.1; 95% CI 1.0-1.2;
p=0.011), and copeptin (HR 1.2; 95% CI 1.1-1.4; p<0.001) were
independently associated with mortality during 11.2 years of follow-

°
up.
CT-proET-1 0.6
NT-proSST 0.4
MR-proANP 0.5
PCT 0.1
Copeptin 0.2

Table XIIl. Cox regression analysis of plasma biomarkers at baseline and the risk of incident PAD. HR; Hazard
ratio, SD; standard deviation (SD) PAD; peripheral arterial disease, BMI; Body Mass Index; Cl; Confidence
interval, CT-proET-1; C-terminal endothelin-1, NT-proSST; N-Terminal prosomatostatin, MR-proANP;

1.8 (1.4-2.3)

1.5 (1.2-2.0)
1.7 (1.3-2.3)
1.1 (0.9-1.4)
1.2 (0.9-1.7)

midregional proatrial natriuretic peptide, PCT; Procalcitonin.
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<0.001

0.002
0.001
0.380
0.207



Paper IV

Main findings

e Both uni- and multivariate analysis showed that men with PAD had
significantly higher levels of SCGB3A2, OPG, U-PAR, CXCLI16,

MMP-9, SELP, GDF-15, elafin, CSTB, TFF3, and FABP4.

e SCGB3A2, OPG, U-PAR, CXCL16, MMP-9, SELP, GDF-15, and
elafin were significantly associated with higher risk of PAD in men

with AAA.

e CXCL16, MMP-9, SELP, GDF-15, elafin, CSTB, and FABP4 were
significantly associated with PAD in men without AAA.

OR
Secretoglobin Family 3A Member 2 (SCGB3A2) 1.7
Osteoprotegerin (OPG) 1.8
Urokinase-type plasminogen activator surface 1.9
receptor (U-PAR)
Serum macrophage chemokine ligand 16 2.5
(CXCL16)
Matrix metalloproteinase 9 (MMP-9) 2.0
P-selectin (SELP) 2.0
Growth differentiation factor 15 (GDF-15) 1.9
Elafin (PI3) 1.9
Cystatin B (CSTB) 1.7
Trefoil factor 3 (TFF3) 1.7
Fatty acid-binding protein 4 (FABP4) 1.8

95% CI

1.2-2.3

1.3-2.5

1.4-2.7

1.6-3.8

14-2.9

1.4-3.0

1.4-2.6

1.4-2.7

1.3-2.4

1.2-2.4

1.3-2.5

p-value
0.001
0.001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.001
0.001

0.001

OR

1.7

1.8

1.9

24

1.9

1.9

1.7

1.9

1.7

1.6

1.7

95%
cl
1.2-
24
1.3-
25
1.3
2.7
1.5-
3.9
1.3
2.8
1.9-
2.8
1.2-
24
1.3-
26
1.2-
2.3
14
2.3
1.2-
24

p-value
0.001
0.001
0.001
<0.0001
0.001
0.001
0.005
0.001
0.001
0.009

0.002

Table XIV. Biomarkers and their association with risk for peripheral arterial disease Odds Ratio (OR),

Confidence interval (Cl).
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Discussion

Outcome of interventional revascularization

Results of papers I and II showed no difference in short-term complications
between patients with and without diabetes. As events were few and
confidence intervals wide, caution must be applied when drawing the
conclusion that both open- and endovascular procedures can be safely
performed in diabetic patients with IC caused by infrainguinal atherosclerotic
lesions. Patients with IC that have not responded favorably to BMT and
supervised exercise training or have debilitating symptoms that hinders their
daily life activities should still in corroboration with current European
guidelines ¢ be offered appropriate intervention regardless of the presence
or absence of DM.

Results from our study differ from previously published articles in regard to
short-term complication rates. A retrospective study of 174 diabetic and non-
diabetic patients with infrainguinal IC and CLTI undergoing endovascular-
and open surgery reported 21% (n=37) readmission rate due to post-operative
complication of which the majority of complications were due to infection at
the surgical site or the index limb ''?. Our narrower patient selection,
however, makes it difficult to compare with these results, as CLTI patients
suffer greater short- and long-term complication rates than those with IC due
to their more advanced risk factor profile already at initial presentation ''2, A
large study of 1,647 patients with IC and 2,802 patients with CLTI
undergoing infrainguinal endovascular intervention reported that 6.5%
(n=107) of IC patients had an unplanned hospital readmission within 30 days
after surgery '*. They identified smoking, DM, preoperative dialysis, and
procedure time exceeding 120 minutes as risk factors for unplanned
readmissions ''3. Furthermore, a cohort of 6,112 diabetic and non-diabetic
patients undergoing lower extremity bypass due to CLTI and IC reported a
9.4% (n=11,180) 30-day hospital readmission rate of which majority of
readmission reasons were related to the patients index operation and >50%
of readmissions were attributable to wound complications ''*,
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The abovementioned findings should however to interpreted with caution as
it is important to note that the Swedish NDR includes 400 000 adult patients
with DM %! and 22,803 infrainguinal operations were registered in the years
0f 2010 — 2014 *°(4,331 in 2010, 4448 in 2011, 4938 in 2012, 4251 in 2013,
and 4835 in 2014 *°). We did, however, only include 1,738 patients in paper
I and 1,002 patients in paper II, thus we must take into consideration that the
few short-term complications registered may be too few to provide sufficient
statistical power in the analysis. Therefore, we cannot exclude that the short-
term were due to a type Il statistical error.

In contrast, long-term follow up in paper I showed that diabetic patients
undergoing endovascular revascularization due to IC caused by infrainguinal
atherosclerotic lesions had higher risk of MACE, AMI, and major
amputation. Whereas paper 11 showed that diabetic patients undergoing open
revascularization due to IC caused by infrainguinal atherosclerotic lesions
had higher rates MACE and AMI, but similar risk of major amputation.

The higher risk of major amputation in diabetic patients undergoing
endovascular surgery compared to open surgery may be attributed to the
greater patency and durability of surgical interventions **. CLTI and IC are
clearly different stages of PAD, but patients in both disease stages
undergoing endovascular surgery are reported to be older, more functionally
dependent, have more severe comorbidities such as renal insufficiency and
dialysis compared to those undergoing open surgery ''>. Furthermore, a
retrospective long-term study ''® suggested that open methods might be
preferable in CLTI patients with DM who have developed heel ulcers . A
large retrospective cohort study !'7 of 75,189 subjects undergoing surgery
due to symptomatic PAD selected 14,339 patients undergoing open- and
14,399 patients undergoing endovascular surgery 1:1 matched using
propensity score model. The study group consisted of diabetic and non-
diabetic patients undergoing supra- and infrainguinal surgery due to CLTI
and IC. The study reported patients undergoing open surgery had lower rates
of major adverse limb events (MALE) and mortality compared to the group
undergoing endovascular surgery '!’.

The increased rates of MACE and AMI in diabetic patients during long-term
follow-up in both paper I and II may be a result of potential micro- and
macrovascular complications of DM. Both micro- and macrovascular
complications of DM have, however, decreased in recent years, resulting in
a reduction of AMI and stroke rates in diabetic patients . Furthermore, an
American study has shown lower incidence rates of CVD in patients
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diagnosed with DM in the years 2012-2014 compared to those diagnosed
2003-2005 4.

Somewhat similar results have been reported by another Swedvasc based
observational study analysing mortality and amputation rates in a large group
of patients (n=16,889) undergoing either open- or endovascular surgery due
to supra- or infrainguinal IC or CLTI '"'® which showed initially low but
linearly increasing amputation and mortality rates !'8. The patients in this
study were of higher age (mean 74 years) compared to our study (mean 70
years), whereas comorbidities were relatively similar in both studies and 26%
of their included patients had DM '3,

Role of HbAlc

Long-term follow up in paper I showed that increased HbAlc in diabetic
patients after endovascular surgery was associated with higher risk of total
mortality, and elevated HbA1c levels in diabetic patients after open surgery
were related to higher risk of MACE, stroke, and total mortality during long
term follow-up in paper II.

These results highlight the importance of good diabetic care aiming to reach
HbAlc targets and corroborate established knowledge regarding the
importance of intensive glycemic control to reduce potential diabetic
complications '"°.

Role of diabetes duration

Paper I showed no association between diabetes duration and short- or long-
term complications, whereas long-term follow up in paper II showed that
longer duration conferred a higher risk of major amputation in the diabetic
group. It is, however, estimated that a patient with DM has a 23 times higher
risk of undergoing lower limb amputation compared to a non-diabetic
individual '?°. Thus, the increased risk of major amputation may be a
reflection of diabetic complications, despite the fact that only paper II
showed higher risk of major amputation.
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Plasma biomarkers in relation to PAD and mortality

The plasma biomarkers studied in this thesis can be classified as endothelial,
cardiac, inflammatory, and hormonal biomarkers (Table XV).

Endothelial

Cardiac

Inflammatory

Hormonal

C-terminal endothelin-1 (CT-proET-1)
Osteoprotegerin (OPG)

P-selectin (SELP)

Midregional proatrial natriuretic peptide (MR-proANP)
Copeptin

Growth differentiation factor 15 (GDF-15)
Urokinase-type plasminogen activator surface receptor (UPAR)
Fatty acid-binding protein 4 (FABP4)

Trefoil factor 3 (TFF3)

Elafin (PI3)

Cystatin B (CSTB)

Secretoglobin Family 3A Member 2 (SCGB3A2)
Matrix metalloproteinase 9 (MMP-9)

Serum macrophage chemokine ligand 16 (CXCL16)
Procalcitonin (PCT)

N-Terminal prosomatostatin (NT-proSST)

Table XV Biomarker type

Endothelial biomarkers

Among the evaluated endothelial biomarkers, CT-proET-1 could be
independently used for prediction of incident PAD in paper III. Due to the
cross-sectional design of paper IV, we cannot determine whether or not OPG
and SELP also have predictive properties in addition to their ability to
identify prevalent PAD.

The relationship between these biomarkers and PAD may be explained by
their various effects on the endothelium; CT-proET-1 has shown atherogenic
and pro-inflammatory effects ®, OPG has been linked to development of
vascular dysfunction and arterial calcification ¥, and SELP has been shown
to mediate interaction of leukocytes and platelets of the endothelium *°.
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A case-control study consisting of 238 men with IC and 245 men in the
control group matched for age and prevalence of DM reported significantly
higher levels of CT-proET-1 in the IC group '?!. A comparably smaller study
consisting of 165 patients with T2DM reported significant association
between serum OPG levels and both presence and severity of PAD ”°. OPG
has also been reported as an independent predictor of PAD in patients with
peritoneal dialysis '?2. Elevated OPG levels have also been reported in PAD
patients requiring endovascular revascularization compared to age- and sex-
matched individuals without CVD, thus OPG may be used as a biomarker of
PAD progression and prognosis after endovascular surgery %, P-selectin is
a glycoprotein encoded by SELP, and a prospective population-based cohort
of 6,814 individuals reported elevated levels of this marker to be significantly
associated with lower ABI and prevalent PAD, suggesting a potential
predictive ability ',

Furthermore, a study of 40 individuals undergoing endovascular surgery due
to PAD showed that elevated levels of both ET-1 and SELP prior to surgery
were associated with higher risk of post-operative restenosis 2.

Cardiac biomarkers

Paper III showed that elevated levels of MR-proANP may be used for both
prediction and identification of incident PAD. The increased levels of MR-
proANP in PAD patients may be a reflection of a physiological response to
inflammatory and hemodynamic changes which might lead to atherosclerosis
and CVD. The previously mentioned case-control study !*! also showed that
the IC group had higher levels of MR-proANP compared to the control
group. Furthermore, copeptin was shown to be independently associated with
mortality which may be due to atherosclerotic changes resulting in tissue
hypoperfusion, consequent osmotic alteration, and endogenous stress
increasing the risk of fatal CV events %6,

Inflammatory biomarkers

The inflammatory markers GDF-15, uPAR, FABP4, TFF3, Elafin, CSTB,
SCGB3A2, MMP-9, and CXCL16 were shown to be indicative of PAD in
paper IV. Atherosclerosis is considered to be a disease of chronic
inflammation altering the functions of the cells in the arterial cell wall and
unleashing inflammatory pathways leading to activation and involvement of
the immune system °. Paper III showed that elevated levels of PCT were
associated with reduced long-term survival, although infectious diseases are
the most common reasons for elevated PCT levels, noninfectious causes such
as neuroendocrine malignancies and cardiac arrest have also reported '?7 .
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Furthermore, an inability to reduce serum PCT in patients with severe sepsis
has shown to increase the risk of mortality '8,

A cross sectional study of 121 patients reported higher levels of MMP-9 in
patients with PAD, with higher MMP-9 levels in patients with CLTI than
those with IC 84,

Jonelid et al. '? also used the Proseck 96 Multiplex CVD III 96*96 proximity
extension assay for plasma profiling of 92 CVD related proteins '* in 390
patients included three to five days after AMI and followed up after 3, 12,
and 24 months. Blood sampling was performed three to five days after AMI
and at the three months follow-up visit, and ABI was measured two to three
weeks after the index event ', In patients with PAD, levels of GDF-15,
uPAR, FABP-4, and CSTB levels were elevated compared to in those with
normal ABI. Furthermore, levels of GDF-15 were found to predict PAD '%,
These results enable an interesting comparison with our paper IV, as both
articles used the Proseek Multiplex analysis and the median age of 67 years
in the AMI patients is comparable to the age of 65 years in our study group.
Our findings regarding the above-mentioned biomarkers partly corroborate
the results of Jonelid, but it is unclear why our findings regarding other
biomarkers differ. There are differences between the two studies, however,
the AMI patients were of both sexes and had suffered an acute ischaemic
event prior to sampling which might have affected biomarker levels.

To the best of our knowledge, there are no previous studies showing
associations between elafin, SCGB3A2, TTF3, and PAD. CXCL16 levels
have been associated with carotid artery intima thickness in patients with
acute ischemic stroke %, whereas there are no prior findings linking it to
lower extremity PAD.

Hormonal biomarkers

Paper III showed that clevated levels of NT-proSST may be used for both
prediction and identification of incident PAD. This association may be as a
result of the somatostatin induced inhibition of key hormones of metabolism
leading to development of hypertension and hyperglycemia '*°. Furthermore,
at the time of writing this thesis there are no articles showing associations
between NT-proSST and PAD.
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Methodological considerations and limitations

Selection bias

Papers I and II were based on materials derived from the national registers
Swedvasc and NDR. Swedvasc has an external validity of 100% for carotid
and 98.8% for AAA procedures *, however, no validation of PAD
procedures is available.

The participation rate in MPP was 71% ', which can be considered

relatively high, strengthening the generalizability of paper IIl. However, the
subjects represent a homogenous ethnic group from Malmé with 83% of the
participants born in Sweden. Furthermore, studies have shown that subjects
complying with the invitation can be expected to have better overall health
status than those not choosing to participate '!.

Paper IV is based on individuals participating in AAA screening, to which
only men aged >65 years are invited '*'. Thus, only men have been included
in paper 1V, creating a selection bias as women are innately excluded.

Information bias

Papers I and Il rely on data derived from mandatory health data or population
registries such as the IPR and cause of death registry (as explained in page
47) and therefore have virtually no missing values. Swedvasc has an external
validity of 93% for infrainguinal bypass operations °’. There have, however,
been reports of misclassification of CLTI as IC in Swedvasc and thus the
reported association between DM and the increased risk of major amputation
should be interpreted with caution !*2. Furthermore, an observational cohort
study based on data from Swedvasc showed that 59% of subjects undergoing
surgery due to IC did not have smoking status confirmed ''8. In our studies I
and II data on smoking status was retrieved from Swedvasc and NDR and
was missing for 15% of patients.

Incident PAD was not an endpoint of the original MPP study and therefore
ABI and biomarkers were not analysed at the baseline. Thus, identification
of PAD in paper III relied on ICD codes which have been recorded by
different systems over the years. Furthermore, we were unable to assert PAD
incident and mortality on participants that emigrated during follow-up.

In paper IV data was collected when subjects were included in the study,
minimizing the risk of informational bias.
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Confounding

Papers I and II were nationwide retrospective observational cohort studies
and paper III was a prospective cohort study. To minimize the confounding
resulting from the retrospective nature of the studies we adjusted for potential
confounders in the statistical models used. As papers I, 1I, and III were
observational cohort studies, causality between exposure and outcome
cannot be determined. Paper IV was a cross sectional study and thus it cannot
establish any causal relationship between exposure and outcome.

In papers I — III the statistical analyses were adjusted for several factors
including age, gender, smoking status, CVD, and malignant disease. In paper
IV we did, however, not adjust for gender and age since only 65-year-old
men were included in the study. Therefore, we cannot identify gender- or age
specific changes related to biomarker levels.

Papers I and II utilized a propensity score model adjusted for 34 potential
confounders, which allowed us to observe differences between patients with
and without DM, and thus reliably isolate the effect of DM upon our
outcomes. There is always a risk of residual confounding as we only can
adjust for variables entered in the model.

Other limitations

Papers I and II lacked detailed data on location and extent of the treated
atherosclerotic lesions, this information would have been desirable as it is
well established that the effect of interventional revascularization, especially
endovascular  revascularization diminishes with more complex
atherosclerotic lesions ®26:27-42 We also lacked crucial information regarding
the use of insulin and types of antidiabetic medications since novel
antidiabetic medications have been introduced during the five-year follow-
up and have shown great reduction in mortality and CV morbidity (discussed
in greater details on pages 31-32 and page 70.

Asymptomatic PAD patients are estimated to represent approximately 25 —
50% of individuals with PAD ', and without baseline ABI measurement in
paper I1I we were unable to identify these patients with asymptomatic PAD.
Furthermore, decreased smoking rates in Sweden " and increased use of
lipid-lowering drugs and antithrombotic medications since the start of the
MPP may have impacted the CV related outcomes over the 11 year long
follow-up time ¥,
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Strengths

Papers I and II are large nationwide studies with over 5 years of follow-up,
narrow and specific inclusion criteria, data retrieved from Swedvasc and
NDR and propensity score adjustment. Furthermore, use of the IPR, national
cancer register, and the PDR guarantees near perfect data coverage.
Strengths of paper III arise from its large size with 5,160 subjects included
and the long 11-year follow-up.

The main strength of paper IV is the reliable measurement of ABI, enabling
identification of both asymptomatic and symptomatic PAD patients.
Furthermore, the study used data derived from screening materials which can
be seen as a double-edged sword as it confers both its strength and its
weakness. All 65-year-old men in Sweden are invited to AAA and thus the
individuals participating in the screening examinations can be seen as a
reflection of the general population, however, previous studies have reported
that subjects participating in screening are of higher socioeconomic status
and more health aware 13!,

Reproducibility

The use of ICD-10 codes in papers I — III ensures reproducibility of our
studies. Patient selection and choice of interventional treatment for IC varies
markedly '3, however, between countries and thus our results may not be
generalized to other populations. Countries with highly developed national
registries such as the Danish adult diabetes registry '3 may use similar
methods to evaluate the risk of postoperative complications in diabetic and
non-diabetic complications in their respective countries.

Ethical considerations

As mentioned earlier, subjects in paper I and II gave written consent to
registration in Swedvasc and NDR, individuals studied in paper III gave
written consent to participation in the MPP, and subjects in paper IV gave
written consent to participation in the study. Since papers I-II utilized data
derived from patient registers, subjects included in the study have not been
made aware of their participation in the studies, nor the outcome of these
studies. One may therefore argue that involuntary participation in the studies
may be unethical. This is also applicable to paper I1I in which subjects were
not informed about their levels of plasma biomarkers.
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On the other hand, to inform an individual of a possibly dangerous, but
unknown and not yet treatable condition may bring more psychological harm
than benefit; as demonstrated in individuals participating in the AAA
screening 3¢, Subjects participating in the studies have not received any
direct benefits of study participation, but neither has their study participation
caused them any harm, risk, or unpleasant experiences.
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Future considerations

The current diabetic management recommendations in Sweden from 2017
(updated 2019) *° recommend initial treatment with metformin in all patients
without contraindications to this drug. If optimal glycemic control cannot be
achieved with metformin alone, addition of SGLT2 inhibitors is
recommended for patients with concomitant CVD and GLP1-RA or SGLT2
inhibitors is recommended for those with obesity *°. Recent studies have
shown decreased risk of new acute coronary syndrome events, heart failure
and renal impairment in subjects treated with SGLT2 inhibitors or GLP1-
RA, independent of baseline HbAlc levels '¥7. With increasing
implementation of novel antidiabetic medications giving us better tools to
manage DMT2, we may assume further reduction of CV mortality and
morbidity in diabetic patients with PAD in the future. We also hope to see
earlier implementation of the novel antidiabetic medications in accordance
with the latest European guidelines published in 2020 recommending
initiation of diabetic treatment with SGLT2 inhibitors or GLP1-RA in
patients with DMT2 and CVD, or at very high or high CV risk. Guideline
definitions of very high-risk individuals are those with DM and target organ
damage or three or more major risk factors; high risk individuals are DM
patients with duration >10 years without target organ damage but with any
other additional risk factor °.

Novel non-interventional revascularization methods such as gene- and cell
therapy have been developed. Gene therapy aims to stimulate angiogenesis
by targeting different genes involved in angiogenesis, and systematic reviews
and meta-analysis of RCTs have been made, however, they have shown no
significant benefit in symptomatic PAD patients.'? Cell therapy on the other
hand, uses autologous cells from the PAD patients or allogenic cells from
donors; meta-analysis of placebo-controlled trials have however shown no
significant advantages of stem cell therapy '?. These novel treatment
methods are currently considered as experimental treatments and only used
in scientific trials, but they have accumulated great scientific popularity and
may one day become the mainstay of symptomatic PAD treatment.

Results from the VOYAGER study showed lower rates of acute limb
ischemia, major amputation, AMI, ischemic stroke, and death from
cardiovascular causes with a combination of low dose rivaroxaban and ASA
compared to ASA alone, 2,629 of the 6,564 patients followed for 28 months
after infrainguinal surgery for PAD had DM. Swedish guidelines for
prevention of atherosclerosis '*® were published in 2014 and have not yet
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been updated to include low-dose rivaroxaban (2.5 mg twice daily) in
addition to aspirin in patients with high atherosclerotic burden. Our findings,
however, support the notion that it might therefore be reasonable to routinely
add rivaroxaban after infrainguinal revascularization for IC to further
decrease the risk of CV events during the postoperative period without
increasing the risk of bleeding.

Nether diagnostic nor predictive biomarkers for PAD are currently used
clinically ®. We do, however, believe that with further focus on researching
and developing the biomarkers included in this thesis we may one day
implement predictive biomarkers into clinical practice. This would prove
beneficial as early identification and treatment of PAD has proven major
benefits for both the patient and the healthcare systems 2% %7,

In the recent years there has been a rapid development of artificial
intelligence (Al) and the improvement in its ability to rapidly process vast
amounts of data, recognize patterns and solve various problems in various
different field. Current biomarker research relies on various statistical
analysis performed on programs such as SPSS and R, whereas future
biomarker analysis may be performed using newly developed Al models and
programs. Furthermore, various novel biomarkers analysis sampling
methods such as Proseek 96 Multiplex CVD III 96*96 proximity extension
assay analyzing 92 biomarkers may benefit of the Al processing power;
results and data may be instantaneously processed and scores of biomarkers
in relation to subject comorbidities may provide more knowledge than an
individual biomarker in itself.
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Conclusions

72

Diabetic patients had increased rates of MACE, AMI, and major
amputation during 5 years of follow-up after endovascular surgery
for IC. HbAlc was associated with total mortality among diabetic
patients.

Diabetic patients had increased rates of AMI and MACE during 5
years of follow-up after open surgery for IC. Among diabetic
patients elevated HbAlc levels were associated with stroke, MACE,
and total mortality, whereas diabetes duration was associated with
major amputation.

Elevated levels of CT-proET-1, NT-proSST, and MR-proANP
independently predicted the risk of incident PAD during 11 years of
follow up of middle-aged individuals, whereas CT-proET-1, NT-
proSST, MR-proANP, PCT, and copeptin were independently
associated with mortality during 11 years of follow-up.

Elevated plasma levels of SCGB3A2, OPG, U-PAR, CXCL16,
MMP-9, SELP, GDF-15, PI3, CSTB, TFF3, and FABP4 can
potentially be used to identify PAD in men, regardless of the
presence of concomitant AAA or not.



Populérvetenskaplig sammanfattning

Benartirsjukdom (BAS) innebér att man har fortrdningar pé pulsddrorna
(artdrerna) i benen, vilka kan leda till minskat blodflode till benen som i sin
tur kan orsaka claudicatio intermittens (tidigare kallad fonstertittarsjuka).
Alla med benartédrsjukdom har dock inte symptom, trots att de har 6kad risk
for fortraningar péd andra kérl (dderforkalkning) som leder till 6kad risk for
bland annat hjartinfarkt och stroke (hjarninfarkt). Fortrdning av benartdrerna
gOr att musklerna inte kan fa tillrickligt mycket blod vid anstrdngning
ledande till kraftiga vad och bensmaértor som gor att en individ méste stanna
upp sa att musklerna hinner forsérjas med blod. I slutstadiet for BAS kan
dessa smartor dven upptrada i vila, tex niar man ligger och sover. Detta dr da
ett kritiskt tillstdnd som kan leda till amputation om man inte agerar snabbt.

BAS har flertalet riskfaktorer som till exempel rokning, hoga blodfetter,
overvikt, hogt blodtryck (hypertension) och diabetes och drabbar oftast dldre
manniskor. BAS upptickts oftast i primdrvarden genom att man méter
blodtrycket i benen och jamfor det med blodtrycket i armarna, ett sa kallat
ankel-brakialindex (ABI). Vid pavisad BAS ér totalt rokstopp den viktigaste
delen av behandlingen, fysisk aktivitet och behandling av andra riskfaktorer
som tex Overvikt och hypertoni dr ocksa viktiga delar i behandlingen.
Patienter med claudicatio brukar rekommenderas blodfoértunnande och
kolesterolsinkande mediciner for att minska risken for att drabbas av
hjartinfarkt och stroke.

De patienter som upplever allt for kraftiga bensméirtor efter endast kort
gangstracka och har kraftiga begriansningar i sin vardag trots att de far rétt
mediciner och tranar aktivt kan vara aktuella fér operation. Det finns olika
metoder fOr att operera kérlen, ett alternativt &r att géra en ballongvidgning
(endovaskulér atgird) av en fortrdning (pé liknande sétt som man gor i
hjértat). Detta gors genom att man for in en plastslang (kateter) i en artir via
ljumsken, kirurgen anvénder sig dé utav en rontgenmaskin for att lokalisera
fortraningen och da blasa upp en “ballong” med “fjidrar” som aterstéller
blodflédet genom fortraningen. Fordelarna med denna metod &r att det inte
ar ett lika komplicerat ingrepp som den klassiska kirurgin och oftast behdver
man bara Overnatta en natt pa sjukhuset efter operationen. Den klassiska
Oppna kirurgin kan man gbra genom att sy in ett nytt kirl och forbi leda
blodet fran det fortrangda kérlet (bypass), fordelarna med denna metod &r att
den kan ha béttre resultat pa langt skikt.

Diabetes dr en vanlig folksjukdom i vart samhille, dér diabetes typ 2 4r den
vanligaste och stér for cirka 90% av alla diabetesfallen. Vid diabetes har man
for mycket socker i blodet, vid diabetes typ 1 orsakas detta av otillrdcklig
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produktion av insulin (ett hormon som gor sa att sockret gar in i cellerna) och
vid typ 2 orsakas det av resistens mot insulin, dvs att insulinet har en sdmre
verkan. Diabetes kan péd sikt oka risken for andra sjukdomar sd som
aderforkalkning, hjartinfarkt, stroke, skador pa 6gats nithinna, njurskador
och skador pa nerver. Diabetes diagnostiseras relativt enkelt med hjélp av ett
blodprov som visar kroppens blodsockernivaer. Det finns flera olika typer av
behandling mot diabetes, principerna bakom dessa behandlingar &r att man
forsoker sdnka blodsockret genom att tex fa kroppen att ta upp mindre socker
fran maten, att skapa mindre socker och att utsondra socker i urinen.

En biomarkor dr ofta ett blodprov pé ett &mne som kan tala for 6kad risk att
utveckla en sjukdom eller indikera en sjukdom. Biomarkdrer anvédnds redan
i sjukvarden och bland de vanligaste 4r snabbsdnkan (CRP) som vanligtvis
tas 1 primdrvarden for att sédrskilja mellan tex lunginflammation och
forkylning. Det finns vetenskapliga studier som tyder pa att biomarkdrer
dven kan anvéndas for att undersdka om en individ har en dkad risk till att
utveckla BAS. Tidig upptickt av en individ med BAS eller vid hog risk till
att utveckla BAS leder till att man redan vid ett tidigt skede kan inleda
medicinsk behandling och minska risken for att individen ska drabbas av
hjartinfarkt eller stroke.

Malen med den hér avhandlingen &r att undersdka om individer med diabetes
har okad risk till att drabbas av komplikationer efter endovaskulédr och 6ppen
kirurgi for claudicatio. Vi har d&ven som maél att finna nya biomarkdrer som
ska kunna anvéndas for tidigt upptickt av BAS.

Langtidsuppfoljning visade att individer med diabetes oOkad risk for
hjartinfarkt, stroke och benamputation efter att endovaskuldr kirurgi.
Langtidsuppfoljning visade dven att individer med diabetes hade okad risk
for att drabbas av hjartinfarkt och stroke efter 6ppen kirurgi.

Vi upptickte att forhdjda blodvéirden av olika biomarkorer (C-terminal
endothelin-1, N-Terminal prosomatostatin, midregional proatrial natriuretic
peptide) kunde bade pavisa BAS och upptécka individer med okad risk for
att utveckla BAS. Forhojda nivaer av C-terminal endothelin-1, N-Terminal
prosomatostatin, midregional proatrial natriuretic peptide, procalcitonin och
copeptin talade dven for 6kad dodlighet under 11 &rs uppfdljning. Vi fann att
individer med BAS hade hogre nivéer av 11 olika biomarkdrer (secretoglobin
family 3A member 2, osteoprotegerin, urokinase-type plasminogen activator
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surface receptor, serum macrophage chemokine ligand 16, matrix
metalloproteinase 9, p-selectin, growth differentiation factor 15, elafin,
cystatin B, trefoil factor 3 och fatty acid-binding protein 4) jamfort med
individer utan BAS.

Sammanfattningsvis visar denna avhandling att individer med diabetes och
claudicatio bor erbjudas operation i samma utstrickning som de utan
diabetes. Langtidsuppfoljningen visade att patienter med diabetes drabbades
av mer hjart- och karlsjukdomar adn de utan diabetes, vilket stirker vikten av
god diabetesbehandling for att minska dessa risker. Vi har dven identifierat
flertalet biomarkorer som eventuellt kan anvindas som redskap for att
utvérdera vilka som kommer att utveckla framtida BAS.
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