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Abstract

Background: During the 21st century, diabetes mellitus (DM) and peripheral artery disease (PAD) have become
global problems. It is estimated that 19-34% of individuals with DM will develop a foot ulcer during their lifetime,
and many will be amputated.

Aim:
-To study dietary and lifestyle factors associated with prevention of PAD among individuals with DM.

-To evaluate outcomes after vascular and endovascular treatment in patients with DM and chronic limb-
threatening ischemia (CLTI).

Methods: Paper |, based on the Malmé Diet and Cancer study focuses on patients with prevalent DM. Papers Il
and lll are based on the Swedish Vascular Register and the Swedish National Diabetes Register. A propensity
score adjusted Cox regression analysis was conducted to compare outcomes following endovascular therapy and
open vascular surgery, respectively, between patients with and without DM. Paper IV compares outcome following
open and endovascular surgery for patients with DM, PAD, and heel ulcers presenting at the multidisciplinary
diabetes foot clinic.

Results: A higher intake of fish and shellfish tended to confer a protective effect against the development of PAD
among individuals with DM (HR per additional gram per week 0.99, 95% CI 0.99-1.00, p=0.051). Incidence rates
(IR) of major amputation and acute myocardial infarction (AMI) were 43% (95% CI 1.23-1-67) and 37% (95% CI
1.13-1.67) higher, respectively, among patients with DM compared to patients without DM following endovascular
therapy for CLTI. IR of major amputation or death was 13% higher (95% CI 1.04-1.23; p=0.004) higher among
patients with DM after endovascular therapy for CLTI.

IR of stroke and AMI were 70% (95% CI 1.11-2.59) and 39% (95% CI 1.00-1.92) higher, among patients with DM
compared to patients without DM following open vascular surgery, whereas there was no difference in major
amputation (HR 1.28, 95% CI 0.98-1.66; p=0.070) or the compound variable major amputation or death (HR 1.15,
95% CI 0.98-1.35; p=0.090) following open vascular surgery.

Open vascular surgery was associated with higher amputation-free survival (AFS, HR 2.1, 95% CI 1.1-3.9)
compared to endovascular therapy among patients with DM, PAD, and heel ulcers.

Conclusions: A higher intake of fish and shellfish tended to confer a protective effect against the development of
PAD among individuals with DM. In contrast to patients undergoing endovascular therapy, there was no difference
in major amputation or death after open vascular surgery between those with and without DM. Amputation-free
survival (AFS) was higher after open than endovascular surgery among patients with DM and PAD with heel
ulcers. Open vascular surgery remains a first-line option for a substantial part of patients with CLTI, especially for
limb salvage in patients with DM. These results suggest that open vascular surgery should be offered more often
as opposed to current practice.
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Thesis at a glance

Paper

Aim

Method

Main results

|. The association between
dietary intake, lifestyle and
incident symptomatic
peripheral arterial disease
among individuals with
diabetes mellitus: insights
from the Malmé Diet and
Cancer study

To study dietary and
lifestyle factors
associated with
prevention of PAD among
patients with DM.

Prospective study of a
subgroup of individuals
with DM from the Malmo
Diet and Cancer cohort
Study.

A higher intake of fish
and shellfish tended to
confer a protective
effect against the
development of PAD
among individuals with
DM.

Il. The impact of diabetes
mellitus on major amputation
among patients with chronic
limb-threatening ischemia
undergoing elective
endovascular therapy - a
nationwide propensity score
adjusted analysis

To compare outcome
between patients with
and without DM following
elective endovascular
therapy for CLTI.

Retrospective study of
patients registered in
Swedvasc having
undergone elective
endovascular therapy for
CLTI. Patients with DM
had a registration in
NDR.

After elective
endovascular therapy
the incidence rate of
major amputation and
AMI was higher among
those with DM. No
difference was seen in
mortality.

Il. Diabetes mellitus was not
associated with lower
amputation-free survival
after open revascularization
for chronic limb-threatening
ischemia — a nationwide
propensity score adjusted
analysis

To compare outcome
between patients with
and without DM following
elective open
revascularization for
CLTI.

Retrospective study of
patients registered in
Swedvasc having
undergone elective open
vascular surgery for
CLTI. Patients with DM
had a registration in
NDR.

After elective open
vascular surgery the
incidence rate of stroke
and AMI was higher
among those with DM.
No difference was
seen in major
amputation or
mortality.

IV. Amputation-Free Survival
in Patients With Diabetes
Mellitus and Peripheral
Arterial Disease With Heel
Ulcer: Open Versus
Endovascular Surgery

To evaluate the
difference in amputation-
free survival between
open and endovascular
revascularization among
patients with DM, PAD,
and heel ulcers.

Retrospective study
including patients at a
multidisciplinary diabetes
foot clinic with DM, PAD,
and heel ulcers.

The amputation-free
survival was higher
after open vascular
surgery compared to
endovascular therapy
among patients with
DM, PAD, and heel
ulcers.

DM, diabetes mellitus; PAD, peripheral artery disease; CLTI, chronic limb-threatening ischemia; NDR, National

Diabetes Register; Swedvasc, Swedish Vascular Registry; AMI, acute myocardial infarction.
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Introduction

Diabetes mellitus (DM)

Diabetes mellitus (DM) is a serious and chronic condition occurring when the
pancreas cannot produce enough, or any, insulin, or when the body cannot
effectively use the produced insulin, resulting in hyperglycaemia. Today there are
three main types of DM; type 1, type 2, and gestational DM, with type 2 being the
most common (approximately 90%).'

If left untreated, hyperglycaemia and insulin deficit can cause long-term macro- and
microvascular complications. Macrovascular complications include cardio- and
cerebrovascular disease and peripheral artery disease (PAD). Microvascular
complications include neuropathy, retinopathy, and nephropathy.>

Globally, DM is among the top 10 causes of death, with 87% of all diabetes-related
deaths happening in low- and middle-income countries.! According to the
International Diabetes Federation (IDF) 463 million people suffered from DM in
2019, and approximately 10% of global health expenditure is spent on DM. It is
estimated that the prevalence of DM will have increased by 51% in 2045, to 700
million globally. Seventy-nine percent of people with DM reside in low- and
middle-income countries.! The prevalence of DM in Sweden is approximately
450,000.”

Diabetic foot ulcer

Foot complications are amongst the most costly and severe diabetic complications,*
affecting approximately 2% of subjects with DM per year.’ The global epidemic of
DM type 2 will ensure that the incidence of diabetic foot ulcers (DFU) increase as
well. The global prevalence of DFU has been estimated to be approximately 6.3%,
with a higher prevalence in men, patients with DM type 2, and in North America
(approximately 13%).” DFU is the most common cause for hospitalizations among
individuals with DM.®

In middle- and high-income countries, it is estimated that up to 50% of patients with
DFU have underlying PAD.” A German study including 247 patients with DM and
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foot ulceration pointed at a 15.9% five-year risk of major amputation.'” The
prognosis of a patient with PAD and DFU is worse than in many common cancers
- approximately 50% of patients will not survive 5 years, with a majority dying from
cardiovascular disease.'

The pathway to a DFU usually consists of two or more risk factors occurring at the
same time, with diabetic neuropathy playing a central role as over half of elderly
patients with DM type 2 suffer from this complication.'" Small-fibre nerve
dysfunction leads to the loss of pain and temperature perception, which normally
would protect from injury. Large-fibre dysfunction leads to impaired balance
increasing the risk of trips and falls."

Furthermore, PAD is a risk factor for DFU as patients with both ischemic ulcers and
neuropathy may have lost the ability to feel pain, despite severe ischemia.'* Motor
neuropathy causes small muscle wasting and contributes to a deformed foot
anatomy, affecting pressure loading of the foot. Increased pressure is seen on the
plantar surfaces of the metatarsal heads and the heels. Another consequence of
changes in foot anatomy is the formation of hammer toes and claw toes due to
contraction of ligaments."

Autonomic neuropathy decreases sweating which leads to dry skin and formation
of callus, further increasing the risk of ulcers. Charcot neuroarthropathy is a severe
inflammatory syndrome often missed among patients with diabetic neuropathy. The
Charcot foot is red, hot, and swollen due to a dislocation process affecting bones,
ligaments, and joints of the extremity among people with severe diabetic
neuropathy.'*

Minor trauma and ill-fitting shoes precipitate skin breakdown, and PAD affects the
healing process negatively.'' Long duration of DM, age, male sex, and nephropathy
are factors increasing the risk of DFU."!

According to the IDF, diabetic foot and lower limb complications affect 40 to 60
million people with DM globally.' A person with DM has an up to 25% lifetime risk
of developing a foot ulcer, with a recurrence rate of 50%.'""* Chronic ulcers and
amputations substantially reduce the quality of life and increase the risk of early
death in DM.

In the United States in 2005, an estimated 359,000 individuals were living with a
major amputation due to PAD, a number that was projected to more than double by
2050. This increase in prevalence is driven by an aging population and an increasing
number of people living with DM.'®

The widely used Wagner classification system for DFU'7 is described below (Table I).
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Table I. Wagner classification of diabetic foot ulcers.'”

Ulcer grading Description

Grade 0 No ulcer

Grade 1 Superficial ulcer

Grade 2 Deep ulcer, no abscess or bone

Grade 3 Abscess and/or osteomyelitis

Grade 4 Gangrene on portion of the foot

Grade 5 Extensive gangrene, involves whole foot

Peripheral artery disease

PAD is caused by atherosclerosis of extremity arteries leading to reduced blood
flow, most commonly to the lower extremities. A non-invasive diagnostic method
for lower-extremity PAD is the ankle-brachial index (ABI). The ABI is the ratio of
the systolic blood pressure measured at the ankle to the pressure measured at the
brachial artery.'® Risk factors for PAD include DM, hypertension, age, smoking,
and hyperlipidemia.'” Smoking has been established as a risk factor for PAD only
after 10 years of smoking among women, compared to after 30 years among men.?
DM is also a risk factor for PAD, as the risk of lower extremity PAD increases up
to 4 times with the diagnosis of DM.?' Symptoms of PAD include thigh or calf pain
while walking i.e., intermittent claudication. However, many patients lack the
classical symptoms and are asymptomatic.*

A subgroup of patients has severe PAD without any symptoms, explained by their
incapacity to walk far enough (e.g., heart failure) and/or a reduced sensitivity to pain
(e.g., peripheral neuropathy). This group is at a particularly high risk of limb events
as they already show signs of severe PAD at diagnosis."”

The atherosclerosis causing PAD is often generalized, and PAD patients therefore
face an overall risk for fatal and non-fatal cardiovascular events such as stroke and
acute myocardial infarction. Asymptomatic PAD patients are also at high
cardiovascular risk."** An ABI <0.90 is linked to more than a doubling of the 10-
year risk of coronary events, cardiovascular, and total mortality.*

It is widely known that patients with DM and PAD represent a special subgroup.®
In comparison to patients without DM, PAD among those with DM usually develops
at younger age and is more distal and multisegmented with more medial
calcification and impaired collateral formation. PAD is also more common and
progress faster among patients with DM compared to patients without DM.?
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Chronic limb-threatening ischemia

Chronic limb-threatening ischemia (CLTI) is the end-stage of PAD, affecting
approximately 10% of patients with PAD.?® CLTI should be seen as a sign of a
systemic atherosclerosis with a high mortality in acute myocardial infarction and
stroke.”* Among untreated patients with CLTI, one in five will undergo major
amputation and one in five will die, all within one year of the diagnosis.”’

While CLTI is a clinical diagnosis with rest pain, foot ulcers, or gangrene >2 weeks
among patients with PAD, it is often associated with an ABI <0.4 or toe pressure
<30 mmHg.*® Among all ulcers seen in patients with DM, the heel ulcer is
considered to be the most serious due to the high risk of amputation at ankle level.*®
Furthermore, other common ulcer localizations include areas of bony prominence,
such as the dorsal portion of the toes and the plantar side of the metatarsal heads.”

Prevention of peripheral artery disease and diabetes
mellitus

Modifiable risk factors for PAD are similar to those for other cardiovascular diseases;
smoking, dyslipidaemia, overweight, poor diet quality, and physical inactivity."
Smoking is the single most common preventable risk factor for PAD.**!

WHO states that physical inactivity is one of the leading risk factors for
noncommunicable diseases mortality.>* Higher levels of physical activity lower the
risk of many common diseases such as DM and hypertension, and decrease the risk
of cardiovascular mortality which is the leading cause of death globally. WHO
recommends adults to do muscle-strengthening activities twice a week along with
at least 75-150 minutes of high-intensity aerobic physical activity or 150-300
minutes of moderate-intensity aerobic physical activity per week.*?

It is well-known that a healthy diet reduces the risk of atherosclerosis.*
Furthermore, a Mediterranean diet has been shown to reduce the risk of death from
cardiovascular disease and is therefore recommended for patients with type 2 DM.**
3% The Mediterranean diet generally includes unsaturated fats such as olive oil, a
high intake of fruits and vegetables, nuts, beans, whole-grains, and fish, with a lower
intake of meat and dairy foods.*®

As DM is a well-known risk factor for cardiovascular disease,’ factors affecting the
severity of DM should be mentioned when discussing PAD as well. Increased
physical activity improves glycaemic control and should therefore be highly
recommended to patients with type 2 DM.*
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A well-structured diet is considered to be the cornerstone for diabetes treatment, and
prevention of type 2 DM can be achieved with an appropriate diet and physical
activity usually leading to weight-loss.*” ***! The US Diabetes Prevention program
performed a randomised controlled trial (RCT) with more than 3000 people at risk
of developing DM. Results showed that diet and physical activity reduced the
incidence rate of type 2 DM with 58%, a more effective reduction than with
metformin.** Specific recommendations on prevention of type 2 DM apart from
weight loss of at least 5% for overweight individuals, can be seen in table I1.>°

Table Il. Prevention of type 2 diabetes mellitus. Modified from Diabetes UK nutrition guidelines.3®

High risk group General population

Restrict energy intake Follow a Mediterranean diet

Reduce intake of total and saturated fats Include wholegrains, leafy greens, some fruit, cheese

Increase intake of fibres and yoghurt

Increase physical activity Reduce red meat, sugar-sweetened beverages and
refined carbohydrates

Diagnostics of peripheral artery disease and chronic
limb-threatening ischemia

The National Swedish Diabetes Register (NDR) uses a risk stratification model to
assess the risk of ulcers and adverse limb events among individuals with DM, see
table III° also displaying current Swedish treatment guidelines.”” The foot
examination should always lead to a risk stratification in accordance with table III.
Twenty-five percent of Swedish patients with type 2 DM and 20 % of those with
type 1 DM have signs of neuropathy or angiopathy and are therefore assigned to
risk group 2.’

As screening for PAD, the feet of all patients with DM should be examined once a
year, even if no foot ulcer is present.* Examination should be performed by taking
relevant history, inspection of the feet for ulcers, callus, and erythema due to
pressure, and by palpation of foot pulses. The patient’s shoes and toenails should
also be inspected.* Neuropathy should be tested with monofilament at three
locations: digitorum I and the metatarsophalangeal joints I and V, and the patient
should be asked about numbness or a tingling sensation from their feet. The loss of
sensation from one of these three locations equals risk category 2 (bright orange).
Vibration testing is performed on the medial malleolus, the top of digitorum I, and
the medial side of metatarsophalangeal joint I. Loss of vibration sensation on one of
these locations equals risk category 2 (bright orange).*

If the examination or history leads to the suspicion of PAD, the ABI should be
examined. Generally, an ABI <0.9 is suggestive of PAD.'* The absence of any of
the foot pulses equals risk category 2 (bright orange).*
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The patient’s role to examine their feet cannot be stressed enough; the Swedish
Diabetes Foundation recommends patients to check, wash, and put softening cream
on their feet daily.*

Table lll. Risk stratification and treatment guidelines of individuals with DM and foot disease. Modified from the National
Diabetes Register and the National Guidelines on the Prevention of Diabetic Foot Complications.® 43

Risk Diabetic foot care | Annual foot
grading Definition team examination Podiatric care
1 Healthy foot - DM without Patient education Yes No
complications. about self-care
Neuropathy +/- angiopathy. Yes Yes Yes
Previous diabetic ulcer, foot Yes Yes Yes
deformity, extensive callus
formation or previous
amputation.

To rule out PAD in a patient with DFU, palpation of foot pulses and examination of
foot Doppler pulses with measurements of ABI or TBI are warranted. An ABI <0.9
has a sensitivity of 75% and specificity of 86% for PAD.* The sensitivity is worse
among patients with DM and end-stage chronic kidney disease due to medial
calcification.*® However, PAD is unlikely if ABI is between 0.9 and 1.3, TBI >0.75,
and Doppler shows triphasic pedal waveforms.'?

Imaging of the arteries in the lower limbs

Non-invasive imaging should be performed in all patients with CLTI prior to
endovascular or open surgical revascularization.”® Duplex ultrasound scanning
(DUS) measures flow volume and velocity and is a well-established tool for
assessment of level of arterial occlusion or stenosis without patient exposure for
nephrotoxic iodine contrast or ionizing radiation. DUS is operator-dependent and
time consuming, and its performance may be suboptimal in the aortoiliac and infra-
popliteal segments.” Computed tomography angiography (CTA) has high
sensitivity (95%) and specificity (94%) for detection of stenoses at aorto-iliac and
femoro-popliteal levels, and provides high quality images of extra-vascular
pathology.*® It may for instance be used to gain additional diagnostic and prognostic
information in a patient with a suspected or known intra-abdominal tumour. CTA
has lower diagnostic performance when there are several calcifications in the infra-
popliteal segment, and exposes the patient to both iodine contrast and ionizing
radiation.* Magnetic resonance angiography (MRA) has a sensitivity and
specificity of approximately 95%" and produces images of high quality, especially
in the infra-popliteal segment.’*>! Standard MRA fails to visualize calcifications in
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the vessel walls*? and might overestimate the degree of stenosis, however, but these
shortcomings may be overcome with more advanced technology.”  Other
drawbacks of MRA are artefacts produced by previously implanted stents>* in the
lower extremity arteries. MRA should not be used in patients with cardiac
pacemaker, implantable cardioverter defibrillator, claustrophobia, or poor
compliance.” Angiography produces images of highest quality of the arteries in the
lower limbs and is considered the reference method when evaluating other
comparative imaging methods. Angiography may be used for subacute
examinations if previous imaging assessments has been inconclusive, and when
subsequent intervention during the same session is considered necessary for limb
salvage.’®>” During angiography, the iodine contrast may be exchanged for carbon
dioxide (CO»), to reduce the amount of iodine contrast sparing renal function.’® >’

Classification of peripheral artery disease and foot ulcers

The Fontaine and Rutherford classification systems have been used to assess the
risk of amputation and possible benefit from revascularization.”® However, the
extent of the wound and presence of infection also impact the outcome of the limb.
Therefore, the International Working Group on the Diabetic Foot recommend that
patients with PAD and DFU should be assessed with the Wound, Ischemia and foot
Infection (WIA]) classification system (see table I'V) to assess the risk of amputation
and potential benefits of revascularization.'> ® The WIfl system renders a
combination of numbers from 0-3, e.g. 2-2-1 (2 for wound, 2 for ischemia, 1 for foot
infection) used to divide patients into four threatened limb clinical stages, predicting
the risk of amputation at one year and the likely benefit of revascularization.
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Table IV. Wound, Ischemia and foot Infection classification system. Modified from the Society for Vascular Surgery. '

-Local warmth
-Purulent discharge

Infection of skin and
subcutaneous tissue

No systemic
inflammatory response

0 1 2 3
No ulcer or Shallow ulcer on Deeper ulcer, exposed Deep ulcer on
gangrene but | distal leg, no exposed bone/joint/tendon forefoot/midfoot, full thickness
rest pain bone unless distal shallow heel ulcer heel ulcer +/- calcaneal
phalanx, no gangrene Gangrene on digits involvement
Wound Minor tissue loss. Maijor tissue loss. Extensive tissue loss.
Salvageable with Salvageable with Salvageable with complex
amputation of amputation of 23 digits | reconstruction/TMA at
1-2 digits or TMA +/- skin Lisfranc/Chopart level, flap
coverage coverage/complex wound
management
ABI: 20.8 ABI: 0.6-0.79 ABI: 0.4-0.59 ABI: £0.39
Ankle systolic | Ankle systolic Ankle systolic Ankle systolic pressure: <50
Ischemia pressure: pressure: 70-100 pressure: 50-70 mmHg | mmHg
>100 mmHg mmHg
TP/TcPO2: TP/TcPO2: 40-59 TP/TcPO2: 30-39 TP/TcPO2: <30 mmHg
260 mmHg mmHg mmHg
No signs or Infection present, at Local infection (see Local infection with signs of
symptoms of least 2 of: previous) with systemic inflammatory
infection -Local swelling erythema >2 cm, or response, 2 or more:
-Erythema >0.5 - <2 involving struct_ures -Temperature >38 or <36 °C
cm deeper than skin and -Heart rate >90 beats/min
foot . -Local pain subcutaneous tissue -Respiratory rate >20
Infection

-Leukocytes >12 or <4 x 10°

If ABI is incompressible (>1.3) measure TP or TcPO2. TMA, transmetatarsal amputation; ABI, ankle-brachial index;
TP, toe pressure; TcPO2, transcutaneous oxygen pressure.

Figure I. Eighty year-old female patient with diabetes mellitus type 2 and an ulcer on digitorum 2 in the right foot.
Revision of the ulcer has been performed to remove hyperkeratosis. The photo displays a superficial ulcer without
signs of infection where the distal phalanx is widened due to inflammation and oedema. Wifl stage 1 due to the minor
ulcer (W1), normal toe pressure (10) and no signs of infection (fl0).2° © Erika Lilja
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Figure Il. Seventy-five year-old male patient with diabetes mellitus type 2, history of smoking, hypertension, atrial
fibrillation and a dry gangrene on digitorum 4 in the left foot. Big toe pressure was 30 mmHg before endovascular
procedure which was performed a few days before the photo was taken. The patient underwent stenting of the
external iliac and superficial femoral artery. The patient was treated with peroral flucloxacillin (Heracillin®). WIfl stage
4 before revascularization: W2, 12, fl 1.6 © Erika Lilja

Figure lll. Ninety-three-year-old male patient with diabetes mellitus type 2, history of smoking, and hypertension
presenting with a dry gangrene on digitorum 2 and on distal phalanx of the digitorum 5 in the left foot. Big toe pressure
was 32 mmHg and Duplex ultrasound showed an occlusion of the superficial femoral artery and the proximal part of
the popliteal artery. The patient was planned to undergo endovascular therapy the following day. The photo shows a
local swelling and erythema proximal to the gangrene. The patient received in-hospital care and was administered
intravenous metronidazole (Flagyl®) and cefotaxime (Cefotaxim®). WIfl stage 4 before revascularization: W2, 12, fl 1-
2.2 © Erika Lilja
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Figure IV. Seventy-nine-year-old male patient with diabetes mellitus type 2, hypertension, hyperlipidemia, previous
amputation of digitorum 1, and chronic limb-threatening ischemia presenting with two ulcers in the right foot. The first
ulcer is located around the first metatarsal head with visible bone (arrow) and edema of the whole foot. The second
ulcer is located on the lateral side of the forefoot. Pointer toe pressure was unmeasurable. The patient had recently
undergone percutaneous transluminal angioplasty (PTA) for occlusive lesion in the fibular artery and attempts to
revascularize the tibialis anterior artery as well. The patient received in-hospital care and was administered
intravenous antibiotics. WIfl stage 4 before revascularization: W2-3, 13, fl 2.6 © Erika Lilja

Management of diabetic foot ulcers

Rapid vascular imaging and revascularization should be considered amongst
patients with DFU and an ankle pressure <50 mmHg, ABI <(0.5, or a toe pressure
<30 mmHg. Vascular imaging should also be considered if a DFU does not heal
within 4-6 weeks.'?

Duplex ultrasound provides information on arterial anatomy and haemodynamics
with a sensitivity of approximately 80-98% for a stenosis of >50%.%% If
revascularization is considered, another imaging technique should be performed to
visualize the entire vascular tree. MRA provides excellent images, offers better
imaging quality than CTA in calcified arteries™ in the infra-popliteal segment,' and
spares the patient from nephrotoxic iodine contrast exposure. CTA may be
considered as a second option when there are contraindications to MRA, or if the
patient has previously undergone stenting in the lower limb arteries.
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Patients with DFU should be closely monitored at a multidisciplinary clinic
specialized in DFU. It is of great importance that patients with DM and ischemic
foot ulcers receive proper cardiovascular risk assessment and intensive treatment
such as antihypertensives, statins, control of hyperglycaemia, and of course support
to quit smoking.'?

Medical treatment of peripheral artery disease

Due to the high risk of cardiovascular death from stroke and AMI among patients
with CLTL?®it is crucial that they are offered the best medical treatment. Therefore,
all patients with PAD should be screened for modifiable risk factors in order to
minimize cardiovascular mortality.'” Yet, Sigvant et al reported that in 2005
Swedish women with PAD received less preventive medications (statins,
antihypertensives, and antiplatelet therapy) compared to Swedish men with PAD.*
Despite the fact that antithrombotic therapy with either clopidogrel or aspirin is
recommended for all patients with symptomatic PAD' the Swedish Vascular
Registry (Swedvasc) reports that in 2020, only 74% of Swedish patients with PAD
used antiplatelet medication.*Two randomized controlled trials,** ® have shown
that low-dose rivaroxaban taken twice a day plus aspirin once daily reduced major
adverse cardiovascular and limb events when compared with aspirin alone; without
an increased risk of fatal bleeding. Therefore, this combination should be considered
in PAD patients without high risk of bleeding.*

Hypertension is a risk factor for PAD,'® and antihypertensive therapy unquestionably
reduces cardiovascular events and mortality.”””° Furthermore, current evidence
suggests reducing blood pressure further than previously recommended.®”
Guidelines now recommend an upper blood pressure reference limit of 129/79 mmHg
among patients younger than 65 years and 139/79 mmHg for those older than 65
years, including people with DM and cardiovascular disease.**

Statins are recommended for secondary prevention of cardiovascular events for all
patients with PAD as they reduce morbidity and mortality.'*”" This recommendation
is based on the plaque stabilizing effects of statins,’* and should be considered for all
PAD patients when tolerated, regardless of LDL levels.”! Guidelines now recommend
LDL-levels <1.4 mmol/L for patients at very high risk of cardiovascular disease, or
as secondary prevention, e.g., to all patients with PAD.”!

Yet only 83% of Swedish patients undergoing invasive treatment for PAD were
prescribed statins in 2020.° However, there has been a clear improvement as only
26% of Swedish CLTI patients were reported to use statins in 2005.7
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Medical treatment of diabetes mellitus

In recent years, medical treatment of people with DM has developed rapidly. The
flash glucose monitoring system allows the patient to simply, just by using their
smartphone, scan a sensor on their upper arm to read current glucose level. This
system works by continuously measuring the glucose level in the interstitial fluid.”*
The flash glucose monitor has been shown to reduce time in hypoglycemia and
improve HbA1c.”*" The continuous glucose monitoring system works in the same
way as the flash glucose monitor, but continuously sends data to the display device.
It is also possible to set alarms for a high, low, or a change in glucose levels.”’

Glucose monitoring systems lead to improved metabolic control.”® A Swedish study
has shown that glucose monitoring systems lead to improved glucose control with
a lowering of HbAlc, and improved vibration perception suggesting beneficial
effects on nerve function due to improved metabolic control among patients with
type 1 DM.”

The Diabetes Control and Complications Trial from the early 1990s demonstrated
the importance of intensive insulin therapy to sustain tight glucose control and
prevent diabetes complications such as nephropathy, neuropathy, retinopathy, and
cardiovascular disease.*® To achieve this tight glucose control, insulin pump therapy
also known as continuous subcutaneous insulin infusion, is commonly used today.
The insulin pump works by continuously providing the patient with rapid-acting
insulin through a subcutaneous catheter. The insulin is delivered at a predetermined
basal rate to meet the nonprandial insulin requirements, and bolus doses are
provided in order to cover mealtime requirements.”” Continuous subcutaneous
insulin infusions have been shown to lower HbAlc and reduce the frequency of
hypoglycemia.®!

With the development of glucose monitoring systems, and improved insulin therapy
it is possible that the incidence of diabetic foot ulcers and their recurrence rate will
decrease.

Although metformin still remains the first line treatment option for most patients
with type 2 DM, much progress has been made in the field of glucose-lowering
medications. Additional glucose-lowering drugs to be combined with metformin are
selected based on patient characteristics, such as cardiovascular disease, kidney
disease, and heart failure. If clinical cardiovascular disease is present a sodium-
glucose cotransporter-2 (SGLT-2) inhibitor or glucagon-like peptide (GLP-1)
receptor antagonist is recommended as the next step.® Both of these drug classes
have been proven to reduce cardiovascular mortality, and previous concerns on
increased risk for amputation with SGLT-2 inhibitors have not been convincingly
corroborated in meta-analyses.® *
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If heart failure or chronic kidney disease predominates SGLT-2 inhibitors are
warranted, as evidence show a reduction of heart failure and/or progress of chronic
kidney disease. GLP-1 receptor antagonists or SGLT-2 inhibitors are recommended
if weight loss is wanted.*

Along with the above-mentioned drug compounds, diet and physical activity remain
cornerstones for modern diabetes treatment.>

Factors affecting wound healing

Both the pathway to onset and the healing of a DFU are complex processes. Apart
from the extent of the ulcer, the presence of infection and peripheral neuropathy,
comorbidities such as heart failure, and end-stage renal disease affect outcome.®’
Furthermore, the level of ischemia plays a great role for wound healing. The
probability of wound healing among patients with DM can be assessed using factors
reflecting the level of ischemia. The following factors have been shown to increase
the pre-test probability of wound healing by up to 25%: ankle systolic pressure of
>40 mmHg, a toe pressure of >30 mmHg, or a transcutaneous oxygen pressure
(TcPO,) of >25mmHg.*® To predict the risk of major amputation an ankle systolic
pressure <50 mmHg, ABI < 0.5, toe pressure < 30 mmHg, and TcPO; <25 mmHg
have all been shown to increase the probability of major amputation by 25%. These
factors may work as guidance when deciding on which patients who should be
prioritized for revascularization.®

Early revascularization, within 8 weeks from admittance at the multidisciplinary
foot centre, has been shown to increase the probability of wound healing for an
ischemic DFU. The absence of peripheral oedema has also been linked to better
wound healing in a cohort of patients with DM.* Time from first visit to
revascularization should not exceed two weeks in DFU with an ischemic component
possible for revascularization. Limb salvage rates might then be equal to non-
diabetic patients, as opposed to a delay of more than two weeks where limb salvage
rates are worse for the diabetic population.”® This workup schedule puts a high
organizational demand on local health care systems.

Off-loading of the wound is crucial to reduce pressure and shear forces at the site of
ulceration. Off-loading devices, such as therapeutic shoes or different types of casts
(removable or total contact) reduce motion of the joints and protects the foot which
allows tissue to bridge the wound and enable healing. According to Boulton et al,
off-loading is one of the most important factors to facilitate foot ulcer healing.'!

Apart from the above-mentioned factors affecting wound healing, the nutritional
status also plays an important role in the healing process.
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Omega-3 supplementation has been shown to decrease the size of diabetic foot
ulcers in an RCT.”" A review study on the effect of Omega-3 supplements for type
2 DM showed no effect on the level of HDL cholesterol, however, whereas a
lowered level of triglycerides could be demonstrated. The effect on ulcers was,
however, not studied.’?

Surgical management of peripheral artery disease

According to the International Working Group on the Diabetic Foot, the decision to
choose open surgery or endovascular therapy should be based on the patient’s
individual characteristics, such as the morphological distribution of PAD, the
availability of autogenous vein, comorbidities, and local availability of expertise.'?
CLTI is usually associated with multilevel disease and therefore often require both
inflow and outflow revascularization, whereas intermittent claudication more often
can be treated with inflow revascularization only.”

The Bypass versus Angioplasty in Severe Ischaemia of the leg (BASIL) RCT which
enrolled patients until 2004, showed no significant difference in AFS or survival
between those undergoing bypass surgery and endovascular therapy for CLTI.
However, after two years of follow-up bypass surgery was associated with a trend
towards higher AFS.” In recent years there has been a clear shift towards more
endovascular therapies at the expense of open vascular surgeries for PAD.% The
endovascular options have been further developed after the BASIL trial, and
currently both bare metal stents and drug eluting stents and balloons are available.
The long awaited BASIL-2 trial in which the aim is to compare the clinical and cost-
effectiveness of a “vein bypass first™ strategy versus “best endovascular treatment
first” for CLTI is now closed to randomisation of patients.” Currently, the Best
Endovascular Versus Best Surgical Therapy for Patients With Critical Limb
Ischemia (BEST-CLI) RCT study is enrolling patients in North America until
approximately June 2022.%

Open vascular surgery

Open vascular surgery can be performed in mainly two different ways:
endarterectomy or by-pass surgery.

Endarterectomy is usually performed on the common femoral artery and chosen
when there are short segments of highly calcified lesions. The endarterectomy may
extend into the superficial femoral and profunda arteries. Closure is usually
performed with a synthetic or bovine patch to avoid restenosis.”” This technique
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offers great long-term patency and is considered first line treatment in this
anatomical region, and superior to endovascular technique.”

Bypass surgery is dependent on good inflow and outflow. It is performed by suturing
a vascular conduit proximal to the level of the arterial obstruction to a distal
unaffected part of the artery (figure V, letter A). Bypass surgery can be performed
with either synthetic or vein grafts, but better patency is seen for vein grafts.”® To
allow for arterial circulation in the vein graft the venous valves are destroyed by a
valvulotome and the vein can then be used in situ or non-reversed. However, if the
vein is reversed there is no need to destroy the venous valves.”> An autogenous vein,
preferably the great saphenous vein with good quality and length is associated with
a better graft patency.”

Endovascular therapy

Endovascular therapy is enabled by catheter led revascularization where
recanalization is performed either by luminal or subintimal recanalization. Short
arterial occlusions or high-grade stenoses are passed intra-luminally with a
guidewire and thereafter treated by balloon angioplasty i.e., percutaneous
transluminal angioplasty (PTA) and/or stenting (figure V, letters B and C).

Figure V. Schematic drawing of a patient with chronic limb-threatening ischemia and a single severe atherosclerotic
stenosis in the superficial femoral artery, occlusion of two crural arteries and one severe stenosis of the third crural
artery. Treatment options may be either open vascular by-pass surgery (A) using a vein conduit from the common
femoral artery to the target crural artery beyond the stenotic area or endovascular therapy using percutaneous
transluminal angioplasty (PTA) (B) with subsequent stenting (C) in the superficial femoral artery (SFA) followed by
PTA of the crural artery (C). Artist: Talha Butt MD, PhD.
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In long arterial occlusions with hard plaques, subintimal recanalization is often
required as normal transluminal angioplasty often fails. The subintimal space at the
start of the occlusion is entered with a guidewire loop, which is used to cross the
occlusion with the support of a catheter and re-enter the arterial lumen of the patent
distal artery to form a new blood flow channel.'® This new blood channel is in its
entire length dilated via PTA and can be partly or entirely adjunctive stented if
angiography shows a remaining flow-limiting lesion, such as an intimal flap or
stenotic recoil after PTA (figure VI).'”!
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Figure VI. Schematic drawing of a patient with a long occlusion of the superficial femoral artery (SFA) undergoing
subintimal angioplasty (A) with PTA (B) and subsequent stenting (C). Artist: Talha Butt MD, PhD.

Drug eluting stents, as used in coronary artery disease'®” are being introduced as a
treatment option for PAD as well. The most common drug is paclitaxel, a drug used
against different cancers such as ovarian malignancies due to its antimitotic
effect.'” In the vascular surgical field it is considered to prevent restenosis.'™
However, a meta-analysis from 2018 showed an increased two-year mortality
associated with the use of paclitaxel stents and balloons for PAD where most
patients had intermittent claudication.'® Drug eluting devices are currently further
investigated in the SWEdish Drug-Elution trial in Peripheral Arterial Disease
(SWEDEPAD) RCT study, in which interim results showed no difference in
mortality between groups with and without paclitaxel-coated devices.'*
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A1ims

The general aim of this study was to study dietary and lifestyle factors associated
with prevention of PAD among patients with DM, and to evaluate outcome after
vascular and endovascular surgery in patients with DM and CLTI. The specific aims
were to;

Paper I: examine the association between dietary intake and lifestyle on the risk of
developing PAD among individuals with DM.

Paper II: investigate the risk of major amputation after urgently planned endovascular
therapy in patients with CLTI comparing patients with and without DM.

Paper IlI: compare outcomes between patients with and without DM following
urgently planned open revascularization for CLTI.

Paper IV: evaluate the difference in amputation-free survival between open and
endovascular revascularization in patients with DM, PAD, and heel ulcers.
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Patients and methods

Overview of the studies

Table V. Overview of Studies I-IV

Pearson correlation
tests. Multivariate
Cox regression
analysis. Kaplan-
Meier with life tables.
Log-rank test.

tables.

Cox proportional
hazards model.
IPTW adjusted Cox
regression analysis.

Meier with life
tables.

Cox proportional
hazards model.
IPTW adjusted Cox
regression analysis.

STUDY | STUDY I STUDY Il STUDY IV
Design Prospective cohort Retrospective cohort Retrospective cohort | Retrospective cohort
study study study study
Study Subgroup of Subgroup of patients Subgroup of patients | Patients at the
sample individuals with DM at | registered in registered in multidisciplinary
baseline in the Malm6 | Swedvasc (n=4578) Swedvasc (n=1537) diabetes foot clinic
Diet and Cancer with or without with or without (n=127 limbs).
cohort Study registration in NDR. registration in NDR.
(n=1112).
Enrolment | 1991-1996 2010-2014 2010-2014 1983-2013
Methods Individuals with Patients with and Patients with and Patients with DM, PAD
prevalent PAD, or without DM, without DM, and heel ulcers.
other cardiovascular undergoing elective undergoing elective
disease were endovascular therapy open vascular Comparison of major
excluded. for infrainguinal CLTI. surgery for amputation, death and
infrainguinal CLTI. amputation-free
7-day food diary, Outcome was survival at 1 and 3
interviews, compared between the | Outcome was years between groups
questionnaire with group with and the compared between undergoing open
food and lifestyle group without DM. the group with and vascular and
questions. the group without endovascular therapy.
Median follow-up was DM.
Comparison of dietary | 4.0 and 3.6 years for Median follow-up was
and lifestyle patients with and Median follow-up 3.3 years.
characteristics without DM. was 4.3 and 4.5
between the group years for patients
developing PAD and with and without
the group not DM.
developing PAD.
Median follow-up was
19.7 years.
Data Descriptive statistics. Descriptive statistics. Descriptive Descriptive statistics.
analysis Spearman’s or Kaplan-Meier with life statistics. Kaplan- Kaplan-Meier with life

tables. Log-rank test.
Multivariate Cox
regression analysis.

DM, diabetes mellitus; PAD, peripheral artery disease; CLTI, chronic limb-threatening ischemia. NDR, National
Diabetes Register; Swedvasc, Swedish Vascular Registry; IPTW, inverse probability of treatment weighting.
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Ethical approval

The study reported in paper I was approved by the ethical committee at Lund
University with registration number LU 51/90, and the studies in papers II-1V were
approved by the regional ethical review board in Lund with registration numbers
2016/232, 2016/544, and 2007/120.

Patients included in paper I had given their consent of being registered and agreed
to long-term follow-up when included in the Malmé Diet and Cancer study. As all
patients in paper II and III had given their consent of being registered in NDR and
Swedvasc, no further individual consent was required to be included in these studies
according to Swedish law. Paper IV was performed as a clinical follow-up study,
thus not requiring patients’ consent.

Data collection

Paper I was based on the Malmo Diet and Cancer Study (MDCS), paper 11 and 111
on merged data from Swedvasc and NDR.

Data collection for paper IV was based on electronic and paper charts from the
archives at Skane University Hospital.

Malmoé Diet and Cancer Study

Paper I was based on the Malmo Diet and Cancer Study (MDCS), a prospective
cohort study based in Malmd, Sweden. Although the MDCS was originally designed
to investigate the relationship between diet and cancer, its use was extended for
research on other exposures and disease endpoints. The MDCS was designed by
representatives from the International Agency for Research and Cancer (IARC), till
the Swedish Cancer Society, and the Faculty of Medicine at Lund University.
Baseline data collection took place between 1991 and 1996.'"" Individuals who were
residing in Malmdé were invited by letter to participate. Two more reminders were
sent to each individual. In addition to the personal letters, advertisements in local
newspapers, in public places and in primary health care centres were posted. Women
born 1923-1950 and men born 1923-1945 were eligible to participate in the study.

The wider age span set for women was motivated by the desire to study breast cancer
among pre-menopausal women. Participants also had to comprehend the Swedish
language and be able to complete the extensive questionnaire. In total, 74 138
individuals were eligible to participate according to the population register, of whom
65 599 individuals were invited by letter, and 5505 volunteered based on the posted
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advertisements.'® Paper I utilized data generated from the European Prospective
Investigation into Cancer and Nutrition (EPIC)'” cohort of the MDCS (n= 28 098).

At baseline, the participants of the MDCS filled in a dietary assessment, a self-
administered lifestyle questionnaire and underwent anthropometric measurements.
The dietary assessment consisted of a 7-day menu book, a food frequency
questionnaire, and an interview. In the menu book participants were asked to register
their cooked meals, cold beverages including alcohol, medicines, natural remedies,
and dietary supplements. The food frequency questionnaire was designed to map
the general food pattern, including frequency and portion size, of foods with low
day-to-day variation, such as hot beverages, sandwiches, snacks, and fruits. The
questionnaire included a booklet where photographs of different portion sizes were
included, and the participants could choose which photograph best represented their
own portion size. The interview was conducted by a dietician where the menu book
and the questionnaire were verified and ensured that there were no overlaps in food
intake and that the overall food pattern was correct.''

The lifestyle questionnaire was handed out to the participants at the first visit and
was returned at the second, approximately two weeks later. The questionnaire
contained questions on education, occupation, social network and support, physical
activity, tobacco consumption, alcohol consumption, previous weight and diet
change, and medications and illnesses.''' Prevalent diagnoses were obtained from
the National Population Register.

National Diabetes Register

In papers II and III the NDR was used to identify patients with a diagnosis of DM.
The NDR was founded in 1996 and serves as an assurance and improvement tool
for health care providers, as it covers 87% of Swedish adult patients with DM.* The
NDR covers clinical characteristics, risk factors, laboratory analyses, complications
related to DM, and different treatments for individuals 18 years or older.''> The
registry includes more than 500 000 individuals with DM.

A flow chart describing the data collection process, merging of data across registries
and analysis in papers Il and III are outlined in figure VII.
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Elective lower limb revascularization for CLTI
Swedvasc 2010 - 2014

Population with unique individuals based on
personal identity number (PIN)

NDR 2009 - 2015

PINs data was synchronized with:

-National Patient Register, for data on diagnoses and surgeries
-Cancer Register, for data on cancer diagnoses

-Longitudinal Database for Health Insurance and Labour Market
Studies, for data on socioeconomics

-Prescribed Drug Register, for data on drug treatment

Endpoints:

-Cardiovascular and limb outcomes from the
National Patient Register
-Mortality from the Cause of Death Register

PIN was exchanged to a serial
number by the National Board
of Health and Welfare

Endovascular
surgery (paper Il)

Open vascular
surgery (paper Ill)

DM

No DM

DM

No DM

Figure VII. Flow chart of the data collection process for paper Il and Ill.

Data from the National Patient Register and the Cancer Register were retrieved up to 10 years prior to baseline. Data
from Longitudinal Database for Health Insurance and Labour Market Studies and the Prescribed Drug Register were

retrieved up to 1 year prior to baseline. CLTI: chronic limb-threatening ischemia; Swedvasc: Swedish Vascular

Registry; NDR: National Diabetes Register; DM: diabetes mellitus.

34



Swedvasc

Swedvasc was used for data collection in paper II and III. All patients undergoing
vascular surgery in Sweden since 1994 are registered in Swedvasc.'”® In 2020,
approximately 3,300 patients underwent surgery for CLTI. The frequency of
complications such as amputation, AMI and mortality at 30-days follow-up is
registered. The information on patient mortality was reported automatically to
Swedvasc within 2 weeks from the Swedish population registry, based on the
patient’s personal identity number, rendering highly reliable mortality data.

One-year follow-up is performed with all patients, and mortality data are registered.
The one-year mortality rate following vascular surgery for CLTI was 18% in 2020.%
The national coverage rate of revascularization procedures in Swedvasc varies
between 82-95% when compared with the National Patient Register.* Eighty eight
percent of lower extremity arterial procedures are registered in Swedvasc within 30
days. Swedvasc has been validated for carotid artery disease and abdominal aortic
aneurysms,''* but no formal validation has been performed regarding procedures
related to PAD. However, Djerf et al reported that among 109 patients registered as
having undergone an ipsilateral lower limb amputation after revascularization for
claudication during a median follow-up of 3.9 years, 17 were duplicate registrations,
51 had CLTI and not claudication, one was not revascularized, one had acute limb
ischemia, one was revascularized for a popliteal aneurysm, one underwent a minor,
not major amputation, and one was not amputated at all. In total, only 33% (36/109)
of patients registered in Swedvasc as having undergone major amputation after
revascularization for claudication were registered correctly.'"> A recent validation
of major amputation for CLTI has been performed by reviewing 1,366 patients’
medical records, showing <10% missing data for amputation with remaining
uncertainty on amputation laterality.''¢

Definitions used in papers [-IV

Acute myocardial infarction was defined by code 121 according to the International
Classification of Diseases, tenth revision (ICD-10).

Amputation was defined as amputation above the ankle e.g., major amputation if not
stated otherwise.

Anaemia in paper IV was defined as haemoglobin <134 g/L in men and <117 g/L in
women.

Body mass index was calculated using weight divided by height?, expressed in kg/m2.

Chronic limb-threatening ischemia (CLTI) was defined as the presence of peripheral
artery disease along with rest pain, gangrene or ulcers for > 2 weeks.
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Diabetes mellitus (DM) was in paper | defined as fasting blood glucose >6.0 mmol/l,
use of antidiabetic drugs or self-reported physician’s diagnosis. In paper IV, DM
type 2 was defined as patients younger than 31 years without insulin treatment, and
DM type 1 was defined as patients younger than 31 years with insulin treatment.
These definitions were used up until 1997 as the ICD coding system did not differ
between type 1 and 2 DM.

Drug treatment was defined according to the Prescribed Drug Register in papers 11
and III. Use of lipid lowering drugs, acetylsalicylic acid, metformin and other
glucose-lowering medications, and anticoagulant therapy was included.

Duration of DM was in paper IV defined as the year from diagnosis until the
presentation of a foot ulcer at the foot clinic.

End-stage renal disease in paper IV represented creatinine >300 umol/L, past renal
transplantation, or dialysis.

Good concordance in paper IV was defined as participating in 50% or more of the
appointments at the multidisciplinary foot clinic.

Home aid was defined as any specialized assistance (not a family member) in paper V.

Hypertension was in papers Il and III defined as collecting a minimum of one
prescription of antihypertensive drugs one year prior to index operation. Three
months of medicine use is equivalent to one prescription. In paper I and IV
hypertension was defined as use of antihypertensive drugs or blood pressure
>140/90 mmHg.

Ischemic heart disease in paper 1V was defined as previous myocardial infarction
or angina pectoris.

Major adverse cardiovascular events in paper Il and III, included angina pectoris,
acute myocardial infarction and related complications such as papillary muscle
rupture, hemopericardium, and ventricular septal rupture. Chronic ischemic heart
disease, cerebral infarction, intracerebral haemorrhage, and subdural haemorrhage
was also included.

Nephropathy in paper 1V was defined as urine albumin >300 mg/L.

Nonischaemic heart disease in paper 1V included atrial fibrillation or valvular disease.
Psychiatric disorders excluded dementia.

Renal disorder included kidney transplant, renal failure or dialysis in paper II and III.

Renal impairment used in paper Il and III was defined as estimated glomerular
filtration rate (¢GFR) <60 ml/min/1.73 m* with data from NDR on individuals with
DM only.
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Retinopathy in paper IV was defined as preproliferative or proliferative based on
retinal photographs scored by an ophthalmologist.

Severe peripheral vascular disease was used in paper 1V as toe pressure <45 mmHg
or ankle pressure <80 mmHg.

Smoking was in paper II and III defined as currently smoking at baseline with data
from Swedvasc and when missing, the National Diabetes Register was used to
complement. In paper I smoking was defined as former or current smoking. In paper
IV current smoking was defined as currently smoking or having quit smoking less
than a year ago.

Stent in paper II included drug eluting stent or stent graft.

Ulcer duration in paper IV was expressed in weeks and reflected the time from
admission at the foot clinic to healing of the heel ulcer.

Validation of diagnosis of peripheral artery disease

In paper I, one hundred of the patients with the diagnosis of peripheral artery disease
in MDCS were randomly selected for the validation procedure using patient record
data. Among 100 patients, 69 had CLTI, 12 had thrombotic and one embolic acute
limb ischemia, 15 had intermittent claudication, and one had asymptomatic
peripheral artery disease. Two patients with venous insufficiency were
misdiagnosed. The diagnosis of atherosclerotic symptomatic PAD could therefore
be confirmed in 97%.'"’

Statistical analyses

Continuous variables such as age were expressed in median with inter quartile
range. The Mann-Whitney U-test (non-parametric) and Student’s t test (parametric)
were used for comparison of continuous variables, and differences in proportions
were compared with Pearson’s chi square test. Ordinal data such as for income
groups were compared with Kendall’s tau-b test. P-values <0.05 and standardized
mean differences (SMD) >0.2 were considered statistically significant.

In paper I, the correlation between fish and shellfish consumption and potential risk
factors for PAD were analysed with Spearman’s correlation test for ordinal data and
Pearson’s test for continuous data. Variables differing (p<0.1) between incident
PAD and not, in a univariable analysis, were further entered as covariates in a
multivariate Cox regression analysis and expressed in hazard ratios (HR) with 95%
confidence interval (CI). The cumulative incidence of PAD was described according
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to the Kaplan Meier method with life tables, and sex differences were analysed with
a log-rank test.

An additional and refined statistical re-analysis was performed after the publication
of paper 1. The variables age, and fish and shellfish intake were tested for normal
distribution with the Kolmogorov-Smirnov test. The distributions of these two
variables were found to be skewed. Since the Cox regression is semi-parametric''®
age, fish and shellfish were log transformed to calculate the respective z-scores. The
participants z-scores for age and fish and shellfish were entered as covariates
together with “male sex”, “hypertension” and “smoking” in the multi-variate Cox
regression analysis. HRs of age and fish and shellfish were expressed per 1 standard
deviation (SD) increment to enable comparisons of effect sizes.

In papers II and III, propensity score analysis was performed (see below). The
cumulative incidence of mortality and major amputation were described using crude
Kaplan Meier curves.

In paper IV group differences in amputation-free survival (AFS) were analysed with
the Kaplan Meier method and life tables. Differences between open and
endovascular surgery were analysed with log-rank test. Variables differing (p <0.1)
between endovascular and open vascular surgery groups were further entered as
covariates in a multivariate Cox regression analysis for evaluation of AFS, and
expressed in HR with 95% CI.

Propensity score analysis

When using multivariate adjustments by logistic regression, a limited number of
baseline variables should be used, according to “the rule of ten” a minimum of 10
endpoints should be used per baseline variable.'"” The rule was applied to keep the
risk of overfitting low. When adjusting for several baseline variables such as in
papers II and III with approximately 30 variables, the propensity score adjusted
analysis is more suitable.

The propensity score analysis is as a way to minimize confounding when estimating
the treatment effect on outcome. The propensity score estimates the probability of
receiving treatment based on the baseline variables which renders a score. In papers
Il and III the treatment group is the group with DM and the control group those
without DM.

The propensity score is a way to minimize selection bias and some even say that the
propensity score is a way to design and analyze an observational study so that it
mimics an RCT."** 2! An example of this would be to try and balance covariates so
that the distribution of the covariates are very similar between the treatment and
control group.'? There are four different ways in which the propensity score can be
utilized: matching on the propensity score, stratification on the propensity score,
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inverse probability of treatment weighting (IPTW), and covariate adjustment using
the propensity score.'?!

IPTW was used in papers II and III. Each study participant was assigned weights
based on their propensity score. The study participant’s weight was equal to the
inverse probability of it having DM or not. A high weight means being atypical for
the group that the person is included in, e.g., a person without DM will get a higher
weight if its baseline variables are more similar to those in the group with DM.

Individuals with the same weights but from different groups (DM or no DM) had
the same distribution of baseline variables. These two individuals were then
compared. Two individuals with the same propensity score (and weight), but from
different treatment groups, will have the same distribution of baseline variables.

Put simply, IPTW tried to answer the question: “What would be the outcome if the
group with DM and the group without DM were equal in all other baseline variables
at the time of the vascular surgical procedure?”
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Results

Study I

Main findings

1. A higher intake of fish and shellfish tended to confer a protective effect against
the development of PAD among individuals with DM (HR per additional gram per
week 0.99, 95% CI 0.99-1.00, p=0.051). See table VI. Additional refined statistical
re-analysis (see statistical analysis, page 38) showed that fish consumption was
associated with a reduced risk of incident PAD (HR/standard deviation [SD]
increment 0.84, 95% CI 0.73-0.97, p=0.018). See table VII.

II. Smoking was associated with an increased risk of developing PAD among
individuals with DM (HR 1.96, 95% CI 1.28-3.00, p=0.002).

Table VI. Multivariate Cox regression analysis of factors associated with incident symptomatic peripheral artery disease
among patients with diabetes mellitus.

Hazard ratio 95% confidence interval p-value
Age 1.01 per year 0.98-1.03 0.64
Male sex 1.36 0.95-1.95 0.09
Hypertension 1.86 0.87-4.02 0.1
Smoking 1.96 1.28-3.00 0.002
Fish and shellfish intake O'gfa‘r’ne;:fwggﬂa' 0.99-1.00 0.051

All five variables were entered in the Cox regression analysis.

Table VII. Additional refined statistical re-analysis. Factors associated with incident symptomatic peripheral artery
disease among patients with diabetes mellitus.

Hazard ratio 95% confidence interval p-value
Age? 1.09 0.90-1.31 0.40
Male sex 1.31 0.91-1.89 0.15
Hypertension 1.73 0.80-3.73 0.16
Smoking 2.07 1.34-3.22 0.001
Fish and shellfish? 0.84 0.73-0.97 0.018

2HR were expressed per 1 SD increment. One SD for the variable fish and shellfish equals 265 g per week. All five
variables entered in the Cox regression analysis.
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Study II

Main findings

I. Patients with DM had a higher rate of major amputation following urgently
planned endovascular therapy for CLTI (HR 1.43, 95% CI 1.23-1.67, p<0.0001)
compared to those without DM. The risk of major amputation or death was also
higher (HR 1.13, 95% CI 1.04-1.23; p=0.004) among patients with DM after

endovascular therapy for CLTI. See table VIII.

II. There was no difference in mortality between the group with and without DM
following urgently planned endovascular therapy for CLTI (HR 1.04, 95% CI 0.95-
1.14, p=0.362). The rate of AMI was higher in the group with DM (HR 1.37, 95%
CI 1.13-1.67, p=0.002). See table VIII.

Table VIII. Inverse probability of treatment weighting adjusted Cox regression analysis of different endpoints for patients

with DM compared to patients without DM following urgently planned endovascular surgery for CLTI.

hazard ratio 95% confidence interval p-value
Mortality 1.04 0.95-1.14 0.362
Cardiovascular death 1.01 0.95-1.14 0.921
MACE 1.13 1.04-1.23 0.003
Acute myocardial infarction 1.37 1.13-1.67 0.002
Stroke 1.1 0.89-1.38 0.363
Major amputation 1.43 1.23-1.67 <0.0001
Major amputation or death 1.13 1.04-1.23 0.004

DM, diabetes mellitus; CLTI, chronic limb-threatening ischemia. MACE: major adverse cardiovascular events.
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Study III

Main findings

I. No difference in major amputation (HR 1.28, 95% CI 0.98-1.66, p=0.070) or death
(HR 1.10, 95% CI 0.93-1.30, p=0.251) were seen following urgently planned open
vascular surgery for CLTI when comparing patients with and without DM. Neither
was there any group difference regarding the compound variable major amputation
or death (HR 1.15, 95% CI 0.98-1.35; p=0.090) following open vascular surgery.

See table IX.

II. Patients with DM had higher rates of stroke (HR 1.70, 95% CI 1.11-2.59
p=0.014) and AMI (HR 1.39, 95% CI 1.00-1.92, p=0.047) following urgently
planned open vascular surgery for CLTI. See table IX.

Table IX. Inverse probability of treatment weighting adjusted Cox regression analysis of different endpoints for patients
with DM compared to patients without DM following urgently planned open vascular surgery for CLTI.

hazard ratio 95% confidence interval p-value
Mortality 1.10 0.93-1.30 0.251
Cardiovascular mortality 1.09 0.89-1.33 0.403
MACE 1.15 0.98-1.34 0.090
Acute myocardial infarction 1.39 1.00-1.92 0.047
Stroke 1.70 1.11-2.59 0.014
Major amputation 1.28 0.98-1.66 0.070
Major amputation or death 1.15 0.98-1.35 0.090

DM, diabetes mellitus; CLTI, chronic limb-threatening ischemia. MACE: major adverse cardiovascular events.
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Overview of outcomes in study II compared to study IIT

For comparison of outcomes following urgently planned endovascular therapy
(study II) with open vascular surgery (study III) for CLTI, please see table X.

Table X. Summary of outcomes following urgently planned endovascular therapy (study Il) and open vascular surgery
(study Il) for CLTI.

Endovascular therapy Open surgery
Mortality 0 0
Cardiovascular mortality 0 0
MACE + 0
Acute myocardial infarction + +
Stroke +
Major amputation + 0
Major amputation or death + 0

Results based on propensity score adjusted Cox regression analysis in study Il and Ill, respectively. + means
increased risk for the group with DM and 0 means no difference in risk between the group with DM compared to the
group without DM. MACE: major adverse cardiovascular events.

A summary of the effects of diabetes duration, HbAlc, renal impairment, and tissue
loss on outcomes among patients with DM undergoing endovascular as opposed to
open revascularization for CLTI are shown in table XI.

Table XI. Summary of effects of diabetes duration, HbA1c, renal impairment and tissue loss on six endpoints among
patients with DM undergoing revascularization for CLTI.

Diabetes duration HbA1c imfaei?::ent Tissue loss
Endo Open Endo Open Endo Open Endo Open

Total mortality + 0 0 0 + + + 0
Cardiovascular mortality 0 0 0 0 + + + 0
MACE + + 0 0 + + + 0
Acute myocardial infarction + 0 + 0 0 0 + 0
Stroke 0 0 0 0 0 0 0 0
Major amputation + 0 0 0 + 0 + +

Analysis are adjusted for age and gender in the “Endo” and “Open” group, respectively. + means that the diabetes
related factor increases the risk for the different outcomes. 0 means no increased risk associated with the diabetes
related factor. MACE: major adverse cardiovascular events.
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Study IV

Patient characteristics

Patients undergoing open vascular surgery more often had local foot pain (p=0.038),
foot oedema (p=0.006), and previous vascular surgical procedures (p=0.023). On
the contrary, previous foot ulcer (p=0.001), retinopathy (p=0.035), and insulin
treatment (p=0.024) were more common in the endovascular group.

Main findings

I. AFS was higher following open vascular surgery compared to endovascular
therapy for patients with DM, PAD, and heel ulcers (HR 2.1, 95% CI 1.1- 3.9,
p=0.025). See figure VIII and table XII.

II. An increase in the proportion of patients undergoing endovascular surgery at the
expense of open vascular surgery over time was observed, when comparing the
former (1983-2000) and latter (2001-2013) time periods (p< 0.001).

Type of primary
procedure
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Figure VIII. Crude Kaplan-Meier analysis of amputation-free survival following open and endovascular surgery among
patients with diabetes mellitus, peripheral artery disease and heel ulcers.
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Table XIl. Analysis of factors associated with amputation-free survival among patients with diabetes mellitus, peripheral
artery disease and heel ulcers undergoing open and endovascular surgery.

hazard ratio 95% confidence interval p-value
ggigs’iﬂgfg’u‘r’;e’f;d“re (open versus 2.06 1.10 - 3.86 0.025
Retinopathy 1.24 0.78 — 1.96 0.36
Diabetes treatment (insulin versus no insulin) 1.10 0.67 — 1.80 0.70
Previous ulcer 1.15 0.72-1.83 0.55
Edema 0.90 0.58 —1.42 0.66
Pain 1.04 0.65-1.66 0.87
Previous vascular surgery 1.95 1.02-3.74 0.044

All seven variables were entered into the Cox regression analysis.
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Discussion

Diet and peripheral artery disease in individuals with DM

Previous studies on the impact of different dietary components upon the risk of PAD
have been scarce,'** '* particularly among individuals with DM.'?* Previous studies
have focused on traditional cardiovascular risk factors and the incidence of PAD
among patients with type 2 DM.'%

In paper I we found a trend towards a protective effect of a high intake of fish and
shellfish against the risk of PAD in subjects with DM. After further statistical re-
analysis, this protective effect was even stronger. Another study based on a non-
diabetic population from MDCS showed that a high intake of dietary fibres and a
generally healthy diet reduced the risk of developing PAD, whereas fish and
shellfish alone were not associated with a reduced incidence of PAD.'*® In an
extended study from the MDCS cohort'?” including individuals with DM and
evaluating diet and risk of atherosclerotic cardiovascular disease, however, a higher
diet score with adherence to recommended intake of fish and shellfish, fibre and
saturated fatty acid were associated with decreased risk for incident atherosclerotic
cardiovascular disease. A randomized controlled trial with approximately 50% of
study participants having type 2 DM showed that a Mediterranean diet known to be
rich in fish and shellfish, reduced the risk of developing PAD compared to a low-
fat diet.'* A healthy diet, rich in fish, might help to achieve and maintain body
weight goals, reach individual glycaemic, blood pressure, and lipid targets, and
prevent diabetic complications.'?® It is also possible that high consumers of dietary
fibres, fish and shellfish have a different lifestyle in general compared to low
consumers, contributing to the presumed protective effect.

Effects of DM in patients with chronic limb-threatening ischemia
undergoing revascularization

The summary of outcomes following revascularization (table X) for patients with
and without DM showed that the risk of AMI was higher among those with DM
after both endovascular and open vascular surgery. However, this did not affect the
mortality rates which were similar for patients with and without DM following
either revascularization method.
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In paper II we found that patients with DM had a higher risk of major amputation,
combined major amputation and mortality, and AMI following endovascular
therapy for CLTI compared to those without DM. However, cardiovascular
mortality was not increased among patients with DM compared to those without
DM. In recent years there has been a reduction in mortality and cardiovascular
complications among Swedish patients with DM. Data from NDR, however, still
show an excess mortality due to coronary heart disease among those with DM
compared to the general population.'” The study included almost 500,000 Swedish
patients with DM whereas the number of patients with DM in paper II were 2,251.
We can therefore not exclude that the nonsignificant association of increased
cardiovascular mortality in the group with DM in paper Il is a result of type II
statistical error, and that a larger study sample might have rendered a statistically
significant association between DM and cardiovascular mortality. Furthermore,
patients in paper Il had higher rates of previous AMI, stroke, and heart failure in the
two comparative groups, compared to the study by Rawshani et al,'® possibly
contributing to the nonsignificant association between DM and cardiovascular
mortality.

In paper 111, the risks of AMI and stroke following open vascular surgery for CLTI
were higher in the group with DM. It is well-known that individuals with DM have
a more distal distribution of their arterial disease, and generally more significant
perfusion-related end-organ damage.'? Nevertheless, the risks of major amputation
and the combined endpoint major amputation or mortality were not increased in
patients with DM after open vascular surgery, which may be partly attributed to the
fact that by-pass surgery with vein conduit was performed slightly more often in
patients with DM (73% versus 68%). This might possibly have contributed to the
comparable results on major amputation, as vein conduits previously have been
shown superior to synthetic grafts.”® In contrast to results presented in paper 111, data
from Swedvasc on patients undergoing open vascular surgery for CLTI between
2001-2003 showed an increased mortality among patients with DM, "*° which partly
might be explained by lower rates of secondary prevention with statins and
antiplatelet agents.""'

Effects of specific characteristics in patients with DM and chronic
limb-threatening ischemia undergoing revascularization

A summary of outcomes following revascularisation for CLTI among patients with
DM with respect to diabetes related factors is displayed in table XI, reflecting data
in paper Il and III. For instance, tissue loss was associated with an increased risk of
major amputation following both endovascular therapy and open vascular surgery.
Tissue loss in patients with CLTI has previously been shown to be an independent
factor associated with major amputation and mortality.'** A previous study,
comparing outcomes after open vascular surgery and endovascular interventions for
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patients with tissue loss and CLTI, in which approximately 65% had DM, showed
a better limb salvage rate following open vascular surgery.'*?

When compared to endovascular surgery, open vascular surgery (paper 1V) was
associated with higher AFS. However, insulin treatment, retinopathy, and previous
foot ulcers were more common in the group undergoing endovascular therapy
compared to those having open vascular surgery, which could reflect a more
advanced diabetic disease in the group of patients receiving endovascular therapy.
Furthermore, local foot pain was more prevalent in the open vascular surgical group,
which could be interpreted as a sign of less advanced neuropathy. Diabetic
neuropathy leads to worse pain perception and frequently masks progressive PAD
which might contribute to patient’s delay in seeking medical attention for DFU.
After multivariate Cox regression analysis neither foot pain, previous ulcer, insulin
treatment, or retinopathy remained as factors affecting AFS among patients with
DM, PAD, and heel ulcers. The finding that previous vascular surgery was
associated with improved outcome is puzzling. A detailed analysis on the type of
previous vascular surgery in the open vascular and endovascular surgery groups
might perhaps have given a clue.

CLTI should be viewed as a sign of systemic atherosclerosis with high mortality in
cardiovascular diseases.”® '** With this in mind, patients with DM that are planned
to undergo vascular surgery for CLTI require specific pharmacological
considerations preoperatively in order to improve their cardiovascular outcome
postoperatively. Antihypertensive drugs, statins, and optimization of blood glucose
levels are recommended for optimal cardiovascular risk management.'* %

Renal impairment among patients with DM was associated with a higher mortality,
cardiovascular mortality and MACE in both studies II and IIl. Chronic kidney
disease along with PAD has also previously been linked to inferior survival rates.'*’

Risks associated with type of revascularization for chronic limb-
threatening ischemia

Whereas endovascular therapy can be performed in local anaesthesia, open vascular
surgery is associated with much greater cardio-pulmonary stress as the patient has
to be anesthetized. However, this did not affect mortality rates following open
vascular surgery compared to endovascular technique in paper IV. Of note, we have
not presented short-term data or 30-day outcomes data due to issues related to
insufficient statistical power in those analysis. Nevertheless, the endovascular-first
strategy'*® should not be performed swiftly keeping in mind that the BASIL RCT
showed a higher risk of early failure amongst patients revascularized with
endovascular technique. Patients would then require second line by-pass surgery
associated with inferior outcome compared to a primary revascularization with by-
pass surgery.'*” Moreover, patient suffering and excessive health care costs related
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to inadequately treated CLTI cannot be ignored. The BEST-CLI trial has completed
recruitment of patients and short-term outcome data is expected to be published in
2022 (https://clinicaltrials.gov/ct2/show/NCT02060630), supplemented later by
mid and long-term outcome and cost-effectiveness analysis. This large-scale
randomized trial on 1843 patients from 116 US BEST-CLI vascular centre sites will
provide important results for future management of CLTI patients. The investigators
have claimed that a large proportion, around 70% of the study population, has DM
and that a sub-study of the trial, “The Impact of Diabetes on REvascularization
(TIDE)”, is planned.

Amputation-free survival after revascularization in patients with DM

In paper IV, AFS was higher following open vascular surgery compared to
endovascular therapy among patients with DM, PAD, and heel ulcers. Furthermore,
we found that the proportion of patients undergoing endovascular therapy increased
at the expense of open vascular surgery during the study period. Some might
therefore argue that the experience of endovascular technique might have been
limited, which might possibly have contributed to the inferior results associated with
the endovascular procedures. Another explanation may be that vascular surgeons
are becoming more active at retreating patients, and therefore perform more repeat
endovascular procedures. Nonetheless, endovascular techniques have been the most
commonly used for revascularization of PAD since 2004 in Sweden.'**

The higher AFS following open vascular surgery in paper IV might have been even
larger keeping in mind that pharmacological coverage with statins’ and aspirin has
improved over time.* *? In addition, the substantial and ongoing decrease in
smoking prevalence in high income countries, including Sweden since the 1970s,'*’
(figure IX) has most certainly conferred general beneficial health effects including
less prevalence and severity of PAD.'"*! Adjusting for improvement in medical risk
factor treatment along with smoking cessation and time period in a multivariate Cox
regression analysis would have been most interesting, and might have unveiled an
even more evident advantage of open vascular surgery.
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Figure IX. Prevalence of daily smoking in Sweden from 1980 to 2019 in ages 16-84 years, divided by sex.
Data from Statistics Sweden. 2

Guidance on revascularization options for chronic limb-threatening
ischemia

During the last decades there has been a clear shift towards more endovascular
techniques in high-income countries, at the expense of open vascular surgery.'®
Nevertheless, to ensure the best clinical outcome for individuals with CLTI it is
crucial that the surgeon has access to both endovascular and open vascular
techniques.”® The Global Vascular Guidelines recommend, in order to aid clinical
decision making on patients with CLTI, an approach based on the PLAN method

(Patient risk assessment, Limb staging [WIfI] and ANatomic pattern [GLASS])
(table XIII).
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Table XIIl. Preferred primary mode of revascularization in chronic limb-threatening ischemia in an average-risk patient
with autologous vein conduit accessible for bypass.

WIfl
stage-1 WiIfl-2 WiIfl-3 Wifl-4
GLASS-1
-2 Endo-
vascular
1-3

Patients with low WIfl scores (green) eg. low risk should be conservatively considered for revascularization. Areas
coloured grey indicate scenarios with least consensus. Modified from the Global Vascular Guidelines on the
Management of Chronic Limb-Threatening Ischemia.?® WIfl, Wound, Ischemia, foot Infection; GLASS, Global Limb
Anatomic Staging.

Current evidence suggests that benefit of revascularization among patients with
CLTI is related to both the degree of ischemia and stage of limb threat (WIfI
stage).'** 1% A patient’s individual and anatomic factors should guide the decision
on open vascular surgery or endovascular therapy. The GVG recommends
combining the WIfI score with anatomic pattern of disease (GLASS)*® (see table
XIII). GLASS is used to classify the pattern of arterial disease in CLTI with the
primary goal to restore flow to the foot. The target arterial path, usually the least
atherosclerotic infrapopliteal artery is selected and usually correlates best with
endovascular outcome. As such, the GLASS stage is best correlated with
endovascular outcome as it does not pay attention to the quality of vein conduits. A
subgroup analysis from the BASIL-1 RCT showed that GLASS is not associated
with outcome following by-pass surgery.'*® Patients in whom autologous vein
conduits are not available should be paid specific consideration, as vein conduits are
important factors for bypass success rates.”® For this specific group endovascular
techniques should be considered as first line strategy.'*’

The patients in paper IV undergoing endovascular and open vascular surgery had
the WIfI spectrum scores of Wound 2-3, Ischaemia 2-3, foot Infection 0-3, which
means that these patients all had WIfI stage 3-4 even if no data on foot infection
was collected.”® According to table XIII, patients with low-complexity arterial
disease (GLASS-1) benefit more from endovascular therapy, and those with high-
complexity arterial disease (GLASS-3) benefit more from open bypass surgery.
Differences in GLASS stages between the endovascular and open vascular surgery
group in paper IV were not possible to evaluate, but this factor reflecting the extent
of lower extremity arterial disease is important to include in prospective studies.
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Methodological considerations

Selection bias

The participant rate in the MDCS was 40% (paper 1), which can be considered
relatively low and as reducing the generalizability of the study.''' A health survey
was mailed to the same population, resulting in a participation rate of 75%. The
health survey showed a comparable socio-demographic structure between
participants and non-participants in the MDCS cohort, but both cancer incidence
during study recruitment, and mortality during and following the recruitment period
was higher in non-participants.'®

The present thesis is focused on patients with DM thus reducing the number of study
participants, which might not have rendered sufficient statistical power to gain
statistical significance in some analyses. In paper III we found a nonsignificant
association between DM and major amputation. Even though the study cohort is
relatively large, we cannot exclude that this nonsignificant association was a result
of type II statistical error, and that a larger study sample would have rendered a
statistically significant association between DM and major amputation.

Papers II and III were based on national materials of patients undergoing
endovascular alternatively open vascular surgery, respectively, for infrainguinal
CLTI, reducing the risk of treatment selection bias.

Among all patients with DM and heel ulcer, patients in paper IV were composed by
a subgroup diagnosed with lower extremity arterial occlusive disease. Selection for
either vascular or endovascular surgery had probably to a great extent been based
upon physician preferences and advances in endovascular therapy throughout the
long study period.

Information bias

A substantial part of baseline collection data including dietary and lifestyle data was
self-reported in the MDCS (paper I). Potential misreporting might therefore to some
extent have resulted in erroneous results and incorrect interpretations. Non-adequate
reporters of energy data were identified by comparing their reported energy intake
with their total energy expenditure (estimated from their calculated basal metabolic
rate and self-reports of leisure-time physical activity, work activity, household
work, and sleep hours). Individuals with reported energy intake above or below the
95% ClI for total energy expenditure were categorized as “misreporters”. Individuals
acknowledging that they substantially changed their dietary habits in the past in the
questionnaire were categorized as “dietary changers”.'*’ Individuals with DM at
baseline were considered to be dietary changers, but since the cohort in paper |
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comprised those with DM only, study population was considered homogenous and
scientific rigor was considered to be reasonably maintained. Moreover, in a cohort
study in middle-aged individuals attempting fat reduction, over 70% of the
individuals still maintained the same diet after 24 months."*® No sensitivity analysis
by removing “misreporters” in paper I was performed due to concerns about reduced
sample size and statistical power.

The present thesis is based on data retrieved from registries and medical records,
which might potentially lead to the risk of misclassifications, incorrect data
collection, and missing data. Previous studies on Swedvasc suggest that up to 50%
of data on smoking status is missing.'* Therefore, NDR data were used as a
complement in the group with DM for which Swedvasc data on smoking status were
lacking in papers II and III, which enabled more reliable assessment of smoking
status in patients with DM.

Swedvasc has previously been validated regarding surgery of abdominal aortic
aneurysm and carotid artery disease''* whereas no validation of patients having
procedures for PAD has been performed. Even though no validation of CLTI
patients registered in Swedvasc was completed, we have no reason to believe that a
significant part of patients with CLTI were misclassified as CLTI instead of
claudication. It is possible that some patients were misclassified as having CLTI
after a failed revascularization for intermittent claudication. On the contrary, a
previous study showed that patients registered in Swedvasc due to intermittent
claudication who later underwent major amputation had in fact been misclassified
to a large extent and actually suffered from CLTI.''3

Paper IV was due to its retrospective design and long study period from 1983 to
2013, particularly prone to information bias with difficulties in finding information
in the medical records (paper charts) used during the former half of the study period.

Confounding

Papers I — IV were all observational cohort studies and the main results were based
on statistical analysis adjusting for confounders. While observational studies
examine associations in real world settings, causality between exposure and
outcomes cannot be determined. Adjusting for potential confounders during
statistical modelling can to some extent reduce the risk of drawing incorrect
conclusions. Adjustments for age and sex were performed in paper I, 11, and III and
are often included as a first line adjustment in basic statistical models. Age and sex
were not included in the adjusted model in paper IV, however, since there were no
differences between these two variables in the two comparative groups in the uni-
variate analysis. In addition, the limited sample size in paper IV did not permit
extensive adjustments for confounders. As a rule of thumb, one covariate can be
entered per ten events in a multi-variate analysis.'”” Seven covariates were entered
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in the Cox regression analysis in paper IV, which was allowed since there were 89
events of either major amputation or death at 5 year.

Adjustments for confounders by using propensity score model in paper II and 111 is
an excellent tool to account for observed differences between two groups, the DM
compared to the non-DM group, in order to isolate the effect of DM. However,
propensity scores cannot adjust for unobserved differences between groups. It is
possible that unobserved co-variables such as level of arterial occlusions in the
lower limb might have influenced the choice of revascularization as well as the
outcomes, a distortion labelled residual confounding.

In this thesis no separate analysis of patients with insulin-treated DM and non-
insulin-treated DM was performed. Since previous studies have shown an
association between insulin treatment and worse limb salvage rates among
individuals with CLTI, it would have been highly interesting to perform separate
analysis of insulin treatment."'

In particular in paper, I and IV, changes in pharmacological secondary prevention
with platelet aggregation inhibitors, statins, and smoking cessation during the
respective long study periods were identified as confounders not possible to adjust
for in the analysis.

Another confounder not addressed was the change of different pre-interventional
imaging modalities during the respective study periods. The frequencies of
diagnostic angiography (74%) and MRA (39%) in paper IV have likely not been
consistent throughout the study. Higher proportions of diagnostic angiographies and
MRA, respectively, were performed in the former and latter part of the study period.

Strengths

The large prospective population-based cohort study of middle-aged individuals at
baseline, a median follow-up duration of 20 years, and validation of the diagnosis
of symptomatic PAD were major strengths in paper 1.

In papers Il and III, the use of two disease-specific nationwide data registries,
Swedvasc and NDR, and propensity score statistical modelling adjusting for
approximately 30 variables were major strengths.

In paper 1V, the patients were consecutively recruited from a diabetic foot care
section at the Department of Endocrinology. The diabetic foot rounds consist of
experienced specialists in endocrinology, vascular surgery, and orthopaedic surgery,
guaranteeing a high-quality multidisciplinary approach to DFU patients.
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Conclusions

e A higher intake of fish and shellfish was tended to protect against the
development of PAD among individuals with DM.

e The risk of major amputation was higher for patients with DM compared to
those without DM after urgently planned endovascular therapy for CLTI.

e There was no difference in major amputation or mortality between patients
with and without DM following urgently planned open vascular surgery for
CLTL

e Amputation-free survival was higher after open than endovascular surgery
among patients with DM, PAD, and heel ulcers.
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Future perspectives

According to the IDF, it is possible to reduce amputation rates by between 49% and
85% through a combination of education of both patients with DM as well as
healthcare professionals and a multi-disciplinary treatment of DFU with close
monitoring.! In order to reach this goal not only treatment of PAD and DFU are
important, prevention of the development of PAD and DFU’s are most crucial.

Future research with prospective studies on modifiable risk factors such as diet,
smoking, obesity, and physical activity for the development of PAD, with subgroup
analyses of subjects with DM would hopefully render useful insights on how to
prevent PAD. Agenda 2030 has set a global goal to reduce premature mortality from
non-communicable diseases with one third by 2030."%? Cardiovascular disease is the
primary cause of death globally,'>® and in order to reach the goal it is crucial to
reduce its incidence in the first place. Therefore, further research on modifiable risk
factors is warranted.

In paper IV the DFU’s were classified with the Wagner classification system, a
system that has been widely used to assess ulcer depth and presence of
osteomyelitis.'” In 2014 the Society for Vascular Surgery introduced the WIfI
classification system for assessment of CLTIL.'** The WIfI system is better adapted
to reflect the extent and severity of lower extremity arterial disease. In paper 1V,
85% of the patients with DM were classified as having Wagner grade 1 (superficial
ulcer) at baseline, which is the lowest out of five stages.'” Even if WIfI staging was
not possible to assess accurately, the study patients belonged to WIAI stages 3-4, the
two highest WIfI stages."” When comparing the WIfI system with the Wagner
classification in the assessment of 63 patients with DFU, there was no difference in
the ability to assess the risk of major amputation.'>> However, no revascularization
was performed in this study. Hence, future prospective studies comparing these two
classification systems in especially vascular surgical patients are needed.

To date, no prospective study has randomized patients based on WIfI stage to either
open or endovascular surgery. The efficacy of WIfI classification'** together with
GLASS? staging (table XIII) would be highly interesting to study in a prospective
RCT comparing open with endovascular surgery, especially with subgroup analysis
of patients with DM as these patients have a different clinical presentation and
outcome. '
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In papers Il and 111 subgroup analysis of the clinical presentation of CLTI with tissue
loss or rest pain would have been interesting as some evidence suggest that the
benefit of open vascular surgery over endovascular therapy to avoid amputation
applies to those presenting with tissue loss, but not to patients presenting with rest
pain only.'** Tissue loss among patients with DM was indeed associated with
increased risk of major amputation after open revascularization (paper I1I).

The global prevalence of DM and PAD are increasing, and yet research on the
development of PAD among individuals with DM is scarce. Baseline data in paper
I was collected in the early 1990s, and since then major changes in risk factor profile
for cardiovascular disease have occurred, such as improvement in medical risk
factor control and increased rates of smoking cessation at least in high income
countries.'*® On the other hand, the incidence of DM has risen in low-, middle- and
high-income countries."*” Hence, new prospective cohort studies with collection of
contemporary baseline data are warranted. In fact, the Malmé Offspring study,
representing children and grandchildren of index subjects from the first generation,
examined in the MDCS, has recently completed recruitment of individuals.'*® This
study will provide rich data and opportunities to analyze family traits of chronic
disease across three generations.

60



Popularvetenskaplig sammanfattning

Diabetes innebér att kroppen har svart att halla blodsockerhalten tillrackligt 1&g. For
att cellerna ska kunna ta upp socker fran blodet krdvs hormonet insulin. Men vid
diabetes tillverkas inte insulin, eller sd fungerar insulinet simre. De vanligaste
typerna dr diabetes typ 1 och typ 2, se tabell XIV for mer information om de olika
diabetestyperna.

Tabell XIV. Skillnader mellan typ 1 och 2 diabetes.

Diabetes typ 1 Diabetes typ 2

* Kroppen slutar tillverka insulin. o Cellernas kanslighet for insulin minskar och ger da hogt
o Debuterar oftast hos barn. blodsocker. Till slut minskar insulinproduktionen.

o Kréver behandling med insulin. e Drabbar oftast vuxna.

o Till viss del arftligt. ¢ Kan behandlas med tabletter, kostférandringar, motion

och insulin. Fysisk aktivitet gor att cellerna kan ta upp
blodsockret utan insulin.

o Mer arftlig an typ 1 diabetes.
o Ofta forknippad med &vervikt.

o Normal kroppsvikt.
e Ovanligare an typ 2 diabetes.

Diabetes leder till att blodkdrlen blir forkalkade, detta kallas ocksa for
dderforkalkning och kan drabba alla utdtgdende kirl fran hjirtat. Aderforkalkningen
leder till att blodkérlen blir tringre och blodflédet minskar. Om é&derforkalkningen
drabbar hjértats kérl sa att det till slut blir stopp 1 blodflddet kallas det hjértinfarkt
och om hjarnans kérl drabbas heter det stroke.

Riskfaktorer for aderforkalkning ar bland annat rokning, diabetes, hogt blodtryck
och hogt kolesterolvérde. Skyddande faktorer &r viktnedgang om man ar dverviktig,
rokstopp, motion samt att dta medelhavskost. Det dr ocksa viktigt att sdtta in
lakemedelsbehandling mot forhojt blodtryck. Om blodfetterna dr forhojda éar det
viktigt att ta blodfettssinkande ldkemedel eftersom detta skyddar mot att
&dderforkalkningen forvirras. Aderforkalkning ér kort och gott bakgrunden till hjirt-
karlsjukdom, som dr den vanligaste dodsorsaken globalt sett, och ca tva tredjedelar
av alla individer med diabetes typ 2 avlider i1 hjart-karlsjukdom.

Om é&derforkalkningen drabbar benens blodkérl kallas det for benartdrsjukdom
(PAD). Den hir avhandlingen fokuserar pé benartirsjukdom och diabetes eftersom
diabetes ju ar en riskfaktor for savél dderforkalkning som benartérsjukdom.
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Diabetes leder, utover aderforkalkning, till forsémrad kénsel eftersom det hoga
blodsockret inte bara paverkar blodkdrl utan ocksd kénselnerver.
Kénselnedsittningen kan gora att en person med diabetes har svart att kdnna en sten
i skon eller inte kénner av ett skoskav, som gor att risken for allvarliga fotsar ar
hogre for en person med diabetes. Eftersom diabetes leder till forsdmrat blodflode
laker ett sar hos en person med diabetes sdmre dn hos en frisk person, och risken for
sarinfektioner okar. Sammantaget gor alla de hér faktorerna att en person med
diabetes 16per 10-20 génger hogre risk att behdva amputera sitt ben jamfort med en
person utan diabetes. Figur X illustrerar vad som leder till amputation hos nagon
med diabetes.

amputation
infektion

samre
. blodfléde
sar
nedsatt

kénsel
diabetes

Figur X. "Stairway to amputation”. Bakgrundsmekanismer till varfor diabetiker drabbas av svarlakta sar och
amputation. Risken fér amputation 6kar for varje trappsteg. Modifierad fran Global Vascular Guidelines.?*

Hiélften av patienter med diabetes och fotsar har underliggande benartirsjukdom
(PAD). Slutstadiet av PAD kallas kronisk kritisk ischemi (CLTI) och betyder att
patientens blodfldde ut i benen &r sé pass forsdmrat att sar har svart att 1dka. CLTI
och det minskade blodflddet kan ocksé gora att personen har konstant ont i foten
pga. syrebrist (ungefdr som mjdlksyra). Ungefir 10% av alla patienter med
benartirsjukdom har CLTI.

Béde diabetes och benartérsjukdom 6kar globalt och 6kningen sker framforallt i 1ag-
och medelinkomstlédnder. Inom kérlkirurgin behandlar man sjukdomar i blodkéirlen
med lakemedel, kateterledd kirurgi och 6ppen kirurgi. Det ar fortfarande inte helt
klarlagt i vilka fall kateterledd respektive Oppen kirurgi &r att foredra, och
forskningen pa patienter med diabetes och benartérsjukdom ir bristfallig. De senaste
artiondena har kateterledd kirurgi blivit allt vanligare, samtidigt som 6ppen kirurgi
gors mer séllan.

Vid kateterledd kirurgi anvinds rontgenkontrast och man rontgar flera ganger under
ingreppet. Ingreppet gors ofta i lokalbeddvning via ett litet stick i ljumsken pa
patienten som &r vaken under operationen. Man gor ofta en ballongvidgning av
blodkérlsfortraningen och ibland sétts en stent (metallnét) in for att halla uppe
blodkérlets diameter.
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Vid 6ppen kérlkirurgi sdvs patienten och man genomfor ofta en bypass-operation.
Forenklat kan man tinka sig en motorviag dir det blivit trafikstockning pga. en
krock, bilarna far da kora en omvig pa en intilliggande landsvag och kor sedan ner
pa motorvégen igen lidngre fram. Samma ténk anvéinds vid en by-pass operation dér
patientens egna vener sys in till blodkérlet strax ovanfor fortringningen och venen
sys sedan ater in till blodkérlet strax efter fortrangningen. Pa sa vis har man lett om
blodflodet forbi fortringningen. Figur V (sidan 27) visar en jdmforelse av
kateterledd teknik och bypass-operation.

1 den hdr avhandlingen underséktes foljande;

Artikel I: Hur kost och livsstil paverkar risken att utveckla benartdrsjukdom hos
personer med diabetes.

Artikel II: Hur gér det for en person med diabetes jamfort med nadgon utan diabetes
nir bada behandlas med kateterledd teknik for svar benartirsjukdom (CLTI)?

Artikel I11: Hur gér det for en person med diabetes jamfort med nagon utan diabetes
nidr bada behandlas med 6ppen kérlkirurgi av svér benartdrsjukdom (CLTI)?

Artikel IV: Ar kateterledd teknik eller dppen kirlkirurgi bittre for behandling av
patienter med diabetes, benartérsjukdom och hilsar?

Sammanfattningsvis blev resultaten av avhandlingen féljande;

Artikel I: Vi sag en trend till att ett hogt intag av fisk och skaldjur skyddar mot
utveckling av benartdrsjukdom hos personer med diabetes.

Artikel I1: Risken for amputation ar storre hos de med diabetes jaimfort med de utan
diabetes efter kateterledd behandling av svar benartirsjukdom (CLTI).

Artikel I1I: Vi sag ingen O0kad risk for amputation eller d6d hos de med diabetes
jamfort med de utan diabetes efter 6ppen kérlkirurgi av svar benartdrsjukdom
(CLTI).

Artikel 1V: Den amputationsfria 6verlevnaden var hogre efter 6ppen karlkirurgi
jamfort med efter kateterledd behandling av patienter med diabetes,
benartdrsjukdom och hélsar. Vi sdg ocksa att andelen patienter som genomgatt
kateterledd kirurgi 6kade under studieperioden.

Sammanfattningsvis visar den hér avhandlingen att 6ppen karlkirurgi fortfarande
kan vara ett forstahandsalternativ for manga patienter med svar benartirsjukdom
(CLTI), framforallt ndr mélet &r att undvika amputation hos de med diabetes.
Resultaten visar pa att man sannolikt borde erbjuda 6ppen karlkirurgi oftare 4n vad
som gors 1 nuldget.
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Abstract: With the rising prevalence of both diabetes mellitus (DM) and peripheral arterial
disease (PAD), the aim of this project was to examine the association between dietary intake
and lifestyle on the risk of developing PAD among individuals with DM. The Malmg Diet

and Cancer study was a prospective cohort study with baseline examinations carried out
between 1991 and 1996 in Malmd, Sweden (n=30,446). Individuals with prevalent PAD and
cardiovascular disease (prior stroke or myocardial infarction) were excluded from the study,
resulting in a total study population of 1112 patients with prevalent DM. The diagnosis of
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(12.2%) were diagnosed with PAD during a median follow up of 19.7years (interquartile range
12.9-22.4). Kaplan-Meier analysis showed that men with DM more often developed incident
PAD compared with women (cumulative incidences 15.5% and 8.9%, respectively, p=0.012). In
Cox multivariable regression analysis, smoking (hazard ratio of 1.96, 95% confidence interval
of 1.28-3.00) was associated with increased risk of PAD, and there was a trend that a higher
intake of fish and shellfish (hazard ratio per additional gram per week of 0.99, 95% confidence
interval of 0.99-1.00; p=0.051) was associated with a decreased risk of PAD. In conclusion, the

present study demonstrated a trend towards a protective effect of higher intake of fish and
shellfish upon incident symptomatic PAD among individuals with DM.
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Introduction

In 2018, more than 435,000 individuals had been
diagnosed with diabetes mellitus (DM) in
Sweden, out of whom 89% had type 2 DM.! In
2015, 30.3 million Americans were estimated to
have DM, with 23.8% being unaware of their
diagnosis.? Peripheral arterial disease (PAD)
defined as atherosclerotic occlusions of lower- or
upper-extremity arteries is reported to affect
approximately 8.5million Americans aged
=40years.>* Between 2000 and 2010 the preva-
lence of PAD increased with 23% worldwide due
to a growing and aging global population, an

increased number of patients with diabetes, and
smoking. By 2010, nearly two thirds of patients
with prevalent PAD resided in low- and middle-
income countries.> The proportion of generalized
atherosclerosis is higher among patients with
PAD compared with patients with cardiovascular
or cerebrovascular disease.> Furthermore, symp-
tomatic PAD is associated with a high rate of
silent myocardial infarction, 29%.5> According to
previous epidemiological studies, patients with
PAD experience higher cardiovascular mortality
than patients with coronary heart or cerebrovas-
cular disease.® However, patients with PAD in a
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primary-care setting received less intensive treat-
ment for hypertension and hyperlipidemia, and
were prescribed antiplatelet medication less fre-
quently compared with patients with cardiovas-
cular disease.” Therefore, primary prevention of
PAD calls for increased attention due to the
growing global burden of the disease.

Among individuals with DM, symptomatic PAD is
about twice as common compared with individuals
without DM.#® Previous studies have shown that
insulin resistance is associated with a higher risk of
developing PAD among individuals >65years.® It
is well known that a healthy diet reduces the risk of
atherosclerosis.!® A Mediterranean diet has been
shown to reduce the risk of death from all causes
including death due to cardiovascular disease.!!
However, not many previous studies have focused
on dietary components and its effects on the
development of PAD in a high-risk group, such as
individuals with DM. The Malmé Diet and
Cancer study (MDCS) was a large prospective
cohort with a long duration of follow up, thus
offering a unique opportunity to study the asso-
ciation between dietary components and the risk
of developing PAD among individuals with DM.

Therefore, the main aim of this longitudinal
cohort study was to investigate how different die-
tary components and lifestyle affect the develop-
ment of PAD among individuals with DM.

Method

Study sample and data collection

The MDCS with baseline examinations carried
out between 1991 and 1996 was a prospective
cohort study. The study included 30,446 middle-
aged individuals residing in Malmo, Sweden.!? A
total of 28,098 individuals participated in diet
assessment, anthropometric measurements, and
answered a comprehensive questionnaire. Among
these, 1230 participants had prevalent DM.
Among those, individuals with prevalent PAD or
other forms of cardiovascular disease (prior stroke
or myocardial infarction) were excluded in the
present study, resulting in a total study popula-
tion of 1112 (Figure 1).

Informed consent was obtained from the study
participants and the Regional Ethical Review
Board in Lund, Sweden, gave ethical approval to
the study (Dnr LU 51/90). All research was

performed in accordance with relevant ethical
guidelines.

Definitions

Using the civic registration number of each indi-
vidual, the age and sex of each could be deter-
mined. DM was defined as fasting blood glucose
>6.0mmol/l, use of antidiabetic drugs or self-
reported physician’s diagnosis. Body mass index
(BMI) was calculated using weight divided by
height?, expressed in kg/m2. Hypertension was
defined as use of antihypertensive drugs or blood
pressure =140/90 mmHg. Smoking was defined
as former or current smoking.

Diet variables

Dietary habits were collected at baseline through
a combination of a 7-day food diary, a 168-item
food frequency questionnaire and a 1-hour inter-
view, where detailed information on cooking
practises, portion sizes and recipes of the food
recorded in the diary was gathered during the
interview.!3 Average daily food intake (g/day) was
calculated by combining the information from the
food diary and the questionnaire. The summary
variable whole grains (servings/day) includes all
high-fiber bread and cereals and the summary
variable refined grains (servings/day) contains all
low-fiber bread and cereals. Total energy intake
(kcal/day, including alcohol and fiber), and fiber
intake (g/day) was estimated by combining the
intake from foods and supplements with the food
composition database. Fish and shellfish intake
was expressed in g/week, and 250 g/week corre-
sponded to two servings per week.!4

Lifestyle

Lifestyle variables were evaluated through a self-
administered questionnaire. Based on the high-
est educational level attained, the study
participants were divided into three categories,
thatis, <9years,elementary (9-10years) * upper
secondary school (11-13years), and university
level. Leisure-time physical activity level was
defined as metabolic equivalent of task (MET)
hours per week based on the intensity level and
the time spent on 17 different activities and was
divided into three groups. Alcohol consump-
tion was divided into three groups based on the
participant’s reported intake in the 7-day food
diary.

journals.sagepub.com/home/tae
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Participants Malmo Diet and
Cancer study (n = 30 447)

Participants with
dietary assessment
(n=28 098)

Participants with
DM (n = 1230)

Prevalent PAD
excluded (n = 26)

Prevalent CVD
excluded (n =92)

Incident PAD (n = 136)

Participants in this
study (n=1112)

No incident PAD (n = 976)

Figure 1. Descriptive flow diagram of study participants, dietary data and exclusions.
DM, diabetes mellitus; CVD, cardiovascular disease (prior stroke or myocardial infarction); PAD, peripheral arterial disease.

Endpoint ascertainment

The personal number of individuals from the
MDCS was used to identify the first registered
diagnosis of PAD in the Swedish national regis-
ters. The included registers were the Inpatient
and Outpatient Register and the Cause of Death
Register. In both registers, diagnoses are coded
using arevised Swedish version of the International
Classification of Disease, version 8, 9, and 10.

Validation of PAD diagnosis during follow up

A total of 100 patients with the diagnosis of PAD
were randomly selected. Using patient record
data, the validation showed that PAD could be
confirmed in 98% of the cases, symptomatic in
97%, and only misdiagnosed in 2%.!>

Statistics
The baseline characteristics for age, sex, BMI, diet
and lifestyle variables were expressed as median

and interquartile range for continuous variables
and as total count and percentage for the categori-
cal variables. Differences in proportions were ana-
lyzed with Pearson Chi-square test or Kendall tau-b
test. The Mann-Whitney U test and Student’s z
test were used to test differences in continuous vari-
ables. Correlations between fish and shellfish con-
sumption and potential risk factors for PAD were
assessed by Spearman’s or Pearson correlation
coefficients and p values. Variables differing
(p<0.1) between incident PAD and not, in a uni-
variable analysis, were further entered as covariates
in a Cox multivariate regression analysis adjusting
for age, sex, hypertension and smoking. Differences
were expressed in hazard ratios (HR) with 95%
confidence interval (CI). The cumulative incidence
of PAD was described according to the Kaplan—
Meier method with life tables, and the difference
between sex was analyzed with a log-rank test. A p
value <0.05 was considered significant. Statistical
analyses were performed using IBM SPSS Statistics
25 (SPSS, Chicago, IL, USA).
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Results

Baseline characteristics of diabetic patients

with and without incident symptomatic PAD

In the study population of 1112 patients with
DM, 136 (12.2%) were diagnosed with PAD,
during a median follow up of 19.7years (inter-
quartile range of 12.9-22.4). Baseline character-
istics of diet variables and lifestyle factors for
individuals with and without incident PAD are
shown in Table 1. The cumulative incidences of
PAD in men and women were 15.5% and 8.9%,
respectively (»p=0.012 in Kaplan—Meier analysis,
Figure 2). Patients with DM developing PAD
during follow up were more often smokers
(p<<0.001) and there was a trend for hyperten-
sion (p=0.086) at baseline. Individuals with DM
developing PAD had a lower intake of fish and
shellfish (p=0.036).

Correlation between fish and shellfish and
potential risk factors for PAD

There was a significant correlation between fish and
shellfish consumption and age (r=0.11, p<<0.001),
alcohol consumption (r=0.18, p<<0.001), leisure-
time physical activity (r=0.094, p=0.002) and edu-
cational level (r=0.086, p=0.004; Table 2).

Factors associated with incident symptomatic PAD
among patients with DM. In the Cox regression
multivariable analysis, smoking (HR of 1.96, 95%
CI of 1.28-3.00) was associated with an increased
risk of PAD (Table 3), and there was a trend that
a higher intake of fish and shellfish (HR of 0.99,
95% CI of 0.99-1.00; p=0.051) was associated
with a decreased risk of PAD.

Discussion

In the present study of individuals with DM from
the MDCS, a trend towards a protective effect of
high intake of fish and shellfish upon risk of PAD
could be demonstrated.

Previous studies on how different dietary compo-
nents affect the risk of PAD among individuals
with DM have been scarce, and most reports have
focused on the association between traditional
cardiovascular risk factors and incident PAD.!¢
Moreover, incident PAD has seldom been a pre-
specified endpoint in the study protocols and
associations of dietary components with incident
PAD have almost always been based on post hoc

analyses and not on individuals with DM exclu-
sively, thereby downgrading the evidence.!”

In particular, no prospective longitudinal studies
evaluating the role of isolated dietary compounds
and incident PAD among individuals with DM
have previously been published. A Mediterranean
diet pattern, characterized by high consumption
of plant-based foods, olive oil as the main source
of fat, moderate consumption of fish, dairy prod-
ucts and poultry, low consumption of red and
processed meat, and low-to-moderate consump-
tion of wine with meals,!8 has been recommended
by the American Diabetes Association and the
American Heart Association for improving glyce-
mic control and reducing cardiovascular risk in
type 2 DM.! The relationship between a
Mediterranean diet and the risk of PAD has been
studied in a cross-sectional Italian study, showing
that the highest Mediterranean diet score was
associated with a significant 56% risk reduction
of symptomatic PAD among individuals with
type 2 DM.20 With fish being a well-known die-
tary component in the Mediterranean diet, such
results are in line with the present study findings.
The Mediterranean diet has also been shown to
lower markers of inflammation and blood lipids,
which in turn reduces the burden and develop-
ment of cardiovascular disease.?! A healthy diet,
rich in fish, might help to achieve and maintain
body weight goals, reach individual glycemic,
blood pressure, and lipid targets, and to some
extent prevent diabetic complications.?? It is pos-
sible that high consumers of fish and shellfish
have a different lifestyle to low consumers, which
might help explain the putative protective effects
towards PAD development. Consuming less fish
at the expense of more saturated fats and meat
products appears to be associated with the pro-
gression of PAD.?3 Apart from studies on the
Mediterranean diet, there is high-level evidence
showing that diet patterns such as dietary
approaches to stop hypertension and a low-fat
diet is beneficial for primary and secondary pre-
vention of cardiovascular disease.?*

The present study has several limitations and
strengths that deserve clarification. A limitation is
the low number of participants with DM which
may not have rendered sufficient power to attain
statistical significance in some of the analyses.
Another limitation is that the study was limited to
symptomatic PAD cases only. It would have been
of value to determine the ankle-brachial index,
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Table 1. Baseline characteristics of study participants with DM with and without incident symptomatic PAD in
the Malmé Diet and Cancer cohort. Data are n (%), mean (SD) or median (IQR).

Incident PAD, DM No PAD, DM p value
(n=136) (n=976)
Male sex (%) 87 (64) 475 (49) 0.001
Age (years) 61.37 (6.26) 60.72 (6.90) 0.294
Total energy intake (kcal/day) 2090 (589.06) 2191 (677.10) 0.136
BMI (kg/m?] 27.74 (4.36) 28.15 (4.76) 0.419
Hypertension 129 (94.9) 878 (90.3) 0.086
Alcohol consumption 0.950
<265g/week 52(38.2) 343 (35.1)
265-722 43 (31.6) 368 (37.7)
>722 41(30.1) 265 (27.2)
Smoking status <0.001
Never 28 (20.7) 373(38.3)
Former or current 107 (79.3) 602 (61.7)
Leisure-time physical activity 0.149
<447.5 MET-h/week 77 (57.9) 497 (51.4)
447.5-742.5 37 (27.8) 299 (30.9)
>T742.5 19 (14.3) 171 (17.7)
Educational level 0.140
<9years 77 (56.6) 482 (49.6)
Elementary (9-10 years) = upper 39 (28.7) 320 (33.0)
secondary school (9-13 years)
University 20 (14.7) 169 (17.4)
Saturated fat (E%) 14.31(3.71) 14.74 (3.74) 0.328
Polyunsaturated fat (E%) 6.23 (1.47) 6.09 (1.58) 0.414
Fish and shellfish (g/week] 248.93 (244.83) 300.64 (267.60) 0.036
Fiber (g/MJ) 2.36(0.78) 2.35(0.74) 0.923
Fruits and berries (g/1000 kcal) 78.68 (63.88) 81.55 (59.73) 0.479
Vegetables (g/1000 kcal) 85.29 (64.44) 83.97 (59.63) 0.659
Sucrose (E%) 5.26 (2.67) 5.92 (3.35) 0.107
Whole grains (servings/1000 kcal 0.23(0.36) 0.28(0.32) 0.814
Refined grains (servings/1000 kcal) 1.12(0.61) 1.10 (0.55) 0.848

BMI, body mass index; DM, diabetes mellitus; IQR, interquartile range; MET, metabolic equivalent of task; PAD, peripheral
arterial disease; SD, standard deviation.
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Figure 2. Cumulative incidence of symptomatic peripheral arterial disease (PAD) in relation to sex among
participants with diabetes mellitus in the Malmd Diet and Cancer cohort.

Table 2. Correlation between fish or shellfish consumption and potential risk factors for peripheral arterial

disease among individuals with diabetes mellitus at baseline.

Fish or shellfish consumption

r p
Potential risk factors
Age 0.11 <0.001
Male sex 0.059 0.050
Body mass index 0.050 0.097
Hypertension 0.046 0.12
Smoking -0.001 0.96
Alcohol consumption 0.18 <0.001
Leisure-time physical activity 0.094 0.002
Educational level 0.086 0.004
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Table 3. Factors associated with incident symptomatic peripheral arterial disease among patients with

diabetes mellitus in the Malmg Diet and Cancer cohort.

HR (95% Cl) p value
Age 1.01 (0.98-1.03) per year 0.64
Male sex 1.36 (0.95-1.95) 0.090
Hypertension 1.86 (0.87-4.02) 0.11
Smoking 1.96 (1.28-3.0) 0.002
Fish and shellfish intake 0.99 (0.99-1.00) per additional gram per week 0.051

All five variables were analyzed using the Cox regression analysis.

Cl, confidence interval; HR, hazard ratio.

both at baseline and at follow up to identify par-
ticipants with asymptomatic PAD. This could
both have helped exclude patients with prevalent
asymptomatic PAD at baseline, and rendered a
larger sample size of incident asymptomatic PAD
cases, possibly strengthening the associated trend
between a high intake of fish and shellfish and a
reduced risk of PAD development. The study
cohort focused on dietary habits in a middle-aged
Swedish population. However, self-reported die-
tary habits are prone to be misreported to some
extent and might have changed during follow up,
and individuals with DM are known to be dietary
changers.?> On the other hand, the study popula-
tion was homogenous since it only included
individuals with DM at baseline. Other con-
founders not accounted for are changes in smok-
ing habits, antihypertensive medications and
anti-atherosclerotic agents during follow-up time.
The shown correlation between fish and shellfish
consumption and educational level is interesting,
but associations of properly defined socioeco-
nomic status?® and dietary components and
development of PAD in this cohort were not eval-
uated and were not within the scope of this study.
The main strengths of this study are its longitudi-
nal study design and the extensive (19.7years)
duration of follow up.

In conclusion, the present study found a trend
towards a protective effect of higher intake of fish
and shellfish against incident symptomatic PAD
among individuals with DM.
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Aim: To investigate the risk of major amputation after elective endovascular therapy in patients with chronic limb

threatening ischemia (CLTI) comparing patients with and without diabetes mellitus (DM).

Methods: In this nationwide cohort study, all patients registered in the Swedish Vascular Register after elective

endovascular therapy for CLTI caused by infra-inguinal arterial disease from 2010 to 2014 were included.

Among 4578 individuals, 2251 had DM and were registered in the National Diabetes Register between 2009

and 2014. A propensity score adjusted Cox regression analysis was conducted to compare outcomes between

groups. Median follow-up was 4.0 and 3.6 years for patients with DM and without DM, respectively.

Results: The incidence rates of major amputation and acute myocardial infarction (AMI) were 43% (95% CI 1.23-

1.67) and 37% (95% CI 1.13-1.67) higher, respectively, among patients with DM compared to patients without

DM. There was no difference in mortality (HR 1.04, 95% C1 0.95-1.14).

Conclusions: Patients with DM had a higher risk of major amputation and AMI compared to those without DM

after elective endovascular therapy for CLTI. Prevention of DM with CLTI is of utmost importance to reduce the

risk of adverse limb and cardiovascular outcomes.

© 2020 The Author(s). This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).

Keywords:

Chronic limb-threatening ischemia
Diabetes mellitus

Major amputation

Endovascular revascularization
Propensity score adjusted analysis

1. Introduction residing in LMIC. With a rise in PAD prevalence, CLTI is also considered

a growing global health care problem. However, epidemiologic data are

Chronic limb-threatening ischemia (CLTI) is the end stage of periph-
eral artery disease (PAD) and is associated with an increased risk of am-
putation, higher mortality, and impaired quality of life. The Global
Vascular Guidelines on CLTI state that CLTI is a clinical syndrome charac-
terized by PAD together with gangrene, rest pain or ulceration >2
weeks.!

Between 2000 and 2010 the prevalence of PAD increased with al-
most 29% in low-and middle-income countries (LMIC) and 13% in
high income countries due to a growing and aging global population, a
rise in the prevalence of diabetes mellitus (DM), and smoking. In
2010, >200 million people lived with PAD, with nearly two thirds

* Corresponding author at: Department of Clinical Sciences, Lund University, Jan
Waldenstroms g 35, 214 21 Malmg, Sweden.
E-mail address: erika.lilia@med.lu.se (E. Lilja).

https://doi.org/10.1016/j.jdiacomp.2020.107675

highly limited.?

Individuals with DM and PAD have a more distal distribution of
the arterial disease and tend to have more significant comorbidi-
ties. Therefore, it might be more appealing to perform
endovascular than open surgical therapy for CLTI among patients
with DM.? The proportion of patients with DM and CLTI undergo-
ing elective endovascular therapy is increasing compared to open
vascular surgery.*®

The influence of DM on major amputation for CLTI has not been
consistent. Several studies have failed to demonstrate a difference
in limb salvage rate among patients with DM versus those without
DM.”® Therefore, a propensity score adjusted analysis based on a
nationwide real-world sample from all vascular centers in
Sweden with high external validity was warranted. The aim of
this study was to explore the risk of major amputation after

1056-8727/© 2020 The Author(s). This is an open access article under the CC BY license ((http://creativecommons.org/licenses/by/4.0/).
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elective endovascular therapy in patients with CLTI and infra-
inguinal arterial disease, comparing patients with DM versus with-
out DM in a nationwide propensity score adjusted analysis.

2. Methods

This cohort study analyzed prospectively collected data on all pa-
tients with CLTI undergoing elective endovascular interventions for
infra-inguinal arterial disease in Sweden from 2010 to 2014, with a
total of 4763 patients. Patients with (n = 88) and without (n = 118)
DM undergoing elective hybrid (endovascular plus open vascular) sur-
gery were excluded. CLTI was defined as having PAD along with rest
pain, gangrene, or ulcers for >2 weeks.! Patients without tissue loss
were considered to have rest pain.

2.1. Databases and procedures

The study participants were identified by linking the Swedish Vascu-
lar Register (Swedvasc)® and the Swedish National Diabetes Register
(NDR).'® Information on individual level was linked by using unique
personal identity number from nationwide population-based registries.
Duplicated patients were excluded.

All patients undergoing vascular surgery in Sweden are registered in
Swedvasc, a national patient register. Preoperative data such as risk fac-
tors, type of treatment (open or endovascular, acute or elective), com-
plications, and reinterventions are registered in Swedvasc. Patients are
followed up at 30 days and 12 months after the surgical procedure.
Only the index endovascular revascularization procedure within the
study period was analyzed. Repeat endovascular procedure in the ipsi-
lateral or contralateral limb was not analyzed. The database could not
differ if the procedure was a repeat endovascular procedure or index
endovascular procedure.

The NDR is estimated to cover 94% of Swedish citizens with DM over
the age of 18."! The registry includes data on clinical characteristics, di-
abetes treatment, risk factors, and diabetic complications. Every individ-
ual give consent to being included in the register.

The Swedish National Patient Register (NPR) was used to obtain in-
formation on outcomes and co-morbidities, since Swedvasc only pro-
vides one-year follow-up after revascularization.

Amputation was defined as amputation above the ankle e.g.
major amputation. Since NPR is a code-based register, information
on amputation laterality was not always possible to determine. A re-
cent validation of major amputation for CLTI has been performed by
reviewing 1366 patients' medical records, showing <10% missing
data for amputation with remaining uncertainty of the laterality of
the amputation.'? Cause of death was retrieved from the Cause of
Death Register. Both registries are administered by the National
Board of Health and Welfare (https://www.socialstyrelsen.se/en/).
The NPR was founded in 1964 and has >99% coverage with a positive
predictive value of >99% for vascular interventions for lower limb
ischemia."

In this observational study, patients registered in Swedvasc
after elective endovascular therapy for CLTI from 2010 to 2014
were identified, and those with an associated registration in NDR
from 2009 to 2014 were compared with those without such regis-
tration (Fig. 1).

2.2. Baseline data
Data files were linked to the cancer registry'* with information

about comorbidities and drug treatment at baseline and the Prescribed
Drug Register (PDR) with data of prescriptions since 2005.'

Registered in Swedvasc
after CLTI intervention

n=7187

Elective intervention
n=6542

Endovascular
intervention n=4578

Registered in NDR
due to DM n=2251

No DM
n=2327

Fig. 1. Flow chart of patients in the Swedish Vascular Register (Swedvasc) undergoing
elective endovascular intervention for CLTI during 2010-2015 with and without
registration in the NDR with a diagnosis of DM. NDR, National Diabetes Register; DM,
diabetes mellitus, CLTI, chronic limb threatening ischemia.

The National Patient Register uses the International Classifica-
tion of Diseases, Tenth revision (ICD-10) for classification of diag-
noses. Drug treatment and comorbidities including atrial
fibrillation, congestive heart failure, coronary heart disease
(CHD), stroke, and hypertension were registered at baseline.
Acute myocardial infarction (AMI) was defined as 121 (ICD-10).
Psychiatric disorders (excluding dementia), liver diseases, chronic
obstructive pulmonary disease (COPD), renal disorder (renal fail-
ure, dialysis or kidney transplant), cancer disease, previous ampu-
tation were also included.

Smoking was defined as currently smoking at baseline and the
information was collected from Swedvasc, when data was missing
in Swedvasc, NDR was used to complement. Drug treatment was
defined according to the Prescribed Drug Register. Use of lipid low-
ering drugs, acetylsalicylic acid (ASA), and anticoagulant therapy
was included. Hypertension was defined as collecting a minimum
of one prescription of antihypertensive drugs one year prior to
index operation. Three months of medicine use is equivalent to
one prescription. Use of ASA and lipid lowering medication was
defined similarly. Estimated glomerular filtration rate (eGFR) data
was retrieved from NDR and eGFR <60 ml/min/1.73 m? was de-
fined as renal impairment. The definition of stent included drug-
eluting stent or stent graft.

The longitudinal integration database for health insurance and
job market studies (LISA) was used to retrieve socioeconomic
characteristics. Educational level was defined as compulsory
school, upper secondary school and college or university and mar-
ital status as married, separated, single or widowed. Country of or-
igin was defined as either Sweden, Europe, or the rest of the
world.

There were no missing data for age, gender and medications
used. Income and civil status were missing for one patient
(0.02%). Educational level was missing for 77 patients (1.7%), tis-
sue loss and the use of stent were missing for 470 and 471 patients
(10.3%), respectively. Smoking status was missing for 982 patients
(21.5%). There were no missing data for event type variables (prior
and future).
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2.3. Ethical approval

The study was approved by the research ethical committee of Lund,
Sweden (2016/232 and 2016/544). All patients have consented to being
reported in NDR and Swedvasc, while no individual consent is required
to be included in this study according to Swedish law.

24. Follow-up

Study participants were followed from the first revasculariza-
tion, defining the index date, until December 31, 2016 for end-
points using Swedvasc and until December 31, 2017 for
mortality through linkage between NDR and the Cause of Death
Register with causes and time of death, administered by the Na-
tional Board of Health and Welfare (https://www.socialstyrelsen.
se/en/).

2.5. Statistical analysis

Outcomes were compared after elective endovascular interven-
tion for CLTI between patients with and without DM by propensity
score-adjusted analysis. A propensity score technique to adjust for
multiple risk factors'®!” was used since multivariate adjustments
by logistic regression is limited by the number of endpoints, and
a limited number of covariates should be modelled.'® The propen-
sity scores were estimated using a generalized boosted multino-
mial regression model with an interaction depth of 3, a
maximum of 10,000 trees, and a shrinkage of 0.01. The optimal
number of trees was selected using a stopping rule applied to the
degree of balance.

The distribution of propensity scores differs between
infrainguinal CLTI patients with and without DM, making some
form of adjustment for confounding necessary. In order to avoid
losing patients in a matching procedure we used inverse probabil-
ity of treatment (here defined as having DM) weighting (IPTW). It
should be noted that pre index diabetes treatment is excluded
from the estimation of the weights and therefore not adjusted
for. The developed propensity score model was validated
(Appendix, Fig. 1).

2.6. Sensitivity analysis of the inverse probability of treatment weighting
adjusted analysis

The IPTW adjusted analysis was performed using all patients.
Sensitivity analyses have been performed by placing a threshold on
the weight (eg. Max weight = 10) and by trimming the data set
based on the value of the propensity score (eg. Keeping datapoints
above the 2.5% and 1% percentile determined for the DM + CLTI
group and below the 97.5% and 99% percentile determined for the
CLTI group).

Results when truncating max weight at 10 are very similar to the
main results indicating that there is no large influence by larger weights
on the analysis. Results when trimming data based on percentiles of the
propensity scores are largely consistent with the main analysis, for the
primary endpoint, the composite of major amputation or death, esti-
mated hazard ratios are 1.13 (p = 0.0043), 1.16 (p = 0.0010) and
1.20 (p = 0.0001) for the main analysis, trimming 1%-percentiles
and trimming 2.5%-percentiles, respectively. For all-cause mortality,
the corresponding figures are 1.04 (p = 0.36), 1.08 (p = 0.077) and
1.14 (p = 0.0092) respectively.

Descriptive statistics were presented as mean, standard devia-
tion for continuous variables and as counts and percentages for

categorical variables. The degree of similarity between CLTI pa-
tients with and without DM was described using the standardized
mean difference (SMD) and p-values. Incidence rates (IR) for mor-
tality, cardiovascular (CV) death, major adverse cardiovascular
events (MACE), AMI, and stroke are estimated as the number of

Table 1
Baseline characteristics of patients with CLTI with DM and without DM undergoing
planned endovascular intervention.

DM and CLTI ~ CLTI p SMD
(n=2251)  (n=2327)
Age, years, mean (SD) 75.08 (10.00)  80.75 (9.30) <0.001 0.588
Women, n (%) 902 (40.1) 1412 (60.7)  <0.001 0.421
Smoking, n (%) 283 (14.5) 343 (20.9) <0.001 0.169
Medication, n (%)
Lipid lowering 1635 (72.6) 1224 (526)  <0.001 0.423
Metformin 749 (33.3) 0(0.0) <0.001 0.999
Antihypertensive 2134 (94.8) 2048 (88.0) <0.001 0.244
Acetylsalicylic acid 1594 (70.8) 1642 (70.6) 0.878  0.005
Clopidogrel 314 (13.9) 240 (10.3) <0.001 0.112
Anticoagulant therapy 860 (38.2) 776 (33.3) 0.001 0.101
ACE inhibitor 1152 (51.2) 844 (36.3) <0.001 0.304
ARB 739 (32.8) 482 (20.7) <0.001 0.276
Alpha blocker 68 (3.0) 16 (0.7) <0.001 0.174
Beta blocker 1466 (65.1) 1262 (542)  <0.001 0223
Calcium channel blocker 872 (38.7) 742 (31.9) <0.001 0.144
Diuretic 1456 (64.7) 1403 (60.3)  0.002  0.091
Digoxin 169 (7.5) 170 (7.3) 0838 0.008
Nitrate 553 (24.6) 458 (19.7) <0.001 0.118
Diabetes treatment 1987 (88.3) 0(0.0) <0.001 3.334
Income quartile (%) 0.043  0.084
1 547 (24.3) 611(26.3)
2 558 (24.8) 601 (25.8)
3 557 (24.7) 587(25.2)
4 589 (26.2) 527 (22.7)
Income *100SEK/year, mean ~ 1774.17 1686.35 0246  0.034
(SD) (2807.34) (2294.70)
Education, n (%) 0.002 0.105
Compulsory school 1135 (51.2) 1278 (56.0)
Upper secondary 845 (38.1) 759 (33.2)
College or university 237 (10.7) 247 (10.8)
Civil status, n (%) <0.001 0.361
Married 1015 (45.1) 756 (32.5)
Separated 404 (17.9) 367 (15.8)
Single 251 (11.2) 219 (9.4)
Widowed 581 (25.8) 984 (42.3)
Origin, n (%) <0.001 0.162
Europe except Sweden 113 (5.0) 127 (5.5)
Rest of the world 182 (8.1) 98 (4.2)
Sweden 1956 (86.9) 2102 (90.3)
Previous diseases, n (%)
Acute myocardial infarction 590 (26.2) 397 (17.1) <0.001 0224
Coronary heart disease 1049 (46.6) 799 (34.3) <0.001 0.252
Stroke 378 (16.8) 349 (15.0) 0.105  0.049
Atrial fibrillation 580 (25.8) 656 (28.2) 0.070  0.055
Heart failure 703 (31.2) 623 (26.8) 0001  0.098
Renal disorder 456 (20.3) 277 (11.9) <0.001 0229
Renal impairment 689 (49.1) NA NA NA
Cancer disease 237 (10.5) 320 (13.8) 0.001  0.099
Liver disease 20(0.9) 21(0.9) 1.000 0.001
Psychiatric disorder 112 (5.0) 101 (43) 0342 0.030
CoPD 202 (9.0) 293 (12.6) <0.001 0.117
Previous amputation, minor 205 (9.1) 160 (6.4) <0.001 0.103
and major
Tissue loss 1731 (86.0) 1570 (74.9) <0.001 0.284
Stent 560 (27.8) 732 (34.9) <0.001 0.154

DM, diabetes mellitus; CLTI, chronic limb threatening ischemia. ACE, angiotensin
converting enzyme; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmo-
nary disease; SMD, standardized mean difference. Anticoagulant therapy includes vitamin
K-antagonists, Heparin, low molecular Heparin, NOACs, Fondaparinux. Diabetes treatment
includes Metformin. NA = Not applicable.

Categorical variables are presented as number (%) and continuous variables are presented
as mean (standard deviation, SD).
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events per 1000 person-years with exact 95% Poisson confidence
intervals. Cumulative incidence of mortality, major amputation,
combined major amputation and mortality, CV death, MACE, AMI,
and stroke were described using Kaplan-Meier curves transformed
to estimate the distribution function rather than the survival func-
tion. The statistical analyses compared CLTI patients with DM to
CLTI patients without DM using both an unadjusted and an inverse
probability of treatment weighting (IPTW) adjusted Cox regression
model. IPTW adjusted Cox regression analysis was expressed as
hazard ratios (HR) with 95% confidence intervals (CI). See
Appendix 1 for a list of the adjusted variables. A p-value <0.05
was considered statistically significant.

3. Results
3.1. Study population and demographic characteristics

During the study period, 2010 and 2014 a total of 4578 individuals,
of whom 2251 had DM, were registered in Swedvasc after planned
endovascular intervention. DM types were distributed as follows:
Type 1 DM (15.5%; n = 348), Type 2 DM (82.8%; n = 1864) and
other/unspecified DM (1.7%; n = 39). Median follow-up was 4.0 (max-
imum 8.0) years for patients with DM undergoing elective endovascular
therapy and 3.9 (maximum 8.0) years for patients without DM. Unad-
justed baseline clinical and demographic characteristics for the two
groups are shown in Table 1.

3.2. Outcome analysis

The incidence rate of major amputation was 43% higher (95% CI
1.23-1.67; p <0.0001), and the incidence rate of major amputation
or death was 13% higher (95% CI 1.04-1.23; p = 0.0043) among pa-
tients with DM in comparison to patients without DM. The IPTW ad-
justed Cox regression (Table 2) analysis showed a 37% higher AMI
(95% CI 1.13-1.67; p = 0.0015) and 13% higher MACE (95% CI
1.04-1.23; p = 0.0028) incidence rate among patients with DM com-
pared to those without DM. There was no difference in mortality,
cardiovascular death, or stroke between the groups. Fig. 2 displays
crude Kaplan-Meier curves for cumulative incidences of major am-
putation and total mortality.

3.3. Effect of diabetes duration, HbA1c, renal impairment and tissue loss on
outcomes among patients with CLTI and DM

Median diabetes duration was 19 years (IQR 11-29; n = 1456) and
median HbA1c was 60.0 mmol/mol (interquartile range [IQR] 51.0-

Table 2

IPTW adjusted Cox regression analysis of hazard ratio for different endpoints for patients
with (n = 2251) DM compared to patients without (n = 2327) after planned
endovascular intervention for CLTL.

IPTW adjusted analysis

Endpoint Hazard ratio p-value 95% CI

Mortality 1.04 0.3623 0.95-1.14
Cardiovascular death 1.01 0.9214 0.95-1.14
MACE 113 0.0028 1.04-1.23
AMI 137 0.0015 1.13-1.67
Stroke 111 0.3630 0.89-1.38
Major amputation 143 <0.0001 1.23-1.67
Major amputation or death 1.13 0.0043 1.04-1.23

DM, diabetes mellitus; CLTI, chronic limb threatening ischemia. IPTW, inverse probability
treatment weighting. MACE, major adverse cardiovascular event; AMI, acute myocardial
infarction.
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Fig. 2. Crude Kaplan-Meier curves showing cumulative major amputation and total
mortality after elective endovascular interventions for CLTI among patients with DM
and without DM. Shaded areas represent 95% CI. CLTI, chronic limb threatening
ischemia; DM, diabetes mellitus.

71.0; n = 1515). Diabetes duration was associated with a higher risk
of major amputation (Table 3) (HR 1.02, 95% CI 1.01-1.02; p < 0.0001),
total mortality (HR 1.00, 95% CI 1.00-1.01; p < 0.0085), MACE (HR
1.01, 95% CI 1.00-1.01; p <0.011), and AMI (HR 1.01, 95% CI 1.00-
1.02; p < 0.047). HbA1c was associated with AMI (HR 1.01, 95% CI
1.00-1.02; p = 0.0029). Renal impairment had an increased risk
of total mortality (HR 1.63, 95% CI 1.39-1.92; p < 0.0001), CV
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Table 3

Effect of diabetes duration, HbA1c, renal impairment and tissue loss on total mortality, car-
diovascular mortality, MACE, AMI, stroke and major amputation adjusted for sex and age
among patients with diabetes mellitus undergoing planned endovascular intervention for
CLTL

Outcome Covariate Hazard ratio  p-value 95% Cl

Total mortality Diabetes duration ~ 1.00 0.00846  1.00-1.01
Total mortality HbAlc 1.00 0.0680 1.00-1.01
Total mortality Renal impairment ~ 1.63 <0.0001 1.39-1.92
Total mortality Tissue loss 1.71 0.001 131-2.23
CV mortality Diabetes duration  1.00 0.4090 1.00-1.01
CV mortality HbA1c 1.00 0.0891 1.00-1.01
CV mortality Renal impairment ~ 1.65 <0.0001 1.36-1.99
CV mortality Tissue loss 1.86 0.0002 1.34-2.56
MACE Diabetes duration ~ 1.01 0.0112 1.00-1.01
MACE HbAlc 1.00 0.0876 1.00-1.01
MACE Renal impairment 136 0.0001 1.17-1.58
MACE Tissue loss 131 0.0195 1.04-1.64
AMI Diabetes duration 1.01 0.0468 1.00-1.02
AMI HbAlc 1.01 0.0029 1.00-1.02
AMI Renal impairment ~ 1.28 0.1005 0.95-1.72
AMI Tissue loss 230 0.0022 1.35-391
Stroke Diabetes duration ~ 0.99 0.2514 0.98-1.01
Stroke HbA1c 1.00 0.5036 0.99-1.01
Stroke Renal impairment  1.16 0.4799 0.77-1.72
Stroke Tissue loss 1.56 0.1684 0.83-2.93
Major amputation  Diabetes duration ~ 1.02 0.0000 1.01-1.02
Major amputation ~ HbA1c 1.00 0.2490 1.00-1.01
Major amputation  Renal impairment ~ 1.39 0.0097 1.08-1.78
Major amputation  Tissue loss 245 0.0002 1.53-3.92

CLTI, chronic limb threatening ischemia; MACE, major adverse cardiovascular event; AMI,
acute myocardial infarction.

The effect of diabetes duration and HbA1c was evaluated by fitting a Cox proportional haz-
ards model. The model includes gender, age, diabetes duration, HbA1c, renal impairment
and tissue loss at baseline. Only patients with non-missing values on gender, age, diabetes
duration, HbA1c, renal impairment and tissue loss are included.

mortality (HR 1.65, 95% CI 1.36-1.99; p <0.0001), MACE (HR 1.36,
95% CI 1.17-1.58, p = 0.0001), and major amputation (HR 1.39,
95% CI 1.08-1.78, p = 0.0097). Tissue loss had an increased risk of
major amputation (HR 2.45, 95% CI 1.53-3.92; p = 0.0002), total
mortality (HR 1.71, 95% CI 1.31-2.23, p = 0.001), CV mortality
(HR 1.86, 95% CI 1.34-2.56, p = 0.0002), MACE (HR 1.31, 95% CI
1.04-1.64, p = 0.0195) and AMI (HR 2.30, 95% CI 1.31-3.91; p =
0.0022).

4. Discussion
4.1. Study results in comparison to other research

This nationwide observational study found that CLTI patients
with DM had a significantly higher risk of major amputation after
elective endovascular therapy in a real-life setting. Furthermore,
we observed a higher risk for AMI among patients with DM. How-
ever, this does not seem to increase the risk of cardiovascular death
among those with DM in this cohort. In the present study, according
to the compound variable major amputation or death there seem to
be an increased risk of major amputation or death among patients
with DM. This risk seems largely to be made up by the increased
risk of major amputation.

In line with the present study results, a previous single center review
study of CLTI found a four times higher risk of major amputation among
patients with DM compared to patients without DM after revasculariza-
tion with PTA.'® Previous nationwide studies have also shown a higher
risk of major amputation among individuals with DM. An Italian study,
although not studying outcome after revascularization in particular,
showed a six times higher rate of major amputation among patients
with DM and a general decline in the rate of major amputation between
2001 and 2010.%° Another nationwide study, conducted in England,

demonstrated a decrease in incidence of amputation in the non-
diabetic population while the rate of amputation related to DM
remained unchanged.?! A systematic review showed that the global in-
cidence of major amputation among individuals with DM differed sub-
stantially (5.6 to 600 per 100.000 per year), whereas the corresponding
figure among patients without DM was 3.6 to 68.4 per 100.000 per
year.??

There was no difference in total mortality between the DM and non-
DM group in the present study. In contrast, Swedvasc data between
2001 and 2003 has previously shown an excess mortality in patients
with DM compared to non-DM after open leg bypass surgery for
CLTL? The inferior results after open surgery may be attributed to
poorer coverage of statins and acetylic salicylic acid and higher smoking
rate at admission in the more remote time period in combination with
the much greater physiological cardio-pulmonary stress associated
with open vascular surgery.

As expected, diabetes duration among individuals with DM and
CLTI was related to a higher risk of major amputation, total mortality,
MACE, and AMI in the present study. HbA1c was associated with
AM], but not major amputation. In contrast, inferior glycemic control
in terms of elevated fasting glucose at the time of intervention,
among 149 patients with DM was found to be associated with higher
frequency of loss of patency after infrapopliteal balloon angioplasty
and increased rate of subsequent major adverse limb events
(MALE) after adjusting for confounders.?* However, this cohort
was mixed with an unclear proportion of patients with chronic and
acute limb ischemia. Acute limb ischemia goes with a comparably
decreased amputation-free survival and should therefore either be
separately described or never be included together with patients
with CLTL.?® In addition, it is highly likely that elevation of fasting
glucose is much more pronounced in the acute compared to elective
setting. Indeed, HbA1c, reflecting glycemic control months preced-
ing the intervention, was not found to be associated with adverse
outcomes in the study by Singh et al.>* HbA1c was in a multivariate
model using six covariates found to be associated with major ampu-
tation in 197 patients with CLTI and DM.2® Apart from entering sex
and age as covariates, the authors added limb severity and infection
and receiving hemodialysis in their model. While infection was not
possible to enter in the present registry study, both tissue loss and
renal impairment were found to be predictors of major amputation
in the present study. It should be emphasized, however, that leg re-
vascularization is just one key element in the complex management
of DM and CLTI. A multidisciplinary therapeutic approach including
state-of-the-art wound care, biomechanical offloading of foot ulcers,
edema and blood glucose control, and effective treatment of all un-
derlying risk factors and comorbidities is necessary to be able to im-
prove limb salvage and mortality rates.?”

4.2. Strengths and limitations of the study

The strengths of the present study are the use of data from two na-
tionwide disease-specific registries, NDR and Swedvasc, along with in-
formation from other nationwide databases due to linkage of the
unique personal identity number for every Swedish citizen.”® The pro-
pensity score - adjusted analysis applied for the comparison between
infrainguinal CLTI patients with DM and without DM ensures proper ad-
justment for confounding. The reason to only include elective
endovascular therapy in the study means that we reduce major treat-
ment selection bias by excluding those undergoing open vascular
surgery.

As always when data is retrieved from registries, there is a potential
risk of data collection errors, misclassifications, and lack of data on life-
style factors resulting in possible residual confounding. In this study the
indication for elective endovascular therapy was CLTIL. Swedvasc has
previously been validated for carotid artery disease and abdominal aor-
tic aneurysm procedures,? but no validation of patients undergoing
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procedures for lower extremity arterial disease has been completed. No
validation of CLTI patients has been performed in Swedvasc, but we
have no reason to believe that a significant proportion of patients with
CLTI were misclassified as intermittent claudication instead of CLTIL.
Contrarily, Djerf et al. report that almost half of the patients registered
as intermittent claudication in Swedvasc and later on underwent
major amputation in fact had CLTI> It cannot be excluded in the pres-
ent study that some patients were reclassified as having CLTI after an
unsuccessful revascularisation for intermittent claudication. Baubeta
Fridh et al. also found that more than 82% of all confirmed amputations
among patients with CLTI and intermittent claudication were
ipsilateral}' Since the same registries, Swedvasc and NPR, were used
in that study®' we have reason to believe that the same issue with
laterality applies to the present study.

Previous studies suggest that up to 50% of data on smoking status is
missing in Swedvasc.>! Complementary data on smoking status was
used from NDR meaning that smoking status among patients with DM
is better covered than for patients without DM. A previous study on the
Swedvasc register found that tissue loss was associated with a higher
risk of amputation compared to rest pain among patients revascularized
for CLTL.>? While it was not possible to adjust for the severity of the
wound, location of wound and the presence of wound infection in the
present registry study, adjustment for potential differences in tissue loss
and rest pain between those with versus without DM was done. In addi-
tion, further adjustment was performed for stenting, a procedure that al-
most exclusively is performed at the femoro-popliteal level among those
with infra-inguinal arterial disease.>

Peripheral neuropathy is often present among patients with DM,>*
potentially leading to less expressed pain or even absence of pain. Fur-
thermore, this may contribute to the underestimation of the severity
of CLTI among patients with DM leading to a prolonged waiting time be-
fore vascular imaging and revascularization.

The worse limb and cardiovascular outcomes in patients with DM
compared to non-DM undergoing endovascular surgery for CLTI,
may be reduced by improvement in prevention and treatment mea-
sures for the DM group. Firstly, it should be emphasized that patients
with DM needing a revascularization procedure for preventing an
amputation represents a group with end stage foot disease and ad-
vanced cardiovascular burden. Therefore, implementation of nation-
wide prevention programs towards development of type 2 diabetes
mellitus in the first place is the most important step to reduce the in-
cidence of DM. Despite weight reduction and general health pro-
grams, there will still be a number of individuals with type 2 DM
who are normal weight.> In addition, a smaller percentage will
have type 1 DM. Therefore, regular screening for PAD including his-
tory, palpation of foot pulses, at a minimum, in persons with DM,
even in the absence of foot ulceration, may be relevant to reduce
the adverse limb and cardiovascular outcomes.’® Symptoms and
signs of PAD such as claudication, absent pulses and a low ankle-
brachial index, has been identified as predictors for future foot
ulceration.?’

5. Conclusion

In this nationwide population-based study, patients with CLTI
and DM had a higher risk of major amputation and AMI after elective
endovascular therapy for infra-inguinal arterial disease compared to
those without DM. Prevention of DM with CLTI is of utmost impor-
tance to reduce the risk of adverse limb and cardiovascular
outcomes.
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Appendix 1

Table 1

List of baseline variables adjusted for in the inverse probability of treatment weighting
(IPTW) adjusted Cox regression.

Age

Sex

Smoking

Lipid lowering treatment
Anti-hypertensive treatment
ASA

Other oral anticoagulants
ACE

ARB

Alpha blocker

Beta blocker

Calcium channel blocker
Diuretic

Digoxin

Nitrate

Disposable income
Education

Marital status

Country of origin

AMI

CHD

Stroke

AF

HF

Renal disease

Kidney failure

Cancer

Liver disease

Psychiatric disorders
COPD

Previous major amputation
Tissue loss

Stent

Clopidogrel
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Fig. 1. Examination .of the propensity scores and weights. The distribution of propensity scores differed between infra-inguinal CLTI patients with and without DM, making some form of
adjustment for confounding necessary. In order to avoid losing patients in a matching procedure we used inverse probability of treatment (here defined as having diabetes mellitus)
weighting. The weighted descriptive statistics (the top two figures) as well as the plotted standardized mean difference (the lowest figure) indicate that the used weights greatly improved
the balance. It should be noted that pre index diabetes treatment is excluded from the estimation of the weights and therefore not adjusted for. es = effect size; ATE = average treatment
effect.
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Abstract

The risk of major amputation is higher after urgently planned endovascular therapy for chronic limb-threatening ischemia
(CLTI) in patients with diabetes mellitus (DM). The aim of this nationwide cohort study was to compare outcomes
between patients with and without DM following urgently planned open revascularization for CLTI from 2010 to 2014.
Out of 1537 individuals registered in the Swedish Vascular Registry, 569 were registered in the National Diabetes
Register. A propensity score adjusted Cox regression analysis was conducted to compare outcome between the groups
with and without DM. Median follow-up was 4.3 years and 4.5 years for patients with and without DM, respectively.
Patients with DM more often had foot ulcers (p = 0.034) and had undergone more previous amputations (p = 0.001)
at baseline. No differences in mortality, cardiovascular death, major adverse cardiovascular events (MACE), or major
amputation were observed between groups. The incidence rate of stroke was 70% higher (95% CI: 1.11-2.59; p =
0.0137) and the incidence rate of acute myocardial infarction (AMI) 39% higher (95% CI: 1.00-1.92; p = 0.0472) among
patients with DM in comparison to those without. Open vascular surgery remains a first-line option for a substantial
number of patients with CLTI, especially for limb salvage in patients with DM. The higher incidence rates of stroke
and AMI among patients with DM following open vascular surgery for infrainguinal CLTI require specific consideration
preoperatively with the aim of optimizing medical treatment to improve cardiovascular outcome postoperatively.

Keywords
amputation, bypass, chronic limb-threatening ischemia (CLTI), diabetes mellitus

Introduction Indeed, endovascular therapy was associated with a
lower risk of mortality in patients with type 2 diabetes com-
pared to those without DM among patients with infraingui-
nal CLTL® However, endovascular therapy was also
associated with a higher risk of major amputation in patients

Chronic limb-threatening ischemia (CLTTI) is the end-stage
of peripheral artery disease (PAD) and should be viewed as
a sign of systemic atherosclerosis with a high mortality in
stroke and myocardial infarction.! The 1-year mortality rate
in CLTI patients is predicted to be 22-26%.>* Smoking and
diabetes mellitus (DM) are the strongest risk factors for
PAD,* with an expected increase of the DM incidence in the 'Department of Clinical Sciences, Lund University, Malmé, Sweden
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significant comorbidities.® In view of these factors, mini-  University of Gothenburg, Goteborg, Sweden
mal invasive endovascular therapy for CLTI among patients
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with DM might induce less myocardial stress’ compared to . - ) —_—
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treated with insulin only compared to those without DM.®
In a recent nationwide propensity adjusted analysis, patients
with DM undergoing endovascular therapy had lower
amputation-free survival and a clearly higher risk of major
amputation compared to those without DM.’ Since the pro-
portion of patients with DM and CLTI undergoing elective
endovascular therapy is increasing compared to open vas-
cular surgery,'*'? it is of great importance to investigate
whether or not the results after urgently planned open vas-
cular surgery are also associated with similar inferior results
in DM patients.

The main aim of this study was to evaluate the risk of
major amputation and mortality after urgently planned open
vascular surgery in patients with CLTI and infrainguinal
arterial disease, comparing patients with DM and without
DM in a nationwide propensity score adjusted analysis.

Methods

The present cohort study was based on prospectively collected
data of all Swedish patients with CLTI undergoing urgently
planned open vascular surgery for infrainguinal arterial dis-
ease between 2010 and 2014, in total 1537 patients. CLTI was
defined as the presence of PAD along with rest pain, gangrene,
or ulcers for > 2 weeks.! Individuals without tissue loss
(ulcer or gangrene) were regarded to have rest pain.

Databases and procedures

By using the personal identity number, unique to every
Swedish citizen, information on individual patient data
was obtained from nationwide population-based data-
bases. Subjects were identified by cross-matching the
Swedish Vascular Register (Swedvasc)'® and the Swedish
National Diabetes Register (NDR).'* Duplicated patients
were excluded.

Data were also retrieved from several national registries
including the National Patient Register (NPR) and the
Longitudinal Integration Database for Health Insurance
and Labour Market Studies which was used for information
of socioeconomic characteristics.'>!® Country of birth and
level of education was retrieved and stratified in to three
groups — compulsory school, upper secondary school, and
college or university — and marital status as married, sepa-
rated, single, or widowed.

Information of time and cause of death were retrieved
from the Swedish Cause of Death Register.!” Information
about comorbidities and drug treatment at baseline was
retrieved from the Prescribed Drug Register (PDR)'® and
the cancer registry.!” The NPR provides information on dis-
charge diagnoses and length of hospital stay since 1987
with > 99% coverage, with a positive predictive value of >
99% for vascular interventions for lower limb ischemia.'®

All patients undergoing vascular surgery in Sweden are
registered in Swedvasc. Pre- and perioperative data regard-
ing type of treatment (acute or elective, endovascular or
open), risk factors, complications, and reinterventions are
recorded. Patient follow-up is at 30 days and 12 months fol-
lowing the surgical procedure. Only the first open vascular
procedure within the study period was analyzed, regardless
of whether it was a repeat or first procedure. Repeated open

Registered in Swedvasc
after CLTI intervention

n=6936

Urgently
planned
intervention

n=6321

Endovascular or Open vascular
hybrid intervention surgery

n=4784 n=1537

Registered in
NDR due to DM

n=>569

No DM
n=968

Figure 1. Flow chart of patients in the Swedish Vascular
Register (Swedvasc) undergoing urgently planned open vascular
surgery for CLTI during 2010 to 2014. Further division was done
according to whether the patient was registered in NDR due to
DM or not.

CLTI, chronic limb-threatening ischemia; DM, diabetes mellitus; NDR,
National Diabetes Register.

vascular surgery in the ipsilateral or contralateral limb dur-
ing the study period was not assessed.

The NDR was, in 2019, estimated to cover 88% of
Swedish citizens over the age of 18 with DM.? It contains
data on clinical characteristics, diabetes treatment, risk fac-
tors, and diabetic complications. Each individual gave con-
sent to inclusion in the register. As Swedvasc provides only
1-year follow-up after vascular surgery, the Swedish NPR
was used to gain further information on outcomes, comor-
bidities, and discharge diagnoses.

In this observational case—control study, patients regis-
tered in the Swedvasc infrainguinal module from 2010 to
2014 due to urgently planned open vascular surgery were
identified. Patients with a corresponding registration in NDR
between 2009 and 2015, thus having DM, were compared to
those without such registration (not having DM) (Figure 1).

Baseline data

The NPR uses the International Classification of Diseases,
Tenth Revision (ICD-10) for classification of diagnoses.
Comorbidities at baseline included: atrial fibrillation or
flutter, heart failure, coronary heart disease, hypertension,
and stroke. Furthermore, renal disorder (kidney transplant,
renal failure, or dialysis), cancer, liver disease, psychiatric
disorders (excluding dementia), and chronic obstructive
pulmonary disease were included. CLTI-related variables
such as previous amputation, tissue loss, thromboendarter-
ectomy, and previous bypass surgery were also included.
The bypass variable was divided into two groups: vein
bypass or synthetic bypass. Acute myocardial infarction
(AMI) was defined as 121 (ICD-10). Renal impairment was
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defined as an estimated glomerular filtration rate (eéGFR) <
60 mL/min/1.73 m* with data from NDR on individuals
with DM only.

Smoking was defined as current smoking at baseline and
the information was retrieved from Swedvasc. When smok-
ing data were missing in Swedvasc, NDR data were used to
complement. Drug treatment was defined according to the
PDR. Use of lipid-lowering drugs, acetylsalicylic acid (ASA),
metformin and other glucose-lowering medications, and anti-
coagulant therapy was included. Hypertension was defined as
collecting a minimum of one prescription of antihypertensive
drugs 1 year prior to the index operation. Three months of
medicine use is equivalent to one prescription. Use of ASA
and lipid-lowering medication was defined similarly.

Amputation was defined as amputation above the ankle
(e.g., major amputation). Since the NPR is a code-based
register, information on amputation laterality was not
always possible to determine. A recent validation of major
amputation for CLTI has been performed by reviewing
1366 patients’ medical records, showing < 10% missing
data for amputation with remaining uncertainty of the later-
ality of the amputation.”’ MACE was defined as angina
pectoris, acute myocardial infarction, ischemic heart dis-
ease, stroke and intracranial hemorrhage.

Follow-up

Follow-up started the date the patients were revascularized,
defining the index date, and continued up to December 31,
2016 for endpoints using Swedvasc and until December 31,
2017 for mortality. This was enabled through linkage
between NDR and the Cause of Death Register with causes
and time of death.

Statistical analysis

Outcomes were compared after urgently planned open vas-
cular surgery for CLTI between patients with and without
DM by propensity score adjusted analysis. A propensity
score technique to adjust for multiple risk factors®>?* was
used since multivariate adjustments by logistic regression
is limited by the number of endpoints, and a limited number
of covariates should be modelled.?* The propensity scores
were estimated using a generalized boosted multinomial
regression model with an interaction depth of 3, a maxi-
mum of 75,000 trees, and a shrinkage of 0.01. The optimal
number of trees was selected using a stopping rule applied
to the degree of balance.

The distribution of propensity scores varies between
infrainguinal CLTI patients with and without DM, requir-
ing some form of adjustment for confounding. To avoid
losing patients in a matching procedure inverse probability
of treatment (here defined as having DM), weighting
(IPTW) was chosen. It should be noted that baseline diabe-
tes treatment was excluded from the estimation of the
weights and therefore not adjusted for.

Descriptive statistics were presented using mean, SD,
counts, and percentages according to variable type. The
degree of similarity between infrainguinal CLTI patients
with and without DM was described using the standardized
mean difference (SMD) and p-values. Cumulative mortality

and major amputation were described using Kaplan—-Meier
curves transformed to estimate the distribution function
rather than the survival function.

The effects of diabetes duration, HbAlc, renal impair-
ment, and tissue loss in the group with DM were evaluated by
fitting a Cox proportional hazards model. The model included
gender, age, diabetes duration, HbA I ¢, renal impairment, and
tissue loss at baseline. Only patients with nonmissing values
on gender, age, diabetes duration, HbAlc, renal impairment,
and tissue loss were included in the analysis.

Sensitivity analysis of the inverse probability
of treatment weighting adjusted analysis

The IPTW adjusted analysis was performed using all
patients. Sensitivity analyses were performed by placing a
threshold on the weight (e.g., maximum weight = 10) and
by trimming the data set based on the value of the propen-
sity score (e.g., keeping datapoints above the 2.5% and 1%
percentile determined for the DM + CLTI group and
below the 97.5% and 99% percentile determined for the
CLTI group).

Results when truncating maximum weight at 10 were
very similar to the main results, indicating that there is no
large influence by larger weights on the analysis. Results
when trimming data based on percentiles of the propensity
scores were largely consistent with the main analysis.

The statistical analyses compared CLTI patients with
DM to CLTI patients without DM using both an unadjusted
and an IPTW adjusted Cox regression model. IPTW adjusted
Cox regression analysis was expressed as hazard ratios
(HR) with 95% CI. See the online supplementary material
(Appendix 1) for a list of the adjusted variables. Analyses
were performed using R 3.4.3 (http://cran.us.r-project.org/).
A p < 0.05 was considered statistically significant.

Ethical approval

The study was approved by the regional research ethical
committee in Lund, Sweden (2016/232 and 2016/544). As
all patients had consented to being reported in NDR and
Swedvasc, no individual consent was required to be
included in this study according to Swedish law.

Results

Study population and demographic
characteristics

Between 2010 and 2014, a total of 1537 individuals under-
went urgently planned open vascular surgery for CLTI, of
whom 569 had DM and were registered in Swedvasc
(Figure 1). Median follow-up was 4.3 years (IQR 2.2-5.7)
and 4.5 years (IQR 2.5-5.9) for patients with and without
DM, respectively. Table 1 presents unadjusted baseline data
along with clinical and demographic characteristics for the
two groups. The majority of patients with DM (88.6%)
were classified as type 2, 9.8% as type 1, and 1.6% as hav-
ing other or unspecified types of DM. Among individuals
with DM, 20.9% were not treated with any glucose-lower-
ing agents.
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Table I. Baseline characteristics of patients with CLTI, with and without DM, undergoing urgently planned open vascular surgery.

DM and CLTI CLTI p-value SMD
n = 569 n =968
Age, years, mean (SD) 73 (9.29) 76 (9.10) < 0.001 0.307
Women, n (%) 217 (38.1) 512 (52.9) < 0.001 0.300
Smoking, n (%) 113 (22.1) 238 (30.1) 0.002 0.182
Duration of DM, years (IQR) 14 (15.75) -
HbA I c, mmol/mol (IQR) 57 (18) -
Medication, n (%)
Lipid-lowering 468 (82.2) 713 (73.7) < 0.001 0.208
Metformin 228 (40.1) -
Glucose-lowering agents 450 (79.1) -
Acetylsalicylic acid 435 (76.4) 760 (78.5) 0.381 0.049
Clopidogrel 115 (20.2) 120 (12.4) < 0.001 0213
Anticoagulant therapy 242 (42.5) 334 (34.5) 0.002 0.166
Antihypertensive 546 (96.0) 814 (84.1) < 0.001 0.404
ACE inhibitor 305 (53.6) 348 (36.0) < 0.001 0.361
ARB 199 (35.0) 207 (21.4) < 0.001 0.306
Alpha blocker 23 (4.0) 15 (1.5) 0.004 0.152
Beta blocker 365 (64.1) 496 (51.2) < 0.001 0.264
Calcium channel blocker 258 (45.3) 345 (35.6) < 0.001 0.199
Diuretic 330 (58.0) 468 (48.3) < 0.001 0.194
Digoxin 38 (6.7) 38 (3.9) 0.023 0.123
Nitrate 134 (23.6) 176 (18.2) 0.014 0.132
Income, quartile (%) 0.037 0.156
| 107 (18.8) 243 (25.1)
2 141 (24.8) 216 (22.3)
3 155 (27.2) 256 (26.4)
4 166 (29.2) 253 (26.1)
Income * 100 SEK/year, mean (SD) 1,835.59 (2,939.04) 1,663.27 (1,213.73) 0.108 0.077
Education, n (%) 0.003 0.184
Compulsory school 310 (55.2) 460 (48.2)
Upper secondary 203 (36.1) 363 (38.0)
College or university 49 (8.7) 132 (13.8)
Civil status, n (%) 0.007 0.186
Married 250 (43.9) 374 (38.6)
Separated 135 (23.7) 203 (21.0)
Single 56 (9.8) 96 (9.9)
Widowed 128 (22.5) 295 (30.5)
Origin, n (%) 0.193 0.094
Sweden 478 (84.0) 843 (87.1)
Europe except Sweden 46 (8.1) 69 (7.1)
Rest of the world 45 (7.9) 56 (5.8)
Previous diseases, n (%)
AMI 132 (23.2) 175 (18.1) 0.018 0.127
Coronary heart disease 282 (49.6) 337 (34.8) < 0.001 0.302
Stroke 86 (15.1) 131 (13.5) 0.433 0.045
Atrial fibrillation 131 (23.0) 197 (20.4) 0.242 0.065
Heart failure 143 (25.1) 173 (17.9) 0.001 0.177
Renal disorder 74 (13.0) 67 (6.9) < 0.001 0.204
Cancer disease 49 (8.6) 141 (14.6) 0.001 0.187
Liver disease 6(l.1) 10 (1.0) 1.000 0.002
Psychiatric disorder 19 (3.3) 35 (3.6) 0.888 0.015
COPD 72 (12.7) 159 (16.4) 0.054 0.107
Renal impairment 123 (36.8) - -
Amputation, minor and major 42 (7.4) 33(34) 0.001 0.177
Tissue loss and surgical procedures, n (%)
Tissue loss 316 (68.1) 518 (62.0) 0.034 0.128
Thromboendarterectomy 179 (31.5) 336 (34.7) 0.19
Bypass, n (%)
Synthetic or synthetic plus vein bypass 75 (13.2) 165 (17.0) 0.044
Vein bypass 200 (35.1) 351 (36.3) 0.66

Categorical variables are presented as number (%) and continuous variables are presented as mean (SD).

Anticoagulant therapy includes vitamin K-antagonists, heparin, low-molecular heparin, DOACs, fondaparinux. Renal impairment was defined as an
eGFR <60 mL/min/1.73 m? with data from the Swedish National Diabetes Register. Renal disorder comprises kidney transplant, renal failure or
dialysis. Glucose-lowering agents include insulin, oral hypoglycemic agents, and GLP-| analogues.

ACE, angiotensin converting enzyme; AMI, acute myocardial infarction; ARB, angiotensin Il receptor blocker;

CLTI, chronic limb-threatening ischemia; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; DOACs, direct oral anticoagulants;
eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-I; HbAIc, hemoglobin Alc; SMD, standardized mean difference.
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Figure 2. Crude Kaplan—Meier curves showing cumulative
incidence of major amputation and total mortality after urgently
planned open vascular surgery for CLTI among patients with
and without DM.

Shaded areas represent standard errors.

CLTI, chronic limb-threatening ischemia; DM, diabetes mellitus.

Outcome analysis

The crude Kaplan—Meier curves for cumulative incidences
of major amputation and mortality are displayed in Figure 2.
The incidence rate of stroke was 70% higher (95% CI:
1.11-2.59; p = 0.0137) and the incidence rate of AMI 39%
higher (95% CI: 1.00-1.92; p = 0.0472) among patients
with DM compared to those without DM. There was no dif-
ference in mortality, cardiovascular death, major adverse
cardiovascular events (MACE) or major amputation
between patients with and without DM (Table 2).

Table 2. IPTW adjusted Cox regression analysis of hazard
ratio for different endpoints for patients with DM compared
to patients without DM after urgently planned open vascular
surgery for CLTI.

Endpoint Hazard ratio  p-value 95% Cl

Mortality 1.10 0.2504 0.93-1.30
Cardiovascular mortality 1.09 0.4026 0.89-1.33
MACE 1.15 0.0904 0.98-1.34
AMI 1.39 0.0472  1.00-1.92
Stroke 1.70 0.0137 1.11-2.59
Major amputation 1.28 0.0701 0.98-1.66
Major amputation or death  1.15 0.0903 0.98-1.35

AMI, acute myocardial infarction; CLTI, chronic limb-threatening
ischemia; DM, diabetes mellitus; IPTVV, inverse probability treatment
weighting; MACE, major adverse cardiovascular event.

Effect of diabetes duration, HbA I c, renal
impairment, and tissue loss on outcome
among patients with diabetes mellitus

Median diabetes duration was 14 years (IQR 7.25-23; n =
354), median HbAlc 57 mmol/mol (IQR 49-67; n = 366),

and median eGFR was 70 mL/min/1.73 m? (IQR 54-91;
n = 334). Tissue loss was associated with a higher risk of
major amputation (HR 2.52,95% CI: 1.26-5.05; p = 0.009)
(Table 3). Renal impairment was associated with a higher
risk of total mortality (HR 2.13, 95% CI: 1.47-3.08;
p < 0.001), CV mortality (HR 1.93, 95% CI: 1.26-2.98;
p = 0.003), and MACE (HR 1.74, 95% CI: 1.25-2.43; p =
0.001). Diabetes duration was associated with a higher risk
of MACE (HR 1.01, 95% CI: 1.00-1.03; p = 0.03).

Discussion

The present study found a higher incidence rate of stroke
and AMI among patients with DM after urgently planned
open vascular surgery for infrainguinal CLTI compared to
those without DM, whereas there was no difference in mor-
tality, cardiovascular death, MACE or major amputation
between patients with DM and without DM.

In the present nationwide study, no difference in major
amputation rate following open vascular surgery was found
in the group with DM compared to those without DM,
despite a higher rate of previous minor and major amputa-
tion and tissue loss at baseline in patients with DM. Of note,
most patients underwent infrainguinal bypass procedure
with vein conduit®® without differences between the two
groups, which may have contributed to similar results in
major amputation. This result differs from our previous
study on patients endovascularly revascularized for CLTI, in
which patients with DM and CLTI had a higher risk of major
amputation.” After bypass surgery for CLTI on the other
hand, two previous studies reported no difference in major
amputation rate among patients with DM compared to those
without DM, despite more advanced occlusive atheroscle-
rotic lesions in DM resulting in a need of a lower level of the
distal bypass anastomoses.?**’” To be able to achieve equal
results in patients with and without DM after bypass, how-
ever, it appears necessary to use the saphena magna vein as
a bypass conduit, either as reversed bypass?’ or with an in
situ technique,?® and that the bypass is performed by a lim-
ited number of experienced vascular surgeons.?’ In a cohort
in which approximately 40% had DM, the randomized con-
trolled trial (RCT) BASIL-1 indicated a higher amputation-
free survival at 2 years after bypass surgery compared to
endovascular therapy for CLTL?® Furthermore, Darling
et al. found lower reintervention and restenosis rates follow-
ing open vascular surgery compared to endovascular ther-
apy among individuals with insulin-dependent DM.® Even
though the vascular surgical field in recent years has gone
through a major change towards an increased use of endo-
vascular procedures,'! open vascular surgery is still the first-
line option in a substantial number of patients with CLTI,
especially for limb salvage in patients with DM.

In the present study, no difference in mortality was dem-
onstrated, in contrast to data from Swedvasc 2001-2003
where an increased mortality was seen among patients with
diabetes after bypass surgery for CLTL.? The results from
2001 to 2003 might partly be explained by a less aggressive
use of statins and antiplatelet agents in the past.* The pre-
sent study showed a higher cumulative incidence rate of
stroke and AMI in the group with DM, whereas Swedish
patients with CLTI and DM undergoing endovascular
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Table 3. Effect of diabetes duration, HbAlc, tissue loss, and renal impairment on different endpoints among patients with DM

undergoing urgently planned open vascular surgery for CLTI.

Outcome Covariate Hazard ratio p-value 95% ClI
Total mortality Diabetes duration 1.00 0.695 0.98-1.01
HbAlc 1.01 0.229 0.99-1.02
Tissue loss 1.35 0.128 0.92-1.99
Renal impairment 2.13 < 0.001 1.47-3.08
Diabetes duration 1.00 0.818 0.98-1.02
CV mortality HbAlc 1.00 0.812 0.99-1.02
Tissue loss 1.46 0.118 0.91-2.36
Renal impairment 1.93 0.003 1.26-2.98
MACE Diabetes duration 1.01 0.030 1.00-1.03
HbAlc 1.00 0.749 0.99-1.01
Tissue loss 0.97 0.864 0.69-1.37
Renal impairment 1.74 0.001 1.25-2.43
AMI Diabetes duration 1.01 0.395 0.99-1.04
HbAlc 0.98 0.103 0.95-1.00
Tissue loss 1.05 0.899 0.52-2.10
Renal impairment 1.66 0.164 0.81-3.37
Stroke Diabetes duration 0.98 0.175 0.94-1.01
HbAlc 0.99 0.597 0.97-1.02
Tissue loss 1.08 0.829 0.52-2.25
Renal impairment 1.42 0.339 0.69-2.93
Major amputation Diabetes duration 1.01 0512 0.99-1.03
HbAlc 1.02 0.058 1.00-1.04
Tissue loss 2.52 0.009 1.26-5.05
Renal impairment 1.21 0512 0.68-2.15

The effect of diabetes duration, HbA ¢, tissue loss, and renal impairment was evaluated by fitting a Cox proportional hazards model. The model
includes gender, age, diabetes duration, HbA ¢, tissue loss, and renal impairment at baseline. Only patients with nonmissing values on gender, age,

diabetes duration, HbAlc, tissue loss, and renal impairment were included.

Renal impairment was defined as an eGFR < 60 mL/min/1.73 m%.

AMI, acute myocardial infarction; CLTI, chronic limb-threatening ischemia; CV mortality, cardiovascular mortality; DM, diabetes mellitus; eGFR,
estimated glomerular filtration rate; HbAlc, hemoglobin Alc; MACE, major adverse cardiovascular event.

therapy had a higher cumulative incidence rate of AMI
only.’ It is well-known that DM patients have a twofold
increased risk of atherothrombotic ischemic stroke com-
pared to those without DM,*' and it can be speculated that
patients needing an open vascular procedure have a more
advanced generalized atherosclerotic disease rendering
them more susceptible for ischemic stroke. In line with the
present study results, Wallaert et al. found a higher risk of
major adverse composite events (myocardial infarction,
dysrhythmia, congestive heart failure, wound infection,
major amputation, and renal insufficiency) among patients
with DM following lower extremity bypass surgery.®
Beaulieu et al. studied the risk of postoperative myocardial
infarction after major vascular surgery and found a high
risk of AMI following peripheral bypass surgery, with
approximately 49% having DM among those suffering
from AMI postoperatively.” Two randomized controlled tri-
als**** have shown that low-dose rivaroxaban taken twice a
day plus aspirin once a day reduced major adverse cardio-
vascular and limb events when compared with ASA alone;
therefore, it is of great importance to consider that patients
are treated with the best medical therapy not only after the
procedure but perhaps at an earlier stage.

Renal impairment is a well-known risk factor for cardio-
vascular morbidity and mortality among patients with
DM.* In accordance with previous studies, we found that

renal impairment was related to a higher risk of MACE,
cardiovascular mortality, and total mortality.

Study strengths and limitations

The major strengths of the present study are the relatively
long follow-up time of over 4 years, and the use of two
disease-specific nationwide data registries, Swedvasc and
NDR, along with data from other nationwide registries. The
propensity score adjusted analysis, adjusting for approxi-
mately 30 variables, helped in minimizing the risk of con-
founding. The fact that only patients undergoing urgently
planned open vascular surgery for infrainguinal arterial dis-
ease with CLTI were included in this study helped to lessen
the risk of treatment selection bias. Furthermore, it was
possible to specify the severity of CLTI, rest pain only or
tissue loss, and the type of surgery performed — vein or syn-
thetic bypass or thromboendarterectomy.

Owing to the retrospective study design, there is a poten-
tial risk of misclassification, data collection errors, and
missing data leading to residual confounding. Even though
the study cohort is large, it cannot be excluded that the non-
significant association between DM and major amputation
might be attributed to a type II statistical error. However,
the associations between DM and the composite endpoint
major amputation/mortality and all-cause mortality were
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weaker, which therefore favours the main interpretation of
this study. Furthermore, no adjustment according to type of
antidiabetic medication was done. Previous studies have
shown a relation between insulin dependency and a higher
risk of major amputation among patients with CLTL®
Therefore, separate analyses of insulin-treated and nonin-
sulin-treated patients would have been interesting. It should
also be noted that smoking status is more fully covered in
the group with DM than in the group without DM; when
data on smoking status was missing in Swedvasc, comple-
mentary data were extracted from NDR. Prior studies have
indicated that almost 50% of data on smoking status is
missing in Swedvasc.’® The probably underreported level
of current smoking in Swedvasc resulted nevertheless in a
higher smoking rate for patients without DM compared to
those with DM in the present study, which may have con-
tributed to the comparably less unfavourable results for the
DM group. Linkage of data from the prescribed drug regis-
ter showed that DM and non-DM patients at baseline in the
present study had rather good coverage of lipid-lowering
agents and acetylsalicylic acid, but lipid-lowering therapy
has improved further, as shown in the latest annual report
from NDR and Swedvasc.?>?” The results of the present
study are valid for Sweden and cannot easily be generalized
to other countries.

Owing to the retrospective nature of the study, infor-
mation on amputation laterality could not be retrieved.
Baubeta Fridh et al. have previously reviewed the medical
records of 1366 patients having major amputation due to
CLTI, showing < 10% missing data for amputation with
remaining uncertainty of the laterality of the amputation.?!
Swedvasc has not yet been validated for procedures
related to PAD, but Djerf et al. found that almost half of
patients registered in Swedvasc due to major amputation
following intermittent claudication in fact had CLTL3®
Therefore, the risk of misclassification of CLTI as inter-
mittent claudication was probably low in the present
study. It cannot be ruled out, however, that some patients
were reclassified as having CLTT if the surgery for inter-
mittent claudication failed.

Conclusion

Open vascular surgery is still a first-line option in a sub-
stantial number of patients with CLTI, especially for limb
salvage in patients with DM. The higher incidence rates of
stroke and AMI among patients with DM following open
vascular surgery for infrainguinal CLTI compared to in
those without DM require specific consideration preopera-
tively with the aim of optimizing medical treatment in order
to improve cardiovascular outcome postoperatively.
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Appendix 1. List of baseline variables adjusted for in the inverse probability of treatment
weighting (IPTW) adjusted Cox regression.

e Age
e Sex
e Smoking

*  Lipid lowering treatment

*  Antihypertensive treatment
« ASA

e Clopidogrel

e Other anticoagulant therapy
« ACE

« ARB

*  Alpha blocker

*  Beta blocker

*  Calcium channel blocker

e  Diuretic

*  Digoxin

*  Nitrate

*  Disposable income

*  Education

e Civil status

¢ Country of origin

« AMI

« CHD
. Stroke
« AF

e HF

*  Renal impairment

*  Renal disease

¢ Cancer disease

*  Liver disease

*  Psychiatric disorder
« COPD

e Previous amputation
*  Tissue loss

« TEA

*  Vein bypass

*  Synthetic or synthetic plus vein bypass
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Abstract

Background: Heel ulcers in patients with diabetes mellitus (DM) and peripheral arterial disease (PAD) are hard to heal. The aim
of the present study was to evaluate the difference in amputation-free survival (AFS) between open and endovascular revascu-
larization in patients with DM, PAD, and heel ulcers. Methods: Retrospective comparative study of results of open versus
endovascular surgery in patients with DM, PAD, and heel ulcer presented at the multidisciplinary diabetes foot clinic between
1983 and 2013. Results: Patients with heel ulcers were treated with endovascular intervention (n = 97) and open vascular
surgery (n = 30). Kaplan-Meier analysis showed that the AFS was higher in patients undergoing open vascular surgery compared
to the endovascular group (P = .009). Multivariate analysis showed that open vascular surgery versus endovascular therapy
(hazard ratio 2.1, 95% confidence interval 1.1-3.9; P = .025) was an independent factor associated with higher AFS. The pro-
portion of patients undergoing endovascular therapy in the former (1983-2000) time period was 47% compared to 89% in the
latter (2001-2013) time period (P <.001). Conclusion: The AFS was higher after open than endovascular surgery among patients
with DM and PAD with heel ulcer. These results suggest that open vascular surgery should be offered more often as opposed to
current practice.
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A recent report showed that among patients with heel ulcer
treated at the multidisciplinary foot clinic at Skane University
Hospital during the period 1983 to 2000, the proportion of
wounds that healed after major debridement was higher, and
the proportion of deceased unhealed ulcer was lower compared
to during the latter time period from 2001 to 2013.” The poten-
tial importance of the type of vascular surgery, open or endo-
vascular, for these figures was however not studied. These
findings might be interpreted as suggesting that the prognosis

Introduction

In 2016, a total of 410 000 Swedish individuals had been diag-
nosed with DM, of who 90% had type 2 diabetes mellitus
(DM)." In 2015, 30.3 million Americans (9.4% of the US pop-
ulation) were estimated to have DM, of who 23.8% were una-
ware of their diagnosis. Diabetic foot ulceration (DFU) is the
single most common cause for hospitalization in diabetic
patients,2 and in 2014, 108 000 Americans with DM were
admitted to hospital for lower extremity amputation.3 Diabetic
heel ulcer is a well-known, hard-to-heal ulcer and is considered
a major risk factor for lower extremity amputation.* Peripheral

arterial disease (PAD) among patients with DM is affecting
more distal calf arteries and causes longer arterial occlusions
than PAD among nondiabetic patients.>>> Presence of foot
ischemia, peripheral neuropathy with external trauma, and foot
deformities will further increase the risk of amputation,® and it
is therefore highly likely that a patient with a diabetic heel ulcer
with ischemia will have a great benefit from revascularization,
especially if together with adequate infection control.

‘Department of Clinical Sciences, Lund University, Malmo, Sweden

2Vascular Center, Department of Cardio-Thoracic and Vascular Surgery, Skine
University Hospital, Sweden

3Department of Orthopaedics, Skine University Hospital, Sweden
“Department of Endocrinology, Skine University Hospital, Sweden

Corresponding Author:

Stefan Acosta, Department of Clinical Sciences, Lund University, Malmé SE-205
02, Sweden.

Email: stefan.acosta@med.lu.se



Butt et al

119

of invasive vascular treatment has deteriorated over the past
years, perhaps because of a change toward a minimal invasive
endovascular first strategy instead of open first surgery. In the
absence of randomized controlled trials between open and
endovascular therapy in patients with DM and critical limb
ischemia (CLI),® comparative scientific studies of treatment
modality for leg salvage are important to guide clinicians in
the era of endovascular therapy. These patients need a durable
operation resulting in a healed ulcer, decreased need for repeat
hospitalizations, and reduced health-care costs.

The study hypothesis was that better results are achieved
with open vascular surgery than with endovascular therapy.
The main aim of the present study was to evaluate difference
in amputation-free survival (AFS) in open versus endovascular
revascularization in patients with DM, PAD, and heel ulcers.

Methods

This retrospective study was approved by the regional ethical
review board in Lund (Dnr 2007/120). From January 1, 1983,
to December 31, 2013, a total of 4273 patients with DM pre-
sented with a foot ulcer at the multidisciplinary Diabetes Foot
Clinic at Skane University Hospital, a tertiary referral center.
According to a predefined protocol, data were retrieved from
the local databases and patient records at the Departments of
Endocrinology, Orthopedics and Vascular Surgery. Results of
open and endovascular surgery were compared regarding major
amputation, death, and AFS at 1 and 3 years in patients with
DM and PAD with a heel ulcer. Patients were followed from
the date of inclusion to death or to end of follow-up (March 20,
2018). Median follow-up time was 40 (interquartile range
[IQR] 14-90) months. If a patient had bilateral heel ulcers, both
ulcers were included in the study. Patients with multiple ulcers
were not included. During this time period, 127 limbs with a
heel ulcer had been treated with vascular surgery, 97 with
endovascular therapy, and 30 with open vascular surgery and
were thus included in the study (Figure 1).

Setting

The Diabetes Foot Clinic is located at a University Hospital
with a primary care catchment area of approximately 700 000
people in 2013. From the year 2000, the center is located in 2
geographic locations and is the only provider of specialized
diabetic foot care in the region. The clinic features a multi-
disciplinary approach based on regular podiatric care and ulcer
dressing, both inpatient and outpatient visits, individually
adjusted footwear, and rounds with specialists in endocrinol-
ogy, vascular surgery, and orthopedic surgery. Diagnostic
angiography was a common procedure in the 1980s and
1990s, prior to intervention, whereas duplex and magnetic
resonance (MR) imaging replaced diagnostic angiographies
in the latter time period of the study. Vascular Centre, Malmo,
has since the year 2000 been an endovascular first-strategy
center in patients with DM, PAD, and foot ulcer, despite ade-
quate vein conduits and otherwise good candidates for open

Patients with a foot ulcer
admitted to the diabetic foot
care team, 1983-2013

n=4273

Patients with heel ulcers

n=844

No vascular surgery after
inclusion -

n=713

Vascular surgery after
inclusion

n=131

Hybrid vascular surgery

n=4

Patients treated with
endovascular therapy
first

n=97

Patients treated with
1| open surgery first

n=30

Figure 1. Flowchart of included and excluded patients.

bypass surgery. Both interventional radiologists and vascular
surgeons performed the endovascular interventions. Patients
were treated by the team and followed up until final outcome.

Off-Loading

Upon arrival at the foot clinic with an ulcer located on the heel,
the patients were immediately prescribed total pressure relief,
both prescribed for walking, sitting, and bedridden patients.
Type of off-loading was adapted to the patients’ individual
need and medical condition and was modified as required dur-
ing the course of treatment.

Definitions

Severe peripheral vascular disease (SPVD) was defined as toe
pressure <45 mm Hg or ankle pressure <80 mm Hg.” Major
amputation was defined as amputation above the ankle. If the
patient had any specialized assistance (not a family member) in
his or her home, it was defined as having home care. Wound
healing time was the time from admission at the foot clinic to
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Table |. General Characteristics in Patients With Diabetes Mellitus Undergoing Revascularization for Critical Limb Ischemia With a Heel

Ulcer?

Factors All Limbs, N = 127 Endovascular Intervention First, n = 97 Open Vascular Surgery First, n = 30 P Value
Median age (IQR) 71 (60-79) 72 (60-80) 68 (62-79) .62
Women (%) 53 (41.7) 38 (39.2) 15 (50.0) 29
Living independently (%) 1117126 (88.1) 85 (87.6) 26/29 (89.7) 77
Home aid (%) 42/126 (33.3) 31 (32.0) 11729 (37.9) .55
Good concordance (%) 1117126 (88.1) 84 (86.6) 27129 (93.1) .34
Current smoker (%) 3I/I26 (24.6) 23/96 (24.0) 8(26.7) .76
Hypertension (%) 97 (76.4) 76 (78.4) 21 (70.0) .35
Congestive heart failure (%) 5I/97 (52.7) 38/72 (52.8) 11 (36.7) 40
Ischemic heart disease (%) 68 (53.5) 51 (52.6) 17 (56.7) .70
Non-ischemic heart disease (%) 44 (34.6) 34 (35.1) 10 (33.3) .86
Stroke (%) 1 (24.4) 25 (25.8) 6 (20.0) .52
Anemia (%) 5I/97 (52.7) 38/72 (52.8) 13/25 (48.1) .95

Abbreviation: IQR, interquartile range.
*N = Limbs.

healed heel ulcer, expressed in weeks. Duration of DM was
determined as the year from diagnosis until the presentation
of a foot ulcer at the foot clinic. Up until 1997, the Interna-
tional Classification of Diseases coding system did not allow
separation between DM type 1 and 2. Patients in this study
diagnosed with DM before the age of 31 years and treated with
insulin were considered as having DM type 1, whereas patients
younger than 31 years of age without insulin treatment were
considered to have DM type 2. Treatment of DM was based on
whether or not the patient had insulin treatment. Patients who
were current smokers or had quit smoking less than a year ago
were defined as current smokers. Having a blood pressure over
140/90 mm Hg or treatment with antihypertensive drugs was
defined as hypertension. Anemia was defined as hemoglobin
<134 g/L in men and hemoglobin <117 g/L in women. Being
able to participate in 50% or more of the appointments at the
multidisciplinary foot clinic was considered good concordance
with treatment. Glomerular filtration rate was calculated with a
simplified variant of the modification of diet in renal disease
study group.'® Ischemic heart disease was defined as previous
myocardial infarction or angina pectoris and nonischemic heart
disease as other heart disease such as atrial fibrillation or valv-
ular disease. Having a urine albumin >300 mg/L was defined as
nephropathy, and end-stage renal disease (ESRD) was defined
as either having uremia (creatinine >300 pmol/L), past renal
transplantation, or dialysis. Retinopathy was defined as prepro-
liferative or proliferative based on retinal photographs scored
by an ophthalmologist. Foot ulcers were graded according to
the Wagner classification system (Supplementary Appendix;
Table 1).

Statistics

Continuous variables were expressed as median and IQR. Dif-
ferences in proportions were analyzed with Pearson x> or Ken-
dall tau-b test, and differences in continuous variables with
Mann-Whitney U test. Correlation was tested with Spearman
test and expressed with a correlation coefficient (7).

Amputation-free survival was analyzed according to the
Kaplan Meier method with life tables, and differences between
endovascular and open vascular surgery were analyzed with the
log-rank test. Variables differing (P < 0.1) between endovas-
cular and open vascular surgery groups were further entered as
covariates in a Cox multivariate regression analysis for evalua-
tion of AFS, where differences were expressed in hazard ratios
(HR) with 95% confidence intervals (CI). P < .05 was consid-
ered significant. Statistical analyses were performed using IBM
SPSS Statistics 24.0 (SPSS, Chicago, Illinois).

Results

Baseline and Outcome in Patients With DM Having Heel
Ulcer Undergoing Vascular Reconstruction
Compared to those Not Operated

Patients undergoing reconstruction were more often current
smokers (P = .015), more often had ischemic heart disease
(P = .002), and SPVD (P < .001) compared to the group not
undergoing vascular surgery. Major amputation rate at 2 years
was higher (P < .001), and AFS at 2 years lower (P = .004) in
patients undergoing vascular reconstruction compared to those
not operated (Supplementary Appendix; Table 2).

Characteristics of Patients Undergoing Vascular
Reconstruction

Four patients undergoing hybrid (both open and endovascular)
vascular surgery were excluded from further study. A total of
121 patients with DM undergoing revascularization with a heel
ulcer were included in the study. Their median age was 71
years (IQR 60-79), and 41.7% (n = 127) were women.
Ninety-seven limbs were treated with endovascular first strat-
egy and 30 limbs with open vascular first strategy, and no
differences in general characteristics existed between these 2
groups (Table 1).
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Table 2. Diabetes-Related Characteristics in Patients With Diabetes Mellitus Undergoing Revascularization for Critical Limb Ischemia With a

Heel Ulcer.

Endovascular Intervention  Open Vascular Surgery
Factors All limbs, N = 127 First, n = 97 First, n = 30 P Value
Median GFR (IQR), mL/min/1.73m? 62.5 (44.2-92-8),n =96  63.5 (41.5-92.8),n =72 60 (45.2-94.0), n = 24 92
End-stage renal disease (%) 18/126 (14.3) 15/96 (15.6) 3 (10.0) A4
Nephropathy (%) 52 (40.9) 39 (40.2) 13 (43.3) .76
Retinopathy (%) 56/103 (54.4) 46/76 (60.5) 10/27 (37.0) .035
Median HbA ¢ at hospital admission, % (IQR) 7.4 (6.4-8.6),n = 101 7.3 (6.4-8.6) 7.5(6.2-9.2),n =128 .63
Median duration of diabetes, years(IQR) 20 (12-26.2),n =110 20 (13.0-28.0) 15.0 (10.0-25.0), n =27  .075
Diabetes mellitus type 2 (%) 89/108 (82.4) 65/81 (80.2) 24/27 (88.8) 31
Diabetes treatment with insulin (%) 85 (66.9) 70 (72.2) 15 (50.0) 024
Previous amputation (%) 20 (15.7) 18 (18.6) 2(6.7) 12

Abbreviations: IQR, interquartile range; GFR, glomerular filtration rate.

Table 3. Ulcer-Related Characteristics in Patients With Diabetes Mellitus Undergoing Revascularization for Critical Limb Ischemia With a Heel

Ulcer.
Endovascular Intervention Open Vascular Surgery

Factors All limbs, N = 127 First, n = 97 First, n = 30 P Value
Previous ulcer (%) 56 (44.1) 51 (52.6) 5(16.7) (o]
Ulcer duration at inclusion, weeks 4(2-12),n =103 4(2-135),n=176 4(29,n=27 72
Foot oedema (%) 54/125 (43.2) 35/96 (36.5) 19/29 (65.5) .006
Local foot pain (%) 51/126 (40.5) 34/96 (35.4) 17 (56.7) .038
Median Wagner grade at inclusion (IQR) .36

| (Superficial ulcer) 108 (85.0) 84 (86.6) 24 (80.0)

2 (Deep ulcer) 8 (6.3) 7(72) 13.3)

3 (Abscess and/or osteomyelitis) 7 (5.5) 4 4.0) 3 (10.0)

4 (Gangrene of portion of the foot) 0 (0.0) 0 (0.0) 0 (0.0)

5 (Gangrene of greater part of the foot) 4 (3.1) 2 (2.1) 2(6.7)
Abbreviation: IQR, interquartile range.
Characteristics Related to Diabetes Mellitus Revascularization

Patients undergoing endovascular therapy more often had dia-
betic retinopathy (P = .035) and insulin treatment (P = .024)
compared to those treated with open surgery (Table 2).

Ulcer-related Characteristics

Previous ulcer was more common among patients treated with
endovascular methods (P = .001) compared to those treated with
open surgery, whereas patients treated with open vascular surgery
more often had foot edema (P = .006) and local foot pain (P =
.038) compared to the endovascularly treated group (Table 3).

Vascular-Related Characteristics

Previous vascular surgical procedures were more common in
patients undergoing open vascular surgery (P = .023) com-
pared to the endovascularly treated group. Duplex (P = .014)
and MR angiography (P < .001) had more often been under-
taken prior to the intervention in patients undergoing endovas-
cular surgery compared to those treated with open vascular
surgery (Table 4).

The following 30 procedures were performed in the open vas-
cular surgery group: Femorodistal in situ vein bypass (n = 9),
femoropopliteal below-knee in situ vein bypass (n = 7), femor-
opedal in situ vein bypass (n = 3), femoropedal reversed vein
bypass (n = 1), femorodistal hybrid vein + synthetic bypass
(n = 1), femoropopliteal below-knee biologic bypass (n = 1),
aortobi-iliacal synthetic bypass (n = 2), aortobifemoral syn-
thetic bypass (n = 2), and thrombendarterectomy common
femoral artery with synthetic patch reconstruction (n = 4).
Infrainguinal femoropopliteal below-knee or more distal
bypass was performed in 73% of the procedures. Among
patients undergoing open vascular surgery, 20 (67%) and 10
(33%) underwent reconstruction with vein and synthetic mate-
rial, respectively. The following 97 endovascular procedures
were performed categorized into anatomic level, multilevel
interventions, multiple crural artery interventions, subintimal
recanalizations, percutaneous transluminal angioplasty (PTA),
or stenting: stent iliaca (n = 8), stent superficial femoral artery
(SFA; n = 8), stent popliteal artery (n = 1), stent SFA +
popliteal artery (n = 1), PTA SFA (n = 10), PTA popliteal
artery (n = 5), PTA one crural artery (n = 8), PTA two crural
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Table 4. Vascular-Related Characteristics in Patients With Diabetes Mellitus Undergoing Revascularization for Critical Limb Ischemia With a

Heel Ulcer.
Endovascular Intervention  Open Vascular Surgery
Factors All limbs, N = 127 First, n = 97 First, n = 30 P Value
Previous vascular surgery (%) 21 (l6.5) 12 (12.4) 9 (30.0) .023
Median toe pressure at admission, mm Hg (IQR) 35 (25-48.8), n = 96 35(23-49),n =74 34 (25-48),n =22 93
Ankle pressure at admission, mm Hg (IQR) 65 (50-98), n = 86 65 (53-101), n = 62 65 (38-86), n = 24 .18
Severe peripheral vascular disease (%) 82/104 (78.8) 61/78 (78.2) 21/26 (80.8) .78
Duplex (%) 74/125 (59.2) 62/95 (65.3) 12 (40.0) 014
CT angiography (%) 8 (6.3) 6 (6.2) 2(6.7) 92
MR angiography (%) 49 (38.6) 47 (48.5) 2(6.7) <.001
Angiography (%) 94 (74.0) 68 (70.1) 26 (86.7) 071
Abbreviations: CT, computed tomography; IQR, interquartile range; MR, magnetic resonance.
Table 5. Outcome in Patients With Diabetes Mellitus Undergoing Revascularization for Critical Limb Ischemia with a Heel Ulcer.
Endovascular Intervention Open Vascular Surgery
Factors All limbs, N = 127 First, n = 97 First, n = 30 P Value
Reintervention, any (%) 34/127 (26.8) 20/97 (20.6) 14/30 (46.7) .005
Secondary endovascular intervention (%) 21/127 (16.5) 12/97 (12.4) 9/30 (0.3)
Secondary open vascular surgery (%) 13/127 (10.2) 8/97 (8.2) 5/30 (16.7)
Healed heel ulcer (%) 80/126 (63.5) 58 (59.8) 22/29 (75.9) 12
Died unhealed (%) 22/126 (17.5) 20 (20.6) 2/29 (6.9) .088
Major amputation 30 days (%) 11/127 (8.7) 9(9.3) 2/30 (6.7) .66
Major amputation | year (%) 27 (21.3) 22 (22.7) 5/30 (16.7) 48
Major amputation 3 years (%) 30 (23.6) 25 (25.8) 5/30 (16.7) .30
Mortality 30 days (%) 53.9) 4 (4.1) 1(3.3) 1.0
Mortality | year (%) 30 (23.6) 24 (24.7) 6 (20.0) .59
Mortality 3 years (%) 59 (46.5) 46 (47.4) 13 (43.3) .70
Major amputation or death, 30 days (%) 16 (12.6) 12 (12.4) 3 (10.0) 72
Major amputation or death, | year (%) 49 (38.6) 39 (40.2) 9 (30.0) 31
Major amputation or death, 3 years (%) 74 (58.6) 59 (60.8) 14 (46.7) A7
Major amputation or death, 5 years (%) 89/125 (71.2) 73/96 (76.0) 16/29 (55.2) .030

arteries (n = 8), PTA three crural arteries (n = 3), PTA
SFA + crural artery (n = 8), PTA SFA + popliteal + crural
artery (n = 4), Subintimal recanalization of SFA (n = 7),
subintimal recanalization from SFA to popliteal artery (n =
6), subintimal recanalization of popliteal artery (n = 1),
subintimal recanalization of crural artery (n = 12), subinti-
mal recanalization from SFA to crural artery (n = 1), mixed
endovascular interventions in 2 anatomic levels (n = 5), and
mixed endovascular interventions in 3 anatomic levels (n =
1). Multilevel interventions were performed in 26 (27%),
crural interventions in 56 (58%), and subintimal recanaliza-
tions in 27 (28%). Reintervention rate was higher among
patients undergoing open vascular surgery first (P = .005)
compared to the endovascular group (Table 5). Patients
undergoing open vascular surgery could be followed for a
median of 52 months and the endovascularly treated group
for a median of 38 months (P = .27). Unhealed heel ulcer
was correlated to major amputation at 3 years (r = .51;
P <.001).

Short-Term Outcomes According to
Time Period of Inclusion

There was an increase in the proportion of patients under-
going endovascular therapy in relation to open vascular sur-
gery in the latter (2001-2013) compared to the former
(1983-2000) time period (P<0.001). Short-term outcomes
in both time periods are shown in Supplementary Appendix
Table 3.

Amputation-Free Survival

Amputation-free survival was higher in patients undergoing
open vascular surgery compared to the endovascularly
treated group (P = .009; Figure 2). Open vascular surgery
in contrast to endovascular therapy (HR 2.1, 95% CI 1.1-
3.9; P = .025) and previous vascular surgery (HR 2.0, 95%
CI 1.0-3.7; P = .044) were independent factors associated
with a higher AFS (Table 6).
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Figure 2. Kaplan-Meier curve showing amputation-free survival (months) after open and endovascular surgery in patients with diabetes mellitus

with a heel ulcer.

Table 6. Multivariate Cox Regression Analysis.?

95% Cl for
Hazard Ratio
P Hazard ——
Value Ratio Lower Upper
Type of procedure primary (open 025  2.06 1.10  3.86
surgery versus endovascular)
Retinopathy .36 124 078 1.96
Diabetes treatment (insulin versus no .70 1.10 067 1.80
insulin)
Previous ulcer .55 1.15 072 183
Edema 066 090 058 142
Pain .87 1.04 065 .66
Previous vascular surgery .044  1.95 1.02 374

Abbreviation: Cl, confidence interval.

*Factors associated with amputation-free survival in patients with diabetes
mellitus undergoing revascularization for critical limb ischemia with a heel
ulcer.

Discussion

The present study data suggest that open vascular surgery in
patients with DM, PAD, and heel ulcers is a more durable
option than endovascular therapy in order to improve AFS.
This is a retrospective comparison, however, highlighting the
need for randomized controlled studies on these patients. The
Bypass versus Angioplasty in Severe Ischaemia of the Leg
(BASIL)-2 study currently open for recruitment® is based on
the BASIL-1 study in which open vascular surgery was shown,
in the long term, to be superior to endovascular therapy in terms

of AFS.!! However, since the termination of BASIL-1 in 2004,
the endovascular management, expertise, equipment and tools,
and medical therapy has progressed substantially, which calls
upon a contemporary randomized trial comparing open vascu-
lar surgery and endovascular therapy. The Best Surgical Ther-
apy for Patients With CLI (BEST-CLI) trial is the first
randomized control trial in North America to evaluate the out-
come of the 2 treatment strategies. The study started enrolling
patients in 2014 with the aim to include 2100 patients.'? It is
unlikely, however, that the subgroup of patients with DM and
heel ulcer undergoing revascularization will be large enough to
render data of high enough quality to allow definite conclu-
sions in this group of patients. Therefore, the present study,
which spans over three decades, might contribute important
information in an area with lack of knowledge.

Patients with DM and heel ulcers are considered to be a
group with poor prognosis regarding the risk of major amputa-
tion, as the location of the ulcer confers a great risk of lower leg
amputation. A previous study on the same cohort demonstrated
that patients not treated with vascular surgery, probably
because of spontaneous ulcer healing or not suffering from
PAD, have a better prognosis.” A recent report among patients
with DFU demonstrated that vascular surgery often is adopted
in the most advanced stages of the disease.'> The selected
patients undergoing vascular surgery had a more generalized
atherosclerosis in terms of presence of ischemic heart disease
and SPVD compared to the patients with DM and heel ulcer not
undergoing vascular surgery. In the present cohort study, pre-
valence of SPVD was 78%, compared to the 40% rate in
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patients with heel ulcers not undergoing vascular surgery
(Supplementary Appendix, Table 2). This makes management
and efforts to heal these heel ulcers among patients in the
present study particularly challenging. The rate of current
smokers at baseline was higher in the vascular surgery versus
nonvascular surgery group, a relation that might have been
unchanged postoperative, contributing to disturbed wound
healing, lower patency,'* and AFS'® at 2 years in the vascular
surgery group. If vascular surgery fails, it is highly likely that
unhealed heel ulcers will lead to a major amputation unless the
patient dies with an unhealed heel ulcer.

Apart from its retrospective and nonrandomized design,
there are other important limitations of the present study.
Patients selected for vascular surgery had more advanced car-
diovascular morbidity and lower AFS than the rest of patients
with DM having heel ulcer, and it was within this selected
group that the comparison between open vascular surgery and
endovascular therapy was performed. Furthermore, the small
study groups make some of the group comparisons prone to
type 2 statistical error bias. Information bias is another limita-
tion due to the retrospective nature of the included patients,
with difficulties in finding information in the medical records.
Another important confounder in the study is the change in
diagnostic capacity and therapeutic activity during the compar-
ably long study period. For instance, better high-resolution
equipment may allow a more accurate diagnosis of retinopathy,
and insulin treatment might have led to better control of hyper-
glycemia than oral agents,'® contributing to differences in diag-
nosis and medical therapy, respectively, between the early and
the latter time periods. Another important biases not accounted
for in the study are the improved pharmacological secondary
prevention with platelet aggregation inhibitors and statins and
higher rates of tobacco cessation in the latter time period.'”
Hence, there is a possibility that the difference in AFS between
the 2 study groups would have been even larger, in favor of
open vascular surgery, if these 3 factors had been possible to
adjust for.

In the group of patients undergoing open vascular surgery, it
was not possible to perform subgroup analysis of those under-
going reconstructive surgery with vein or synthetic material. It
is well known that patients receiving prosthetic lower limb
bypass grafts fare much worse than those treated with a vein
bypass.'® Hence, the proportion of patients receiving prosthetic
bypass grafts in a comparative study between open vascular
surgery and endovascular therapy has great importance in inter-
pretation of the results. Furthermore, it would have been inter-
esting to analyze angiosome direct revascularization of the
heel, an angiosome being the tissue that a specific artery and
vein supplies, as this concept may help improve targeted revas-
cularization and possibly enhance the treatment of DFU."?
However, it was not possible to analyze angiosome direct
revascularization due to the retrospective nature of the study
not providing sufficient data.

It was possible to show that open vascular surgery as
opposed to endovascular therapy was an independent factor
associated with higher AFS. This finding is particularly

important, since there is a strong trend in the Western world
to adopt to endovascular therapy. It appears that some patients,
like the patients with DM and PAD with a heel ulcer, may be
better treated with open vascular surgery. The study findings
also suggest that endovascular first vascular centers should
scrutinize their results after revascularization of diabetic
patients with heel ulcers. A report on the same population as
the present study, analyzing the results of vein bypass,
showed no difference in AFS between patients with and with-
out DM.?® This result may further justify that open vascular
surgery should be adopted more often as a first-line vascular
therapy among all patients with CLI. The reason for better
results after open vascular surgery during this study period
may depend upon more durable reconstructions, and the fact
that almost all infraingunal bypasses were of vein. The
patency of long multilevel recanalizations and crural recana-
lizations performed in the endovascular group appears to be
clearly inferior to vein bypasses.”'

In conclusion, AFS was higher after open vascular surgery
among patients with DM and PAD with heel ulcer, whereas the
proportion of endovascular treatment increased during the lat-
ter time period. These results might be interpreted as suggest-
ing that open vascular surgery should be offered more often
than in today’s current practice.
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Appendix

Table 1. The Wagner Classification system for diabetic foot ulcers.

Wagner grade Description

No ulcer

Superficial ulcer

Ulcer extension involving ligament, tendon, joint capsule or fascia

Deep ulcer with abscess and/or osteomyelitis

Gangrene of portion of foot

OB |WIN|F O

Extensive gangrene of the foot




Table 2. Baseline and outcome in patients with diabetes mellitus with heel ulcer undergoing vascular

surgery compared to no vascular surgery.

Factors Vascular No vascular P value

surgery surgery

(n=125) (n=643)
Median age (IQR) 71 (61-79) 73 (62-82) 0.28
Women (%) 55 (44.0) 281 (43.7) 0.95
Current smoker (%) 30/124 (24.2)  96/628 (15.3) 0.015
Type 2 diabetes mellitus (%) 86/105 (81.9)  420/530 (79.2) 0.54
Ischemic heart disease (%) 64 (51.2) 232/640 (36.3) 0.002
Non-ischemic heart disease (%) 41 (32.8) 182/638 (28.5) 0.34
Congestive heart failure (%) 53 (42.4) 225/640 (35.2) 0.12
Stroke (%) 29 (23.2) 194/639 (30.4)  0.11
Median Wagner grade at inclusion (IQR)
1 (superficial ulcer) 108 (86.4) 545 (84.8) 0.73
2 (deep ulcer) 9(7.2) 73 (11.4)
3 (abscess and/or osteomyelitis) 5 (4.0) 13 (2.0)
4 (gangrene of portion of the foot) 0(0.0) 8(1.2)
5 (gangrene of greater part of the foot) 3(2.4) 4 (0.6)
Severe peripheral vascular disease (%) 79/101 (78.2) 158/393 (40.2) <0.001
End-stage renal disease (%) 17/124 (13.7) 78 (12.1) 0.62
Major amputation at 2 years (%) 28 (22.4) 51 (7.9) <0.001
Mortality at 2 years (%) 42 (33.6) 165 (25.7) 0.067
Major amputation or mortality at 2 years (%) 59 (47.2) 217 (33.7) 0.004




Table 3. Outcome according to period at inclusion among patients with diabetes mellitus undergoing
revascularization for critical limb ischemia with a heel ulcer.

Factors All limbs (n=127) 1983 — 2000 2001 -2013 P value
(n=38) (n=89)

Endovascular intervention 97 (76.4) 18 (47.4) 79 (88.8) <0.001

first (%)

Open vascular surgery first (%) 30 (23.6) 20 (52.6) 10/89 (11.2)

Healed heel ulcer (%) 80/126 (63.5) 24/37 (64.9) 56 (62.9) 0.84

Major amputation, 1 year (%) 27 (21.3) 7(18.4) 20 (22.5) 0.45

Deceased unhealed (%) 22/126 (17.5) 5/37 (13.5) 17 (19.1) 0.61
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