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CHAPTER ONE

General Introduction

Chronic venous disease: A common inconvenience

Varicose veins are a very common defect of the venous system in the lower extrem-
ities, affecting almost a third of the adult population world-wide.(1) The prevalence
of varicose veins increases significantly with age; the majority of people who are
60 years old or older experience at least one type of varicose vein.(2) Varicose
veins are often left untreated because of their cosmetic reputation. Health insur-
ance companies do not always cover treatment, and there are no fixed healthcare
paths for patients with varicose veins. The chronicity and progression of varicose
veins is, therefore, often overlooked by patients and by current healthcare provid-
ers. However, prolonged varicose veins can progress to chronic venous disease
leading to various physical signs like oedema, eczema and a venous leg ulcers. The
progression of chronic venous disease often leads to discomfort, disabilities and a
reduced quality of life.

Working mechanisms of chronic venous disease

Venous blood in the lower extremities flows from the foot arch into the small sa-
phenous vein (lateral side) or the great saphenous vein (medial side) and then into
the upper-located deep veins. The deep veins (femoral vein and popliteal vein)
transport venous blood via the iliac veins in the pelvis back to the heart. Due to

gravity, the venous pressure in the lower extremities increases in an upright posi-
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Figure 1: Venous reflux and obstruction



tion. Increased venous pressure can lead to a gradual deterioration of the venous
system over time, which leads to reflux and obstruction (see Figure 1).

Reflux and obstruction can be a cause or an effect of increased venous pressure
in the lower extremities. Venous reflux occurs when the vein walls are weakened
and the vein valves malfunction; this leads to a back flow of blood volume to the
lower extremities while the person remains in an upright position, and results in less
venous return to the heart. Venous obstruction can be caused by a thrombosis ob-
structing the venous return to the heart. The use of muscle pumps during walking
(like the calf muscle pump) play an important role in the venous return to the heart
(see Figure 2).

However, when the reflux
or obstruction in the veins is
too large, the muscle pumps
cannot compensate for the
venous back flow to the

lower extremities. This leads
to an increased ambulatory
venous pressure. Increased

ambulatory venous pressure

H

Figure 2: calf muscle pump function can also occur when reflux

i

or obstruction is not pres-
ent, but the muscle pumps are impaired and are therefore unable to return enough
venous blood volume back to the heart (also referred to as dependency). Age,
genetic predisposition, venous thrombosis, immobility and several congenital con-
ditions involving the venous system can be the cause of reflux, obstruction and an
increased ambulatory venous pressure (see Figure 3). This is called chronic venous
disease. In conclusion, the difference between healthy legs and diseased legs is
the amount of lowering of venous pressure during walking. This denotes the impor-
tance of walking (muscle pump function) in venous functioning in addition to the

function of the veins itself.
Varicose veins: They come with age. No harm done?

Limited reflux or obstruction in small veins or reflux in only one segment of a vein
does not always lead to an increased ambulatory venous pressure. However, it does
cause a temporal increase in venous pressure when the muscle pumps are not used.

Prolonged or temporal increased venous pressure can lead to vein valve dysfunc-
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Figure 3: Causes of venous diseases

tion and vein wall weakening, which can lead to venous reflux (or vice versa). The
increased venous pressure can lead to telangiectasia, reticular veins and varicose
veins. These venous deformities are often experienced as cosmetically unsightly.
Many people with varicose veins worry about their appearance and feel embar-
rassed to show their lower extremities.(3) In the general population, reticular and
varicose veins are highly prevalent, with 75% of the German population(4) and 86%
of the United Kingdom'’s population(5) suffering from these conditions. In the pri-
mary care population, the prevalence of reticular and varicose veins was as high as
62% in Western Europe.(6) The prevalence of varicose veins alone is lower; 31%-
35% of the general population(7, 8) and 17% of a primary care population(9) have
varicose veins. In the elderly, however, the prevalence of varicose veins is higher; it
ranges from 50% in people aged 60-64 years to 69% in people aged 80+ years.(10)



Increasing age is the main risk factor for the development of varicose veins. Oth-
er risk factors for varicose vein development are hypertension, obesity, deep vein
thrombosis, a positive family history of varicose veins and a standing occupation.
(6, 10)

Besides the cosmetic issues, varicose veins can cause a series of physical com-
plaints as well. Heaviness, tightness, muscle cramps, restless legs and itchiness are
common symptoms in about 50% of patients with varicose veins.(11, 12) Both the
cosmetic and physical complaints lead to a reduction in the quality of life of vari-
cose vein patients, leading to functional and social limitations.(12-14) Patients who
experience physical complaints are eligible for varicose vein treatment. Superficial
varicose veins can be treated using different techniques to remove the vein. The
most common invasive treatments are surgical (stripping, endovascular laser or ra-
diofrequency ablation) and different forms of sclerotherapy.

In the Netherlands, a general practitioner can refer a patient with visible varicose
veins and physical complaints to a dermatologist or vascular surgeon for diagnosis
and treatment. When the patient does not experience physical complaints, or the
varicose veins are not visible, primary care takes no action.(15) Healthcare insur-
ance companies only cover the diagnostics and treatment of varicose veins when a
patient experiences physical complaints. This results in a large number of patients
with invisible or asymptomatic varicose veins who are left undiagnosed and untreat-
ed. No harm done?

Progression of ‘simple’ varicose veins to chronic venous disease

Varicose veins can cause real harm. Untreated varicose veins can progress to more
severe and complicated varicose veins. However, patients with treated varicose
veins or thrombosis can also progress to more severe venous disease. Treated pa-
tients can develop neovascularisation, reflux, or obstruction in other veins in the
lower extremities. After venous thrombosis, post-thrombotic syndrome can de-
velop, causing signs and symptoms of chronic venous disease such as oedema,
hyperpigmentation, feelings of heaviness, muscle cramps, and pain in the lower
extremities.

When reflux or obstruction worsens, the ambulatory venous pressure increases.
Increased ambulatory venous pressure in the lower extremities can lead to chang-
es in the macro- and microcirculation. When the ambulatory venous pressure is
increased, it is also referred to as chronic venous insufficiency. Chronic venous in-

sufficiency is the inability of the venous system in the lower extremities to transport
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sufficient blood volume back to the heart. Chronic venous insufficiency often in-
volves reflux or obstruction in the deep or truncal veins. The deep and truncal veins
are responsible for the majority of venous return. Chronic venous insufficiency often
begins with reticular veins and varicose veins. When varicose veins progress into
chronic venous insufficiency, the varicose veins become larger in diameter, include
a larger trajectory of the vein, and other symptoms of macro- and microcirculatory
dysfunction can occur in the lower extremities. Chronic venous insufficiency can
lead to oedema, corona phlebectatica, and trophic skin changes such as ‘hyper-
pigmentation’ (iron deposition in the dermis), eczema, lipodermatosclerosis, white
atrophy, and eventually a chronic wound known as a venous leg ulcer (See Figure
4). The cosmetic and physical complaints are similar to those of the uncomplicated
varicose veins. Embarrassment to show the legs, feelings of heaviness, tightness,

muscle cramps, restless legs, itching and pain are common in patients with chronic

venous insufficiency.

Varicose veins Corona phlebectatica,
Hyperpigmentation

Lipodermatosclerosis Eczema Venous leg ulcer

Figure 4: clinical stages of chronic venous disease



The overarching term for the causes (see Figure 3) and symptoms of varicose
veins and chronic venous insufficiency is chronic venous disease. Chronic venous
disease is classified according to the Clinical, Etiological, Anatomic and Patho-
logical (CEAP) classification. The CEAP classification is used worldwide to register
chronic venous disease in healthcare.(16) The C of the CEAP classification is mostly
used to denote the severity of chronic venous disease (see Table 1). However, the
clinical classes (CO-Cé) do not always occur sequentially in chronic venous disease
patients, and not all patients will develop all symptoms. Mild chronic venous dis-
ease (C0s-C2) is far more prevalent compared to more severe chronic venous dis-
ease (C3-Cé). The prevalence of C3-Cé in the general population ranges from 6%
of people in the UK(5) in 1989 to 17% in Germany(4) in 2002 and 25% in Western
Europe(6) in 2013 in a population recruited by general practitioners. Some patients
will develop varicose veins or have a thrombosis and never progress to a more
severe stage of chronic venous disease. Some patients will develop a venous leg
ulcer without showing any skin changes or oedema. Other patients will develop
oedema and skin changes without having varicose veins or a thrombosis but simply
from suffering insufficient ambulatory venous return. For example, in patients with
permanent immobility who cannot use their muscle pumps in their lower extremi-
ties, the venous return is reduced, increasing venous pressure.(17) The reason why
clinical signs of chronic venous disease do not always occur sequentially remains
unknown. However, the risk factors for chronic venous disease are similar to those
of varicose veins alone. Risk factors for chronic venous disease include gender,
family history of chronic venous disease, low physical activity, overweight, history of
deep vein thrombosis, and a standing occupation.(?, 18, 19)

Clinical Class ~ Description

CO(s) No visible or palpable signs of venous disease (symptomatic)

C1 Telangiectasia or reticular veins

C2(r) Varicose veins, (r) recurrent varicose veins

C3 Oedema

Cda,b,c Changes in skin and subcutaneous tissue secondary to chronic venous

disease: (a) Pigmentation or eczema, (b) Lipodermatosclerosis or white
atrophy, (c) corona phlebectatica

C5 Healed venous leg ulcer

Cé(r) Active venous leg ulcer, (r) recurrent active ulcer
Table 1: Revised CEAP classification 2020(16) — the clinical class

CEAP = Clinical, Etiological, Anatomical and Pathological
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It is known, however, that age is the main risk factor; the prevalence of chronic
venous disease increases in the ageing population.(1, 6, 20) It is also known that
when the clinical class increases, the physical complaints increase as well. Heavi-
ness, restless legs, muscle cramps and pain are more common in C3-Cé patients,
whereas 73%-94% of chronic venous disease patients experience at least one of
these physical complaints. When the C-class increases, the disease-specific quality

of life of chronic venous disease patients decreases significantly.(21-23)
Diagnostics and treatment of chronic venous disease

Before chronic venous disease can be treated, full diagnostics must be performed to
register the whole CEAP. The gold standard for assessing the severity of chronic venous
disease is an invasive measurement where the ambulatory venous pressure is measured
inside the veins located in the lower extremities. Because chronic venous disease pa-
tients are prone to develop a chronic wound, the invasive ambulatory venous pressure
measurement is discouraged in clinical practice. An effective replacement for the am-
bulatory venous pressure measurement is a duplex ultrasound investigation that meas-
ures reflux and obstruction in the deep and superficial veins. With the diagnosis of ve-
nous reflux and obstruction, an adequate treatment process can be initiated for chronic
venous disease patients. Treatment of chronic venous disease consists of the invasive
treatments of varicose veins described above and non-invasive treatments such as am-
bulatory compression therapy, skin agents, wound dressings, and lifestyle changes. The
diagnosis and treatment guidelines for chronic venous disease are collected in one
chronic venous disease guideline for secondary care practitioners. In the Netherlands,
duplex diagnostics is only performed in secondary care, and patients always need a re-
ferral to secondary care from a general practitioner. However, a combined guideline for
the diagnosis and treatment (or referral) of chronic venous disease patients in primary
care is not yet available. There are separate guidelines for varicose veins, deep vein
thrombosis, eczema, and venous leg ulcers.(15, 24-26) The scattered and incomplete
guidelines in primary care might lead to an under recognition of chronic venous disease
patients, which can lead to inadequate diagnosis and treatment of chronic venous dis-

ease in the Dutch primary care system.
And then came the venous leg ulcer

The progression of chronic venous disease takes years. Therefore, a venous leg ul-
cer develops mostly in people over 40 years of age. A venous leg ulcer is the least



prevalent stage of chronic venous disease and occurs in about 3% of the older pop-
ulation.(27) The incidence of a venous leg ulcer increases with age (similar to the
other stages of chronic venous disease). When chronic venous disease progresses,
the increased ambulatory venous pressure is transmitted by physical laws (gravity and
the law of Laplace) from the macrocirculation to the microcirculation. Deterioration
in the microcirculation eventually leads to a venous leg ulcer. The deterioration of
the microcirculation progresses as follows: first, the increased intra-capillary pressure
leads to capillary leakage (oedema) into the interstitial compartment; The capillary
leakage can include small amounts of erythrocytes, which release iron that oxidizes in
the dermis ('hyperpigmentation’); Second, increased intra-capillary pressure results in
a higher production of collagen IV in the capillary walls, causing thick and non-con-
strictive capillaries (corona phlebectatica, atrophy blanche); Third, the high pressure
in the dermal microcirculation results in the stimulation of an inflammatory process in
which cytokine and growth factor release leads to leukocyte migration into the inter-
stitial compartment, triggering further inflammatory events. This process is associat-
ed with intense dermal fibrosis and tissue remodelling (lipodermatosclerosis). These
skin changes lead to a reduced skin oxygenation, which makes the skin vulnerable for
ulceration.(28-30) A venous leg ulcer can also occur without visible skin changes in
patients with chronic venous disease clinical classes C2 and C3 (See Figure 5).

Ambulant venous
hypertension
Capillary hypertension Dilated veins
Leakage Dilatation ‘ Reflux Varicosis ‘
i ; l

v v v

‘ Protein ‘ ‘ Erythrocytes ‘ Water Corona ‘ Coagulation Increased
l l l phlebectatica venous volume
‘ Inflammation ‘ Pigmentation ‘ Edema White atrophy |mpaired calf

muscle function

Fibrosis

Increased blood volume +
reduced muscle pump function

Redluced mobility of joints

Figure 5: The Rotterdam model(31) of symptom development of chronic venous disease

When a venous leg ulcer is present, it comes with a large amount of physical
complaints such as pain, odour, and leakage of wound fluids, in addition to the

complaints of heaviness, restless legs and itching. Patients with a venous leg ul-
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cer feel insecure, unhappy and restricted in their daily activities.(32) Compared to
earlier stages of chronic venous disease, patients with a venous leg ulcer experi-
ence significantly lower general and disease-specific health-related quality of life.
(33, 34) When the severity of the venous leg ulcer increases, it impacts quality of
life even more.(35) When a venous leg ulcer heals, the general and disease-specific
health-related quality of life can increase again.(36) However, when a venous leg
ulcer heals, patients can experience fear of venous leg ulcer recurrence. The fear of
injury and skin tears on the lower extremities can cause non-compliance with direc-
tions to wear compression hosiery and engage in physical activity.(37, 38)

Venous leg ulcers can be caused by minor trauma to the lower extremities, but
they can also develop on their own. Venous leg ulcers are mostly located at the
medial malleoli where the ambulatory venous pressure is the highest. Due to high
ambulatory venous pressure and limited venous return, the drainage of waste sub-
stances and the supply of oxygen and nutrients are reduced, leading to a slow
healing of the venous leg ulcer. The slow healing of over four to six weeks due to
chronic venous disease as the underlying pathology classifies the venous leg ulcer
as a chronic wound. The average healing of a venous leg ulcer takes about three
to six months, or, when the underlying pathology is not treated, it may even take
over a year. About 8% of all venous leg ulcers do not heal in five years of treatment.
Besides the slow healing, a venous leg ulcer also has a high recurrence rate that
increases over the years. A venous leg ulcer recurs in 20%-55% of patients within
12 months and in about 70% of patients within two years.(37, 39, 40) Most patients
experience multiple venous leg ulcer episodes over the years.(39, 41) In conclusion,
the prevalence of venous leg ulcers may be low, but they are hard to heal, recur

often and can have a large impact on a person’s quality of life.
How to heal a venous leg ulcer

Patients with a venous leg ulcer need intensive wound care to reduce pain, odour
and leakage from the wound. Besides regular wound dressings, some patients
might need skin transplants or even amputation of the lower extremity. Therefore,
it is important that the underlying chronic venous disease is adequately diagnosed
and treated; this prevents the long duration of a venous leg ulcer and its invasive
consequences.

There are four phases in the treatment of a venous leg ulcer. First, a duplex di-
agnosis must be performed to map the venous pathology of the patient. Second,
reflux and/or obstruction of the deep and superficial veins in the lower extremities



Diagnostics

Invasive treatment

Non-invasive treatment

Clinical diagnosis

Duplex investigation

Plethysmography

Ambulatory Venous
Pressure Measurement

Phlebography (magnetic
resonance venography)

Varicose vein removal

De-obstruction and venous
stenting

Surgical debridement

Skin transplantation
(Vigoni-Schmeller
procedure)

Decompression of the
compartment

Amputation

Medication (anticoagulants,
antibiotics, venoactive drugs)

Compression Therapy (bandages/
stockings)

Lifestyle advices

Non-invasive debridement
(biological, enzymatic, autolytic,
mechanical)

Wound dressings (paraffin gauze,
foam, hydrofiber)

Skin agents (wound edge, skin care)

Extra corporeal shock wave therapy

Hyperbaric oxygen therapy

Table 2: Diagnostic and treatment options for venous leg ulcers(42)

should be treated, if possible. Third, appropriate ambulatory compression therapy
should be applied to reduce oedema and support the venous return to the heart,
thereby stimulating the drainage of waste substances and increasing skin oxygena-
tion. Lastly, the wound must be cleansed and treated. An overview of the diagnostic
and treatment options can be found in Table 2.

Because of the underlying pathology, it is important to focus on treating the
chronic venous disease and not solely on treating the venous leg ulcer. Studies
on wound dressings and other wound treatments (such as extracorporeal shock-
wave therapy and debridement) show no significant results between various wound
dressings, techniques and topical agents.(43-45) Ambulatory compression therapy,
on the other hand, is the cornerstone of venous leg ulcer treatment as an interven-
tion on its own or in combination with varicose vein removal.(46, 47) Ambulato-
ry compression therapy increases healing rates of venous leg ulcers and reduces
wound days using two-layered (or four-layered) bandaging or graduated compres-
sion stockings. When ambulatory compression therapy is provided in combination
with varicose vein removal, higher healing rates and a higher reduction in wound
days can be accomplished.(48) In the past, invasive treatments were discouraged
in patients with an active venous leg ulcer because it was thought to delay venous
leg ulcer healing or cause a new venous leg ulcer. Today, however, early invasive

treatment of varicose veins is recommended to patients with an active venous leg
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ulcer because it leads to faster healing.(42, 49)

In the Netherlands, many healthcare professionals can be involved in the care of
venous leg ulcer patients (see Figure 6). The general practitioner is the first stop
for all patients with health problems. The general practitioner makes a clinical di-
agnosis, then can refer for further diagnostics or can treat the venous leg ulcer. For
duplex diagnostics, a patient can be referred to either a diagnostic centre (vascular
lab technician), a vascular surgeon, or a dermatologist. The vascular surgeon and
dermatologist can also perform invasive treatments such as varicose vein removal,
vein stenting, surgical debridement and skin transplantation. Compression stock-
ings are tailored by compression therapy specialists and dermal therapists. Wound
care of the venous leg ulcer, applying bandages, and aid in taking on and off the
compression stockings can be performed by a number of health care professionals
such as a doctor’s assistant in primary or secondary care, community nurse, spe-
cialised wound care nurse, dermal therapist, and nurse practitioners. All previously
mentioned healthcare professionals are licensed to perform wound dressing chang-

es and compression therapy bandaging. However, it takes specific training and ex-

" Patient with a
" Venous Leg Ulcer

General i i Dermatologist / Surgeon
practitioner lab technician vascular surgeon (amputation)

Nurse specialist
: wound care
. Compression
Community nurse .
therapy specialist
_"_

Doctors assistant

Primary care anaryc/:?:ondary Secondary care

Figure 6: Healthcare professionals involved in Venous Leg Ulcer management and their referral patterns

Dermal therapist

Physician assistant

Nurse practitioner

n

perience to be able to adequately perform compression therapy using bandages.
In addition to the different healthcare professionals, there are also different settings
in which venous leg ulcer patients can be treated. Patients can be treated in primary
care facilities, hospitals, outpatient clinics, wound expertise centres, private clinics
and at home.



A patient can be treated in all combinations of these settings; health care profes-
sionals each commit to their own guidelines and an overarching quality standard.
(24, 50, 51) In conclusion, there are no fixed healthcare paths that ensure adequate

diagnostics and treatment for patients with a venous leg ulcer.
Better safe than sorry

As chronic venous disease worsen, the expenses made on an individual, societal
and financial level increase. Quality of life decreases significantly with each clinical
stage of chronic venous disease on a physical, emotional and social level.(20) Severe
stages of chronic venous disease can even lead to loss of work productivity and the
need for informal care. The progression of chronic venous disease is accompanied
by an increase in health care costs; the venous leg ulcer is the most expensive to
treat. However, chronic venous disease is the only chronic disease with the potential
to develop into a chronic wound that does not receive regular check-ups to monitor
and treat disease progression. For other chronic diseases that carry a risk of the
development of a chronic wound (such as diabetes and peripheral arterial disease),
prevention of disease progression is imbedded in current healthcare.(52-55) Pa-
tients with diabetes receive regular check-ups to monitor and control their glucose
levels. Patients with peripheral arterial disease receive regular check-ups for their

blood pressure and ankle brachial pressure index. Lastly, patients with (temporal)

Peripheral arterial Chronic venous

Diabetes

Disease

disease disease

- . -
Bloodpressure and
ankle-brachial
pressure index

o r -
Surgery, medication,
stop smoking, physical
activity (walk training)

' ' ' '

Glucose checks Skin checks Not present

Pressure reduction,
prevent weight gain

Medication, weight

Prevention progressi N b
progression loss, physical activity

Not present

Risk assessment chronic
wound

Prevention first chronic
wound

Figure 7: Prevention of progression for diseases with a risk of a chronic wound
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pressure ulcer (Braden
scale, Norton scale)

Not present

!

!

!

Regular foot checks,
medical pedicure,
custom footware

Adbvice daily
footinspection,
footcare, custom
footware

Change positions, anti
decubitus matrassess

Not present
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immobility receive regular skin checks to monitor any signs of pressure injury. In ad-
dition to these patients being monitored, they also receive lifestyle advice and the
necessary guidance to implement any changes. For example, a dietician is involved
in a diabetic’s care to monitor weight loss, and a physical therapist is involved in the
care for peripheral arterial disease for specific walk training (see Figure 7).
Furthermore, of all chronic wounds on the lower extremities (excluding the feet),
the venous leg ulcer is the most prevalent.(56, 57) However, the venous leg ulcer
is the only chronic wound for which prevention is not implemented in clinical prac-
tice guidelines. The fact that prevention is missing in chronic venous disease care
might be explained by the lack of large recent population studies on the risk factors
for the progression of chronic venous disease.(58, 59) Besides venous functioning
and age, weight and physical activity are possible risk factors.(59, 60) However,
how these factors contribute to chronic venous disease progression is not common

knowledge. In conclusion, there are several gaps in chronic venous disease care:

e Notall patients experience/recognise chronic venous disease signs and symptoms.

e Not all patients seek healthcare for their chronic venous disease.

e Not all healthcare providers recognise signs and symptoms of chronic venous disease.

e There are no clear diagnosis and treatment strategies in collaboration with pri-
mary and secondary care.

e Guidelines on chronic venous disease do not include monitoring and preven-
tion of disease progression.

e Risk factors (and their working mechanisms) for chronic venous disease pro-

gression are not well known.

Adequate prevention for the progression of chronic venous disease (and the de-
velopment of a first venous leg ulcer) is missing due to a poor understanding of its
risk factors. How to properly detect patients at risk and prevent disease progression

remains unknown.
Objectives of this thesis

The main objective of this thesis is to make a first step towards prevention of the
progression of chronic venous disease and the development of a first venous leg
ulcer in chronic venous disease patients. The aim is to identify chronic venous dis-
ease patients at risk of developing more severe clinical stages, provide insight into
the lifestyle risk factors, and provide an overview of current chronic venous disease

22



care in the Netherlands.

The objectives of this thesis are as follows:

e To study the patient’s perspective on the progression of chronic venous disease
and the development of a venous leg ulcer

e To identify known risk factors for the development of a first venous leg ulcer

e To identify and investigate (known) risk factors in the progression of chronic
venous disease

e To investigate the current care for chronic venous disease in the Netherlands
Outline of this thesis

The overall outline of this thesis consists of eight chapters, including the general
introduction. Chapter 2 describes a qualitative study on the patient’s perspective in
the development of a first venous leg ulcer. Chapter 3 describes a systematic review
of the risk factors for the development of a first venous leg ulcer. Subsequently,
Chapter 4 describes a scoping review on how obesity and physical activity affect
the progression of chronic venous disease. Chapters 5, 6and 7 describe the results
of the cross-sectional study among patients with chronic venous disease; the risk
factors obesity and physical activity are further investigated and the current care for
patients with chronic venous disease is presented. Chapter 8 covers the general
discussion; the main research findings will be shown and discussed. To finalise the
thesis summaries in English and Dutch, the curriculum vitae of the author and the

acknowledgements can be found in Chapter 9.
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CHAPTER TWO

A QUALITATIVE STUDY ON THE PATIENT'S NARRATIVE
IN THE PROGRESSION OF CHRONIC VENOUS DISEASE

INTO A FIRST VENOUS LEG ULCER: A SERIES OF
EVENTS






SUMMARY

Background A Venous Leg Ulcer (VLU) has a significant negative impact on quality of life. Pre-
vention for a VLU is not yet imbedded in clinical practice because risk factors for developing
a first VLU are not well-known.

Objectives The objective was to further explore the progression of Chronic Venous Disease
(CVD) into a first VLU from a patients’ perspective.

Methods A qualitative study using semi-structured interviews was conducted amongst male
and female patients with a VLU. Patients from primary and secondary care, under and over
50 years of age and patients with first and recurrent VLUs were included. The interviews were
transcribed and analysed using a narrative approach to a thematic analysis. Transcripts were
organised in a chronological order and an iterative process was used to code the transcripts.
Results Four key-themes and the connections made between them emerged from the eleven
narratives on the progression of CVD towards a first VLU: ‘Comorbidity’, ‘Mobility’, "Work &
Lifestyle’, and ‘Acknowledgement of CVD’. Comorbidity was linked to a reduced Mobility
and a late Acknowledgement of CVD. Comorbidity also affected Work & Lifestyle and vice
versa. Work & Lifestyle affected Mobility and was linked to the Acknowledgement of CVD.
Conclusion A reduction in Mobility as a result of Comorbidity and Work & Lifestyle occurred
before the VLU developed. Patients did not recognise symptoms of CVD and did not ac-
knowledge the chronicity of CVD. Health Care Professionals should be aware of reductions in

mobility and the knowledge deficit in patients with CVD.

As published
Meulendijks AM, Welbie M, Tjin EPM, Schoonhoven L, Neumann HAM. A qualitative study
on the patient’s narrative in the progression of Chronic Venous Disease into a first Venous Leg

Ulcer: a series of events. Br. J. Derm. 2019 Nov 1.



A qualitative study on the patient’s narrative in the
progression of Chronic Venous Disease into a first
Venous Leg Ulcer: a series of events

Introduction

A Venous Leg Ulcer (VLU) as a result of Chronic Venous Disease (CVD) occurs in
approximately 0.3% of the western adult population.” The incidence might seem
low, but the impact of a VLU is high as patients with a VLU have a significant lower
quality of life compared to patients with an earlier stage of CVD on generic and
disease specific quality of life.2*

Patients with CVD have an increased ambulatory venous pressure and a de-
creased venous outflow due to obstruction in the veins, weakened vein walls or
vein valves, or an impaired function of the calf muscle pump. CVD symptoms start
mild with reticular veins and varicose veins however it can progress to more severe
symptoms like oedema, skin changes and eventually a VLU.¢ Progression of CVD
takes years and a VLU mostly develops in patients over 50 years old as age is an
important risk factor for the progression of CVD. Yet, not all patients with CVD will
develop aVLU.?

Factors which have been associated with the development of a VLU are increased
age and BMI, hypertension, lower physical activity, deep vein reflux, deep vein
thrombosis, and a family history of VLU. However, these factors were identified
from case-control studies in which causality could not be established.® A prevention
strategy for a VLU is therefore not yet imbedded in the current clinical practice of
CvD.’?

Not only CVD but also the risk factors for developing a VLU can be present some
time before the VLU occurs. It remains unclear how these risk factors progress over
time since most studies use a cross-sectional design with mostly cross-sectional
measurements.® The patients’ perspective on developing a first VLU could provide
insight in the timeline of the progression of CVD into a first VLU. This information
can be used for selecting valid and reliable measurements for a quantitative study
into the risk factors for a VLU and provides health services with more insight into
when to start a prevention strategy. Timely prevention for CVD patients at risk of a
VLU should eventually lead to a reduction in the incidence of VLUs and subsequent-
ly prevent a decrease in quality of life.

The patients’ experience was studied previously amongst patients with a (recur-



rent) VLU focussing on the impact of the current VLU on quality of life. The negative
impact on quality of life was caused by pain odour and exudate of the VLU." The
patients’ perspective on the recurrence of a VLU provided insight in factors that
preceded the recurrence. Trauma on the lower extremities and non-adherence to
compression therapy were factors that preceded the recurrence of a VLU." Howev-
er, no studies were found that investigated the patients’ perspective towards their
first VLU. Therefore, the objective of this studly is to further explore the progression
of CVD to a first VLU from a patients’ perspective to provide insight in the factors
that precede a first VLU.

Patients and methods

This study is reported according to the Standards for Reporting Qualitative Re-

search.’?

Design

We performed a qualitative study using a narrative research approach' since not
all patients are aware of CVD as the underlying cause of the VLU.™ A narrative re-
search approach with the oral history of the patients gives them the opportunity to
tell their story and reflect on events and the causes and effects of these events from
their perspective.” The qualitative design is an efficient way to gain first insight in
the events preceding a VLU. It provides a different perspective on the progression
of CVD into a VLU and therefore might lead to new insights on risk factors.

Researcher characteristics and reflexivity

The first author (A.M., female, background in skin therapy and epidemiology) con-
ducted all the interviews and performed the analysis. The second author (M.W.,
female, background in physiotherapy and health science) gave feedback on the
recorded interviews and transcripts and partially performed the analysis. M.W. and
A.M. had no relationship or prior contact with any of the patients. A.M. approached
this study from the constructivism research philosophy to give insight in the indi-
vidual reconstructions and understanding of the participants in the development
of a VLU.

Sampling strategy
Male and female patients with an active VLU were recruited in The Netherlands. Pa-

tients were asked for participation by their health care professional during a wound
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care visit. Patients were included when they spoke the Dutch language and were
able to understand and sign the informed consent. We used criterion sampling' to
include a heterogenic group of patients with a variety of characteristics that might
influence their narratives. The sampling criteria were as follows: patients under and
over 50 years of age, patients with a first and recurrent VLU and patients from
primary and secondary care. Saturation was considered to be reached when we
included patients from all of the sampling criteria and reached inductive thematic

saturation by not gaining new themes in two consecutive interviews.”

Data collection

We performed face-to-face, semi-structured interviews among patients with a VLU
to explore the patients’ perspective in-depth. The patients were interviewed at
their homes. Each interview started with the question ‘As mentioned before, | am
interested in your experiences concerning the development of the VLU, can you
start from the beginning?’. We used an interview guide with the following topics:
advice to others at risk for developing a VLU, preventing the VLU, looking back:
change of actions in the past with current knowledge, needs before the VLU devel-
oped and self-management. The topics are compiled by literature and revised by
the co-authors. Interviews with a duration of 24-58 minutes were conducted and re-
corded digitally in the period of November 2016 until July 2017. After recording an
interview A.M. transcribed the interviews verbatim using a transcription protocol®

and replaced all identifiable information.

Data analysis

We used the narrative approach to thematically analyse the key elements of the
events the patients experienced in the development of their VLU. The narratives of
the patients were rewritten into a chronological order where we focused on what
was said rather than how it was said.””?° The thematic analysis was performed in
five stages: (i) A.M. and M.W. summarised the interviews highlighting the tentative
themes (and check for saturation). (i) A.M., M.\W. and two research assistants used
an inductive approach to code the first four transcripts. (i) A.M. organised the
codes and themes and M.W. checked the coding template. (iv) A.M. reconstructed
all transcripts in a chronological order and for each patient a timeline of events was
created using the patients’ wording. (v) The coding template was continued using
an iterative process?' of revising the data (individual narratives, themes and sub-
themes from all narratives) and discussing the themes and subthemes with M.W. in

perspective of the research objective. Finally, the themes and sub-themes were dis-
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cussed and revised with all authors. We used MAX-QDA 12© for qualitative data management.

Ethics

The study was approved by the Medical Ethics Committee of the University Medi-
cal Centre Utrecht The Netherlands (registration number 16-744/C). Patients were
given written and verbal information about participating in the study before they
signed informed consent. The patient names were replaced by pseudonyms to

ensure anonymity of patient data.
Results

Thirteen patients with a VLU were approached to participate in this study. One
participant was not able to participate due to hospitalisation of the spouse, and
another participant reported no reason. Eleven patients completed the interviews.
Nine patients were over 65 years old. We recruited five males and six females. Most
patients had a first VLU and were recruited in primary care. Table 1 shows an over-

view of the patient characteristics.

Age Time of the
Patient* ( gars) Gender Recruited from Ulcer current ulcer  Index leg
y in months
Leroy 43 Male Dermatologist First 2 Right
Agnes 50 Female Dermatologist Recurrent  >12 Both
Wilma 68 Female General First 3 Right
Practitioner
Jack 68 Male Dermatologist Recurrent 24 Both
Doris 70 Female General Recurrent 4 and >12 Both
Practitioner
Irene 72 Female Dermatologist Recurrent  >12 Both
Frank 71 Male Home care First >12 Right
Earl 75 Male Dermatologist First 24 Right
Henry** 77 Male General Recurrent 6 Right
Practitioner
Grace 78 Female Home care First 5 Right
Rose 89 Female General First 18 Left

Practitioner

Table 1: Patient characteristics
* Patient names are replaced by pseudonyms to ensure anonymity of patient data. ** the recording

device failed to record, so this interview does not contain quotes but notes from the researcher (AM).
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Key-themes

Four key-themes emerged from the narratives of the patients on the progression of
CVD towards a first VLU. The key-themes Comorbidity, Mobility, Work & Lifestyle,
and Acknowledgement of CVD and the connections the patients made between
them are presented in Figure 1. To elaborated on the concepts of the key-themes

the coding tree is presented in Appendix 1.

Patients narratives in the progression of CVD towards a first VLU

Comorbidity leads to
reduced Mobility

Theme 1:
Comorbidity

Comorbidity affects Work &

Lifestyle and vice versa

Work & Lifestyle affects

Comorbidity leads to a late
Mobility

Acknowledgement of CVD

Theme 4:
Acknowledgement
of CVD

Theme 3:
Work & Lifestyle

Work & Lifestyle is linked to
Acknowledgement of CVD

Figure 1: Key-themes
CVD = Chronic Venous Disease, VLU = Venous Leg Ulcer

A series of events

The patients narrated on a series of events in which all themes came forward. Sub-
sequently, patients connected the themes in their narratives to the progression of
CVD towards a first VLU. To illustrate the patients’ narrative as a whole we present
one case which is representative for all of the cases included in this study. Table 2
shows that Leroy started the narrative with an event related to key-theme 3: Work &
Lifestyle that started years ago and continued for at least 20 years. He also narrated
on several Comorbidities (Theme 1) that led to a reduced Mobility (Theme 2) prior
to the development of the VLU. Furthermore, he narrated on the Acknowledge-
ment of CVD (Theme 4) in which he did not act upon recognising the symptoms
because he prioritised the Comorbidity (Theme 1). Finally, he had a late response
to the actual development of the VLU because of events related to Work & Lifestyle

38



(Theme 3). After the VLU developed the Acknowledgement of CVD (Theme 4) also
affected his Work & Lifestyle (Theme 3). However, this last event is not within the
scope of this study as it occurs after the VLU developed.

Year Events Theme
1992 — present  Assembly line job - standing all day Work & Lifestyle — Mobility
2010 Varicose veins - oedema - advice Acknowledgement of CVD
compression stockings — non-adherence
to advice
2015 -2016 Arthritis in the knee — trouble walking Comorbidity — Mobility
2016 Gout in the ankle - trouble walking Comorbidity — Mobility
2016 Atrophie blanche - urgent advice take Comorbidity —
action — comorbidity had priority (so no Acknowledgement of CVD
action taken)
2017 VLU developed - no action - work had Work & Lifestyle —
priority Acknowledgement of CVD
2017 Incapacitated because of the VLU Acknowledgement CVD —
(outside of the scope of this study) Work & lifestyle

Table 2: The timeline of Leroy showing the different events and corresponding themes, and the

connections he made between the themes

Theme 1: Comorbidity
Patients narrated on their comorbidities and sometimes directly linked these co-
morbidities to the development of a VLU. In some patients the comorbidity was a
recent event like Grace:
“No idea, | really have no idea. Because | thought | lived healthy and
everything. | exercise and have enough fresh air. So | think it’s the
stress (few months). That’s the only thing | can explain, or eh what |
think is the cause.”

While others mentioned comorbidities that happened many years ago, like Rose
who suspected the multiple erysipelas infections that happened over 20 years ago
to be related to the development of oedema and the VLU. Jack and Wilma also
mentioned stress and multiple erysipelas infections, however they did not clearly
link these comorbidities to the progression of CVD into a VLU.

Patients also narrated on the connection between comorbidity and the other key-

themes. Comorbidity was in some cases the cause of a change in Work & Lifestyle,
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mostly as a consequence of reduced Mobility. However, none of the patients linked
these events directly to the progression of CVD into a VLU like Jack:

“l was a truck driver before yes.. in, let's see, about 30 years ago | ended

up in the wheelchair permanently.” (after surgery for comorbidity)

Furthermore, comorbidity was connected to reduced mobility which Henry linked
to the progression of CVD to a VLU. He told that since he developed peripheral
arterial disease he became less active, but he knows walking is important for the
veins and the oedema. Others also mentioned reduced mobility after comorbidity,
however they did not directly link the reduction in mobility to the development of
the VLU. This varied from comorbidities that happened years ago like the bicycle
accident that caused Grace to shuffle instead of walking to more recent events like
Wilma:

“yes and the trouble with walking they (doctors) suspect it is because
it (hip) is worn. ... So now since January (6 months ago) they placed
the stair elevator.”

In addition, Comorbidity was connected to Acknowledgement of CVD. For
Grace and Doris their comorbidity led to a possible incorrect interpretation of CVD
symptoms which led to disregarding the symptoms instead of acting upon them.
Doris explained she had vitiligo on her arms and that she was unsure whether or not
the white spots on her ankles were also vitiligo (possible atrophie blanche). Grace
connected the possible lipodermatosclerosis which she had on both lower legs to
the hematomas she had on her left leg from the bicycle accident she had nine years
ago. Even when the VLU appeared patients did not always linked this wound to
CVD like Frank (who had varicose veins and oedema):

“The accident caused the large wound, and that wound did not heal
because of the piece of bone sticking out. But now there are a few
new smaller ones (wounds) that do not heal either, and those are just

the skin. And that is eventually the problem that stayed.”

Theme 2: Mobility

Mobility was mentioned by patients as events related to their physical activity (e.g.
sports, work, walking aid) and events related to a reduced body function (e.g. limp-
ing, shuffling, divergent foot position). Mobility was mentioned by all patients,
however they never linked it directly to the progression of CVD towards a first VLU.
For example, Rose mentioned she became less active in the past 10 years because
of her age, however she did not link this reduced mobility to the development of a
VLU. Grace and Frank mentioned their sports career and how they had ended this
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over 20 years ago. However, they also did not link this active lifestyle or the subse-
quent reduction in physical activity to the progression of CVD towards a first VLU.
When mobility was linked to the progression of CVD to a VLU the patients always
connected Mobility to either Comorbidity or Work & Lifestyle.

Theme 3: Work & Lifestyle

Patients narrated on Work & Lifestyle and linked this directly to the progression of
CVD towards a first VLU in some cases. When narrating on Work & Lifestyle events,
patients always mentioned events that lasted for over 20 years. For example, Rose
speculated on wearing heels all her life and the negative effects on her legs, where-
as Earl guessed the long-term use of tobacco and alcohol did not have a positive
effect either.

Patients also narrated on the connection of Work & Lifestyle with Mobility and
the Acknowledgement of CVD. Doris connected Work & Lifestyle to Mobility in the
progression of CVD to a VLU where she mentioned working in a standing occu-
pation for over 50 years and how this could not have been good for her legs. She
also mentioned her colleagues having similar complaints. Henry narrated on his
length as a possible cause for the progression of CVD towards a first VLU. From his
perspective the veins got worse because of his knees being bent all the time when
sitting because the chairs at work were never tall enough for him. Earl on the other
hand mentioned the connection between Work & Lifestyle and Mobility, but did not
directly link this to the progression of CVD to a VLU:

"| was never a fan of walking. ... and | sat a lot. Because in the week-
ends, making music, | would sit with my accordion two whole nights
from 20:00h till 02:00h in the night. ... | always wore it (the accordion)
on my right leg (index leg) and the pressure of it, now that annoys
me, it hurts.”

Patients also narrated on how Work & Lifestyle was connected to the acknowl-
edgement of CVD. Patients would reflect on why they were not compliant to com-
pression therapy before the VLU developed like Agnes:

“I eh | sometimes skip the stockings when my legs are healed, when
| wear pretty cloths you think no way I’'m going to wear these stupid
stockings.”

Patients also mentioned their body composition or related Comorbidity like diabetes type
II'in the progression of CVD towards a VLU. Earl and Wilma narrated on how they knew their
diabetes was a cause of the slow healing of wounds and therefore also the slow healing of their

VLU. Henry also mentioned that his body mass index of 30 was not helpful for his leg complaints.
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Theme 4: Acknowledgement of CVD
Acknowledgement of CVD was decreased in all patients in some way. However,
Agnes and Irene did acknowledge CVD as the underlying cause of the VLU and
Agnes acted upon the symptoms in an early stage.

Irene: “Now we are with the two of us (Irene and Agnes). So you can

see that it (CVD, VLU) is hereditary.”

Agnes: “"Because of the bad circulation and the bad veins. That's what

they (doctors) always told us (Irene and Agnes). ... | was 15/16 when |

got the stockings, that they (doctors) saw it wasn't going well with my

legs. | went with my mother at that time.”

Other patients did not understand the underlying pathology of CVD like Jack
who was permanently immobile. He was unaware of the importance of the calf
muscle pump in venous function:

“I don’t know, really | don’t. Maybe the bacteria had always been in
there? ... Other wounds heal just fine. Only on this leg (index leg) the
wounds keep appearing on the same spot, it's very strange.”

Even when the pathology was explained not all patients were adherent to com-
pression therapy like Wilma who told her doctor she was convinced the VLU would
heal just fine without compression therapy. In addition, others had a late response
to the symptoms of CVD or the VLU or did not act upon this at all like Earl:

“| see them (varicose veins) now, but they don't bother me. ... And
even if | needed surgery for it | would have never done it in the army.
No, I’'m not a fan of doctors in general.”

The lack of acknowledgement of the CVD as the underlying cause also led to a
late response when the VLU occurred. Wilma and Earl treated the VLU like a regular
wound and only consulted a doctor when it kept getting worse or after the advice
of others:

Earl: ” And that’s how it stayed. It had a crust and after | showered |
rubbed it open again and it started bleeding again, hop, a bandage
on it and done. And later | went to the pedicure and she said to me:
"You have to see a doctor.” | said what am | going to do there?

Even when the VLU occurred and the underlying cause of CVD was known, not
all patients understood the permanent chronicity of CVD and compression therapy
in the progression of CVD towards a VLU:

Leroy: “Wish | had done it back then (stockings). Maybe | wouldn't

have needed the stockings now anymore, but now | do.”
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Discussion

This study shows how patients narrate on the progression of CVD into a first VLU
and why, in their opinion, the VLU developed. Each narrative was a series of events
that patients directly or indirectly linked to the progression of CVD into first VLU. In
a narrative the conscious, subconscious and unconscious mind are involved which
could have led to providing information from the sub- or unconscious mind without
making a clear link of this information to the progression of CVD towards a first VLU.
Patient narratives resulted in four key-themes describing their perspectives on the
progression of CVD into a first VLU: (i) Comorbidity (ii) Mobility (iii) Work & Lifestyle
and (iv) Acknowledgement of CVD. Most patients started their narrative decades to
several years before the VLU developed with events related to the four key-themes.

A systematic review'® on patients’ experiences of living with a VLU showed that
pain and compression therapy led to a reduction in mobility after the VLU de-
veloped. However, this study shows that the patients had a reduction in Mobility
before the VLU developed. Patients narrated on reduced or impaired mobility that
lasted for at least a decade or happened within a few years before the first VLU
developed. The reduced mobility was perceived to be a result of Comorbidity or
Work & Lifestyle. Most of the Comorbidities affected the lower legs like rheumatic
arthritis in the knees, gout in the ankle, a divergent foot position, peripheral arterial
disease, and trauma leading to a wound to the bone on the lower leg. Furthermore,
events related to Work & Lifestyle such as a standing occupation, or not being
a fan of walking led to a sedentary lifestyle prior to the development of the first
VLU. These Comorbidities and events related to Work & Lifestyle that reduced the
Mobility can be related to a reduced range of ankle motion?? and/or an impaired
calf muscle function? which leads to an increased ambulatory venous pressure and
is therefore a risk factor in the development of a VLU. Obesity can also lead to an
increased ambulatory venous pressure whereas people with obesity have a differ-
ent gait and a reduced range of ankle motion compared to the non-obese.? In
addition, obesity (BMI>30) is a known risk factor for the development of a VLU.2>%
However, patients in this study did not directly link obesity to a reduced Mobility.
A quantitative study is necessary to investigate the exact association of reduced
mobility with the development of a VLU in patients with CVD. This qualitative study
shows that it is important to include changes in mobility in the past as well as chron-
ic comorbidities that impact the mobility of the lower legs in future quantitative
studies on risk factors for a VLU.

Patients in this study did not acknowledge the importance of the symptoms of
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CVD before the first VLU occurred and therefore did not seek medical attention.
The low acknowledgement of symptoms in CVD patients was also found in a study
investigating knowledge deficits in VLU patients.” VLU patients perceived their
VLU as an acute event and the knowledge on CVD as the underlying cause of the
VLU was limited.™ The patients in the current study who did recognise their CVD
symptoms before the VLU developed did not always follow-up on these symptoms
because they prioritised their comorbidity or work. However, the patients were not
followed-up by their Health Care Professional (HCP) either despite of the regular
visits to several HCPs for their comorbidities. This is in line with research of the Na-
tional Institute for health Care Excellence (NICE) in the United Kingdom (UK). The
publication of the UK NICE clinical guideline for referral of VLU to a vascular spe-
cialists did not lead to a significant change in referral from primary care to specialist
care.?” The current study illustrates that there still is a need for more awareness
concerning CVD and its consequences. More awareness amongst the public as well
as amongst HCPs should lead to an increase in early recognition, timely treatment
and possible prevention of a VLU in CVD patients preserving their quality of life. A
first start would be to provide easy accessible information and prevention on the
progression of CVD (into a VLU) similar to the information and prevention strategies
of other chronic wounds like the diabetic foot ulcer® and pressure ulcers®' with

medical follow-ups and (guidance in) lifestyle interventions.

Strengths and limitations

We included patients with different characteristics (purposive sampling) to enhance gen-
eralisability of the results. The patients with recurrent VLUs narrated more on the periods
between the recurrences and the healthcare they received in the past. This made it more
difficult to create a timeline and to distinguish their own narrative in the development
of the first VLU and the information they received from several healthcare professionals
over the years. In one case the recording device failed to record. This interview is ana-
lysed based on the notes of the researcher which is less extensive than analysing the full
transcript. However, notes were made during and directly after the interview, so most of
the narrative of the patient was captured. The narrative approach in the interviews makes
the interviewer co-author of the story in the here-and-now.3? However, A.M. created a
safe and non-judgemental environment for patients to speak freely and let the patients
lead the conversation by asking open ended questions. All patients were asked how they
experienced the interview and they all reflected on the interview as being very pleasant.
Finally, to reduce researcher bias, researchers and research assistants from different back-

grounds were involved in all stages of the data analysis.
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Conclusion

A reduction in Mobility as a result of Comorbidity and Work & Lifestyle occurred be-
fore the VLU developed. Patients in this study did not recognise symptoms of CVD
and did not acknowledge the chronicity of CVD. Therefore, Health Care Profession-
als should be aware of reductions in mobility and the knowledge deficit in patients
with CVD. Patient education, and follow-up of patients should be imbedded in the
care for patients with CVD to prevent or take early action in the development of a
first VLU.
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Appendix

Coding tree including key-themes, sub-themes and corresponding codes from the

patients narratives on the progression of CVD into a first VLU (in no particular order)

CHAPTER TWO

Key-theme Sub-theme Codes
Theme 1 Trauma Wound until bone on lower legs / Surgery
Comorbidity lower legs
Rheumatic diseases Spondylitis / Rheumatic Arthritis / Gout /
Fibromyalgia / Arthroses
Vascular diseases Hypertensions / Peripheral arterial disease /
Transient Ischemic Attack / Vascular
Malformation
Infection diseases Polio / Erysipelas
Other Vitiligo / Diabetes type Il (slow wound
healing) / Stress
Theme 2 Reduced foot movement  Polio / Orthopaedic shoes
Mobility
Permanent immobility Spondylitis Surgery
Reduction in mobility Bicycle accident / Transient Ischemic Attack
(gait, shuffling) / Kyphosis
Physical activity reduction ~ Age / Multiple ruptures of ankle ligaments /
(sports) gastrocnemius muscle / Accident affecting
the lower legs
Low Physical Activity Work / Hobby / Does not like walking
Walking aid Transient Ischemic Attack / Accident
affecting lower legs
Theme 3 Standing occupation Assembly line / Counter desk

Work & Lifestyle

Sitting occupation
Walking job
Retirement

Length and weight
Hobbies

Attitude

Smoking and alcohol

Shoe wear

Desk job

Managing function / Catering business
Change in lifestyle / Change in mobility
Tall / Overweight / Obesity

Sports / Playing music instrument / Reading
Appearance / Priorities

High heels / no high heals



Theme 4
Acknowledgement
of CVD

Recognition of symptoms
CvD

(Late) Response to
symptoms CVD

Therapy (non)
compliance

Understanding of
(chronicity of) CVD

Not recognising CVD symptoms / not
recognising VLU

Priority of work / Priority of comorbidity

Need for compression therapy /
Compliance only after VLU / No
compliance

Limited understanding of CVD and
Symptoms / Limited understanding of
chronicity of CVD
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CHAPTER THREE

A SYSTEMATIC REVIEW ON RISK FACTORS IN
DEVELOPING A FIRST TIME VENOUS LEG ULCER






SUMMARY

Venous Leg Ulcers (VLU) occur in about 1% of the Western population. A VLU takes three to
twelve months to heal, it recurs often, and it has a negative impact on the quality of life. The
risk factors for the development of a first VLU are not well-understood and prevention of a
first VLU therefore remains underappreciated. The aim of this study is to identify risk factors
for developing a first VLU in adults (aged >18 years) by searching the literature. We searched
the Cochrane Library, Pubmed, Cinahl, and Narcis to identify studies that investigated risk
factors in developing a VLU. The last search was performed in January 2018. Two reviewers
independently reviewed the abstracts and full-text articles, and assessed the methodological
quality of the included studies. Results of studies using duplex scanning, and comparing
participants with and without VLUs were included in the qualitative analysis. Where pos-
sible a quantitative meta-analysis was conducted. We found five studies that investigated
the relation of several risk factors with VLU development. The methodological differences
of the studies made it impossible to perform a quantitative analysis. The risk factors: higher
age (four studies), higher Body Mass Index (four studies), low physical activity (four studies),
arterial hypertension (four studies), deep vein reflux (three studies), deep venous thrombosis
(three studies) and family history of VLU (three studies) were significantly associated with a
VLU in the majority of the studies. To what extent they influence the development of a VLU
remains unclear because of the limited number of studies that investigated the association
of these risk factors with VLU development, and the heterogeneity of these studies. Further
studies are needed to confirm the association of these risk factors with the development of a

VLU and to explore overweight and low physical activity in more detail.
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atic review on risk factors in developing a first time Venous Leg Ulcer. J Eur Acad Dermatol
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A systematic review on risk factors in developing a first
time Venous Leg Ulcer

Introduction

Chronic Venous Disease (CVD) is very common in the Western population, with up
to 40% of the people showing symptoms.1 CVD patients develop symptoms like:
Varicose Veins (VV), oedema, lipodermatosclerosis, atrophy blanche, and eventual-
ly a Venous Leg Ulcer (VLU). An open or healed VLU exists in approximately 1% of
the general population.2

CVD progresses slowly, and not all patients develop all symptoms in the same or-
der, or end up with a VLU. It might take years or even decades for CVD to progress
to a first VLU.3,4 Because of the normally slow progression and the relatively low
incidence population studies combine skin changes (C4) and active or healed VLU's
(C5-C6) in one category (CEAP-classification5). The Vein Consult Programé showed
that ‘severe CVD'(C4-Cé) significantly increases with age. Two population studies in
Spain7 and in Belgium and Luxembourg8 showed that age, Body Mass Index (BMI),
a positive family history of CVD and the number of pregnancies in females are all
correlated with the C-class of the CEAP classification. The low Physical Activity (PA)
and smoking groups showed a higher percentage of ‘severe CVD'. However, a pop-
ulation study on the risk factors involved in developing a VLU (C5-Cé) specifically
was not found.

Although the incidence of a VLU is relatively low, the burden of this invasive
chronic disease is high due to a negative impact on the Quality Of Life (QOL).9
Both generic and disease specific QOL of patients with a VLU is significantly lower
compared to other stages of CVD.10,11 This denotes the importance of VLU pre-
vention in CVD patients.

VLUs normally heal within six months in most patients but in some patients heal-
ing takes up to a year or longer.12 After healing a VLU recurs within a year in about
20% of the patients. This percentage increases over time, and in some patients the
VLU recurs even more than once.13 A systematic review on compression hosiery
to prevent recurrence showed that compression hosiery can be a protective factor
in the recurrence of a VLU.14 Previous clinical studies showed that risk factors for
VLU recurrence are: larger ulcer size, longer ulcer duration and a history of multiple
ulceration periods.15-17 However, the risk factors for the development of a first

time VLU are not well-understood and prevention of a first VLU in patients with CVD
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therefore remains underappreciated in general practice.
The aim of this systematic review is to identify risk factors for developing a first
time VLU in adults (aged >18 years) with CVD by searching the literature.

Materials and methods

We report this systematic review according to the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) guidelines for reporting systematic reviews and
meta-analysis of observational studies.18

Search strategy. To identify eligible studies on risk factors for developing a VLU we
performed systematic searches in four databases: PubMed, Cinahl, The Cochrane
Library and Narcis. The last search was performed in January 2018. First, we used
the following search words and their synonyms in MeSH terms and free text words:
Chronic Venous Disease OR Venous Leg Ulcer AND Prognosis OR Risk Factor. Our
full PubMed search is shown in Appendix 1. We screened the references of eligible
studies to identify other studies on this topic.

Eligibility. Studies written in English, Dutch or German were considered eligible.
The in- and exclusion criteria are presented in Table 1. We included studies that
diagnosed participants with duplex scanning (clinical gold standard) or Ambulatory
Venous Pressure (AVP) measurement because this is the gold standard to diagnose
venous disease and therefore identify VLU. We excluded non-systematic reviews
because it is unclear which inclusion and exclusion criteria they used. We also ex-
cluded case-studies because of their low level of evidence. We did not apply in- or
exclusion criteria on the risk factors in order to create a complete overview of all
the factors related to Chronic Venous Disease (CVD) that might play a role in the
development of a VLU.

Inclusion criteria Exclusion criteria
Diagnosis by duplex scan or Ambulatory Other diseases (e.g. cardiovascular disease,
Venous Pressure arterial disease, cerebrovascular disease)

Studies that include risk factors for developing  Studies that investigate a specific treatment

aVLu for CVD/VLU

Studies that compare CVD patients without a VLU  Studies focusing on VLU recurrence as an
(in the past) to (healed) VLU patients (aged >18) outcome

Experimental studies, observational studies, Studies that investigated “severe CVD" as
systematic reviews and meta-analysis C4-Cé (including skin changes)

Non-systematic reviews and case-studies

Table 1: In- and exclusion criteria

VLU = Venous Leg Ulcer, CVD = Chronic Venous Disease
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Study selection. Refworks®© (version 2.0) was used to screen all references. First,
the first author (Meulendijks) screened all duplicates on author and title. Second,
Meulendijks performed a quick screening of all remaining titles and abstracts using
the eligibility criteria as previously described. Then, the first and the second au-
thor (Meulendijks and de Vries) independently reviewed in detail the abstracts and
full-text articles of the remaining studies. The findings on methodological quality
and data extraction were discussed until consensus was reached. Both reviewers
resolved any differences of opinion on whether or not to include a particular study
by consulting a third reviewer (Neumann).

Data analysis. Characteristics of each included study were extracted using a
standard form (author, publication date, disease, design, study population, risk fac-
tors studied, outcome tool used, statistics, etc.). Subsequently, data on the associa-
tion of possible risk factors with developing a VLU were extracted from the included
studies e.g. BMI, age, Physical Activity (PA), smoking, arterial hypertension, arthritis,
etc. An association was considered statistically significant at P < 0.05. When the
data in an article were not sufficient for quantitative analysis, the authors of the
articles were contacted via e-mail to request additional data. Afterwards, both Meu-
lendijks and de Vries assessed the methodological quality of the included studies
using the Newcastle-Ottawa Scale (NOS). Results of studies comparing participants
with and without VLUs were included in the qualitative analysis. If a multivariate
analysis was conducted in multiple included studies, we performed a quantitative

meta-analysis.

Results
The search results are presented in a PRISMA flow diagram (Fig. 1)19. The search re-

sults included a large number of studies on other diseases or progression of venous
insufficiency in general e.g. Cerebro Vascular Disease, Varicose Vein (VV) develop-
ment and pathophysiology of venous insufficiency. These studies were excluded
based on their titles. Amongst the studies excluded on language, only one study
might have been eligible based on the title and abstract.20

Eventually, five studies, two case-control21,22 and three cross-sectional stud-
ies23-25, were included in the qualitative synthesis. Heterogeneity of the studies
prevented us from doing a meta-analysis. We contacted the researchers of some of
the included studies to request additional data for the quantitative synthesis, but
received no additional data.
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7 CVDnotVLU
4 Review not systematic
o] 6 Not comparing VLU
_g A to no VLU
_3 Studies included in quantitative n=5 'Severe CVD'
< synthesis (meta-analysis)
(n=0)

Figure 1: PRISMA flow diagram study selection

CVD = Chronic Venous Disease, VLU = Venous Leg Ulcer, ‘severe CVD’ includes skin changes and

Venous Leg Ulcers as one category (C4-C6)

Study quality.

The characteristics of the included studiies are presented in Table 2. All studies recruited their

participants from a hospital setting or primary care. In all studies the mean age was >50 years

(except for the controls in one study22) and the gender was predominantly female (>50%).

The NOS-score on methodological quality is presented in Table 3. All studies used ques-
tionnaires or structured interviews to measure the exposures in the same way for both cases
and controls. Only one study mentioned blinding of the researcher for case or control status

during the interviews. All studiies also had representative cases (all C5-Cé patients) and con-
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Sample

First .
Author Country  Recruitment zteus?gyn Comparison* (SII\T?/LU Statistics
(yean) patients)
Robertson  Scotland  Vascular Case- C5-Cé6 240 Stepwise
etal.”? Laboratory control Vs (120) Logistic
and various C2-C4 Regression
general (BMI and
practitioners blood
pressure
continuous)
Dzieciu- Poland Vascular Cross- C5-Cé 466 Analysis of
chowicz et Outpatient sectional  vs (114) variance
al? Clinic C2-C4 (ANOVA)
Vlajinac et  Serbia Various Cross- C5-Cé6 1679 Stepwise
al.®? Venous sectional Vs (278) Logistic
Specialists C0s-C4 Regression
(BMI and
blood
pressure
categorical)
Matic et Serbia Dermato- Cross- C5-Cé 162 Univariates
al.® venereological  sectional  vs (55) analysis
clinic C1-C4 (Multivariate
Vs Logistic
no CVD Regression
not shown
in article)
Abelyan Armenia  Tertiary clinic Case- C5-Cé6 160 Logistic
etal.? Surgery control Vs (80) Regression
department C1-C4 based on
predetermined
hypothesest
BMland
blood pressure
categorical)

Table 2: Study characteristics

*comparison using the C of the CEAP classification — Clinical, Etiological, Anatomical, Pathological

classification. T Hypothesis: deep venous reflux, history of leg injury, post-thrombotic syndrome,

physical inactivity are risk factors for VLU. BMI = Body Mass Index, CVD = Chronic Venous Disease,

VLU = Venous Leg Ulcer

trols that had no VLU history. Furthermore, all studies used hospital or care-related controls

and no population controls. Two studies22,23 did not perform duplex scanning during the

study to ascertain the underlying venous pathology. These studies used mediical records with

data on duplex scanning instead. Moreover, in each of the included studies the comparability

of cases and controls differed. Some studies21,22,25 adjusted for age and gender in a muilti-
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variate analysis, while another study conducted a univariate analysis only23, or did not show
the multivariate analysis24. In addition, one study25 did not report a non-response rate, two
studies23,24 used medical records only so non-response was not possible; in one study?21
there was a rate-difference of 17% in the non-respondents and in one study22 a large amount

of cases and controls could not be contacted because of missing phone numbers.

O P2 v o) 0 > A z
1] 2 o o S A 3 [}
o = 2 Ed 3 o 2 3
@ o = o) 3 =
& @ 5 = 8 3 o o
o) () o o = 2. » ]
5 2 > 5 g 5 a K
= = = =] = (BD 3 5
o < a - g S Y @
- : B
2 S > 3 %
0 % o (>I2 3 ()
= ¢ 3 a
Q
8 2 o
7 < ©
o o a
o o
S
o
wn
Robertson et al.19 + + - + + + + _
Dzieciuwicz et
- + - + - ? + +
al.21
Vlajinac et al.22 + + - + + ? + ?
Matic et al.23 + + - + - ? + +
Abelyan et al.20 - + - + + ? + +

Table 3: Risk of bias summary - review authors’ (Meulendijks, de Vries) judgements on each risk of
bias item for the included studies using the NOS-scale.

+ high quality, — low quality, ? not specified in the article

Risk factors

In Table 4 we provide an overview of the risk factors, and whether they were statisti-
cally significant or not in a univariate or multivariate analysis. Table 5 shows the pos-
sible risk factors that yielded in inconclusive results, and Table 6 shows the possible

risk factors that were investigated in only one of the included studies.

Age and gender

In all studies, age and gender were investigated, matched for, or controlled for in
VLU patients compared to CVD <C5 patients. In three studies age was significantly
higher in the VLU group compared to age in the CVD <C5 group.22,23,25 One
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Robertson

Vlajinac

Matic et

Abelyan Dzieciuc-

etal19 et al.22 al.23 et al.20 howicz et
al.21
Outcome OR (Cl), OR (ClI) OR (CI, OR (Cl) Group diff.
measure Group diff. ~ Group diff. %  Group diff. % (VLU / non
% (VLU / (VLU / non (VLU /W / VLU)
non VLU) VLU) non VLU)
Age Matched 1.03 Age 63 /59 1.13 Age 64/ 53*
(1.02-1.04)t /60 (1.09-1.18)*
Gender Matched M 1.45 F76%/61% F0.47 M 22% / 26%
(1.07-1.95)t / 62% (0.21-1.02)
Higher BMI / 1.08 1.44 Mean BMI 31 1.26
Overweight (1.01-1.15t  (1.15-1.81)t / 28* / 26* (1.13-1.40)*
Blood pressure  1.03 1.47 69% / 60%* /  5.22
/ Arterial (1.00-1.05)  (1.07-2.02)t 46%* (2.64-
hypertension 10.30)*
PA: Regular 0.43 0.26
exercise (0.20-2.93) (0.08-
0.90)t
PA: Regular 0.29
walking (0.11-0.77)*
PA: Low 2.21
exercise (1.51-3.23)t
PA: Hours 76% / 65% / 1.39
Standing 53%* (1.17-1.62)*
PA: Hours 1.32
Sitting (1.08-1.61)t
Reflux in the 2.82 8.29 3.58
deep veins (1.03-7.75)t  (4.60-14.95)t (1.23-
103Nt
DVT/ PTS 28% / 8%*  3.17 14.90
(2.57-5.26)t (3.95-
56.19)t
Family history 3.68 38% / 14%* 2.85
of VLU (2.57-5.26)t / 2%* (1.04-7.79)*
Family history 10% / 7%* 2.34
of DVT (1.13-4.86)*

Table 4: Factors associated with the development of a Venous Leg Ulcer

OR = Odds Ratio, Cl = Confidence Interval, PA = Physical Activity, *significant difference / univar-

iate analysis at P0.05, 1 significant in multivariate analysis at P0.05, + significantly associated with
VLU development, VLU = Venous Leg Ulcer, DVT = Deep Vein Thrombosis, PTS = Post Thrombotic
Syndrome, BMI = Body Mass Index, M = Male, F = Female, ---- not studied in this article
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study24 found no significant difference in age between the VLU group and CVD
<C5 group. For male gender, one study25 found a significant association with de-
veloping a VLU, while in three other studies22-24 there was no significant difference

between the number of males in the VLU group compared to the CVD <C5 group.

Reflux

Reflux in the deep veins was significantly associated with VLU development in three
studies.21,22,25 Another study21 specifically showed an association of popliteal
vein reflux and the development of a VLU.

Deep vein thrombosis

Deep Vein Thrombosis (DVT) or the post-thrombotic syndrome are significantly as-
sociated with developing a VLU in three studies.22,24,25 Another study21 showed
a significantly higher occurrence of DVT amongst VLU patients compared to CVD
<C5 patients, but did not find an association in the multivariate analysis.

BmI

Higher BMI was significantly associated with developing a VLU in three stud-
ies.21,22,25 One study25 specifically showed the association of overweight (BMI
25-29) and obesity (BMI>30) with developing a VLU. A fourth study24 showed a
significantly higher BMI amongst VLU patients compared to CVD <C5 patients.

Physical Activity (PA)

Regular PA is associated with protecting against VLU development in one study22,
and in another study21 regular PA was significantly more present amongst CVD
<C5 patients compared to VLU patients. In the latter, the comparison was not sig-
nificant in the multivariate analysis. In addition, low PA is significantly associated
with VLU development in one study.25 Moreover, one study22 also showed an
association of increased average standing time and increased average sitting time
with the development of a VLU. A fourth study24 showed that a standing occupa-
tion was significantly more frequent amongst the VLU patients compared to the
CVD <C5 patients.

Arterial hypertension

The impact of arterial hypertension was investigated in four studies.21,22,24,25
One study21 found a significant association of higher blood pressure with devel-
oping a VLU, whereas two other studies22,25 found a significant association of
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arterial hypertension with developing a VLU (in univariate and multivariate analysis
respectively). In the fourth study24 arterial hypertension occurred significantly more
frequent amongst VLU patients than in CVD <C5 patients.

Family VLU and family DVT

VLU or DVT in the parents was significantly associated with VLU development in
one study.25 Another study22 found a significant association of family VLU and
family DVT with VLU development in a univariate analysis. A third study24 found
that a VLU in the parents of VLU patients occurred significantly more frequent com-
pared to the parents of CVD <C5 patients.

Robertson et Vlajinac . Abelyan
al.19 et al.22 Matic et al.23 et al.20
Outcome OR (Cl), OR (Cl) OR(ClyW /nonVLU OR(CI)
measure Group diff. Group diff. Group diff.
(VLU /non VLU) (VLU /non VLU) (VLU /VV / non VLU)
Ever smoked 1.99 22% / 23% / 28% 1.12
(1.16-3.42)* (1.01-1.25)*
Skeletal / joint ~ 18% /11% 1.42 2.33
diseases (1.03-1.96)* (1.01-5.39)*
Leg injury 40% / 35% 6.66
(3.00-14.77)t
Family VW 49% /51% 89% / 70% / 30%* 0.51
(0.26-1.00)
Diabetes 1.69 11% /9% / 10% Ex.
(1.19-2.39)*
Peripheral 5% /2% 2.71(1.18-6.22)* / Ex.
Arterial 3.38(1.13-10.12)*
Disease
Number of Mean2/2/2 2.07
children (1.30-3.28)

Table 5: Factors with contradictory results concerning the risk of developing a Venous Leg Ulcer
OR = Od(ds Ratio, Cl = Confidence Interval, VV = Varicose Veins, Ex. = Excluded, *significant differ-
ence or univariate analysis at P0.05, T significant in multivariate analysis at P0.05, ---- not studied

in this article
Risk factors with contradictory results.

Contradictory results were found for smoking21,22,24, diabetes24,25, peripher-
al arterial disease24,25, skeletal / joint diseases21,22,25, leg injury21,22 and the
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number of children for women. Moreover, VV in the family was associated with pro-
tecting against the development of a VLU in one study22, it was significantly more
frequent in VLU-patients compared to CVD <C5 patients in another study24 and it
was not significantly associated with developing a VLU in a third study25.

Risk factors investigated in only one of the studies.

The factors Chronic Obstructive Pulmonary Disease (COPD)25 and skin changes (C4)21
were both significantly associated with VLU development. The factor normal ankle range
of motion was associated with protecting against developing a VLU.21 Furthermore, the
factors phlebitis21, heart disease25, renal disease25, malignant disease25, constipation25

and oral contraceptives24 were not significantly associated with developing a VLU.

Robertson et al.19 Vlajinac Matic et al.23
et al.22
Outcome measure OR (Cl), OR (CI) OR (Cl) W / non VLU
Group diff. Group diff. Group diff.
(VLU / non VLU) (VLU / non VLU) (VLU / VWV / non VLU)
Sufficient venous calf 0.96
muscle pump (0.92-0.99)t
Sufficient dorsiflexion of  0.88
index leg (0.81-0.97)t
Lipodermatosclerosis 8.90
(1.44-54.8)t
Corona Phlebectatica 4.52
(1.81-11.3)t
Dermatitis 2.87
(1.12-7.07)t
Phlebitis 37% /1 28%
Family history of 36.7% / 31.5%*
oedema
Heart disease 25.9% /13.8%
Renal disease 4.0%/1.4%
Malignant disease 4.3% / 3.6%
Inflammatory bowel 1.1% /1.3%
disease
Chronic obstructive 2.56
pulmonary disease (1.53-4.28)
Oral Contraceptives 26% 1 29% / 42%

Table 6: Risk factors for developing a Venous Leg Ulcer studied in only one of the included studies
OR = Odds Ratio, Cl = Confidence Interval, *significant difference or univariate analysis at P0.05,

1 significant in multivariate analysis at P0.05, ---- not studied in this article
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Discussion

We aimed to identify risk factors associated with the development of a first VLU in
patients with CVD. We identified several risk factors that play a role in developing a
first VLU: higher age, deep vein reflux, DVT, higher BMI, low PA, arterial hyperten-
sion, and family VLU. However, it remains unclear which role these factors play in
developing a VLU and to what extent they influence the development of a VLU due
the cross-sectional designs and heterogeneity of the included studies. In addition,
four out of five studies are conducted in eastern European countries where the inci-
dence of CVD is higher compared to western European countries.6 Therefore, the
results may not be accurate for the whole of Europe or other continents.

The risk factors deep vein reflux and DVT point out the role of CVD as the under-
lying pathology of the VLU. Two studies comparing patients with and without DVT
support this pathway as they show significantly higher percentages of patients with
VLUs in the DVT group.26,27 The involvement of CVD would also explain higher
age as a risk factor since CVD deteriorates over time according to two large popu-
lation studies.6,28 Yet, higher BMI and low PA indicate that lifestyle factors are also
involved in VLU development.

The included studies investigated different risk factors, made different compar-
isons, used different measurement tools, or used different statistics. For example,
the study of Vlajinac (2014) analysed BMI as a categorical variable, while the study
of Robertson (2009) analysed BMI as a continuous variable. The study of Abelyan
(2017) added BMI as a confounder in the multivariate analysis and did not show the
Odds Ratio of the multivariate association of BMI with VLU development. These
differences made it impossible to conduct a meta-analysis or compare the results
quantitatively.

However, BMI was significantly associated with having a VLU in all included
studies measuring BMI. In addition, three studies comparing participants with
overweight (BMI 25-30) and obesity (BMI >30) to participants without overweight
(BMI<25) showed significantly higher percentages of VLUs in the overweight/obe-
sity groups.29-31

Another issue regarding the heterogeneity of the included studies involved dif-
ferences in risk factor definitions. For example, the study of Abelyan (2017) divided
Physical Activity (PA) in two categories (regular exercise =5 days a week, non-regu-
lar exercise) and included sitting and standing time. The study of Robertson (2009)
divided PA in four categories (nil, light, moderate and strenuous) and included for-
mer PA and daily activity. The study of Vlajinac (2014) included ‘sports’ and ‘walk-
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ing" as PA categories. However, all included studies point in the same direction
suggesting that inactivity is a risk factor for the development of a VLU and regular
PA might protect against VLU development.

Lower PA can lead to an increased venous pressure and a decreased venous out-
flow because of a decreased calf muscle pump function. Lower PA is therefore an
important factor to address in clinical practice, however it is difficult to measure be-
cause of the lack of standardised and easy to use measurement tools. In addition,
people who are overweight or obese generally have lower levels of PA. Therefore,
measuring BMI as standard practice in patients with CVD could be an easy to use
and reliable measurement tool to measure the risk of BMI as well as PA.

Theoretically, a prospective cohort is preferable to study the risk factors in VLU
development. This cohort should be done to find a causal relationship of the risk
factors for VLU development, lasting at least 25 years, and including approximately
320,000 participants, given the prevalence of VLU being 0.3% per year.2 Howev-
er, this design is not feasible because of the large number of participants and the
long duration of the study. Instead, a case-control study using first-time VLU cases
and CVD <C5 controls would be more feasible. In such a study cases and controls
should be matched on age and gender to exclude these confounders. In addition,
duplex scanning or AVP measurement should be used to avoid misclassification of
the cases and controls. Finally, the case-control study should use common, validat-
ed measurement tools to compare the results to other studies and improve repro-
ducibility (e.g. BMI and hip to waist ratio, accelerometers for PA etc.).

Study limitations.
We excluded studies that combined C4-Cé patients as one category. We also ex-
cluded studies which did not use duplex scanning, the gold standard in practice, to
diagnose CVD. These exclusion criteria led to exclusion of a few studies that could
have been relevant for this review. Nevertheless, the studies which combined C4-
Cé would lead to less valid outcomes since C4 has a higher prevalence compared
to C5/C6 and not all patients progress from C4 to C5/C6.6 In the studies not using
duplex scanning (patient- or physician -reported, based on clinical features only),
misclassification could have occurred because some leg ulcers might have other
causes than venous insufficiency. In addition, language bias might have occurred
due our language search limits, although only one possibly eligible study was iden-
tified.

One of the strengths of this review is that we did not predefine risk factors in the

search string. This open approach led to a broad search to include studies on all
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possible risk factors related to developing a VLU in patients with CVD. In addition,
two reviewers selected the studies to prevent selection bias. Furthermore, we ap-
plied strict in- and exclusion criteria to only include studies that investigated the
risk factors for a VLU (C5-Cé). Although the harvest is small, it provides a clear and
transparent insight into the actual knowledge on risk factors for a first time VLU and

it highlights the complexity of the progression of CVD to the most severe stage.

Conclusion

Only a small number of studies investigated the risk factors involved in the develop-
ment of a first VLU. The precise relationship of the risk factors in developing a VLU
still remains unclear because the quality of the papers in our final selection did not
give us the possibility to make more precise conclusions. However, the risk factors:
age, higher BMI, arterial hypertension, reflux, DVT, low PA and family VLU play a
role in developing a first VLU. Further studies are needed to confirm the associa-
tion of these risk factors with the development of a VLU and to explore risk factors
like higher BMI and low PA in more detail. With more specific knowledge of these
risk factors patients with CVD who are at risk of the development of a VLU may be
identified earlier. This can lead to more rapid and targeted treatment to prevent a
VLU in CVD patients.
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Appendix

Full PubMed Search:

((((((((("Venous Insufficiency”[Mesh:NoExp]) OR “venous insufficiency”[title/ab-
stract]) OR “chronic venous”[title/abstract]) OR “venous disease”[title/abstract])
OR "venous disorder*"[title/abstract]) OR “venous stasis”[title/abstract]) OR “Vari-
cose Ulcer”"[Mesh]) OR “Varicose ulcer*”[Title/abstract]) OR “Venous ulcer*”[Title/
Abstract]) OR "Venous Leg ulcer”[Title/Abstract]) AND ((((((((("Prognosis”[Mesh])
OR prognos*[title/abstract]) OR “Risk Factors”[Mesh]) OR “risk factor*"[title/ab-
stract]) OR “Protective Factors”[Mesh]) OR “protective factor*” [Title/abstract]) OR
“disease progression”[Mesh]) OR “disease progress*”[title/abstract]) OR “natu-
ral course*"[title/abstract]) OR “severity of lllness Index”[Mesh]) OR “severity of
illness”[title/abstract]) OR “severity of disease”[title/abstract]) OR “disease sever-
ity“[title/abstract])

Hits: 3192 (Last search: January 2018)
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CHAPTER FOUR

THE ROLE OF OBESITY AND PHYSICAL ACTIVITY IN
THE PROGRESSION OF CHRONIC VENOUS DISEASE:
A SCOPING REVIEW.






SUMMARY

Objective. The risk factors obesity and reduced mobility are not well known in the develop-
ment of a Venous Leg Ulcer (VLU). The aim of this scoping review is to explore the mech-
anisms by which obesity and reduced mobility contribute the development of a VLU in pa-
tients with Chronic Venous Disease (CVD).

Methods. For this scoping review a search was performed in May 2019 in the Cochrane Li-
brary and Pubmed to identify studies on the working mechanisms of obesity and mobility in
developing a VLU. Hand searches were performed to find additional studies explaining the
working mechanisms (indirectly related to the VLU). Two reviewers independently reviewed
the abstracts and full-text articles.

Results. Twenty-eight studies met our eligibility criteria. Disturbed range of ankle motion and
gait can lead to a reduced Calf Muscle Pump (CMP) function leading to a venous outflow dis-
order. Increased abdominal pressure due to obesity can lead to a venous outflow obstruction
and increased adipose tissue mass results in an increase in adipokine secretion. The venous
outflow disorder, outflow obstruction and increased adipokine secretion can all lead to chron-
ic systemic inflammation, increased endothelial permeability and hence microcirculatory dys-
function. This alone can result in a VLU.

Conclusion. Obesity and reduced mobility can lead to a reduction of the CMP function, an in-
crease in abdominal pressure and an increase in adipose tissue mass. This can simultaneously
lead to haemodynamic changes in the macro- and microcirculation of the lower extremities
and eventually in a VLU. In patients with obesity and reduced mobility the microcirculation
alone can lead to skin changes and eventually a VLU. Therefore, early recognition of CVD
symptoms in patients with obesity and reduced mobility is crucial to diagnose and treat CVD

to prevent a VLU.

As published
Meulendijks AM, Franssen WMA, Schoonhoven L, Neumann HAM. The role of obesity and

physical activity in the progression of Chronic Venous Disease: a Scoping review. J Tissue

Viability. 2019 Oct 9:50965-206X(19)30084-1.



CHAPTER FOUR

Therole of obesity and physical activity in the progression
of Chronic Venous Disease: a Scoping review.

Introduction
Venous Leg Ulcers (VLU) are chronic wounds of the lower extremities caused by
Chronic Venous Disease (CVD). The VLU occurs in approximately 0.3% of the West-
ern-population and the incidence increases with age.” Risk factors for the develop-
ment of a VLU include age, family history of VLU, venous insufficiency in the deep
veins, obesity and reduced mobility.>®> Age and family history cannot be altered
and the treatment of deep venous insufficiency is already imbedded in current clin-
ical practice.®” However, screening and prevention of the risk factors obesity and
reduced mobility are not fully integrated in current CVD/VLU guidelines.®’ Despite
studies showing that regular exercise protects against developing a VLU?*#, weight
loss and exercise is only advised when a VLU forms to stimulate the healing pro-
cess or prevent recurrence.®® Furthermore, obesity and reduced mobility are highly
present in the CVD population and even more so in the VLU population.®'® As CVD
progresses obesity and reduced mobility prevalence increases.>'"'2 In addition, the
prevalence of a VLU is significantly higher in patients with obesity compared to pa-
tients with normal weight.”®* However, the exact working mechanisms of obesity
and reduced mobility in developing a VLU are not well known.

The aim of this scoping review is therefore to explore the mechanisms by which
obesity and reduced mobility contribute to VLU development in patients with
Chronic Venous Disease (CVD).

Materials and Methods

In this scoping review we first identified the research question and discussed rele-
vant topics with all authors (e.g. definition of obesity, mechanisms related to mobil-
ity). We identified relevant studies by performing a search in the Cochrane Library,
Pubmed and Embase (see appendix A for the Pubmed searches). The search was
performed in May 2019 with the language limits English, Dutch and German. The
retrieved titles and abstracts were independently screened by two authors (AM
focussing on mobility and WF focussing on obesity) according to predetermined in-
and exclusion criteria (see table 1). Studies that prospectively measured mobility in
VLU patients were excluded, because a VLU itself can influence mobility.’® Second,
the authors AM and WF discussed the eligibility of the abstracts and the remaining
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studies were read independently in full-text by both authors. Third, data explaining
the role of obesity or mobility in developing a VLU were extracted using a prede-
fined data-extraction form. WF extracted the data for the obesity related articles
and AM extracted the data for the mobility related articles after which both authors
verified the results. AM and WF used thematic analysis to explore the extracted
data from the studies. For this purpose, statistical references are not relevant and
therefore not included in this scoping review. Finally, snowballing and hand search-
es were performed to find additional articles to include all relevant information on
the role of obesity and reduced mobility in the development of a VLU.

Inclusion Exclusion

Working mechanisms in the development of Studies focussing on chronic venous disease
venous leg ulcers without venous leg ulcers

Body composition venous leg ulcer recurrence

Mobility venous leg ulcer healing

Table T: In- and exclusion criteria
Results

The systematic and hand searches resulted in 570 articles of which 28 articles were
eligible for inclusion. Figure 1 shows the Prisma-flowchart'® of the searches and
the reasons of exclusion. Most studies were excluded due to the lack of obesity or
mobility related mechanisms or the use of healing of a VLU as the outcome. The
included studies dated from 1994 — 2018 of which 18 studies were published in the
last 10 years. All but one study included over 40 patients.

Below we will first describe the pathways of the macro- and microcirculation in
the development of a VLU and then describe how obesity and mobility influence

these pathways.

Pathways of the marco- and microcirculation in the development of a Venous
Leg Ulcer

Macrocirculatory dysfunction

Venous reflux (varicose veins) or venous obstruction (thrombosis) of the macrocir-
culation (large veins) in the lower extremities leads to a venous outflow disorder or
venous outflow obstruction. These changes in the macrocirculation can lead to an

increased Ambulatory Venous Pressure (AVP). Increased AVP can be a cause or a
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Additional records identified through
hand searches:

Records identified through database Mechanisms mobility/obesity in
searching: CVD (n=7)
s Pubmed (n = 468) Relation mobility-obesity (n=4)
= Cochrane (n = 160) Relation obesity on inflammation and
_g Total (n = 628) vascular disease (n=5)
=
=
()
: ]
Records after duplicates removed and language limit:
(n=554/16)
)
—
Records excluded, abstrtact (n = 506)
o A Not mobility/obesity related
g Records screened: Mobility/obesity and VLU healing
@ (n = 570) » Not VLU related
(9 - .
S Quality of life
»n Mobility/obesity and VLU recurrence
Focus on diagnosis/measurement
)
—
- Full-text articles excluded, with
= Full-text articles assessed reasons (n = 36)
% for eligibility: » Mobility/obesity in CVD without VLU
= (n =64) Mobility/obesity in VLU healing
Diagnosis and measurement
—
N
- . . Prospective cohort studies n=3
3 Studies |ncluc:19d_|n Case-control studies n=6
% scoping review: » Cro: tional studies n=13
£ (n=28) Reviews n=6
Participants ranging from n= 7 — 704
)

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure 1: Prisma-flowchart of the searches on obesity and mobility in the development of a venous
leg ulcer.

VLU = Venous Leg Ulcer, CVD = Chronic Venous Disease. Image23625.JPGFigure 1: Prisma-flow-
chart of the searches on obesity and mobility in the development of a venous leg ulcer.VLU =

Venous Leg Ulcer, CVD = Chronic Venous Disease.

result of venous reflux or venous obstruction.® Both venous reflux and venous ob-
struction are visible on a duplex ultrasound which is used to diagnose the etiolog-
ical, anatomical and pathophysiological classification of CVD.!” Dysfunction in the
macrocirculation can eventually lead to a dysfunction in the microcirculation which

results in more severe CVD with skin changes and the VLU."®
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Chronic systemic inflammation

A prolonged increase in AVP because of dilated veins or vein valve dysfunction
leads to a reduction in shear stress. Shear stress is the turbulent and therefore slow-
er venous blood flow which results in a reduced stress on the vein wall, hence the
endothelium of the veins.’ Reduced shear stress trigger endothelial dysfunction
which promotes chronic systemic inflammation and reduces the antithrombotic ef-
fects in patients with CVD.2>2? Subsequently, biomarkers of chronic systemic inflam-
mation are increased in the lower legs in patients with severe CVD.22%
Endothelial permeability

A prolonged increase in AVP and therefore the chronic systemic inflammation and
reduced antithrombotic function are hypothesised to lead to an increase in en-
dothelial permeability in CVD.?¢?” Increased endothelial permeability prevents op-
timal cellular metabolism of toxins and oxygen in the skin leading to skin changes
and the VLU.77%8

Microcirculatory dysfunction
A prolonged increase in AVP and therefore increased chronic systemic inflamma-
tion and endothelial permeability leads to a dysfunction of the microcirculation.?’
This is not visible on a duplex ultrasound. However, the microcirculatory dysfunction
leads to more severe CVD with clinical symptoms such as oedema, hyperpigmenta-
tion, lipodermatosclerosis, atrophie blanche and eventually the VLU."7'¢

Figure 2 shows the pathways of the macro and microcirculation in the develop-
ment of a VLU. Figure 3 shows the (possible) working mechanisms of obesity and
reduced mobility in the development of a VLU and their shared pathway through
the Calf Muscle Pump (CMP) function.

Working mechanisms of obesity and reduced mobility in the development of a
Venous Leg Ulcer

Obesity: Intra-abdominal pressure and the venous leg ulcer

Although the exact mechanisms explaining the development of a VLU in patients

with obesity have not been fully elucidated, potential mechanisms may include hae-

modynamic alterations and adipose tissue dysfunction leading to increased chronic

systemic inflammation, insulin resistance and increased endothelial permeability.
Haemodynamic alterations are thought to be a result of the increased intra-ab-

dominal pressure caused by the increased abdominal adipose tissue mass. This
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Disturbed venous haemodynamics

Dysfunction of the
macrocirculation

Venous
obstruction
(thrombosis)

Venous reflux
(varicose veins)

Venous outflow Venous outflow
disorder obstruction

Ambulatory venous hypertension

Dysfunction of the microcirculation

Oedema,
lipodermatosclerosis,
atrophie blanche,

venous leg ulcer

Figure 2: Pathways of the macro- and microcirculation in the development of a venous leg ulcer.

increase in adipose tissue mass can lead to an increased AVP because of an outflow
obstruction. It is hypothesised that the elevated intra-abdominal pressure is trans-
mitted to the extremities by the femoral veins, resulting in external venous obstruc-
tion. Due to a higher tension on the vein walls in the lower limbs venous elasticity
is attenuated and will potentially lead to macrocirculatory problems like venous
reflux.®® In a study comparing patients with overweight and obesity to patients with
a normal weight the reflux outcomes were similar. However, the overweight pa-
tients had a significantly higher prevalence of skin changes and VLU's compared to
patients with normal weight.”® This implies an additional pathway of overweight/
obesity affecting the microcirculation in the development of a VLU.

Increased AVP due to increased intra-abdominal pressure can also lead to a re-
duction in shear stress.*® As described before this can lead to microcirculatory dys-
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function. Two studies in obese patients with skin changes and VLU's showed no
reflux or obstruction on the duplex ultrasound in most of the patients. This suggests
a pathway through the microcirculation alone in the development of a VLU in pa-

tients with obesity.?':2

Obesity: Adipose tissue dysfunction and chronic venous disease

Adipose tissue has long been considered as a non-functional passive depot for lipid
storage. Today research has revealed that adipose tissue has to be regarded as an
active endocrine organ that secretes a unique profile of adipokines. Adipokines in-
clude a wide range of regulatory mediators that exhibit hormone characteristics.?*
Several studies have shown that higher levels of adipokines increase the risk of the
development of CVD.%:

Increased adipose tissue mass results in an increased adipokine secretion which
subsequently leads to adipose tissue mass inflammation.3** Furthermore, the in-
creased adipokine secretion through adipocytes lead to endothelial dysfunction.83
Adipokines therefore probably affect the endothelial function of the venous macro-
and microcirculation. Adipokines are found to be increased in patients with CVD*
however, a direct link to a VLU has not yet been found.

Adipose tissue mass inflammation and an increased secretion of adipokines lead
to chronic systemic inflammation because of an increased secretion of pro-inflam-
matory cytokines.3* These cytokines are associated with endothelial cell activation
and an increased endothelial permeability leading to dysfunction of the microcircu-
lation in patients with CVD.?' Whereas obesity plays a key role in the development
of chronic systemic inflammation it is postulated that obesity contributes to the
development of a VLU through adipose tissue mass dysfunction.

The direct effect of increased adipokine secretion and the chronic systemic in-
flammation also contribute to the development of insulin resistance. Circulating in-
sulin levels affect venous function through vasculoprotective and anti-inflammatory
effects and plays a major role in the regulation of endothelial function. An impaired
insulin sensitivity in patients with obesity will lead to endothelial dysfunction which
in turn probably contributes to the process of CVD and the VLU.*

Reduced mobility: Calf muscle pump function and the Venous Leg Ulcer

The function of the Calf Muscle Pump (CMP) is reduced in CVD patients and even
more so in patients with a VLU.#'#? In a study comparing CVD patients with and
without a VLU the venous reflux outcomes were similar, whereas patients with a VLU

had a significantly reduced function of the CMP.# Furthermore, non-functioning of
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the CMP in permanent immobility leads to an outflow disorder which may lead to
the development of oedema, skin changes and a VLU without evidence of venous
reflux or venous obstruction on a duplex ultrasound.* It is therefore suggested that
the CMP can play a role in the development of a VLU through dysfunction of the
microcirculation alone.

Comorbidity in the lower extremities will often lead to a reduction in the Range
Of Ankle Motion (ROAM), or directly to a reduced function of the CMP which results
in an altered or reduced mobility.** Comorbidities resulting in reduced mobility that
are associated with the development of a VLU are rheumatic diseases*, peripheral
arterial disease®, and neuropathy®. The reduced mobility in the lower extremities
leads to a restriction in optimally utilizing the foot plate. The CMP is therefore not
used to its fullest potential leading to a reduced outflow volume and therefore a
venous outflow disorder.*® Reduced ROAM and/or CMP function can result in an
increased AVP leading to oedema, skin changes, and a VLU through the path of the
microcirculation without a positive diagnosis on a duplex ultrasound.#¢4950

A reduced ROAM correlates with a reduced function of the CMP>" The CMP is
the main factor in venous outflow because it transposes the most blood volume
specifically in the body weight transfer manoeuvre.®2 The body weight transfer ma-
noeuvre is comparable to walking. The study of Suehiro, 2016% showed that a walk-
ing distance <200m per day is a risk factor for the development of a VLU. The study
of Robbertson, 20094 shows on the other hand that regular walking is protective for
the development of a VLU.

Both reduced calf muscle function and reduced ROAM can lead to alterations in
walking and more specifically in the gait (speed). A study on gait in (healed) VLU
patients showed that (healed) VLU patients had a significantly lower calf muscle
endurance, a wider base and slower gait speed compared to healthy controls.*
A slower gait speed is also found in CVD patients compared to healthy controls.>
Furthermore, obesity can lead to a reduced ROAM and alterations in gait (speed)
because of the increase in adipose tissue mass.** Obesity and reduced mobility
therefore share a pathway in the development of a VLU through gait and the CMP
function.

Discussion
This scoping review shows that obesity and reduced mobility are a risk for the de-

velopment of a VLU through pathways in the macro- and microcirculation. Dysfunc-

tion of only the microcirculation results in a negative duplex diagnosis while venous
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Figure 3: The (possible) working mechanisms of obesity and reduced mobility in the development

of a venous leg ulcer
insufficiency can still lead to clinical symptoms of CVD and eventually a VLU. This

denotes the importance of the recognition skin changes like oedema, hyperpig-

mentation, lipodermatosclerosis and atrophie blanche in the prevention of a VLU in
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patients with obesity or a reduced mobility.

The scoping review also shows that obesity and reduced mobility share a path-
way in the development of a VLU through gait (speed). In addition, the scoping
review denotes the joint risk through the different pathways of obesity and reduced
mobility which can occur simultaneously. Obesity and reduced mobility can be a
result of comorbidity. However, obesity and reduced mobility can also be a result
of a sedentary lifestyle. Several studies show that a sedentary lifestyle is related to
obesity and obesity on the other hand is related to a sedentary lifestyle.5*¢" In other
words, obesity and reduced mobility are often seen as a joint morbidity and should
therefore be treated simultaneously in the prevention of a VLU. In addition, the risk
of obesity in the development of a VLU is yet another reason to approach obesity
as a disease on its own whereas obesity is a risk factor for many more diseases.®?

When mobility is increased by stimulating the CMP function skin oxygen levels
increase in patients with a VLU.®® However, the dysfunction of the microcircula-
tion in VLU patients can cause skin oxygen levels to stay low during exercise when
the outflow disorder/obstruction in the macrocirculation is not compensated.®* It is
therefore important to include weight loss and exercise in the treatment of CVD to
be able to treat the outflow disorder/obstruction caused by obesity or reduced mo-
bility. Furthermore, a systematic review on exercise in non-ulcerated CVD showed
insufficient evidence for exercise programs and denotes the need for research into
frequency, time and intensity of exercise in CVD to restore AVP.¢> However, treat-
ment of CVD to prevent a VLU is multifactorial because of the underlying patho-
logic pathways and risk factors which can vary in each patient. Prevention should
therefore consist of a multifactorial (complex) intervention. Unlike the VLU, preven-
tion for other chronic wounds such as the diabetic foot ulcer and pressure ulcers
are studied in complex interventions and the prevention is profoundly imbedded in
clinical practice guidelines.®*¢” This denotes the importance of developing a com-
plex intervention for the prevention of a VLU including the risk factors obesity and

reduced mobility among others.

Strength and limitations

We used a scoping strategy to be able to include all studies on the working
mechanisms of obesity and reduced mobility in the development of a VLU. One of
the limitations is that we did not perform a systematic assessment of the method-
ological quality of the studies and we included all levels of evidence. Studies on
working mechanisms are often studies with a low level of evidence. As we aimed to

provide insight in the possible working mechanisms of obesity and reduced mobili-
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ty in the development of a VLU and identify a research gap concerning these topics,
the low level of evidence is not necessarily a problem. However, if we would have
included the methodological quality of the studies, we might have been able to
give a recommendation on what specific working mechanisms would require further
investigation. In addition, we did perform a systematic search in two databases and

the included articles were read in full-text and discussed by at least two authors.

Conclusion

This article provided insight in the pathways of obesity and reduced mobility in the
progression of CVD into a VLU. A reduction of the CMP function, an increase in ab-
dominal pressure and an increase in adipose tissue mass can lead to haemodynam-
ic changes in the macro- and microcirculation of the lower extremities and eventu-
ally in a VLU. These pathways can act simultaneously in the development of a VLU
which denotes the importance of treating both obesity and reduced mobility at the
same time. Furthermore, obesity and reduced mobility can lead to a dysfunction in
the microcirculation alone leading to skin changes and eventually a VLU. Therefore,
early recognition of CVD symptoms in patients with obesity and reduced mobility
is crucial to diagnose and treat CVD to prevent a VLU. At an early stage health care
professionals and patients should be (made) aware of the health consequences of

obesity and reduced mobility in the onset and progression of CVD towards a VLU.
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Appendix

Pubmed search

Mobili

(((((((((“Varicose  Ulcer"[Mesh]) OR “Leg Ulcer”[Mesh]) OR “Varicose Ul-
cer’[Mesh]) OR “Venous Leg Ulcer”[Title/Abstract]) OR “Venous Ulcer”[Title/
Abstract]) OR “Leg Ulcer”[Title/Abstract]) AND Venous[Title/Abstract]))) AND
(CCCCCCCCCcCeccecceccecerceececrange  of Motion, Articular"[Mesh]) OR  "Standing
Position”[Mesh]) OR “Sitting position”[Mesh]) OR “Immobility Response, Ton-
ic"[Mesh]) OR “Immobilization”[Mesh]) OR “Mobility Limitation”[Mesh]) OR “Oc-
cupations”[Mesh]) OR “Return to Sport“[Mesh]) OR “Fitness Trackers”[Mesh])
OR "Exercise”[Mesh]) OR "“Exercise Movement Techniques”[Mesh]) OR “Exer-
cise Therapy”[Mesh]) OR “Muscle, Skeletal”[Mesh]) OR “Range of Motion"[Title/
Abstract]) OR “Standing Position”[Title/Abstract]) OR “Sitting position”[Title/Ab-
stract]) OR “Immobility Response”[Title/Abstract]) OR Immobilization) OR “Mobility
Limitation"[Title/Abstract]) OR Occupation) OR “Return to Sport”[Title/Abstract])
OR "“Fitness Trackers”[Title/Abstract]) OR Exercise[Title/Abstract]) OR “Exercise
Movement Techniques”[Title/Abstract]) OR “Exercise Therapy”[Title/Abstract]) OR
Muscle[Title/Abstract]) OR “Physical Activity”[Title/Abstract]) OR “Range of Ankle
Motion"[Title/Abstract]) OR “Ankle Range of Motion"[Title/Abstract]) OR AROM-
Title/Abstract]) OR ROAM[Title/Abstract]) OR ROM[Title/Abstract]) OR Immobility[-
Title/Abstract]) OR Mobility[Title/Abstract]) OR “Calf Muscle Pump”[Title/Abstract])
OR “Calf Muscle"[Title/Abstract]) OR “Muscle Pump”[Title/Abstract]) OR “Foot
Pump”[Title/Abstract]) OR “Calf Muscle Function”[Title/Abstract]) OR Gastrocne-
mius[Title/Abstract]) OR Gait[Title/Abstract]))))

Hits: 311

Obesity

(CCCCCCCCrecccceccccecccececce " Body Weight"[Mesh]) OR "Weight loss”[Mesh]) OR
“Weight gain”[Mesh]) OR “Body Weight Changes”[Mesh]) OR “Body-Weight Tra-
jectory”[Mesh]) OR “Waist-Height Ratio”[Mesh]) OR “Body Mass Index”[Mesh])
OR “Overweight”[Mesh]) OR “Pediatric Obesity”[Mesh]) OR “Obesity”[Mesh]) OR
"Obesity, Abdominal”[Mesh]) OR “Obesity, Morbid”“[Mesh]) OR “Waist-Hip Ra-
tio"[Mesh]) OR “Waist Circumference”[Mesh]) OR “Body Fat Distribution”[Mesh]) OR
“Abdominal Fat”[Mesh]) OR “Intra-Abdominal Fat”[Mesh]) OR “Body Size"[Mesh])
OR “Body Composition“[Mesh]) OR “Body Constitution”[Mesh]) OR “Ideal Body
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Weight“[Mesh]) OR “Anthropometry”[Mesh]) OR “Body Weight” [Title/Abstract])
OR "Weight loss"[Title/Abstract]) OR “Weight gain”[Title/Abstract]) OR “Body
Weight Changes”[Title/Abstract]) OR “Body-Weight Trajectory”[Title/Abstract]) OR
“Waist-Height Ratio”[Title/Abstract]) OR “Body Mass Index”[Title/Abstract]) OR
Overweight[Title/Abstract]) OR “Pediatric Obesity”[Title/Abstract]) OR Obesity[Ti-
tle/Abstract]) OR “Abdominal Obesity"[Title/Abstract]) OR “Morbid Obesity"[Title/
Abstract]) OR “Waist-Hip Ratio”[Title/Abstract]) OR “Waist Circumference”[Title/
Abstract]) OR “Body Fat Distribution”[Title/Abstract]) OR “Abdominal Fat”[Title/
Abstract]) OR “Intra-Abdominal Fat”[Title/Abstract]) OR “Body Size"[Title/Ab-
stract]) OR “Body Composition”[Title/Abstract]) OR “Body Constitution”[Title/Ab-
stract]) OR “ldeal Body Weight”[Title/Abstract]) OR Anthropometry[Title/Abstract])
OR WHR([Title/Abstract]) OR “Waist-to-Hip Ratio”[Title/Abstract]) OR “Lean Body
Weight"[Title/Abstract]))) AND (((((((“Varicose Ulcer”[Mesh]) OR “Leg Ulcer”[Mesh])
OR “Varicose Ulcer”"[Mesh]) OR “Venous Leg Ulcer"[Title/Abstract]) OR “Venous
Ulcer”[Title/Abstract]) OR “Leg Ulcer”[Title/Abstract])) AND Venous[Title/Abstract])

Hits: 157
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RISK FACTORS IN PATIENTS WITH CHRONIC VENOUS
DISEASE, THE ROLE OF ABDOMINAL OBESITY AND
ANKLE MOBILITY.






SUMMARY

Introduction: Chronic Venous Disease (CVD) is highly prevalent in the Western-popu-
lation. Varicose veins, oedema, skin changes and a venous leg ulcer are clinical stag-
es of CVD that can lead to a decrease in quality of life. Lifestyle risk factors of CVD are
not well-known. The aim of this study is therefore to assess the relation of waist circum-
ference and calf muscle pump related physical activity with the progression of CVD.
Methods: Data were collected in primary care, secondary care and through convenience
sampling in the general population in The Netherlands. In total 74 participants (aged
>40 years) with CVD (varicose veins, oedema, skin changes and venous leg ulcers) were
recruited (diagnosed with duplex ultrasound). Physical measurements were performed
for waist circumference, range of ankle motion, and the number of steps (accelerometer).
Data on patient characteristics and physical activity were collected using a questionnaire.
Results: 29 patients with varicose veins and 43 patients with more severe CVD were included.
Patients had a mean age of 68.5 years and were predominantly female. Multivariable logistic re-
gression showed that abdominal obesity (OR 3.9, 95% CI: 1.3-12.3) and reduced dorsal flexion
of the ankle (OR 5.9, 95% Cl: 1.8-19.4) were independently associated with more severe CVD.
Conclusion: Both abdominal obesity and dorsal flexion of the ankle <10° were associated
with more severe CVD and were likely to be present for over five years which suggests that
they are risk factors for the progression of CVD. Measuring and treatment of these risk factors

should be implemented in CVD care to improve venous function.

As submitted
Meulendijks AM, Tjin EPM, Schoonhoven L, Neumann HAM. Risk factors in patients with

Chronic Venous Disease, the role of waist circumference and mobility.
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Risk factors in patients with Chronic Venous Disease,
the role of abdominal obesity and ankle mobility.

Introduction

Chronic Venous Disease (CVD) is a group of conditions affecting the venous system
of the lower abdomen and primarily the lower extremities causing venous hyper-
tension and disturbed skin microcirculation. Causes of CVD include varicose veins,
venous thrombosis, and syndromes like the Klippel-Trenaunay syndrome which
lead to insufficient venous return. CVD is an underestimated cardiovascular disease
because of its cosmetic reputation and low mortality rate. However, when CVD pro-
gresses it significantly reduces a patients quality of life on a physical, emotional and
social level."? In addition to the impact on quality of life, the progression of CVD
also leads to increased health care costs leading up to 1%-2% of the annual health
care budget in Western Europe and the USA.® The high costs might be explained
by the insufficient recognition, diagnostics and acknowledgement of CVD in pri-
mary care.* Inadequate diagnostics and treatment of early signs and symptoms of
CVD lead to a progression to more severe clinical stages.> CVD can present sever-
al clinical stages from reticular veins and (truncal) varicose veins, to oedema, skin
changes (lipodermatosclerosis, eczema) and eventually a venous leg ulcer. Com-
mon symptoms of CVD are restless legs, heavy feeling in the legs, muscle cramps,
pain, and itching.®’

In the Western population CVD occurs in about 40%.8 CVD can be treated with
invasive and non-invasive treatments such as endovascular laser ablation of insuffi-
cient veins, anti-coagulation medication for thrombosis, venous stenting, and am-
bulatory compression therapy to improve venous return.” However, varicose veins,
venous thrombosis and venous leg ulcers all have high recurrence rates and there-
fore require ongoing health care.’®'? A shift in healthcare towards acknowledge-
ment of CVD and preventing progression is therefore required. A few studies inves-
tigated the progression of CVD and identified increasing age, obesity and reduced
physical activity as its risk factors.''® Both obesity and reduced physical activity,
more specific, abdominal fat and impaired calf muscle pump function, play a role
in the reduced venous return which leads to an even higher venous hypertension.™

In most studies and in clinical practice obesity is measured using the Body Mass
Index. The Body Mass Index however, is not a good representative for abdominal

fat and an additional measure is advised to assess abdominal fat in assessing car-
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diovascular disease risk."” The waist circumference is a measure that is a good indi-
cator of total body fat and abdominal fat and it is used in international guidelines
to measure abdominal obesity and cardiovascular disease risk."®'? Because CVD is
a cardiovascular disease waist circumference is a representative measure to assess
the risk of the progression of CVD. However, we found no studies including waist
circumference as a risk factor in a CVD population.

In addition, physical activity is measured in several ways in CVD research. Mostly
it includes measures to assess body position like a standing occupation or a general
physical activity questionnaire to assess daily or regular physical activity in gener-
al.?2" However, physical activity in CVD should be focused on the functioning of the
calf muscle pump. Direct measurements such as plethysmography to assess the calf
muscle pump function are expensive and time-consuming to use in daily practice.
Easy to use and inexpensive measurements can include time spent walking and
measuring the Range Of Ankle Motion (ROAM) as walking and ROAM correlate well
with the calf muscle pump function and CVD severity.?>?

The aim of this study is therefore to assess the association of waist circumference

and calf muscle pump related physical activity with the progression of CVD.
Materials and Methods

Study design

This cross-sectional study was conducted in The Netherlands. Patients were re-
cruited in secondary care through six dermatologists, two vascular surgeons and
two specialised wound care nurses, and in primary care through two general prac-
titioners and two home care organisations specialised in wound care. Patients were
also recruited from the general population through convenience sampling, flyers in
healthcare institutions and research invitations in local newspapers.

Participants

Patients >40 years old with clinical signs (C-classification)? of varicose veins (C2),
oedema (C3), skin changes (C4) and (healed) venous leg ulcers (C5-Cé) were in-
cluded in the study. We included patients with a first venous leg ulcer only in case
of CVD C5-Cé. We excluded patients with permanent immobility, and patients who

were unable to understand and sign the informed consent.

Data collection
Data were collected between November 2018 and February 2020. The researcher

101

3ISV3ISIA SNONIA DINOYHD HLIM SINIILVd NI SYOLOVH MSIY



CHAPTER FIVE

AM performed all measurements for each patient according to a study protocol
and registered the outcomes in a Case Report Form. Patients visited the location of
their health care provider or one of the study locations close to them for the meas-

urements and to fill out a questionnaire.

Measurements

The following outcomes were measured: weight, height (to calculate Body Mass
Index), waist circumference with a measuring tape, blood pressure, Ankle Brachial
Pressure Index (ABPI), and Range Of Motion (ROM) of the ankle using a goniome-
ter. Dorsal flexion and plantar flexion of the ankle were measured in a supine non-
weight baring position. Active ROM was measured according to the neutral-0-meth-
od. Duplex Ultrasound was used to diagnose deep or superficial (truncal) venous
insufficiency in each patient. Patients wore an accelerometer (ActiGraph wGT3X-
BT) at the waist for 7 executive days to retrieve prospective data on the number
of steps per day. The following outcomes were collected using a questionnaire:
patient characteristics (age, gender, clinical classification of CVD, education, throm-
bosis, family history of VV and VLU, smoking, alcohol, and the source of recruit-
ment), medication use, comorbidities, occupation they had the longest (to include
a standing occupation), reduced physical activity in the past (with reason), and a
Visual Analog Score (1-10) for physical activity before and after a change in physical
activity in the past. Multimorbidity was defined as two or more chronic diseases in
addition to the CVD including other cardiovascular diseases, diabetes, skeletal- and

joint diseases, lung diseases, and neurological diseases among others.

Data analysis

Data were analysed using IBM SPSS statistics version 25. Continuous variables are
presented as mean and standard deviations or median and interquartile range
when the variable was not normally distributed. The median of the number of steps
and ROAM of the total study population was used to create two equal groups and
include a possible cut-off value. Categorical variables are presented as the num-
ber of patients and percentages. Differences between patients with C2 and C3-Cé
were calculated using T-tests and Mann-Whitney U-test (when assumptions were
violated) for continuous data and Chi-square test for categorical data. Eventually,
univariable and multivariable logistic regression was performed. Abdominal obesity
was included in the logistic regression analysis instead of BMI because abdominal
obesity plays a role in venous return to the heart.'® Multivariable logistic regression
analysis was performed using a step-wise enter method in the multivariable model
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including the risk factors that reached a significance of p<0.10 in the univariable
logistic regression analysis. Statistical significance for all other analysis was set at
p<0.05. Risk factors that did not reach significance in the model were excluded
from the model because of the small sample size. Age and hypertension were

forced in the model because they are known risk factors for the progression of CVD.

Ethics

The study protocol was submitted to the Medical Research Ethics Committee
(MREC) of the University Medical Centre (UMC) Utrecht (registration number 17-
670/C). The MREC declared that the “Medical Research Involving Human Subjects
Act” (WMO) does not apply to this study and official approval of the MREC UMC
Utrecht is not required under the WMO. All participants signed a written consent

prior to participation.
Results

A total of 74 patients were included in the study. Data of four CVD C2 patients (two
males and two females) on one questionnaire and the measurements were lost due
to a technical error in the case report forms. The four patients were contacted and
asked to fill out the questionnaire again. Repeating the measurements was not pos-
sible due to the COVID-19 outbreak. Two patients returned the questionnaire. In
addition, the accelerometers were not returned for six patients and therefore data
is missing on the average number of steps per day. This explains the variation in the

total number of patients of the results.

Patient characteristics

The patient characteristics are shown in Table 1. The study population consisted of
predominantly female patients (64%). The mean age was 68.5 years (SD 10.6). The
majority of the patients had overweight (BMI=25). Of all patients 50% had a cur-
rent venous insufficiency in the truncal veins and again 50% had a bilateral venous
insufficiency. Almost 20% of the patients had a venous thrombosis (in the past) and
most patients had a family history of varicose veins. Smoking and heavy drinking
occurred in 47% and 25% of the patients, respectively. Most patients were recruited
from the general population and secondary care. No significant differences of the
patient characteristics between C2 and C3-Cé patients were found accept for BMI.
BMI was significantly higher in C3-Cé patients compared to C2 patients with a BMI
of 30 and 26, respectively.
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Characteristic Total (N=72) C2(N=29) C3-C6 (N=43)
Age (mean, sd) (N=74) 68.5 (10.6) 66.1(10.1) 70.1 (10.8)
Gender (% female) (N=74) 47 (64%) 20 (65%) 27 (62%)
Education

Low (primary school) 28 (39%) 12 (41%) 25 (64%)
Medium (intermediate vocational education) 33 (47%) 14 (48%) 8 (21%)
High (higher vocational education/university) 9 (13%) 3 (10%) 6 (15%)
BMI (mean, sd) 29.3(8.8) 26.4 (3.5) 30.0 (5.9)*
Clinical classification (N=74)

C2: Varicose Veins 31 (42%) - -

C3: Oedema 18 (24%) - -

C4: Skin changes 6 (8%) - -

C5: Closed venous leg ulcer 9 (12%) - -

Cé: Active venous leg ulcer 10 (14%) - -

Venous insufficiency in the truncal veins

(N=70)

Current insufficiency in the truncal veins 35 (50%) 10 (36%) 25 (60%)
No insufficiency in the truncal veins 14 (20%) 8 (29%) 6 (14%)
Insufficiency in the past (treated) 21 (30%) 10 (36%) 11 (26%)
Bilateral chronic venous disease (N=70) 35 (50%) 14 (50%) 42 (50%)
Thrombosis 14 (19%) 6 (20%) 8 (19%)
Family history of varicose veins 54 (77)% 25 (86%) 28 (70%)
Family history of venous leg ulcers 14 (19%) 7 (24%) 6 (15%)
Smoker (current or in the past) 34 (47%) 14 (47%) 20 (48%)
Alcohol heavy drinker 18 (25%) 7 (23%) 11 (26%)
Recruited from (N=74)

General population 34 (46%) 22 (71%) 12 (28%)
Primary care 5 (7%) 0 (0%) 5(12%)
Secondary care 35 (47%) 9 (29%) 26 (61%)

Table 1: Patient characteristics

*significantly different in T-test. Sd=standard deviation, N=number of patients.
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Classifying obesity using BMI and waist circumference

Classifying obesity using BMI cut-off values (BMI=30) resulted in a different classifi-
cation of 19% of the CVD patients with abdominal obesity according to their waist
circumference (male 2102cm, female =88cm) (see Figure 1). Four patients with nor-
mal weight according to their BMI had overweight (N=2) and obesity (N=2) accord-
ing to their waist circumference. Ten patients who were overweight according to

their BMI had abdominal obesity according to their waist circumference.

Classification of obesity

m Normal weight (BMI<25) m Overall overweight (BMI1>25) Overall obesity (BM1230)

N
w

M
o

-
o

Number of patients
=
w1

o u;

Normal weight Abdominal overweight Abdominal obesity

Waist circumference

Figure 1: Differences in the classification of obesity using Body Mass Index and Waist Circumference

Differences in possible risk factors in CVD patients

Table 2 shows the differences in the possible risk factors for CVD patients with C2
compared to CVD C3-Cé. No significant differences were found between the CVD
C2 and CVD C3-Cé patients for type of occupation, reduced physical activity, the
ROAM: plantar flexion, visual analogue score for physical activity and foot disorders
and/or orthopaedic insoles or shoes. Multimorbidity occurred in the majority of the
CVD patients but did not differ between the groups.

The visual analogue score for physical activity is significantly different when com-
paring the score before and after an event had occurred in the total study popula-
tion. The median score of 8 before the event dropped to a median score of 7 after
the event. Events that led to the reduction in PA were sustained trauma, comor-
bidity, or retirement. However, in some cases retirement had led to an increase in
physical activity (results not shown).

Significant differences between C2 and C3-Cé patients were found for (abdom-
inal) obesity, personal history of hypertension, less than 6000 steps per day, and
the ROAM: dorsal flexion. The majority of patients with CVD C3-Cé has abdominal
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obesity compared to a minority of patients with CVD C2. These results are similar
but not an exact match with overall obesity (BMI). Personal history of hypertension
occurred more often in CVD C3-Cé patients compared to C2 patients. Of the CVD
C3-Cé6 patients 64% walked less than 6000 steps per day compared to 31% in CVD
C2 patients. Finally, the dorsal flexion of the ankle was more often reduced in pa-
tients with CVD C3-Cé compared to patients with C2.

Abdominal obesity and reduced ankle mobility as risk factors for CVD progres-
sion

A personal history of hypertension, abdominal obesity, less than 6000 steps per
day, and reduced ROAM: dorsal flexion significantly increased the odds of having

Possible risk factor C2 N=29 (100%) C3-6 N=43 (100%)

Waist circumference

Male (median, IQR) (N=25) 101 (97-107) 101 (97-110)

Female (median, IQR) (N=45) 83 (73-91) 93 (85-102)*
Abdominal obesity (N=70) 9 (32%) 29 (69%)*
Overall obesity 5(17%) 21 (50%)*
Personal history of hypertension 6 (20%) 19 (45%)*
Multimorbidity (excl. CVD) 18 (60%) 32 (76%)

Physical activity

Standing occupation or heavy work 5017%) 12 (28%)
Reduced physical activity total 13 (45%) 26 (60%)
Reduced physical activity =5 years 3(10)% 10 (23%)
VAS PA before event that impacted PA 8 (7-9) 8 (8-8)
(median, IQR)

VAS PA after event that impacted PA 7 (6-8) 7 (6-8)

(median, IQR)

Number of steps a day <6000 (N=68) 9 (31%) 25 (64%)*
ROAM plantar flexion <30° (N=70) 12 (43%) 26 (62%)
ROAM dorsal flexion <10° (N=70) 6 (21%) 27 (64%)*
Foot disorders or orthopaedic shoes/insoles 12 (40%) 25 (60%)

Table 2: Differences in possible risk factors between patients with C2, C3 and C4-C6 Chronic Venous Disease.
N=number of patients, IQR = Inter Quartile Range, CVD = Chronic Venous Disease, VAS = Visual
Analog Score, ROAM = Range Of Ankle Motion. *significantly different between C2 and C3-Cé

patients in T-test, Mann-Whitney U-test, or chi-square test (P<0.05).
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Risk factors C2 (%) C3-C6 (%) OR (95% Cl) p-value

Age (N=74) (mean, sd) 66.1(10.1) 70.1(10.8)  1.036 0.133
(0.989-1.084)

Personal history of 20% 45% 3.304 0.030*

hypertension (N=72) (1.121-9.744)

Abdominal obesity (N=70)  32% 69% 4.709 0.003*
(1.685-13.166)

Average number of steps 31% 64% 3.968 0.008*

per day <6000 (N=68) (1.426-11.040)

Range of ankle motion: 21% 64% 6.600 0.001*

Dorsal flexion <10° (N=70) (2.194 -19.857)

Table 3: Univariable Logistic Regression analysis of possible risk factors for the progression of CVD
from C2 to C3-Cé.

N=Number of patients, sd=standard deviation

Risk factor model (N=70) Odds Ratio (95% ClI) p-value
Personal history of hypertension 3.232 (0.927-3.232) 0.066

Abdominal obesity 3.928 (1.252-12.326) 0.019*
Range of ankle motion: Dorsal flexion <10° 5.910 (1.800-19.402) 0.003*

Table 4: Multivariable logistic regression analysis of obesity and mobility as risk factors for the
progression of CVD from C2 to C3-Cé

*significant P-value, OR=0dds Ratio, Cl= Confidence Interval
Multivariable model: R squared Hosmer and Lemeshow test = 0.986, Nagelkerke R squared =
0.375, Model chi-squared= 22.733, p<0.001vvwv

CVD C3-Cé in univariable logistic regression analysis (See table 3). Stepwise multi-
variable logistic regression analyses showed that abdominal obesity (OR 3.8, 95%
Cl: 1.2-12.0) and reduced dorsal flexion of the ankle (OR 7.9, 95% Cl: 1.8-35.2) were
independently associated with more severe CVD (C3-C6) (See Table 4). The effect
remained the same with or without adjusting for age. Less than 6000 steps per day
did not reach significance (p>0.05) in the stepwise approach when abdominal obe-

sity was in the model (results not shown).

Duration of obesity and reduced physical activity
Of the patients with a reduced ROAM: dorsal flexion (<10 °, N=33) 88% had ex-
perienced an event which led to a reduction in physical activity at least 5 years i.e.

trauma of the legs, use of walking aids, foot problems or a standing occupation (see
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Table 5). This was significantly lower in patients with a larger ROAM: dorsal flexion
(<10°, N=37) with 68% experiencing an event that led to a reduction in physical
activity for at least 5 years. Of the patients with obesity according to BMI (N=34),
87% was obese for at least five years before the measurements (calculated using

the patients’ self-reported weight of 5 years ago).

Reduced physical activity Dorsal <10°N=33 (100%) Dorsal >10" N=37 (100%)
Trauma on the legs in the past 21 (63.6%) 17 (45.9%)

Less physical activity for at least 5 years 10 (30.3%) 2 (5.4%)*

Walking aids 5(15.2%) 0 (0.0%)*

Foot problems or orthopaedic aids 20 (60.6%) 16 (43.2%)

Standing occupation or heavy work 11 (33.3%) 5 (13.5%)*

Any of the above 29 (87.9%) 25 (67.6%)*

Table 5: Reduced physical activity in the past
Discussion

In this study we aimed to identify the relationship of abdominal obesity and physi-
cal activity with the progression of CVD. The study showed that abdominal obesity
and an active dorsal flexion of <10” of the ankle (measured in a supine non-weight
baring position) are significantly associated with more severe CVD (C3-Cé).

This is in line with the San Diego Population study which also found an associa-
tion of waist circumference with CVD.?” The San Diego population study compared
people with no CVD to people with severe CVD (C4-Cé). A 10 centimetre increase
in waist circumference was associated with an OR of 1.37 (95% ClI: 1.15-1.63) for
men and an OR of 1.24 (95% CI: 1.11-1.39) for women for severe CVD. Similar re-
sults were also found for the dorsiflexion of the ankle. In a case-control study com-
paring CVD patients with and without ulceration a significant difference (P<0.001)
was found in the ROAM dorsiflexion of an average of 13° (sd 5.0) in the cases (C5-
Cé6) compared to 17° (SD 5.3) in the control population (C2-C4).2¢ The case-control
study also showed that the RAOM dorsal flexion was slightly lower in patients with
active compared to healed VLU. However, both the ROAM dorsal flexion of active
and healed VLU were significantly different from the controls (p<0.05). In our study
population the mean ROAM dorsiflexion was 12° (sd 4.3) in patients with C2 and
only 9° (sd 5.7) (P=0.021) in patients with C3-Cé which is lower compared to the
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study of Robertson (2009).22 An explanation for this difference can be the age of
the study population which was 60 years and 64 years respectively for the controls
and cases in the study of Robbertson (2009) compared to 66 years and 70 years for
the C2 and C3-Cé6 patients in our study. Increasing age is known to have a negative
influence on the range of motion of the ankle.?”" In contrast to the study of Rob-
bertson (2009) we did not exclude patients with peripheral arterial disease. Periph-
eral arterial disease is known to reduce the range of ankle motion.3233 This might
be another explanation for the lower degree of ankle range of motion in our study.

The study population consisted of mostly older patients and the majority of the
patients was obese. Increasing age and obesity can reduce the range of motion of
the ankle.3*% A study including CVD patients showed a negative correlation be-
tween BMI and range of motion of the ankle.*¢ Age and obesity can therefore influ-
ence the association of ROAM dorsal flexion with CVD. However, the multivariable
analysis adjusted for both age and abdominal obesity showing that reduced ROAM
dorsal flexion alone is associated with more severe CVD. In addition, the ROAM
dorsal flexion might serve as a risk factor for the progression of CVD. The higher
age and high prevalence of obesity in the study population might have led to a
prolonged reduction in their ROAM before the development of more severe CVD.
Furthermore, the majority of the patients had a reduction in physical activity in the
past that might also lead to a reduced ROAM. Moreover, reduced ROAM as a cause
or an effect of more severe CVD should in both cases be treated to increase the calf
muscle pump function.?**" In clinical practice the ROAM dorsal flexion should be
measured in all patients with CVD C2-Cé to be able to diagnose and treat reduced
ROAM dorsal flexion <10°. Using goniometry to measure the range of motion of the
ankle is cheap and easy and can therefore be easily implemented in clinical prac-
tice. Healthcare professionals should also be aware of increasing age, obesity and
any reductions in physical activity in patients with CVD that might lead to a reduced
ROAM dorsal flexion. This should lead to timely treatment to improve ROAM and
therefore calf muscle function in CVD patients.

Causality cannot be measured in a cross-sectional study. However, we can as-
sume that abdominal obesity is a risk factor in the development of more severe
CVD. The vast majority of the patients with abdominal obesity were obese for at
least five years before they were included in the study. It is therefore likely that
abdominal obesity is a risk factor for the development of more severe CVD. This is
also in line with the Bonn Vein Study*® and the Edinburgh Vein Study®’ which pro-
spectively showed that increased BMI is a risk factor for the progression of CVD.

Besides obesity as a risk factor for CVD, it can also impact the treatment outcomes
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of CVD patients in truncal varicose vein removal. CVD patients with obesity treat-
ed for their truncal varicose veins showed significantly less improvement in clinical
severity score and quality of life when compared to non-obese CVD patients.*
In addition, obesity itself can lead to signs and symptoms of CVD without major
abnormalities in the venous system.*' Furthermore, waist circumference is inverse-
ly correlated with venous haemodynamic. Venous outflow in obese compared to
non-obese patients is reduced leading to an increased risk for venous thrombosis
and venous insufficiency.*?* This suggests that CVD can also be a complication of
obesity. Whether abdominal obesity is a risk factor for CVD or a result of CVD, it
should always be measured, followed-up and treated with weight loss interventions
in clinical practice.

This study also shows the differences in classification of obesity between BMI and
waist circumference. It shows that abdominal obesity (waist circumference) is more
prevalent in our study population compared to obesity of total body fat (BMI). This
indicates the importance of measuring waist circumference in all patients with CVD
in addition to BMI.* It also confirms that CVD should be acknowledged as one of
the cardiovascular diseases in which abdominal obesity is a risk factor. This means
weight loss interventions for CVD patients with abdominal obesity should be stand-
ard care similar to other chronic (cardiovascular) diseases like hypertension, high

cholesterol, and diabetes mellitus.*

Strengths and limitations

This studly is the first to assess the relation of abdominal obesity with the progres-
sion of CVD in patients with CVD. The study included a small sample that might not
be a good representation of the total CVD population. However, the patient char-
acteristics are comparable to those of the larger CVD population with overall older
patients, mostly female patients except in the more severe CVD categories, and a
high percentage of obesity and comorbidity (references Bonn veins study, VCP).
The small sample could also lead to problems performing a multivariable logistic
regression. Keeping in mind the minimum of ten events per variable (Peduzzi, 1996)
we would be able to include only two variables in the model. We therefore aimed
at the most important lifestyle factors waist circumference and physical activity. We
also performed a sensitivity analysis removing age and hypertension from the mod-
el, and it showed no significant differences in the association of abdominal obesity
and dorsal flexion of the ankle with more severe CVD.
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Conclusion

Abdominal obesity and a ROAM dorsal flexion <10° are associated with more se-
vere CVD C3-6 compared to CVD C2. Both abdominal obesity and ROAM dorsal
flexion <10° were likely to be present for over five years which suggests that they
are risk factors for the progression of CVD. Measuring waist circumference and
ROAM dorsal flexion should be integrated in CVD care. This should lead to timely
weight loss interventions and interventions improving ROAM dorsal flexion in CVD

patients to improve their venous function.
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CHAPTER SIX

EXPLORING PHYSICAL ACTIVITY LEVELS IN PATIENTS
WITH CHRONIC VENOUS DISEASE






SUMMARY

Introduction: Chronic venous disease (CVD) is a common pathology of the circulatory system
and highly prevalent in the older population. One of the risk factors for the progression of
CVD is physical inactivity. Signs and symptoms of CVD like ankle oedema, lower leg pain and
venous leg ulcers can lead to a reduction in Physical Activity (PA) due to swelling and pain.
The aim of this study is to investigate the PA levels of CVD patients with mild to severe CVD
and to compare the results with the PA recommendations of the World Health Organisation
(WHO).

Methods: A cross-sectional study was conducted on 74 CVD patients with varicose veins,
oedema, skin changes or venous leg ulceration. PA was measured using a standardised ques-
tionnaire and accelerometers. Sedentary behaviour, light PA and Moderate to Vigorous PA
was calculated using Freedson 2011 cut-offs.

Results: Patients had a mean age of 68.5 +10.4 and were predominantly female (66%), 60%
had multimorbidity. Only 34% of the patients met the WHO PA recommendations and 39%
of the patients reported walking for 30 minutes on 5 days per week. The accelerometer data
showed that 73% of the patients did not engage in an executive of 30 minute MVPA, patients
had a median of 85 minutes (Inter Quartile Range [IQR] 21-158) of MVPA in bouts of 10
minutes, and a median of 6 hours (IQR 4.3-7.5) of sedentary behaviour per day. The median
number of steps differed significantly between patients with mild and moderate to severe
CVD with a difference of 29% (7747 [IQR 5858-9604] vs. 5536 [IQR 4510-8438]).

Conclusion: PA in CVD patients is insufficient and should be treated in CVD healthcare to
improve venous outflow and optimise the calf muscle pump function to aim at delaying the
onset of more severe CVD. Further research is necessary to investigate the effect of increas-

ing PA levels in CVD patients on disease progression.

As submitted
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CHAPTER SIX

Exploring physical activity levels in patients with chronic
venous disease

Introduction

Chronic venous disease (CVD) is a common pathology of the circulatory system and
highly prevalent in the older population. CVD is caused by chronic venous insuffi-
ciency or venous thrombosis and characterised by signs including varicose veins,
venous oedema, skin changes and a venous leg ulcer. CVD occurs in about 40%
of the Western population.'? As the severity of CVD increases the prevalence de-
creases. A (healed) venous leg ulcer is present in approximately 1% of the general
population.® However, the severity of CVD is related to significantly lower general
and disease specific quality of life.**

The main risk factors for the progression of CVD are age, family history, over-
weight, and physical inactivity.® Furthermore, signs and symptoms of CVD like ankle
oedema, lower leg pain and venous leg ulcers can lead to a reduction in Physical
Activity (PA) due to swelling and pain.” This results in a vicious cycle of physical
inactivity and CVD severity, therefore, PA is a risk factor and a consequence of CVD
at the same time. This implies the need for PA assessment and treatment in all
stages of CVD.

PA is shown to increase venous function by using the calf muscle pump to re-
turn venous blood to the heart.’®"" However, in patients with mild to severe CVD
there is an increase in ambulatory venous pressure due to venous insufficiency in
returning venous blood to the heart (varicose veins or venous thrombosis). A pro-
longed increase in ambulatory venous pressure leads to the deterioration of CVD,
even with an optimal calf muscle pump.'? Therefore, treatment of insufficient veins,
venous obstruction and ambulatory compression therapy are the corner stones of
CVD management to restore venous function.'?'® In addition, when a venous leg
ulcer occurs increasing PA in combination with compression therapy has shown to
improve ambulatory venous function and wound healing.>'*'> However, studies on
PA interventions in earlier stages of CVD are scarce.'®'” Guidelines for PA in CVD
patients are therefore limited to the advice of walking and calf muscle exercises.™

The World Health Organisation (WHO) has developed general recommendations
for PA for a healthy lifestyle and prevention of non-communicable diseases.' For
adults these recommendations include at least 150 minutes of moderate- to vigor-
ous-intensity aerobic PA throughout the week in combination with muscle-strength-

ening activities on two or more days per week. The aerobic activity should be per-
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formed in bouts of at least 10 minutes. Furthermore, a recommendation to engage
in balance exercises on at least three days per week is added for older adults with
poor mobility.

Because CVD is a non-communicable disease, the WHO guideline would be suit-
able for CVD patients. However, to our knowledge there is no study that investi-
gates PA levels in a CVD population and whether these patients achieve the WHO
recommendations for PA.

Therefore, the aim of this study is to investigate the PA levels of CVD patients
with mild to severe CVD and to compare the results with the PA guidelines of the
WHO.

Methods

Study design

A cross-sectional study was conducted on 74 patients with CVD. Patients were re-
cruited from primary and secondary care in the Netherlands. Patients were also
recruited from the general population through convenience sampling and research
invitations in local newspapers. Data were collected between November 2018 and
February 2020. The researcher AM performed all measurements for each patient
according to a study protocol and registered the outcomes in a Case Report Form
(CRF). Patients visited the location of their health care provider (HCP) or one of the
study locations close to them for the measurements.

Participants

Patients( >40 years old) with clinical signs (C-classification, Lurie, 2020) of varicose
veins (C2), oedema (C3), skin changes (C4) and (healed) venous leg ulcers (C5-
Cé) were included in the study. CVD patients with no clinical signs (CO) and only
reticular veins (C1) were excluded because these patients have no signs of venous
insufficiency (yet). CVD patients with clinical signs C2-Cé mostly experience one
or more of the symptoms that might influence their PA or will have progressed to
more severe clinical signs because of reduced PA. In case of CVD C5-C6, patients
with a first venous leg ulcer were included. Patients with permanent immobility,
and patients who were unable to understand and sign the informed consent were

excluded.

Patient characteristics

Patient characteristics were measured using a questionnaire including: age, gender,
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clinical classification of CVD, education, personal history of thrombosis, the source
of recruitment, multimorbidity, use of walking aids, changes in PA in the past and
a score on a visual analogue scale (1-10) for PA after a change in PA in the past.
Multimorbidity was defined as two or more chronic diseases in addition to the CVD
including, among others, other cardiovascular diseases, diabetes, joint diseases,
lung diseases, and neurological diseases. The following additional patient charac-
teristics were measured: weight and height (to calculate Body Mass Index), waist
circumference with a flexible metric measuring tape (at the midpoint between the
lower rib margin and the top of the iliac crest). Duplex Ultrasound was used to di-

agnose deep or superficial (truncal) venous insufficiency in each patient.

Physical activity measurement

PA was measured using accelerometers (WGT3X, Actigraph LLC, Pensacola, FL,
USA) for the objective measurement of physical activity and sedentary behaviour.
Patients were instructed to wear the accelerometer at the waist for seven executive
days. Measurement of over twelve hours per day on at least three days were used
in the analysis. Each minute of activity was categorised using the following intensity
threshold values of accelerometer counts per minute (CPM) of the 3-axis of the
accelerometer (vector magnitude): sedentary behaviour (<200 vector magnitude
CPM in bouts of 30 minutes), light PA (200-2689 vector magnitude CPM in bouts of
10 minutes), and moderate to vigorous PA (>2689 vector magnitude CPM in bouts
of 10 minutes).” Self-reported PA with a standardised questionnaire is shown to
correlate with objective accelerometer data on PA.2° We therefore used a combi-
nation of objective and subjective measurements of PA to gain insight into short
(7-days of accelerometer data) and long-term (questionnaire on PA in the past six
months) PA including water sports that cannot be measured with the accelerome-
ters.?! Subjective assessment of PA was measured using a standardised question-
naire for the Dutch Health Monitor developed by the National Institute for Public
Health and the Environment.?? This questionnaire includes: PA from and to work, PA

at work, domestic activities, sports and leisure PA (including walking and bicycling).

Data analysis

Data were analysed using IBM SPSS statistics version 25 (IBM SPSS Statistics for
Windows, Chicago, IL, USA) and Actilife 6 version 6.13.4. Freedson Adult Vector
Magnitude (3-axis) 2011" was used to calculate the CPM of sedentary behaviour,
light PA and moderate-to-vigorous PA (MVPA). Using the valid measurement days,
daily averages for all PA measurements were calculated. In addition, a week aver-
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age for MVPA was calculated. Continuous variables were presented as mean and
standard deviations or median and interquartile range when the variable was not
normally distributed. Categorical variables were presented as the number of pa-
tients and percentages. Meeting the physical activity recommendations was cal-
culated and middle-aged (40-64 years) patients were compared to elderly patients
(65 years and older). For all PA data patients with mild CVD (C2) were compared
to patients with moderate to severe CVD (C3-C6). Between groups differences of
categorical variables were calculated using Chi-Squared test. Between groups dif-
ferences of continuous variables were calculated using independent sample T-tests
for normally distributed data and Mann-Whitney U-tests for abnormally distribut-
ed data. Correlations between variables were calculated using Spearman’s Rho for

abnormally distributed continuous data. Statistical significance was set at p<0.05.

Ethics

The study protocol was submitted to the Medical Research Ethics Committee
(MREC) of the University Medical Centre (UMC) Utrecht (registration number 17-
670/C). The MREC declared that the “Medical Research Involving Human Subjects
Act” (WMO) does not apply to this study and official approval of the MREC UMC
Utrecht is not required under the WMO. All participants signed a written consent
prior to participation. The study was performed according to the Declaration of
Helsinki.

Results

A total of 74 patients were included in this study. Data of four CVD C2 patients (two
males and two females) were lost due to a technical error in the case report forms.
The four patients were contacted and asked to fill out the questionnaire again. Two
patients returned the questionnaire and accelerometer data were available off all
four patients. In addition, the accelerometers were not returned by six patients and
three patients did not wear the accelerometer for a minimum of 12 hours on at least
three days. This explains the variation in the total number of patients of the results.

The study included mostly older patients with a mean age of 68.5 £10.6 years
(Table 1). The majority of the patients were female (64%), overweight or obese
(75%), and had two or more comorbidities (69%). Half of the patients had a current
insufficiency in one of the truncal veins and 19% had a personal history of throm-
bosis. Seven percent of the CVD patients used walking aids and 55% experienced

an event in the past that led to a reduction in their PA. Patients scored their PA a
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Variable

Patients with
questionnaire

Patients with
accelerometer

data (N=72) data (N=63)*
Age (mean, SD) 68.5(10.6) 68.5(10.4)
Gender (female) 46 (64%) 40 (66%)
Body Mass Index (kg/m2, mean, SD) 29.3(8.8) 28.2 (5.0)
Normal weight (<25) 18 (25%) 15 (24%)
Overweight (25-30) 28 (39%) 27 (43%)
Obesity (>30) 26 (36%) 19 (30%)
Clinical classification
C2: Varicose Veins 31 (42%) 28 (44%
C3: Oedema 18 (24%) 14 (22%)
C4: Skin changes 6 (8%) 6 (10%)
C5: Closed venous leg ulcer 9 (12%) 7 (11%)
Cé: Active venous leg ulcer 10 (14%) 8 (13%)
Venous insufficiency in the truncal veins (N=70)
Current insufficiency in the truncal veins 35 (50%) 30 (49%)
No insufficiency in the truncal veins 14 (20%) 12 (20%)
Insufficiency treated in the past 21 (30%) 19 (31%)
Bilateral chronic venous disease (N=70) 35 (50%)
Thrombosis 14 (19%) 12 (20%)
Recruited from
General population 34 (46%) 29 (46%)
Primary care 5 (7%) 4 (6%)
Secondary care 35 (47%) 30 (48%)
Walking aids 5 (7%) 4 (7%)
Current VAS-score for physical activity (median, IQR) 7 (5-8) 7 (5-8)
Experienced an event that led to reduced physical activity 39 (55%) 34 (56%)
Multimorbidity (=2 comorbidities excl. CVD) (%) 50 (69%) 44 (70%)

Table 1: Patient characteristics

CVD=Chronic Venous Disease.

Abbreviations: SD=standard deviation, IQR=interquartile range, VAS=Visual Analogue Score,

*Data on BMI measurement and venous insufficiency in the truncal veins were not available off the

two patients who did not return the questionnaire for these characteristics N=61.

median of 7 out of 10 on a VAS. From the patient characteristics only BMI differed

significantly between mild and moderate to severe CVD patients (26.5 +3.5 kg/m2

in mild CVD patients compared to 29.7 £5.6 kg/m2 in moderate to severe CVD

patients, p=0.011).
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Physical activity recommendation 40-64 year 65-90 year

(N=24) (N=48)
Meets the guideline for PA: 150 minutes of MVPA 12 (50.0%) 15 (31.3%)
Meets the guideline for PA: 150 minutes MVPA including 9 (37.5%) 15 (31.3%)
muscle strengthening activities
Muscle strengthening activities 8 (33.3%) 29 (60.4%)
Sports at least 2x per week 7 (29.2%) 18 (37.5%)
Balance exercises 2 (8.3%) 7 (14.6%)

Table 2: Physical activity from the health monitor questionnaire in different age groups

Abbreviations: MVPA=Moderate to Vigorous Physical Activity

o . All patients Mild cyp ~ ioderate
Physical activity recommendation (N=72) (N=30) to severe
B B CVD (N=42)

Meets the guideline for PA: 150 minutes of MVPA 27 (38.0%) 14(48.3%) 13 (31.0%)

Meets the guideline for PA: 150 minutes including 24 (33.8%) 13 (44.8%) 11 (26.2%)
muscle and bone strengthening exercises

Muscle strengthening activities 37 (52.1%) 16 (55.2%) 21 (50.0%)
Muscle strengthening activities (sports) at least 2x 25 (35%) 11 (37%) 14 (34%)
per week

Balance exercises 9(12.7%) 7 (24.1%) 2 (4.8%)*
A 30 minute walk on at least 5 days per week 28 (39.4%) 12 (40.0%) 16 (39.0%)
Reported no walking per week 11 (15.3%) 4(13.3%) 7 (16.7%)

Table 3: Physical activity data from questionnaire for mild and moderate to severe chronic venous
disease

Abbreviations: CVD=Crhonic Venous Disease, MVPA=Moderate to Vigorous Physical Activity
*significantly different in Chi-Square test (p<0.05)

of the middle-aged patients reached the 150 minutes of MVPA in a week according
to the health monitor questionnaire. For the elderly patients this was only 31.3%
but they had higher percentages of muscle strengthening activities (60.4% com-
pared to 33.3% in middle-aged patients). The percentage of patients performing
balance exercises were very low in both age groups with only 8.3% and 14.6% of
the middle aged and elderly patients (Table 2).

The minority of the patients reached the PA recommendations (<45%) except
for the muscle strengthening activities which was performed at least once a week
by 50-55% of the CVD patients. No significant differences were found between
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reaching the physical activity recommendations in mild CVD patients compared to
moderate to severe CVD patients (Table 3). Furthermore, 15% of the CVD patients
did not perform weekly walks and only 39% walked at least 30 minutes on at least
five days per week.

The data from the accelerometers (Table 4) showed similar results to the ques-
tionnaire with 30.2% (compared to 38.0%) of the CVD patients reaching the 150
minute MVPA guideline. However, 55.6% of the CVD patients did engage in any
light PA or MVPA for 30 minutes or more on at least five days in the past week.
For MVPA only, the majority of the patients (72.6%) did not engage in any MVPA
for 30 minutes or more in the past week. Overall, the patients with moderate
to severe CVD scored slightly worse compared to the mild CVD patients who
engaged in more (extensive) MVPA. However, this difference was not statistically
significant.

The median number of steps per day was significantly lower (p<0.05) in pa-
tients with moderate to severe CVD, compared to mild CVD patients (7747
[5858-9604] vs. 5536 [4510-8438]). There was a 29% difference in the median
number of steps between the groups. Mild CVD patients engaged significant-
ly longer in light PA per bout but it differed only by 2 minutes (18 minutes
compared to 16 minutes per bout). Overall, moderate to severe CVD patients
scored slightly worse compared to the mild CVD patients with an hour more
sedentary behaviour per day, 10 minutes less light PA per day and 61 minutes
less MVPA per week (9 minutes less per day). However, these findings were not

statistically significant.

All patients Mild CVD Moderate to

Accelerometer variable severe CVD
(N=63) (N=28) (N=35)

150 minutes MVPA in bouts of 10 minutes 19 (30.2%) 11 (39.3%) 8 (22.9%)

No physical activity of 10 executive minutes 13 (20.6%) 4 (14.3%) 9 (25.7%)

of MVPA

No physical activity of 30 executive minutes 45 (72.6%) 18 (64.3%) 27 (79.4%)

of MVPA

At least 5 days of at least 30 minutes 28 (55.6%) 13 (53.6%) 15 (57.1%)

executive light or moderate to vigorous
physical activity

Table 4: Physical activity data from accelerometers for mild and moderate to severe chronic venous disease

*MVPA = Moderate to Vigorous Physical Activity
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Moderate to

Accelerometer variable All patients (N=63)  Mild CVD (N=28) severe CVD

(Median, IQR) (Median, IQR) (N=35)
(Median, IQR)

Steps per day 6427 7747 5536
(4989-8834) (5858-9604) (4510-8438)*

Sedentary behaviour

Hours per day 6.0 (4.3-7.5) 5.5(3.9-7.1) 6.5 (4.7-7.6)

Minutes per 30 minute bout 53.6 (46.7-60.8) 50 (44-60) 56 (48-62)

Number of 30 minute bouts 6.7 (5.0-8.4) 6.0 (5-8) 7.0 (5-8)

per day

Light Physical Activity

Minutes per day 245 (192-331) 254 (190-290) 244 (192-340)

Minutes per 10 minute bout 17.2 (16.1-19.8) 16.2 (15-18) 17.8 (17-21)*

Number of 10 minute bouts 13.6 (11.1-17.5) 14.7 (12-18) 13.3(11-17)

per day

Moderate to vigorous

Physical Activity

Minutes per week in 10 85 (21-158) 115 (35-180) 56 (13-142)

minute bouts

Minutes per day in 10 min 12 (3-23) 16.6 (5-25) 8.0 (2-20)

bouts

Minutes per 10 minute bout 13.0(10.4-18.8) 13.4 (11-20) 12.8 (3-19)

Number of 10 minute bouts 0.71(0.2-1.3) 0.86 (0.4-1.6) 0.50(0.1-1.3)

per day

Table 5: Physical activity data on sedentary behaviour, light and moderate to vigorous physical
activity for uncomplicated and complicated chronic venous disease
Abbreviations: CVD=Chronic Venous Disease, IQR = inter quartile range.

*significantly different (p<0.05) in Mann-Whitney U test.

Risk factors for CVD: age and excess weight

Age has a significant but weak negative correlation (r=-0.318; p=0.013) with the
average number of steps per day. BMI has a significant but weak negative correla-
tion (r=-0.493; p<0.001) with the minutes per MVPA bout and the minutes of MVPA
per week. Waist circumference in females shows a weak but significant negative
correlation (-0.417; p=0.008) with the number of steps per day, and a weak signif-
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icant positive correlation with hours of sedentary behaviour (r=0.341; p=0.034).
In addition, waist circumference shows a moderate negative correlation with min-
utes of MVPA per week (r=-0.513; p=0.001) and minutes per MVPA bout (r=-0.632;
p<0.001).

Age, BMI and waist

. Physical activity measure =~ Spearman’s Rho  P-value
circumference

Age Number of steps per day  -0.318 0.013
BMI Minutes per MVPA bout  -0.493 <0.001
BMI Minutes of MVPA per week  -0.300 0.019
Wiaist circumference (female)  Steps per day -0.417 0.008
Waist circumference (female) ~ Hours of sedentary perday ~ 0.341 0.034
Waist circumference (female) Minutes of MVPA per week  -0.513 0.001
Waist circumference (female) Minutes per MVPA bout -0.632 <0.001

Table 6: correlations of age and weight with physical activity measures

Abbreviations: BMI= Body Mass Index, MVPA= Moderate to Vigorous Activity

Discussion

The aim of this study is to investigate the PA levels of CVD patients with mild to
severe CVD and to compare the results with the PA recommendations of the WHO.
We found that a minority of the CVD patients engaged in sufficient PA according to
the recommendations of the WHO. The number of steps per day was significantly
lower in patients with moderate to severe CVD compared to patients with mild CVD
with a difference of 2,000 (29%) steps per day. In addition, weak to moderate sig-
nificant correlations were found showing a decrease in PA the CVD patients when
age, BMI or waist circumference increased. Furthermore, patients with moderate
to severe CVD had slightly lower light PA and MVPA, and an hour more sedentary
behaviour per day compared to patients with mild CVD. However, this difference
was not statistically significant.

The significantly lower number of steps per day in CVD patients was also found
in a study comparing 75 CVD and non-CVD patients (23 C2-C3 patients, 24 C4
patients, 24 C5-Cé patients, and 15 controls).2 However, the CVD C5-Cé patients
showed a higher number of continuous steps per day compared to the other stages
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of CVD. This might have been the result of treatment strategies, because exercise
like walking is advised in case of a venous leg ulcer.”® In addition, the number
of steps per day in the study of Eiffel et al. (2006) was considerably higher, with
15,716-20,433 steps per day. This can be explained by the exclusion of patients
with impaired mobility, current musculoskeletal disease or other diseases limiting
PA. The much lower average of daily steps in our study might be explained by the
inclusion of patients with comorbidity impairing PA and the higher average age of
68.5 £10.6 years compared to the average age of 50 years in the study of Eiffel et
al. (2006). Increasing age is associated with lower levels of PA and therefore less
steps per day. A study with 554 healthy older adults (aged 60-79) in Germany found
a step average of approximately 7500 steps per day.? This is in line with our find-
ings in the patients with mild CVD.

A review of studies including older adults and populations with chronic diseases
found that 7,100 steps per day should be feasible for older adults.? This number
included 5,000 daily steps and at least 5 times per week a walk of 30 minutes
(MVPA) equalling 3,000 steps. Our study shows that at least 25% of the patients
with moderate to severe CVD did not even reach the 5,000 steps per day (4,500
steps as maximum of the first quartile). However, we found that 40% of the CVD
patients walked for 30 minutes or more on at least 5 days a week. This percentage
is much higher compared to the 13% found in a study among Dutch venous leg
ulcer patients.? This can be explained, because patients with venous leg ulceration
experience the most severe lower leg complaints, like pain, and the highest impact
on their daily living.## In addition, patients with (healed) venous leg ulceration
might avoid PA because of a fear of injury.®

Furthermore, a study including 150 Dutch patients with venous leg ulcers found
that 26% of the patients did not have any MVPA during the week.? This is compa-
rable to the 25% we found in the moderate to severe CVD patients. In addition, the
venous leg ulcer study found a slightly higher percentage of 44% of patients who
reached 150 minutes of MVPA in one week compared to the 38% in our study.?
Venous leg ulcer patients are expected to have lower PA levels due to pain and
bandaging of the lower legs that can lead to a reduced range of ankle motion.?”
However, venous leg ulcer patients often receive exercise interventions and the
advice to walk more often according to venous leg ulcer guidelines.’®*° This might
explain the higher percentage of patients reaching the 150 minutes MVPA in the
study of Heinen et al. (2007) and the higher number of steps per day in the study of
Eiffel et al. (2006) in venous leg ulcer patients.

Overall the total study population had insufficient PA levels with only 38% of
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<65 year old CVD patients and 31% of =65 years old CVD patients reaching the
PA recommendation of the WHO. In the general Dutch population this percentage
is higher with 52% of the <65 year olds and 40% of the =65 year olds reaching the
PA recommendations. A study including 409 older (65-75 year old) Dutch patients
showed an even higher prevalence of sufficient PA in 48% in males to 40% in fe-
males.?’ However, in the study of Lubs et al. (2018) sufficient PA was defined as
vigorous activity at least once a week. Our study shows that the CVD patients are
less physically active compared to the general Dutch population. This indicates the
need for PA measurement and interventions in CVD patients with earlier stages of
CVD and not just in patients with a venous leg ulcer. The RIVM questionnaire is a
standardised, accessible and easy to use tool to implement in Dutch clinical prac-
tice for CVD care. It provides a complete view on a patient’s PA pattern and can
help improve PA to possibly delay the progression of CVD.

In this study we focused on the recommendations of the WHO for PA to maintain
a healthy lifestyle including 150 minutes of MVPA. In addition, a large PA study in 13
European countries including older adults showed that participating in light PA to
moderate PA more than once a week is associated with lower odds of developing
chronic disease.® This might implicate that light PA is equally important in older
adults to achieve sufficient PA levels. However, most studies including our study use
the standardised threshold values for MVPA of 2690 CPM. This threshold represents
a metabolic equivalent of three or more indicating an increase in heart rate. Other
studies among older adults and older adults with chronic diseases like diabetes
mellitus have found that the threshold for reaching MVPA (metabolic equivalent
of three or more) might be lower for these patient populations.®*** Older adults
and patients with chronic diseases might reach higher heart rates compared to
healthy adults (reaching a higher metabolic equivalent value) when engaging in the
same PA. In other words, light PA in older adults might be comparable to MVPA in
younger adults using the threshold values of 2690 CPM. The results of MVPA might
therefore be underestimated in our study. In future research using accelerometers
to measure PA levels, the heart rate should be measured as well to gain a better
insight in the actual MVPA in older adults with CVD. Thresholds for MVPA should
be recalculated for different age groups to include age-appropriate thresholds in
future PA research.

In addition, we found that age, BMI and waist circumference in women had a
weak but significant correlation with several PA outcomes. This is in line with a study
that investigated the influence of BMI and waist circumference on physical perfor-
mance in 1076 older patients (57-70 years). The study showed that increased BMI
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and waist circumference after 10 years was significantly associated with poor physi-
cal performance on several fitness tests like the 6 minute walking test and timed up
and go test.*¢ In addition, it is known that age and chronic diseases in can negative-
ly affect PA levels.? This indicates that in patients with CVD, where the prevalence
increases with age and overweight and comorbidity is common, multiple factors
might play a role in their PA levels. We might therefore conclude that measuring
and treating PA problems should be an ongoing process in healthcare for CVD pa-
tients to increase current PA and prevent further reduction of PA. Furthermore, the
interplay between age, excess weight, comorbidity and PA in CVD patients points
to the importance of assessing the CVD patient as a whole and not just focus on the
treatment of the individual signs and symptoms. The next step towards improving
CVD care is to investigate PA interventions focused on improving insufficient PA

levels in the prevention (and delayed onset) of disease progression in CVD patients.

Strengths and limitations

The use of objective and subjective measurements of PA made it possible to pro-
vide a complete overview of the patients’ PA levels. The accelerometer offers a
reliable measurement, however it does not account for temporal changes in PA
in the short period of measurement. The questionnaire was, therefore, a valuable
addition to gain insight into PA levels in the past six months and specific activities
such as walking. In addition, the sedentary time might be underestimated using the
accelerometers. Patients were instructed to wear the accelerometer from getting
up to going to bed because we did not collect sleep data. The accelerometers
often stopped measuring around 8 or 9 p.m. leading to measurement days of less
than 16 hours (24 hours — 8 hours of sleep). It is possible that patients took of
the accelerometer early. Because patients knew the accelerometers were for PA
measurement it is unlikely that the patients would engage in PA after taking off the
accelerometer. We therefore assume the measurement days of at least 12 hours are
reliable to include all PA data.

Conclusion

PA in CVD patients is insufficient and should be treated in CVD healthcare to im-
prove venous outflow and optimise the calf muscle pump function to aim at de-
laying the onset of more severe CVD. Patients with moderate to severe CVD had
significantly less steps per day compared to patients with mild CVD. Overall, CVD
patients were mostly older, overweight, and did not meet the international PA rec-

ommendations for a healthy lifestyle. Further research is necessary to investigate
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the effect of increasing PA levels in CVD patients on disease progression.
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CHAPTER SEVEN

CURRENT CARE FOR CHRONIC VENOUS DISEASE
PATIENTS IN THE NETHERLANDS: WHAT IS MISSING?






SUMMARY

Background: Chronic Venous Disease (CVD) is a progressive disease. The progression of
the clinical signs of CVD lead to a significant decrease in disease specific quality of life.
Healthcare for CVD includes duplex diagnostics, invasive and non-invasive treatments. Sev-
eral healthcare providers (HCP) are involved in the treatment of CVD but clear, consistent
guidelines on referral, treatment and follow-up of patients is lacking. The aim of this study is
to investigate the current care for patients with CVD in The Netherlands.

Methods: Data were collected in primary care, secondary care and through convenience
sampling in the general population in The Netherlands. In total 74 participants (aged >40
years) with CVD (varicose veins, oedema, skin changes and venous leg ulcers) were recruited.
Data on quality of life, treatment and follow-up were collected using questionnaires and du-
plex ultrasound was used for CVD diagnostics.

Results: Patientshad a mean age of 68.5+10.6 and 64% was female. The majority of the patients
experienced one or several physical complaints that led to a reduction in quality of life. Over
30% of the patients did not receive invasive treatment at the time of the measurements. Half of
the patients with a current venous insufficiency were treated for one of the truncal veins in the
past. Non-invasive treatments such as calf muscle exercises, and advice for walking was men-
tioned by 4%-23% of the patients. Non-compliance to wearing compression stockings was 90%.
Conclusion: Healthcare for CVD patients in the Netherlands is insufficient. A collaboration
between primary and secondary care HCPs is crucial in the management of this seemingly

harmless yet complex disease.
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CHAPTER SEVEN

Current care for Chronic Venous Disease patients
in The Netherlands: what is missing?

Introduction

Chronic Venous Disease (CVD) appears in about 40% of the Western population.’
CVD can present several clinical signs from reticular veins and Varicose Veins (VV) to
oedema, trophic skin changes and eventually a venous leg ulcer. Whereas reticular
veins are mostly experienced as a cosmetic problem, larger VV, oedema, and more
severe stages of CVD can cause serious complaints that have a negative impact on
daily living. The progression of the clinical signs and symptoms of CVD therefore
lead to a significantly decreased disease specific Quality of Life (QoL).2

However, not all CVD patients recognise the signs of CVD or experience the
CVD symptoms as ‘complaints’. A population study in Germany showed that about
6-38% of CVD patients with VV to venous leg ulcers do not experience any com-
plaints such as a feeling of heaviness in the legs, swelling, pain or muscle cramps.?
Patients without CVD complaints are less likely to seek healthcare for their CVD.
Healthcare seeking behaviour also differs between men and women. Men have a
significantly higher clinical class (C-class) compared to women when they are treat-
ed for their varicose veins.* However, even when CVD is diagnosed and treated the
disease can still progress into more severe clinical stages. The Edinburgh vein study
showed that 58% of the patients with VV, oedema or skin changes progressed to a
more severe clinical stage in a period of 13 years.® A healthcare follow-up to moni-
tor, treat and prevent progression of CVD is therefore indicated.

When patients do seek healthcare for their CVD signs and symptoms a diagnosis
must be made. To diagnose CVD, ambulatory venous pressure measurement is the
gold standard. However, this measurement is too invasive and expensive for use
in daily practice. International CVD guidelines for dermatologists and vascular sur-
geons therefore recommend the use of a duplex ultrasound to diagnose and locate
the CVD.? When duplex diagnostics is not feasible, for example in primary care, the
clinical-class (C-class) of the CEAP (clinical, etiological, anatomical and pathologi-
cal) classification® should be registered.” A study including 89 patients with CVD
showed that the C-class of the CEAP classification correlates well with ambulatory
venous pressure measurement. However, the patients in this study were assessed
by a dermatologist and a phlebologist.®? Both dermatologists and phlebologists
are Healthcare Providers (HCP) trained to recognise signs and symptoms of CVD.

HCPs in primary care are not trained in this field of expertise. A large study among
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general practitioners in Belgium and Luxemburg showed that general practition-
ers recognised only 46% of the 6009 CVD patients. The underestimation of CVD
patients in primary care can lead to restrained referral patterns for adequate diag-
nostics and treatment. A study investigating the Dutch healthcare for CVD patients
was not found.

After diagnosing CVD, treatment consists of invasive treatments like VV removal,
vein stenting and anticoagulants for venous thrombosis, and non-invasive treat-
ments like compression therapy and lifestyle advices to support the venous out-
flow.” In the Netherlands HCPs in primary care can provide compression therapy
and lifestyle advice. HCPs in secondary care provide the duplex diagnostics and
invasive treatments. The general practitioner is the gatekeeper for healthcare in
the Netherlands and therefore the first HCP any patient with healthcare problems
visits. However, there are no clear primary care guidelines on how to diagnose or
register CVD patients and when to refer a patient with CVD for duplex diagnosis
and possible invasive treatment.'®'" There are also no clear international and na-
tional guidelines for primary and secondary care on the (frequency of) follow-up
of a patient with CVD.”2 Current care for patients with CVD in the Netherlands
therefore remains unknown.

The aim of this studly is to investigate current care for patients with CVD from WV

to a venous leg ulcer in the Netherlands.
Methods

Study design

This cross-sectional study was conducted in the Netherlands. Patients were recruit-
ed in secondary care through six dermatologists, two vascular surgeons and two
specialised wound care nurses, and in primary care through two general practi-
tioners and two home care organisations specialised in wound care. Patients were
also recruited from the general population through convenience sampling, flyers in
healthcare institutions and research invitations in local newspapers.

Participants

Patients >40 years old with a CVD classification C2-Cé (see Table 1) were included
in the study. CVD CO and C1 patients were excluded because treatment is not al-
ways indicated in these clinical stages. We included patients with a first venous leg
ulcer only in case of CVD C5-Cé. We excluded patients with permanent immobility,

and patients who were unable to understand and sign the informed consent.

141

SANVIYIHLIN FHL NI SINIILVd ISVISIA SNONIA DINOYHD ¥O4 I¥YVI LNIJIND



CHAPTER SEVEN

Clinical class  Clinical sings

Co No clinical signs

C1 Reticular veins

C2 Varicose veins

C3 Oedema

Cca Skin changes (pigmentation, eczema, lipodermatosclerosis, atrophie blanche,
corona phlebectatica)

C5 Healed venous ulcer

Cé (Recurrent) Active venous ulcer

Table 1: Clinical classification of Chronic Venous Disease (Lurie, 2020)

Data collection

Data were collected between November 2018 and February 2020. The researcher
AM performed the measurements for each patient and registered the outcomes in
a Case Report Form (CRF). Patients visited the location of their healthcare provider
(HCP) or one of the study locations close to them for the measurements and to fill

out three questionnaires.

Outcomes

The following outcomes were measured: weight, height (to calculate Body Mass
Index), waist circumference, blood pressure and Ankle Brachial Pressure Index
(ABPI). Duplex Ultrasound was used to diagnose deep or superficial (truncal) ve-
nous insufficiency in each patient. The researcher (AM) measured obstruction and
reflux in the femoral vein (FV), saphenofemoral junction, the great saphenous vein
(GSV) (three centimetre below the junction, halfway of the thigh and at the knee),
the popliteal vein (PV), and the small saphenous vein (SSV) (below the knee and
mid-calf). The following outcomes were collected using a questionnaire: patient
characteristics (age, gender, clinical classification of CVD, the source of recruitment,
education, comorbidities, smoking, alcohol, and minutes walking per week), age of
onset and first treatment of CVD, follow-up by any HCP, the patients knowledge on
the progression of CVD into a venous leg ulcer, and CVD treatment (invasive and
non-invasive treatments as mentioned in the Dutch guidelines’'%'"). Quality of life
was measured using the self-administered versions of the general European Quality
of Life 5 dimensions 5 levels (EQ-5D-5L) and the disease specific Chronlc Venous
Insufficiency Questionnaire (CIVIQ-14)"3
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Data analysis

We analysed the data using IBM SPSS statistics version 25. Continuous variables
with a normal distribution are presented as mean and standard deviations. Median
and interquartile ranges are presented when the variable was not normally distrib-
uted. Categorical variables are presented as number of patients and percentages.
No statistical references are made in this study.

Ethics

The study protocol was submitted to the Medical Research Ethics Committee
(MREC) of the University Medical Centre (UMC) Utrecht (registration number 17-
670/C). The MREC declared that the “Medical Research Involving Human Subjects
Act” (WMO) does not apply to this study and official approval of the MREC UMC
Utrecht is not required under the WMO. All participants signed a written consent

prior to participation.
Results

A total of 74 patients were included in the study. Data of four CVD C2 patients (two
males and two females) on one questionnaire and the measurements were lost due
to a technical error in the case report forms. The four patients were contacted and
asked to fill out the questionnaire again. Repeating the measurements was not pos-
sible due to the COVID-19 outbreak. Two patients returned the questionnaire. This
explains the variation in the total number of patients in the results.

Patient characteristics

Patient characteristics are shown in Table 2. The study population had a mean age
of 68.5 years (SD 10.6) and consisted predominantly of female patients (64%). Most
patients had CVD C2 (42%) and were recruited from the general population and
secondary care. More than half of the patients had a high risk of developing car-
diovascular disease and had multimorbidity with two or more chronic diseases in
addition to the CVD (i.e. pulmonary diseases, joint diseases, neurological diseases
etc.). More than a third of the patients had hypertension, obesity and were current
or past smokers (see Table 1). Patients reported walking with a median of 165 min-

utes per week.

Chronic Venous Disease and healthcare

The total scores of the general and disease specific QoL were similar with a median
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of 0.87 and 89.5 respectively which indicates a reduced QoL (see Table 3). In ad-
dition, 65% and 90.5% of the patients currently experienced complaints regarding
to general and disease specific QoL respectively. The majority of the patients had
trouble sleeping, experienced pain, had trouble bending and kneeling, and/or ex-
perienced problems with their daily activities because of their CVD.

Fifty percent of the patients reported the onset of the first symptoms of CVD
before 40 years of age (see Table 4). Patients who had their VV removed after the
age of 40 were more prevalent compared to patients with VV removal before the
age of 40 (44% vs 27%). Eight percent of the patients never sought any healthcare
for their CVD and only 30% of the patients knew that CVD can lead to a chronic
wound. A total of 13% of the patients had a follow-up planned with a HCP. Five out
of nineteen patients with a VLU did not receive a duplex diagnostics (yet). The av-

erage duration of the wound of these five patients was 16 weeks (data not shown).

Invasive treatment and non-invasive treatment

Any invasive treatment occurred in 68% of the patients at the time of the meas-
urements. Invasive treatment in the truncal veins (GSV, SSV) occurred in 37 (51%)
patients (see Table 5). Of those patients 70% had a recurrent insufficiency in at least
one of the truncal veins. Of the 26 patients who were treated in the past and had a
recurrent insufficiency 62% was treated over 10 years ago. In addition, 80% of the
patients who did not receive invasive treatment (yet) had an insufficiency in one of
the truncal veins.

Of the non-invasive treatments Ambulatory Compression Therapy (ACT) is the
most frequent therapy with 32% for bandages and 78% for stockings (ACTS). The
compliance to wearing the ACTS however is very low. Only 7% of the study pop-
ulation would wear the ACTS on a daily basis. This included mostly the patients
with an active VLU (data not shown). In addition, in patients with more severe CVD
(C3-Cé) 24% had no experience with ACTS (yet) and 21% has not worn the ACT for
at least six months.

Whereas invasive treatment and ACTS was present for the majority of the pa-
tients, other non-invasive treatments occurred less frequently (see Table é). Lifestyle
advice such as calf muscle exercises, putting the legs high when resting, avoid
standing, and walking more frequently was mentioned by 4%-23% of the patients.

The advice for weight loss was mentioned by 1 patient only.
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Characteristics N=74 (%)

Age (mean, sd) 68.5 (10.6)
Gender (female) 47 (64%)
Clinical classification

c2 31 (42%)

C3 18 (24%)

C4 6 (8%)

C5 9 (12%)

Cé 10 (14%)
Recruited from

General population 34 (56%)

Primary care 5 (7%)

Secondary care 35 (47%)
Education

Low (primary school) 28 (39%)

Medium (intermediate vocational education) 33 (47%)

High (higher vocational education/university) 9 (13%)
Hypertension (diastolic blood pressure of 290 mm/Hg) N=72 (100%)

Current hypertension 7 (10%)

No current hypertension because of medication use 20 (27%)
Cardiovascular disease risk* 40 (57%)
Body Mass Index

<24.9 (normal weight) 18 (25%)

25.0-29.9 (overweight) 28 (39%)

=30 (obesity) 26 (36%)
Peripheral arterial disease (ABPI <0.8) 2 (2.8%)
Personal history of thrombosis 14 (20%)
Post-thrombotic syndrome 3 (4%)
Multimorbidity (=2 chronic diseases excl. obesity and CVD) 50 (69%)
Polypharmacy (=5 drugs) 18 (25%)
Smoking (current or past) 34 (48%)
No or normal alcohol use 51 (73%)
Minutes reported walking per week (median, IQR) 180 (60-360)
Days reported walking per week (median, IQR) 3.5(1-7)
Patients that reported walking of at least 30 minutes per day 30 (42%)

Table 2: Patient characteristics
Sd = standard deviation, ABP| = Ankle Brachial Pressure Index, CVD = Chronic Venous Disease,
IQR = Inter Quartile Range, *measured by waist circumference male >102 centimetre, female >88

centimetre
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Quality of life (Qol) scores

N=74 (100%) /
Median (IQR)

General Qol: EQ5D5L index
EQS5D5L VAS score
Disease specific QoL: CIVIQ-14 index score
Experiencing any reduction in general QoL (index <1.00)
Experiencing any reduction in disease specific QoL (index <100)
EQ-5D-5L score >1*

Pain
CIVIQ-14 score >1*

Sleeping poorly

Pain

Problems squatting / kneeling

Impairment with daily activities

0.87 (0.81-1.00)
89.5 (75.0-100)
91.1(73.2-96.4)
48 (65%)

67 (90.5%)

45 (61%)

43 (58%)

42 (57%)

39 (53%)
36 (49%)

Table 3: General and disease specific quality of life

IQR = Inter Quartile Range, EQ-5D-5L = European Quality of Life, 5 dimensions, 5 levels, CIVIQ-14

= Chronlc Venous Insufficiency quality of life Questionnaire 14 questions, >1 = slight to severe

problems. The full overview of the quality of life questionnaires can be found in appendix 1.

*Only the questions where approximately half of the patients experienced problems are present-

ed.

CVD onset & Healthcare

N= 72 (100%)

Age of CVD onset
<40 years
>40 years
Age of first treatment of varicose veins
<40 years
>40 years
No treatment
Healthcare
Never had any treatments

Follow-up by any health care professional

Patient’s knowledge on CVD as the underlying cause of a chronic wound

36 (50%)
36 (50%)

19 (27%)
32 (44%)
21 (30%)

6 (8%)
9 (13%)
19 (30%)

Table 4: Onset of Chronic Venous Disease and healthcare

CVD: Chronic Venous Disease
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Treatment N=72 (100%)

Removal of small veins (reticular) 7 (10%)

Varicose vein removal (any varicosities) including duplex diagnostics 48 (68%)

Current insufficiency in the GSV or SSV 54 (76%)

No invasive treatment of the GSV or SSV 35 (100%)
Not treated and no current insufficiency in GSV or SSV 7 (20%)
Not treated and current insufficiency in GSV or SSV 28 (80%)

Invasive treatment of the GSV or SSV 37 (100%)
Treated and no current insufficiency in GSV or SSV 11 (30%)
Treated and current insufficiency in GSV or SSV 26 (70%)

Invasive treatment in the past and current insufficiency in the GSV or SSV 26 (100%)
Less than 10 years between treatment and new insufficiency 7 (27%)
More than 10 years between treatment and new insufficiency 16 (62%)
| do not remember 3(12%)

Table 5: Invasive treatments for varicose veins

GSV: Great Saphenous Vein (junction to knee), SSV: Small Saphenous Vein (knee to mid-calf)

Treatment N=72 (100%)

Received one of the following treatments

Calf muscle exercises 7 (10%)
Putting legs high 16 (23%)
Advice for weight loss 1(1%)
Advice for walking more frequently 13 (18%)
Avoid standing for long periods 3 (4%)
Bandages 23 (32%)
Medical compression stockings 55 (78%)

Current medical compression stockings 72 (100%) 42 (C3-C6)

(100%)

No experience yet* 23 (32%) 10 (24%)
Wearing stockings every day (including taking off earlier) 5 (7%) 4 (10%)
Not wearing stockings for a minimum of 1 day per week 30 (42%) 19 (45%)
Not worn the stockings in the past 6 months 14 (19%) 9 (21%)
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Table 6: Non-invasive treatment for Chronic Venous Disease

*Three Cé patients had bandages at the time of the measurements
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Discussion

The aim of this study was to investigate the current care for patients with CVD clin-
ical class C2-C6 in the Netherlands. CVD patients are often treated later than the
onset of their ‘complaints’ and there is almost no follow-up, although it is a slow
progressive disease. The majority had invasive treatment in the past but this was
not always sufficient. The minority of patients reported non-invasive treatments.
Except for compression therapy, which was the most reported treatment but with
a low compliance.

Recruiting from the general population resulted in the inclusion of patients with
CVD who never, or not recently had seen a HCP for their CVD. Most patients did
not experience their current signs and symptoms of CVD as ‘complaints’ and there-
fore had no follow-up planned with a HCP. This study also showed that only a third
of the patients knew that CVD could progress into a Venous Leg Ulcer (VLU). A
qualitative study among Dutch patients with a VLU shows that patients often see
the VLU as a skin problem and do not understand the underlying venous pathology
when the VLU develops.™ Another qualitative study among Dutch patients with a
VLU shows that patients also did not recognise (the severity of) earlier symptoms
of CVD." We can therefore assume that the patients’ knowledge on CVD and its
progression is insufficient. The patients’ awareness of CVD signs and symptoms
should be raised in current care in the Netherlands to stimulate healthcare seeking
behaviour. Common knowledge on CVD as a chronic progressive disease should
also be raised in the general population to increase healthcare seeking behaviour
in early stages of CVD.

Almost half of the patients did not receive invasive treatment for their CVD. A
large cohort study in North America shows that invasive treatment is a protective
factor for the progression of CVD into a VLU with a hazard ratio of 0.187 (Cl: 0.182-
0.193).2" However, invasive treatment is only possible with diagnostics using a du-
plex ultrasound to register the CEAP classification.”?'? More than a third of the
patients never had a duplex diagnosis. This might be explained by the guidelines in
primary care in the Netherlands. The general practitioner is the first HCP a patient
consults when they experience healthcare problems. However, the general practi-
tioners in the Netherlands do not perform duplex diagnostics and therefore cannot
register the full CEAP classification. In the VV guideline’® for general practitioners it
is described that a patient should be referred for further diagnostics and treatment:
1) when a patient wishes to be referred and is well-informed, 2) when there are

truncal VV or oedema and compression therapy is not sufficient, and 3) when the
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patient has an active or healed VLU or trophic skin changes that might benefit from
invasive treatment." However, truncal varicose veins in the calf or upper legs are
rarely visible, invasive treatment is almost always indicated in C3-Cé patients, and a
chronic wound should always be diagnosed to be able to treat the underlying pa-
thology. In addition, when oedema (C3) and skin changes (C4) are present invasive
treatment can lead to more additional invasive treatment and a higher recurrence
of VW compared to invasive treatment in C2 patients.?? Therefore, optimising re-
ferral criteria in primary care should ensure early duplex diagnostics and invasive
treatment for patients with ‘only’ CVD C2. Furthermore, specific questions on the
signs and symptoms of CVD and a thorough examination of the lower extremities
is crucial to recognise CVD in primary care.

However, even after duplex diagnostics and invasive treatment CVD is still
a chronic condition. The majority of the patients had a recurrence of truncal VV.
Studies on truncal VV removal (GSV/SSV) show recurrence rates of about 22% in 2
years'®'®to 18.5%-40% in 5-10 years'". In the study of Lam? (2018) the recurrence
rates were comparable to recurrence reported by patients in the current study. Lam
(2018) reported a recurrence rate in the truncal veins of 50%-67% after eight years
amongst 223 Dutch patients with invasive treatment of the GSV. In addition, almost
a third of the patients in this study developed a recurrence within 10 years. This
might be underestimated because we registered the patients’ first invasive treat-
ment. We did not register whether they had a truncal VV removed at their first treat-
ment. This leads to possible misclassification of the patients that are now registered
as ‘more than ten years between treatment and recurrent insufficiency’. The time to
recurrence of a truncal VV might have been shorter than ten years. A follow-up of
CVD patients including duplex investigation is therefore preferred within ten years
after treatment of a truncal VV.

Lastly, non-invasive treatments or compliance to compression therapy was men-
tioned by the minority of the patients. Even though non-invasive treatments are rec-
ommended by national and international CVD guidelines (i.e. compression therapy
and lifestyle advices such as weight loss, walking more often and calf muscle exer-
cises).”?'2 However, not all patients received healthcare at the time of the measure-
ments. The low numbers of non-invasive treatments might therefore be explained
by recall bias. In addition, lifestyle advices and wearing ACTS require a behavioural
change which can only be accomplished with the active involvement and guidance
of a HCP.22?* This again denotes the importance of a follow-up for CVD patients.
Not only to monitor progression but also to increase adherence to lifestyle advices
and wearing ACTS. A collaboration with HCPs involved in weight loss, physical
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activity, or compression therapy such a dieticians, physical therapists, and dermal
therapists should be implemented in primary and secondary care guidelines to in-
crease compliance.

We specifically recruited patients with a first VLU among other CVD patients. This
resulted in a sample that is less representative to the general population because
of the overrepresentation of C5-Cé patients our study population. In the general
population in Western Europe CVD C5-Cé is the least prevalent of all CVD clinical
classes.? In the current study 26% of the CVD C2-Cé patients had an active or
healed VLU which is higher than the percentages of C3 patients and C4 patients.
VLU patients require more frequent healthcare compared to earlier stages of CVD.
The overrepresentation of VLU patients should therefore have led to a higher per-
centage of follow-up. However, the percentage of follow-up we found is similar to
that of the Vein Consult Program which included a more representative sample of
CVD patients from four countries in Western-Europe.?* Moreover, we recruited pa-
tients from different healthcare and non-healthcare settings to provide more insight
in the actual current care in the Netherlands. The recruitment strategy led to the
inclusion of patients who currently received no healthcare and no follow-up for their
CVD. This might explain the low numbers of follow-up in our study and denotes the
problem of the under-recognition of the chronicity of CVD in healthcare.

Conclusion

In conclusion, healthcare for CVD patients in the Netherlands is insufficient. The
study shows that the majority of the CVD patients did not receive adequate care,
patients were not compliant to care, and a regular follow-up of patients with CVD is
not imbedded in current care. This might be a result of the lack of common knowl-
edge amongst patients and HCP on CVD signs and symptoms, and the progression
of CVD. HCPs in current care should focus more on the clinical signs and symp-
toms of CVD and referral of CVD patients so they can receive adequate diagnostics
(duplex ultrasound), (invasive) treatment and follow-up. A collaboration between
primary and secondary care HCPs is crucial in the management of this seemingly
harmless yet complex disease.

150



References

1. Beebe-Dimmer JL, Pfeifer JR, Engle JS, Schottenfeld D. The epidemiology of
chronicvenousinsufficiency andvaricose veins. Ann Epidemiol.2005;15(3):175-
184. doi: S1047-2797(04)00089-4 [piil.

2. Le Moine JG, Fiestas-Navarrete L, Katumba K, Launois R. Psychometric vali-
dation of the 14 items Chronlc venous insufficiency quality of life question-
naire (CIVIQ-14): Confirmatory factor analysis. Eur J Vasc Endovasc Surg.
2016;51(2):268-274. doi: 10.1016/j.ejvs.2015.08.020 [doi].

3. Wrona M, Jockel KH, Pannier F, Bock E, Hoffmann B, Rabe E. Association of
venous disorders with leg symptoms: Results from the bonn vein study 1. Eur
J Vasc Endovasc Surg. 2015;50(3):360-367. doi: 10.1016/j.ejvs.2015.05.013
[doil.

4. Kavousi Y, Al Adas Z, Karamanos E, Kennedy N, Kabbani LS, Lin JC. Men pres-
ent with higher clinical class of chronic venous disease before endovenous
catheter ablation. J Vasc Surg Venous Lymphat Disord. 2018;6(6):702-706. doi:
$2213-333X(18)30250-6 [pii].

5. Lee AJ, Robertson LA, Boghossian SM, et al. Progression of varicose veins and
chronic venous insufficiency in the general population in the edinburgh vein
study. J Vasc Surg Venous Lymphat Disord. 2015;3(1):18-26. doi: 10.1016/j.
jvsv.2014.09.008 [doil.

6. Lurie F, Passman M, Meisner M, et al. The 2020 update of the CEAP classifi-
cation system and reporting standards. J Vasc Surg Venous Lymphat Disord.
2020;8(3):342-352. doi: $2213-333X(20)30063-9 [pii].

7. NVDV (Nederlandse Vereniging voor Dermatologie en Venereologie). Guide-
line venous pathology (richtlijn veneuze pathologie). Dutch Association of Der-
matology and Venereology. 2014.

8. Reeder SWI. Chronic venous disease under pressure. Rotterdam: Erasmus MC;
2013:69-80.

9. Wittens C, Davies AH, Baekgaard N, et al. Editor’s choice - management of
chronic venous disease: Clinical practice guidelines of the european society
for vascular surgery (ESVS). Eur J Vasc Endovasc Surg. 2015;49(6):678-737. doi:
$1078-5884(15)00097-0 [piil.

10. Walma EP, Eekhof JAH, Nikkels J, Buis P, Jans PGW, Slok-Raymakers EAM, Ver-
lee E. NHG-standaard varices. Huisarts Wet. 2009;52(8):391-402.

11.Van Hof N, Balak FSR, Apeldoorn L, De Nooijer HJ, Vleesch Dubois V, Van Rijn-

van Kortenhof NMM. NHG-standaard ulcus cruris venosum (tweede herzien-

151

SANVIYIHLIN FHL NI SINIILVd ISVISIA SNONIA DINOYHD ¥O4 I¥YVI LNIJIND



CHAPTER SEVEN

ing). Huisarts Wet. 2010;53(6):321-333.

12. Evidence-based (S3) guidelines for diagnostics and treatment of venous leg
ulcers. J Eur Acad Dermatol Venereol. 2016;30(11):1843-1875. doi: 10.1111/
jdv.13848 [doil.

13. Launois R, Reboul-Marty J, Henry B. Construction and validation of a quality of
life questionnaire in chronic lower limb venous insufficiency (CIVIQ). Qual Life
Res. 1996;5(6):539-554. doi: 10.1007/bf00439228 [doi].

14. Van Hecke A, Beeckman D, Grypdonck M, Meuleneire F, Hermie L, Verhae-
ghe S. Knowledge deficits and information-seeking behavior in leg ulcer pa-
tients: An exploratory qualitative study. J Wound Ostomy Continence Nurs.
2013;40(4):381-387. doi: 10.1097/WON.0b013e31829a2f4d [doi].

15. Meulendijks AM, Welbie M, Tjin EPM, Schoonhoven L, Neumann HAM. A qual-
itative study on the patient’s narrative in the progression of chronic venous
disease into a first venous leg ulcer: A series of events. Br J Dermatol. 2019.
doi: 10.1111/bjd.18640 [doi].

16. O’'Donnell TF, Balk EM, Dermody M, Tangney E, lafrati MD. Recurrence of var-
icose veins after endovenous ablation of the great saphenous vein in rand-
omized trials. J Vasc Surg Venous Lymphat Disord. 2016;4(1):97-105. doi:
10.1016/j.jvsv.2014.11.004 [doi].

17. Paravastu SC, Horne M, Dodd PD. Endovenous ablation therapy (laser or radi-
ofrequency) or foam sclerotherapy versus conventional surgical repair for short
saphenous varicose veins. Cochrane Database Syst Rev. 2016;11:CD010878.
doi: 10.1002/14651858.CD010878.pub2 [doil.

18. Nesbitt C, Bedenis R, Bhattacharya V, Stansby G. Endovenous ablation (radi-
ofrequency and laser) and foam sclerotherapy versus open surgery for great
saphenous vein varices. Cochrane Database Syst Rev. 2014;(7):CD005624.
doi(7):CD005624. doi: 10.1002/14651858.CD005624.pub3 [doi].

19. Bellmunt-Montoya S, Escribano JM, Dilme J, Martinez-Zapata MJ. CHIVA
method for the treatment of chronic venous insufficiency. Cochrane Database
Syst Rev. 2015;(6):CD009648. doi(6):CD009648. doi: 10.1002/14651858.
CD009648.pub3 [doi].

20. Lam YL, Lawson JA, Toonder IM, et al. Eight-year follow-up of a randomized
clinical trial comparing ultrasound-guided foam sclerotherapy with surgical
stripping of the great saphenous vein. Br J Surg. 2018;105(6):692-698. doi:
10.1002/bjs.10762 [doi].

21. Darwin E, Liu G, Kirsner RS, Lev-Tov H. Examining risk factors and preventive

treatments for first venous leg ulceration: A cohort study. J Am Acad Dermatol.

152



2019. doi: S0190-9622(19)33323-7 [pii].

22.Carradice D, Wallace T, Gohil R, Chetter |. A comparison of the effectiveness of
treating those with and without the complications of superficial venous insuffi-
ciency. Ann Surg. 2014,;260(2):396-401.doi: 10.1097/SLA.0000000000000541
[doil.

23. Burgess E, Hassmen P, Welvaert M, Pumpa KL. Behavioural treatment strate-
gies improve adherence to lifestyle intervention programmes in adults with
obesity: A systematic review and meta-analysis. Clin Obes. 2017;7(2):105-114.
doi: 10.1111/cob.12180 [doi].

24. Stonerock GL, Blumenthal JA. Role of counseling to promote adherence in
healthy lifestyle medicine: Strategies to improve exercise adherence and en-
hance physical activity. Prog Cardiovasc Dis. 2017;59(5):455-462. doi: S0033-
0620(16)30105-0 [piil.

25. Vuylsteke ME, Colman R, Thomis S, Guillaume G, Van Quickenborne D,
Staelens I. An epidemiological survey of venous disease among general
practitioner attendees in different geographical regions on the globe: The fi-
nal results of the vein consult program. Angiology. 2018;69(9):779-785. doi:
10.1177/0003319718759834 [doil.

26. Vuylsteke ME, Thomis S, Guillaume G, Modliszewski ML, Weides N, Staelens
l. Epidemiological study on chronic venous disease in belgium and luxem-
bourg: Prevalence, risk factors, and symptomatology. Eur J Vasc Endovasc
Surg. 2015;49(4):432-439. doi: 10.1016/j.ejvs.2014.12.03

153

SANVIYIHLIN FHL NI SINIILVd ISVISIA SNONIA DINOYHD ¥O4 I¥YVI LNIJIND



CHAPTER SEVEN

Appendix

Quality of life N=74 (100%) % % % % %

EQ-5D-5L >1 1 2 3 4 5

Pain / discomfort 39% 34% 26% 1% 0%
Mobility 66% 15% 16% 3% 0%
Usual activities 74% 19% 5% 1% 0%
Anxiety / depression 88% 5% 4% 2% 0%
Self-care 89% 4% 4% 1% 1%
CIVIQ-14 >1 1 2 3 4 5

Sleeping poorly 42% 30% 20% 4% 4%
Pain 43% 24% 19% 12% 1%
Problems squatting / kneeling 47% 23% 1% 10% 9%
Impairment with daily activities 51% 23% 20% 4% 1%
Problems walking at a good pace 53% 20% 10% 7% 9%
Problems climbing stairs 62% 22% 5% 8% 3%
Problems performing athletic activities 61% 15% 11% 8% 4%
Being embarrassed to show legs 61% 23% 7% 4% 4%
Problems going to parties 65% 16% 8% 4% 5%
Becoming irritable easily 65% 26% 4% 4% 0%
Feeling nervous 70% 23% 3% 3% 0%
Having the impression of being disabled 81% 10% 4% 3% 1%
Having the impression of being a burden 81% 8% 5% 3% 0%
Having no desire to go out 85% 8% 4% 1% 0%

Table 1: General and disease specific quality of life

1=no complaints, 2= slight complaints, 3=moderate complaints, 4=severe complaints, 5=very se-

vere complaints/impossible.
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CHAPTER EIGHT

General discussion

In this chapter, the main findings will be summarised and their implications for im-
proving chronic venous disease care will be further discussed. Reflections will be
made on the methodology of the studies. In addition, an ideal healthcare path for
improving the recognition of chronic venous disease and its risk factors, as well as
a recommended approach to prevent the progression of chronic venous disease
will be described. The chapter will end with recommendations for future research,

education and clinical practice.
Summary of the main findings

The aim of this thesis was to identify chronic venous disease patients at risk of
developing more severe clinical stages, to provide insight in the risk factors, and
to provide an overview of current chronic venous disease care in the Netherlands.
Arterial hypertension, family history of venous leg ulcers, low physical activity, and
being overweight were identified as known risk factors for the development of a ve-
nous leg ulcer. Furthermore, calf muscle pump function, range of ankle motion, ab-
dominal fat, and inflammatory factors play a role in the reduction of venous outflow
and, therefore, the progression of chronic venous disease. Reduced range of ankle
motion and abdominal obesity are found to be associated with more severe chronic
venous disease. Physical activity was low, and a reduction in mobility occurred often
in chronic venous disease patients. The reduction in mobility was mostly present
before the venous leg ulcer developed, and was often caused by other comorbidi-
ties. In addition, not all chronic venous disease patients in the studies experienced
signs and symptoms as ‘complaints’. Moreover, when patients did have complaints,
they often did not assign the signs and symptoms to the chronic venous disease;
therefore, they did not seek healthcare. Finally, not all chronic venous disease pa-
tients in the studies received diagnostics or treatment for their venous insufficiency,

and follow-up of chronic venous disease patients was very low.
Risk factors for chronic venous disease
Some risk factors like age and venous thrombosis are already known and treated in

chronic venous disease progression. In addition, not all risk factors can be treated.
In this section, risk factors for chronic venous disease will be discussed. The risk

158



factors are divided in three categories: etiological risk factors, non-modifiable risk
factors and modifiable risk factors.

The patients at risk of developing and progressing in chronic venous disease
are evidently the patients with ambulatory venous hypertension. Known etiolog-
ical risk factors for chronic venous disease progression are reflux and obstruction
in the (deep) veins.(1) In addition, skin changes like lipodermatosclerosis, atrophy
blanche, hyperpigmentation and corona phlebectatica are clear clinical signs of
severe chronic venous disease and increase the risk of developing a venous leg
ulcer.(2, 3) The same progression is found in arteriovenous shunts leading to ve-
nous hypertension of the hand, causing similar skin changes and ulceration.(4, 5)
This indicates that venous hypertension can be caused by factors other than reflux
and obstruction of the veins like obesity and immobility. Furthermore, permanent
immobility can be an etiological risk factor as well as a non-modifiable risk factor.
Treatment with ambulatory compression therapy is the cornerstone of chronic ve-
nous disease care in combination with varicose vein removal and anti-coagulant
treatment in case of venous thrombosis.(6) However, in immobile patients, there
might not be an anatomical abnormality to treat, and ambulatory compression
therapy is not feasible.(7) The immobile patient with clinical signs and symptoms
of chronic venous disease is, therefore, a challenge for clinical practice. However,
the population with immobility or severely impaired physical activity should not
be overlooked in chronic venous disease care. Further research is necessary to in-
vestigate the prevalence of patients with immobility (or severely impaired physical
activity) and clinical signs and symptoms of chronic venous disease to identify the
magnitude of this problem and find possible solutions, such as passive stimulation
of the calf muscle pump.

In addition to the etiological risks, there are non-modifiable risk factors for the
progression of chronic venous disease, such as age and family history of chronic
venous disease. These risk factors can identify chronic venous disease patients at
risk of disease progression. However, there is no treatment involved.

The modifiable risk factors for chronic venous disease we found in our studies
described in Chapter 3 and 5 are hypertension, excessive weight, and reduced
physical activity. These risk factors can be treated in clinical practice and should
have a prominent place in the management of chronic venous disease. The same
risk factors already have a prominent place in national and international guidelines
for cardiovascular disease and diabetes mellitus type 11.(8-10) Obesity, hyperten-
sion and physical activity are screened, monitored and treated simultaneously to

prevent disease progression of cardiovascular disease and diabetes mellitus type

159

NOISSNDSIA TVYINIO



CHAPTER EIGHT

Il (into a diabetic foot ulcer). Obesity even has its own guideline. In this guideline
hypertension, screening, monitoring and treatment of cardiovascular disease and
diabetes mellitus type Il are included as a result of obesity.(11)

Overall, overweight and low physical activity have a negative impact on a pa-
tient’s health and should, therefore, be screened, monitored and treated. It is par-
tially the government’s task to stimulate and provide information on healthy be-
haviour. Stimulating healthy behaviour by government-led public health initiatives
is in line with other public health initiatives, such as ‘stop smoking’ campaigns and
‘use sunscreen to prevent skin cancer’ campaigns. Stimulating healthy behaviour to
target obesity and insufficient physical activity should start at an early age, because
childhood obesity and insufficient physical activity in children is a growing problem
in Europe.(12, 13) These increases in obesity and insufficient physical activity in
children may lead to an increase in the incidence of chronic venous disease in the
future. This denotes the need for screening, monitoring and treating chronic ve-
nous disease and its risk factors.

Obesity and mobility as risk factors for chronic venous disease

Current chronic venous disease guidelines provide only a short piece of advice on
weight loss and improving physical activity.(14, 15) Furthermore, the guidelines do
not mention how these lifestyle factors should be measured and monitored. In this
section, the different measurements of obesity and mobility we used to identify
these factors as risk factors for the progression of chronic venous disease in our
studies and in clinical practice will be discussed.

The systematic review, scoping review and qualitative study revealed that the
weight and mobility risk factors remained partially unexplained in most risk fac-
tor studies. The specific risk for chronic venous disease lies in abdominal pressure
and calf muscle pump function. However, studies mostly measure Body Mass Index
(BMI), which is not a good representation of abdominal fat.(16) Physical activity was
measured in many ways in the literature that do not always link directly to the calf
muscle pump function, like the amount of hours spent participating in sports each
week. The weight and mobility risk factors, therefore, required more elaborated
measurements to assess their association with the progression of chronic venous
disease. We made an informed decision for the risk measurements in the cross-sec-
tional study. First, we searched for measurements that include abdominal obesi-
ty and physical activity related to the calf muscle pump (objective and subjective

measurements). Second, we assessed whether these measurements would be easy
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to implement in clinical practice (ease of use, reliability, costs). Finally, we added
retrospective questions about weight and calf muscle related factors to assess the
presence of these factors in the past (denoting a risk). The retrospective questions
were added because chronic venous disease progresses over the years, and obesi-
ty and calf muscle function can be influenced by chronic venous disease signs and
symptoms. For example, physical activity can either decrease because of chronic
venous disease signs and symptoms (like pain and lipodermatosclerosis in the an-
kle area), or it can increase because of specific therapies focused on exercise in
venous leg ulcer treatment.(17-20) In clinical practice, it should be assessed if and
why a chronic venous disease patient has changes in weight or mobility to provide
adequate treatment and follow-up. This denotes the importance of examining the
patient as a whole in addition to the signs and symptoms of chronic venous disease.

In addition, the obesity and physical activity risk factors might be overestimated
in the cross-sectional study because of the high percentage (26%) of venous leg ul-
cer patients. However, in severe chronic venous disease, the clinical classes C4-Cé
are often combined in research because of the increased risk of C4 to progress to a
venous leg ulcer.(2, 3) Damage in the microcirculation of the skin is already present
en possibly irreversible in the case of a chronic venous disease C4 classification.(17)
When clinical classes C4-Cé are combined, the percentages of the patients in our
study population is comparable to that of a large primary care population in Bel-
gium and Luxembourg.(21) In Belgium and Luxembourg the prevalence of chronic
venous disease in primary care was 39%, 32%, and 29% of patients with clinical
class C2, C3 and C4-C6 respectively. In the cross-sectional study we found similar
percentages: 42%, 24%, and 34% for clinical class C2, C3, and C4-C6 respectively.
It is, therefore, unlikely that the prevalence of obesity and low physical activity are
overestimated in our study population compared to the chronic venous disease

population as a whole.

Obesity

To measure the influence of obesity, we included multiple measurements and con-
trol questions. We measured length and weight to calculate BMI, but we also meas-
ured waist circumference to measure abdominal obesity. To include obesity as a risk
factor, we asked patients how much they weighed one year ago (before the venous
leg ulcer appeared) and five years ago. Additionally, we asked how many cloth-
ing sizes they had changed in the past five years. These questions provided more
insight into the duration of their obesity and, therefore, the impact obesity has on

the progression of chronic venous disease (instead of the impact the progression of
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chronic venous disease has on obesity). In clinical practice, BMI and waist circum-

ference can easily be measured using the primary care protocol.(22)

Mobility

In addition to the various measurements of weight, we also included multiple meas-
urements of physical activity that were related to the calf muscle pump function. We
objectively measured the number of steps, intensity of activity as well as sedentary
behaviour by using accelerometers. In addition, we used a standardised physical
activity questionnaire developed and used by the Dutch National Institute for Pub-
lic Health and Environment (RIVM) for the annual national health and lifestyle mon-
itors.(23) The RIVM questionnaire was a valuable addition to the accelerometers,
because it assesses a person’s physical activity over the past six months (in con-
trast to the accelerometers, which provide a snapshot of only one week). Further-
more, the questionnaire also includes sports. Sports like swimming and aqua gym
could not be measured with the accelerometers, as the accelerometers were not
waterproof. The questionnaire also provided more insight into the frequency and
duration of walking per week over the past six months. Data on the number and
duration of walks is relevant because the use of the calf muscle pump in walking is
higher than its use in bicycling or swimming, for example. The combined data on
physical activity provided insight into the patients’ patterns and made it possible to
calculate the patients’ amount of physical activity and compare this to the amount
of physical activity necessary for a healthy lifestyle.(24) The use of the RIVM ques-
tionnaire also allowed us to compare the physical activity of the study population
to that of the general population in the Netherlands.

To gain insight into patients’ past physical activity levels, we also asked them
if their daily activities had changed; we asked if they had become more or less
physically active, or physically active in different ways, and why. To gain insight
into lower leg problems that might influence gait patterns and calf muscle pump
function in chronic venous disease progression, we specifically asked about trauma
on the lower legs in the past, foot disorders (flat feet, hollow feet, hallux valgus)
and if they used insoles, orthopaedic shoes or walking aids.(25-27) The reduction
in mobility in the past provided insight into the duration of the reduction and its
influence on chronic venous disease, instead of the influence of chronic venous dis-
ease on mobility. In addition, we asked the patients about their current occupation
and the occupation they held for the longest time in the past (and how many years
they worked in each occupation). Insight into current and past occupations made

it possible to assess the risk of standing occupations on chronic venous disease,
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because most patients were already retired at the time of the measurements. All the
physical activity questions combined made it possible to create a full overview of
the physical activity patterns of patients with chronic venous disease. The physical
activity patterns provided insights into restrictions in physical activity and mobility
that can lead to the insufficient function of the calf muscle pump in chronic venous
disease patients. These restrictions (such as reduced range of ankle motion, insuf-
ficient walking, leg injury, sudden reduction in physical activity, and foot disorders)
should be addressed in clinical practice to be able to restore the calf muscle pump
function and increase venous outflow. The RIVM questionnaire could be used in
clinical practice to provide insight into a patient’s physical activity. In addition, a go-
niometer can be used following the Neutral-0-Method.(28) Both the questionnaire
and the goniometer provide easy and reliable measurements using the protocols
and can be used at low costs in clinical practice.

Obesity and mobility: a combined risk

Obesity and reduced mobility can occur as individual risk factors. However, obesity
and reduced mobility often occur simultaneously in an ageing population. In this
section we discuss the combined effect of obesity and reduced mobility on chronic
venous disease progression (and vice versa), and on chronic venous disease treat-
ment.

Muscle decline, also known as sarcopenia, naturally occurs during ageing and
increased immobility. When muscle decline occurs simultaneously with obesity, it
is called sarcopenic obesity.(29) Specifically, abdominal obesity is shown to be as-
sociated with a loss of muscle strength in older men.(30) In sarcopenic obesity, the
loss of muscle strength might play a larger role than the loss of muscle mass in the
risk of cardiovascular disease.(31) This is comparable to chronic venous disease;
muscle strength was found to be significantly impaired when the chronic venous
disease clinical class increased.(32) The combination of obesity and muscle decline
can increase the risk of chronic venous disease progression because both obesity
and a reduced calf muscle pump function play a role in reduced venous return to
the heart. Therefore, it is important to focus not only on weight loss in clinical prac-
tice, but on the combination of weight loss and exercise to prevent muscle decline.
Exercise focused on strengthening the calf muscle to increase the calf muscle pump
function is especially important in chronic venous disease; this increases venous
return to the heart, thereby decreasing ambulatory venous pressure.(33)

In addition, it is common knowledge that obesity can lead to less physical ac-
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tivity (and vice versa). Obesity is associated with slower gait speed and increased
sedentary behaviour.(34) Alternatively, higher physical activity is associated with a
lower risk on developing obesity.(35) Overall, when there is an imbalance of energy
intake and energy uptake, weight gain is the result. The amount of visceral fat tissue
and subcutaneous fat tissue will increase. Being overweight or obese can also lead
to intramuscular adipose tissue. Intramuscular adipose tissue in the calf muscle is
shown to reduce physical performance of the muscle.(36, 37) Intramuscular adipose
tissue in the calf muscle is also associated with a reduced gait speed and greater
step width.(38, 39) Both gait speed and step width are important in utilizing the
foot plate to its fullest potential for the optimal use of the calf muscle pump in
achieving venous return to the heart and lowering ambulatory venous pressure. A
study among patients with chronic venous disease showed that chronic venous dis-
ease patients had a greater step width, slower gait speed and impaired calf muscle
endurance compared to healthy controls.(40) This could indicate that even when
obese chronic venous disease patients engage in physical activity, the calf muscle
pump function can still be suboptimal. This is yet another reason why obesity and
reduced physical activity should be seen and treated as a combined risk in chronic

venous disease progression.

Impact of obesity and mobility on chronic venous disease treatment

Obesity, in combination with reduced physical activity, is not only a risk for chronic
venous disease, but also a risk for the successful treatment of chronic venous dis-
ease. As mentioned before, obesity negatively impacts treatment outcomes of var-
icose vein removal, leading to less improvement in venous clinical score and qual-
ity of life when compared to non-obese varicose vein patients.(41) Obesity is also
associated with a higher recurrence of varicose veins.(42) In addition, obesity and
reduced physical activity impact the treatment outcomes of ambulatory compres-
sion therapy. Ambulatory compression therapy is shown to reduced oedema and
chronic venous disease symptoms while walking.(43) The most eminent problem
with compression therapy in obese patients is the conical shape of the legs. During
the qualitative and cross-sectional study, patients complained about bandages and
compression hosiery that tended to slip down when the patient engaged in physi-
cal activity. This might be an explanation for the significantly lower compliance with
compression therapy found in a study among chronic venous disease patients with
obesity compared to patients without obesity.(44) In addition, patients with obesity
might experience more trouble putting the compression hosiery on and taking it

off, because they can experience difficulty in reaching their feet. Chapter 7 showed
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that the compliance with compression therapy in general is low in the chronic ve-
nous disease population. In clinical practice, attention should be given to the prac-
tical issues involved in ambulatory compression therapy. These practical issues can
vary over time as changes in weight or mobility can occur. It is, therefore, important
to include regular follow-up appointments addressing the barriers in ambulatory
compression therapy and providing tailored solutions to increase compliance to
ambulatory compression therapy.

In addition, the most important function of ambulatory compression therapy is
the support of the calf muscle pump function, which increases venous return to the
heart. An increase in physical activity combined with compression therapy is more
effective than compression therapy alone.(45) Furthermore, including specific ex-
ercises in combination with compression therapy is important, because bandages
can lead to a reduced range of ankle motion.(46) As the results in Chapter 5 show,
a restriction of the range of ankle motion is associated with more severe chronic ve-
nous disease and is, therefore, an important factor to take into consideration while

managing the progression of chronic venous disease.

Risk or result: treatment is required

The studies in this thesis show that obesity and reduced mobility can be an etiolog-
ical and a modifiable risk factor for chronic venous disease. They can cause venous
hypertension, lead to reflux or obstruction in the veins of the lower extremities and
decrease venous return to the heart. They often occur simultaneously, and they
negatively impact chronic venous disease treatment. However, these risk factors
receive little attention in current management for chronic venous disease. Whether
or not obesity and reduced mobility are a risk for or a result of chronic venous dis-
ease, they are as important as, if not more important than, venous insufficiency in
the disease management.

Abdominal obesity and reduced physical activity should be measured and treat-
ed in clinical practice to optimise ambulatory venous function, whether they are a
risk or a result of chronic venous disease. In both scenarios (risk and result), treat-
ment of abdominal obesity and reduced physical activity can lead to an increase in
venous outflow to the heart. In addition, treatment of obesity and reduced physical
activity can be easily implemented; there is no need for the development of new in-
terventions. Weight loss and exercise interventions for obesity and improving range
of ankle motion are widely implemented in clinical practice.(11, 47, 48) In the treat-
ment of obesity, interventions that combine weight loss and exercise are preferred

over interventions that involve weight loss alone to prevent muscle decline.(49)
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Many studies have been performed on weight loss and exercise programs in obese
patients, and two meta-analyses show that the combination of weight loss interven-
tions with exercise is effective in fat reduction and preventing muscle decline.(50,
51) The only addition for chronic venous disease patients would be physical therapy
to improve the range of motion of the ankle in order to optimise calf muscle pump
function. Simply treating venous reflux and obstruction might be of lesser impor-
tance in managing chronic venous disease when obesity and reduced mobility are
left untreated. The role of treating obesity and reduced mobility in restoring venous
return to the heart should not be underestimated.

Furthermore, reducing obesity and increasing physical activity requires a change
in lifestyle. It is known that changes in lifestyle require more intensive healthcare
and guidance when compared to invasive treatments of chronic venous disease.
In line with smoking and sunbathing, patients should be made aware of the risks
of obesity and low physical activity. In the case of smoking and sunbathing, the
healthcare professionals and government public health initiatives took action and
achieved widespread awareness of the health risks. However, awareness of health
risks alone is insufficient to achieve a lifestyle change. Measuring the risks, mon-
itoring these risks and guiding a patient to change these lifestyle risk factors is
necessary to increase compliance.(52, 53) In diabetes care, multiple initiatives have
been found to help patients reach healthy lifestyles, including reducing weight and
increasing physical activity.(54-56) However, healthcare professionals need to guide
and monitor patients in order to maintain these changes and treat the progression
of chronic venous disease signs and symptoms. In venous leg ulcer care, it is already
shown that therapy guidance leads to a better understanding of the disease and
compliance to lifestyle changes, including ambulatory compression therapy.(57, 58)

The indirect evidence suggests that the screening, monitoring and treatment of
obesity and reduced mobility can improve treatment outcomes and reduce disease
progression. However, further research is required to assess whether or not the
screening, monitoring and treatment of lifestyle risk factors significantly reduces
chronic venous disease progression and further improves chronic venous disease

signs, symptoms and treatment outcomes.
Methodological reflections
During the execution of the studies included in this thesis, we encountered a few

barriers in the recruitment of patients with chronic venous disease. These barriers

provided more insight into the current care for chronic venous disease patients. In

166



this section, we reflect on the diagnosis of chronic venous disease patients, and

recruitment of patients for the studies in this thesis.

Diagnosis of chronic venous disease patients

For the literature review and cross-sectional study, we focused on venous leg ulcer
patients with a first (healed) venous leg ulcer. We included patients with a first ve-
nous leg ulcer because patients with venous leg ulcer recurrences might experience
more severe disease characteristics and possibly more severe risk factors. Including
patients with venous leg ulcer recurrence would, therefore, influence the data by in-
creasing the differences in risk factors between patients with mild and more severe
chronic venous disease. In addition, the retrospective questions on the risk factors
would have had an increased recall bias in patients with a recurrent venous leg
ulcer because we included questions on their situation before the first venous leg
ulcer was present. The focus in studying the risk factors and current care of chronic
venous disease was to make discoveries that could prevent a first venous leg ulcer,
not venous leg ulcer recurrence.

In this thesis, we specifically included patients whose diagnosis of chronic venous
disease was confirmed by clinical signs and symptoms of chronic venous disease in
combination with duplex diagnostics. This way, we ensured the inclusion of chronic
venous disease patients and excluded other diseases that can be a cause of oede-
ma and lower leg ulcers on their own (i.e. congestive heart failure and diabetes
mellitus). The duplex diagnostics also allowed us to include patients with mixed
ulcers caused by multiple underlying pathologies, such as diabetes and peripheral
arterial disease, in addition to chronic venous disease. Patients with mixed pathol-
ogy of oedema and leg ulcers are very common. About 20% of venous leg ulcers
have a mixed pathology of arterial-venous origin.(59, 60) However, comorbidities
(like diabetes mellitus and peripheral arterial disease) are often excluded in chronic
venous disease research to ensure the venous cause of the oedema or the leg ulcer.
(61-64) The inclusion of duplex diagnostics allowed us to include chronic venous
disease patients with comorbidities in the qualitative and cross-sectional study. This
led to a sample that better represents the chronic venous disease patients in the

general population.

Recruitment

Patients with chronic venous disease were recruited from healthcare settings and
the general population so that our study sample would representative for the Dutch
population in the qualitative and cross-sectional study. During the recruitment of
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chronic venous disease patients in the different healthcare settings, a few barriers

arose:

e In secondary care, patients with a venous leg ulcer were mostly patients with
recurrent venous leg ulcers, which were excluded from our studies.

e In home care and nursing homes, patients were often permanently immobile or
suffered from cognitive dysfunction, which were exclusion criteria in our studies.

e In primary care, the use of ICPC codes (International Classification in Primary
Care) appeared to be a challenge in selecting patients with chronic venous
disease clinical class C2-Cé. The ICPC codes to register diagnostics in primary
care did not define the venous origin of chronic venous disease signs like oede-
ma or leg ulceration. The diagnose codes for varicose veins and venous throm-
bosis also include patients with reticular veins and minor superficial thrombosis
who do not necessarily have insufficient veins and increased venous hyper-
tension. Therefore, it was impossible to recruit patients from the primary care
research networks who use the ICPC codes to select and recruit patients for
research purposes. The lack of registration of the venous origin or severity of
chronic venous disease makes the ICPC codes not only a barrier for research
purposes, but mainly for the recognition and registration of chronic venous
disease in clinical practice.

Overall, recruiting patients with a first venous leg ulcer or patients with a chronic
venous disease diagnosis was a challenge. The lack of registration of the venous
origin of signs and symptoms of chronic venous disease and the absence of duplex
diagnostics in primary care can hinder the correct diagnosis of chronic venous dis-
ease in clinical practice. The Vein Consult Program(65) in Belgium and Luxemburg,
reported that only 17% of the patients were referred to secondary care while 43%
had chronic venous disease clinical class C2-Cé. Patients with clinical class C2-Cé
should be diagnosed with a duplex ultrasound, and would most likely require in-
vasive treatment according to secondary care chronic venous disease guidelines.
(66) The referral of chronic venous disease patients for diagnostics and treatment
of chronic venous disease might have been increased after training the general
practitioners in the Vein Consult Program, but it was still insufficient. Furthermore,
a study on the release of a venous leg ulcer guideline in the United Kingdom led to
an increase in referrals from general practitioners to specialist care for the diagnosis
and treatment of active venous leg ulcers.(67) However, the time between seeking

primary healthcare and the referral for venous leg ulcer patients to secondary care
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was still 16 weeks. In addition, the study did not include the preventative referral of
patients in earlier stages of chronic venous disease. The international studies, the
recruitment of patients for our studies and the results from Chapter 2 and Chapter
7 show that awareness of chronic venous disease among healthcare professionals is
low. Awareness of healthcare professionals should be raised to increase recognition
of chronic venous disease and improve early diagnostics, treatment and follow-up

for chronic venous disease patients.
Awareness of signs and symptoms of chronic venous disease

Widespread awareness of chronic venous disease signs and symptoms is still lack-
ing among the general population and in healthcare. In the general population
not all chronic venous disease patients have (visible) varicose veins or recognise
their oedema or skin changes, and not all patients complain of symptoms like calf
muscle cramps, pain, heaviness and itching.(68) These patients are unlikely to seek
healthcare for these chronic venous disease signs and symptoms. In this section we
discuss the awareness of chronic venous disease signs and symptoms and how to
improve awareness in clinical practice.

Not recognising the signs and not experiencing the symptoms as ‘complaints’
was one of the reasons in the cross-sectional study why patients did not seek
healthcare or follow-up for their chronic venous disease. On the other hand, an Ital-
ian study showed that the under-recognition of chronic venous disease symptoms
led to 6.6% of emergency care calls by chronic venous disease patients.(69) Chronic
venous disease usually does not require acute emergency care. In addition, the
under-recognition of chronic venous disease is a worldwide problem. Researchers
all over the world write articles to raise awareness of chronic venous disease in the
general population and healthcare to increase early recognition and rapid diag-
nostics and treatment for chronic venous disease.(70-73) However, these articles
are published in scientific journals mostly read by other researchers and healthcare
professionals who are searching for specific information on chronic venous disease
and have access to these scientific journals. Articles to raise awareness of chronic
venous disease should be published in national professional journals to be able to
reach all healthcare professionals that encounter patients with chronic venous dis-
ease. These professional journals are easily accessible for healthcare professionals

and have a wider reach within clinical practice.
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Mortality of chronic venous disease

Another reason for the low awareness of chronic venous disease in healthcare
might be the fact that chronic venous disease is considered a non-life-threatening
condition. Varicose veins, oedema, skin changes and post-thrombotic syndrome
are not a direct cause of death. However, a recent study in Germany showed an
increased mortality rate of 35% and 23% over a period of 10 years for people with
deep vein thrombosis in the femoral veins and venous leg ulcers respectively.(74)
Other pathologies causing chronic wounds (like diabetes mellitus and peripheral ar-
terial disease) are more life-threatening. Two meta-analyses and a systematic review
show that diabetic foot ulcers and critical limb ischemia (peripheral arterial disease)
increase mortality by 30%(75) and 50%(76) respectively within 5 years, and pressure
ulcers lead to an increased hazard ratio of 1.78 (95% CI 1.46-2.16) in 0.5-3.0 years.
(77) Furthermore, the mortality rates of chronic diseases naturally play a major role
in prioritising diseases in healthcare and in research. Next to mortality, incidence
and impact on quality of life also play a role in prioritising a disease. Today, for
chronic venous disease, little is done to increase the awareness among the general
population and healthcare professionals, despite its high prevalence and negative
impact on quality of life.(78, 79) As chronic venous disease is a part of cardiovascu-
lar disease, knowledge distribution and awareness could be increased by the na-
tional cardiovascular associations. Moreover, the modifiable risk factors (hyperten-
sion, obesity and insufficient physical activity) for chronic venous disease are also
risk factors for cardiovascular disease in general. Chronic venous disease, therefore,
deserves a more prominent place in cardiovascular disease management. It is time
to move past the cosmetic reputation of varicose veins and acknowledge chronic
venous disease as a cardiovascular disease that can progress to severe and disa-

bling clinical stages with an increased mortality.

Possible prevention strategy: screening, diagnostics and
monitoring of chronic venous disease and its risk factors

We now know how to make the first step in being safe rather than sorry in chronic
venous disease healthcare. The results of this thesis show that we should examine
the chronic venous disease patient as a whole, including disease signs, symptoms,
comorbidities, and risk factors. In this section, we present a possible prevention
strategy for chronic venous disease progression.

The general practitioner plays a key role in the recognition and diagnosis of a dis-

ease; this includes the recognition and diagnosis of chronic venous disease. As pre-
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viously mentioned, in the Netherlands, the general practitioner is the first stop for
every health issue and the centre piece in referrals and the management of health-
care for all patients. Due to the large number of patients per general practitioner
in the Netherlands, most general practitioner practices are supported by practice
nurses who screen, diagnose and monitor patients with specific conditions (like
diabetes, lung disease and cardiovascular disease). Screening patients for signs
and symptoms of chronic venous disease would fit into the general practitioner
practice; these screenings could be performed by either the general practitioner or

a practice nurse specialised in cardiovascular risk management.

Screening for chronic venous disease and its risk factors

Ideally, screening should take place in an older population, since the prevalence of
chronic venous disease increases with age. Older patients with risk factors for the
development of more severe chronic venous disease would be eligible for chronic
venous disease screening. The risk factors for the progression of chronic venous
disease do not differ much from other cardiovascular diseases or chronic diseases
that lead to a chronic wound. Hypertension, obesity and low physical activity or
reduced mobility are risk factors for cardiovascular diseases (like peripheral arte-
rial disease), diabetes mellitus, and pressure ulcers(8, 9, 80, 81). Therefore, a new
intervention is not needed. Screening and prevention programs for cardiovascular
diseases and diabetes have already been proven effective and interchangeable.
(10) Acknowledging chronic venous disease as a cardiovascular disease can lead to
a direct implementation of chronic venous disease screening in the cardiovascular
risk management program.

In the Netherlands, a screening program has been developed for the early rec-
ognition, treatment and follow-up of patients at risk for cardiovascular disease. This
cardiovascular risk management program(8) has been implemented in all general
practitioner practices. During this cardiovascular risk management program, several

risk measurements are performed:

e Blood pressure

*  Blood workup for cholesterol and glucose levels
e Height and weight (to calculate BMI)

e Waist circumference

e Smoking and alcohol use

e  Physical activity assessment

e Comorbidities
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In this cardiovascular risk management program, a large older population (men
>55 years old and women >60 years old) is screened for cardiovascular disease
risk. With only a minor addition, the cardiovascular risk management program can
screen for chronic venous disease as well. A visual check of the lower extremities
and a few questions regarding the symptoms of chronic venous disease would be
all that is needed to include chronic venous disease into the cardiovascular risk
screening. Table 1 shows a checklist that could be implemented to recognise chron-
ic venous disease in the risk assessment for cardiovascular diseases. Patients could
be given the opportunity to check the symptoms themselves prior to the cardio-
vascular risk measurements (as described above). It should be kept in mind that
the signs of chronic venous disease do not necessarily occur in a particular order,
and that, for example, skin changes can be present without visible varicose veins

or oedema.

Any of the following symptoms of

the lower leg in the past 4 weeks* Clinical classification according to the CEAP classification*

Co No visible or palpable signs of venous
Pain C1 disease
Sensation of swelling or burning C2 Telangiectasia or reticular veins
Night cramps in the calf muscle C3 (Recurrent) Varicose veins
Sensation of pins and needles Cda Oedema
Itching Cab Pigmentation or eczema
Heaviness Céc Lipodermatosclerosis or atrophie blanche
C5 Corona phlebectatica
Cé Healed venous ulcer

(Recurrent) Active venous ulcer

Table 1: signs and symptoms of chronic venous disease for risk assessment in primary care
*As described in the Vein Consult Program protocol(83), CEAP = Clinical, Etiological, Anatomical

and Pathological classification(82)

Diagnostics and monitoring of chronic venous disease and its risk factors
When a general practitioner or the practice nurse has registered a clinical stage of
C2 or higher with one of the symptoms, or a clinical stage of CO-C1 with two or
more symptoms in the past four weeks, further diagnostics are required. Accord-
ing to international secondary care chronic venous disease guidelines a patient
with varicose veins, more advanced clinical stage of chronic venous disease, and/
or several symptoms of chronic venous disease should be investigated with duplex
diagnostics.

For monitoring patients at risk (elderly, high blood pressure, obese, reduced

ankle mobility, family history of venous leg ulcers), there are several options, de-
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pending on the severity of disease and its risk factors. Overall, the screening and
diagnosing of patients with chronic venous disease should be aimed at preventing
a venous leg ulcer. Today, there is no fixed strategy for preventing a venous leg
ulcer, as shown in Figure 7 in the general introduction (Chapter 1). Following the
results of this thesis, Figure 1 shows an optional strategy aimed at preventing a ve-
nous leg ulcer. This strategy partially fits the screening of cardiovascular disease as
described previously. For the follow-up of patients at risk, the following guidelines
might adequately help prevent a venous leg ulcer:

First, always follow-up with a patient when they experience new signs or symp-

toms of chronic venous disease or their current signs and symptoms worsen.

e Ten-year follow-up (risk assessment)
e chronic venous disease CO-C1 with minor symptoms
e chronic venous disease C2, which is diagnosed and treated invasively
e Five-year follow-up (risk assessment)
e chronic venous disease CO-C1, with at least 2 symptoms and at least 1 of
the risk factors (excluding age)
e chronic venous disease C2, which is treated invasively, and at least 1 of the
risk factors (excluding age)
*  Two-year follow-up (risk assessment)
e  chronic venous disease C3-Cé, with invasive treatment of the varicose

veins or venous thrombosis

The monitoring and following-up can be performed by the general practitioner
or the practice nurse. The diagnostics and invasive treatment of varicose veins or
venous thrombosis are performed by a specialist in secondary care, according to
existing guidelines. Most risk factors (except for age and family history) can be
treated and monitored in primary care, according to existing guidelines for obesity,
ankle mobility and hypertension. In addition, the results of Chapters 2 and 7 show
that compliance to compression therapy is low, and patients experience barriers
in wearing compression hosiery. Regular follow-ups are, therefore, required to ad-
dress these barriers and aim at increasing adherence to compression therapy. For
treatment of chronic venous disease C3-Cé with compression therapy, time to fol-
low-up depends on the patients’ self-reliance and intensity of venous leg ulcer care.

In conclusion, in clinical practice, chronic venous disease should be acknowl-
edged as a chronic condition that requires ongoing healthcare, including risk as-

sessment, timely follow-ups for monitoring chronic venous disease progression and
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personalised guidance to increase adherence to lifestyle interventions, including

compression therapy.

Chronic venous disease prevention strategy

Signs and symptoms, duplex
investigation, (modifiable) risk factors

Varicose vein removal, thrombosis
treatment, compression therapy,
weight loss, physical activity,
comorbidities

Prevention progression

Risk assessment chronic

wound Yet to be developed

Checking skin vitality, patient
education, guidance in compression
therapy

Prevention first chronic

wound

Signs of CVD and skin vitality:

Let the patient stand on a platform so their lower extremities are at eye-level.
Check the whale lower extremities for visible or palpable varicose veins
Check pitting oedema by pressing the thumb on the lower tibia for 20 seconds
Check the Stemmer sign for pitting oedema
Check for any skin changes on the lower extremities
(red, purple, brown, white discolouration)

Check for corona phlebectaticaon the foot arch
Check for any wounds

Figure 1: Possible prevention strategy for chronic venous disease progression
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Screening for Chronic Venous Disease and its risk factors: can it
be cost-effective?

The current organisation of care provides an under-recognition of chronic venous
disease patients, scattered care and late diagnostics that can lead to costly and
severe chronic venous disease and venous leg ulcers. Roughly 1%-2% of the annual
healthcare budget goes to chronic venous disease care. Moreover, healthcare costs
increase as disease severity increases.(84) The costs for screening and prevention
of chronic venous disease can be low. Embedding the screening within the already
existing cardiovascular risk management program comes with no additional costs.
Most risk factors are also risk factors for cardiovascular disease. Due to the risks
involved in cardiovascular disease, follow-ups would be planned frequently, which
is ideal for detecting and treating chronic venous disease. Screening for chronic
venous disease specifically can, however, lead to an increase in the prevalence of
early diagnosis and invasive treatments that come with higher costs. However, the
adequate screening, diagnosing and monitoring of chronic venous disease might
also lead to the prevention of more severe chronic venous disease and venous leg
ulcers, which can conserve costs and definitely save the patients from a decrease
in quality of life.

It is known that ambulatory venous function can be restored when the obstruc-
tion or insufficient veins are removed. Treatment of varicose veins today is minimally
invasive, with lower costs and a low impact on quality of life compared to 20 years
ago.(85) In addition, it is shown that timely treatment of varicose veins is important
because a delayed treatment of over six months can lead to progression of the
venous insufficiency and chronic venous disease.(86, 87) In the treatment of venous
leg ulcers, it is shown that implementing guidelines to ensure an adequate health-
care path (including timely chronic venous disease diagnostics and treatment) can
increase positive treatment outcomes and reduce costs.(88-90) Furthermore, vari-
cose veins have a high recurrence rate of about 50% in 8 years. However, the other
50% of varicose vein patients did not experience a recurrence, and possible disease
progression was prevented.

For the obesity risk factor, weight loss and exercise interventions are effective
treatments.(50) However, treatment of risk factors such as obesity and mobility are
challenging, as they require lifestyle changes. Obesity and physical activity inter-
ventions require personalised guidance and behavioural interventions, which is a
continuous healthcare process stimulating a patient’s self-reliance.(91) Yet, these

interventions are widely accepted in diabetes care to prevent disease progression
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and a chronic wound. This also accounts for physical therapy (walking therapy) for
peripheral arterial disease patients to prevent disease progression and chronic
wounds. Physical therapy is given at a high frequency, and stimulates a patient’s
self-reliance (guideline claudication intermittent). Treatment of obesity and the use
of physical therapy for improving the range of ankle motion should, therefore, be
accepted as a treatment strategy in chronic venous disease to prevent disease pro-
gression and chronic wounds. Compared to invasive therapies and hospitalisation,
these lifestyle interventions are easily accessible to patients; they are mostly reim-
bursed and at relatively low costs.

Additionally, treatment for obesity and reduced mobility in chronic venous dis-
ease patients might benefit their other comorbidities. Other cardiovascular diseas-
es, rheumatic arthritis, diabetes and COPD are comorbidities that occur often in
chronic venous disease patients; each condition would benefit from weight loss and
increased physical activity. No solid evidence exists (yet) for the cost-effectiveness
of implementing a prevention strategy for chronic venous disease progression in
clinical practice. However, this study denotes the need for a prevention strategy,
and the indirect evidence (as described above) suggests that it can be cost-ef-
fective. Moreover, most of the screening, monitoring and risk factors treatment is
already embedded in healthcare for other chronic venous diseases. Chronic venous
disease has to be acknowledged as a cardiovascular disease to be included in the

pre-existing cardiovascular risk management program.
Research recommendations, education and clinical implications

In this section research recommendations, implications for education, and the clin-

ical implications of this thesis are described.

Research recommendations

The Vein Consult Program (VCP) was developed to raise awareness of chronic ve-
nous disease in primary care world-wide. The VCP included approximately 90,000
chronic venous disease patients from over 400 general practitioners world-wide.
The VCP invested in training the general practitioners in chronic venous disease
recognition and provided tools to assess, recognise, and register chronic venous
disease. One of the goals of this program was to raise awareness about chronic
venous disease among patients, HCP and health authorities.(92) The VCP was per-
formed in 2010 and 2011 worldwide, and publications followed until 2018, when
the final results were published (no results on raising awareness were published).
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(93) However, the Netherlands was not one of the participating countries. Imple-
menting the Vein Consult Program in the Netherlands will provide insight in the
prevalence of chronic venous disease in primary care. A large prevalence study
according to the VCP will most likely raise awareness among the public and general
practitioners. The VCP designed protocols for the execution of the study and suc-
cessfully executed this prevalence study in many countries. The VCP is, therefore,
a feasible study design that should be executed in the Dutch primary care to pro-
vide insight into chronic venous disease prevalence and increase awareness about
chronic venous disease in the Netherlands.

In addition, a long term cohort (such as the Bonn Vein study(94) or the Edinburgh
Vein study(95)) would be ideal to investigate the causality of risk factors such as
obesity and changes in physical activity. Both the Bonn Vein Study and the Edin-
burgh Vein Study included only BMI as a weight measurement and did not include
physical activity or mobility measurements. A long-term cohort should measure
waist circumference, range of ankle motion, level of physical activity and change in
physical activity in order to confirm a causal relationship between abdominal obe-
sity and ankle mobility, and calf muscle pump function and chronic venous disease
progression.

Finally, the proposed prevention strategy for the progression of chronic venous
disease should be studied in the Dutch clinical practice for its cost-utility. Performing
a study on a complex intervention, like the prevention strategy in clinical practice,
would provide insight into the actual effectiveness of the screenings and risk-factor
interventions in chronic venous disease patients representative of the Dutch popu-
lation. In an intervention study, more information can be gathered on the effective-
ness of varicose vein removal, risk-factor management and increased compliance

with compression therapy to prevent chronic venous disease progression.

Education

A body of knowledge on chronic venous disease should be implemented in primary
and secondary healthcare education to increase recognition of chronic venous disease
as a whole and not just its separate clinical signs. In healthcare education, chronic ve-
nous disease should be presented as a chronic cardiovascular disease with its differ-
ent causes (venous thrombosis, venous syndromes, and venous insufficiency), signs,
symptoms, and risk factors (increasing age, abdominal obesity, hypertension, ankle
mobility and family history of venous leg ulcers). Implementing a body of knowledge
on chronic venous disease in healthcare education is the first step towards improving
future early recognition of chronic venous disease in clinical practice.
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Clinical implications

The main objective of this thesis was to take a first step towards the prevention of
the progression of chronic venous disease and the development of a first venous
leg ulcer in chronic venous disease patients. This thesis shows that current care for
chronic venous disease is insufficient, and a strategy for the prevention of chronic
venous disease progression is required. Chronic venous disease guidelines should
be updated, including the collaboration of primary and secondary care in the ade-
quate screening, diagnosing, and monitoring of chronic venous disease risk factors
in patients. These guidelines could increase the awareness of chronic venous dis-
ease primary care. This thesis also identifies several risk factors for the progression
of chronic venous disease, and specifically for the development of a venous leg
ulcer. Healthcare providers in primary and secondary care should be aware of risk
factors like hypertension, abdominal obesity and reduced (ankle) mobility, and they
should measure these factors in patients with chronic venous disease. In case of
abdominal obesity and a reduced range of ankle motion, dieticians and physical
therapists should be consulted for the treatment of these risk factors. The frame-
work for the screening, diagnosing and monitoring of chronic venous disease and
the associated risk factors is already proven to be effective in diabetes care.(10) The
only difference in chronic venous disease care is the focus on the calf muscle pump
function by increasing physical activity and increasing compliance to compression
therapy instead of insulin therapy.

Today, there is an excess of demand for general practitioners in the Netherlands.
More and more tasks are passed on to other healthcare professionals in primary
care to support the general practitioners. For chronic venous disease patients, a
practice nurse or dermal therapist could be asked to perform the follow-ups to
monitor the disease, assess risks, provide and increase compliance to compression
therapy, and coordinate the healthcare of chronic venous disease patients in col-
laboration with the general practitioner, dietician, physical therapist, and dermatol-
ogist or vascular surgeon.

The Dutch population is ageing, and the life expectancy increased over the last
decades. In 2000, the average life expectancy was 78.1 years; in 2018, it was 81.8
years.(96) As ageing is the most important risk factor for chronic venous disease, it
is likely that the prevalence of chronic venous disease will increase over the years.
In addition, the prevalence of obesity has increased in the past two decades. In
2000, the prevalence of obesity among adults in the Netherlands was 9.1% ; in
2018, it was up to 14.8%. For people over 50 years old, the prevalence of obesity
was even higher: 17.8% in 2018.(97) The ageing population and the increase in the
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prevalence of obesity might lead to even more chronic venous disease patients in
the future.(98, 99) This denotes the importance of taking action today.

It is now up to networks of healthcare providers to update their clinical guidelines
to improve the recognition of chronic venous disease and its risk factors. Guide-
lines should include adequate screening, diagnostics, treatment, and monitoring
of chronic venous disease and its risk factors. The clinical guidelines should be
developed in collaboration with venous specialist, general practitioners, practice
nurses, dermal therapists, dieticians, and physical therapists. The time to acknowl-

edge chronic venous disease as a chronic cardiovascular disease is now.
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SUMMARY

Summary

Varicose veins are a very common defect of the venous system in the lower extrem-
ities, affecting almost a third of the adult population world-wide. The prevalence
ranges from 50% in people aged 60-64 years to 69% in people aged 80+ years.
Varicose veins are often left untreated because of their cosmetic reputation. Health
insurance companies do not always cover treatment, and there are no fixed health-
care paths for patients with varicose veins. Chronicity and progression of varicose
veins is, therefore, often overlooked by patients and by healthcare providers.

Chronic venous disease includes various physical signs like varicose veins, oede-
ma, eczema, skin discolouration, and a venous leg ulcer. A venous leg ulcer occurs
when the ambulatory venous pressure is increased for several years. The prevalence
of venous leg ulcers is approximately 0.3%, but they are hard to heal, recur often
and can have a large impact on a person’s quality of life and activities of daily liv-
ing. Even when a venous leg ulcer heals, patients can experience fear of venous
leg ulcer recurrence. The fear of injury and skin tears on the lower extremities can
cause non-compliance with common therapies like wearing compression hosiery
and engage in physical activity.

The progression of chronic venous disease is accompanied by an increase in
health care costs; the venous leg ulcer is the most expensive to treat. The scat-
tered and incomplete guidelines in primary care might lead to an under recognition
of chronic venous disease patients, which can lead to inadequate diagnosis and
treatment of chronic venous disease in the Dutch primary care system. Chronic
venous disease is the only chronic disease with the potential to develop into a
chronic wound that does not receive regular check-ups to monitor and treat disease
progression. For other chronic diseases that carry a risk of the development of a
chronic wound (such as diabetes and peripheral arterial disease), prevention of dis-
ease progression is imbedded in current healthcare. Adequate prevention for the
progression of chronic venous disease (and the development of a first venous leg
ulcer) is also missing due to a poor understanding of its risk factors.

The objective of this thesis, as described in Chapter 1, is to make a first step
towards prevention of the progression of chronic venous disease and the develop-
ment of a first venous leg ulcer in chronic venous disease patients. The aim is to
identify chronic venous disease patients at risk of developing more severe clinical
stages, provide insight into the lifestyle related risk factors, and provide an over-

view of current chronic venous disease care in the Netherlands.
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In Chapter 2 we further explored the progression of chronic venous disease into
a first venous leg ulcer from a patients’ perspective. We conducted a qualitative
study using semi-structured interviews amongst male and female patients with
a venous leg ulcer. Eleven patients (age 43-89 years old) with first and recurrent
venous leg ulcers where included. The interviews were transcribed and analysed
using a narrative approach to a thematic analysis. Transcripts where organised in
a chronological order and an iterative process was used to code the transcripts.
Four key-themes and the connections made between them emerged from the elev-
en narratives on the progression of chronic venous disease towards a first venous
leg ulcer: ‘Comorbidity’, ‘Mobility’, ‘Work & Lifestyle’, and ‘Acknowledgement of
chronic venous disease’. Comorbidity was linked to reduced Mobility and a late
Acknowledgement of chronic venous disease. Comorbidity also affected Work &
Lifestyle and vice versa. Work & Lifestyle affected Mobility and was linked to the
Acknowledgement of chronic venous disease. In conclusion, a reduction in Mobility
as a result of Comorbidity and Work & Lifestyle occurred before the venous leg
ulcer developed. Patients did not recognise symptoms of chronic venous disease
and did not acknowledge the chronicity of chronic venous disease. Health care
professionals should be aware of reductions in mobility and the knowledge deficit
in patients with chronic venous disease.

In addition to the patient narratives we identified known risk factors for develop-
ing a first venous leg ulcer from the literature. In Chapter 3 we describe the sys-
tematic literature review. We searched the Cochrane Library, Pubmed, Cinahl, and
Narcis to identify studies that investigated risk factors in developing a venous leg
ulcer. The last search was performed in January 2018. Two reviewers independently
reviewed the abstracts and full-text articles, and assessed the methodological qual-
ity of the included studies. Results of studies using duplex scanning, and comparing
participants with and without venous leg ulcers were included in the qualitative
analysis. We found five studies that investigated the relation of several risk factors
with venous leg ulcer development. The methodological differences of the studies
made it impossible to perform a quantitative analysis. The risk factors: higher age,
higher Body Mass Index, low physical activity, arterial hypertension, deep vein re-
flux, deep venous thrombosis and family history of venous leg ulcers were signifi-
cantly associated with the development of a first venous leg ulcer in the majority of
the studies. To what extent they influence the development of a venous leg ulcer
remains unclear because of the limited number of studies that investigated the
association of these risk factors with venous leg ulcer development, and the heter-

ogeneity of these studies. Further studies are needed to confirm the association of
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these risk factors with the development of a venous leg ulcer and to explore body
mass and low physical activity in more detail.

To explore the mechanisms of obesity and mobility in the development of an
venous leg ulcer we conducted a scoping review as described in Chapter 4. We
searched the Cochrane library and Pubmed in May 2019 to identify studies on the
working mechanisms of obesity and mobility in developing a venous leg ulcer. Hand
searches were performed to find additional studies explaining the working mech-
anisms (indirectly related to the venous leg ulcer). Two reviewers independently
reviewed the abstracts and full-text articles. As a result twenty-eight studies met
our eligibility criteria. We found that disturbed range of ankle motion and gait can
lead to a reduced calf muscle pump function leading to a venous outflow disorder.
Increased abdominal pressure due to obesity can lead to a venous outflow obstruc-
tion and increased adipose tissue mass results in an increase in adipokine secretion.
The venous outflow disorder, outflow obstruction and increased adipokine secre-
tion can all lead to chronic systemic inflammation, increased endothelial perme-
ability and hence microcirculatory dysfunction. Concluding, obesity and reduced
mobility can simultaneously lead to haemodynamic changes in the macro- and mi-
crocirculation of the lower extremities and eventually in result in a venous leg ulcer.
In patients with obesity and reduced mobility the changes in microcirculation alone
can lead to skin changes and eventually a venous leg ulcer. Therefore, early recog-
nition of chronic venous disease symptoms in patients with obesity and reduced
mobility is crucial for an early diagnosis and treatment of chronic venous disease to
prevent a venous leg ulcer.

With the knowledge on the working mechanisms of obesity and reduced mobil-
ity from the scoping review we further investigated these factors in relation to the
progression of chronic venous disease. In Chapter 5 we assessed the relation of
waist circumference and calf muscle pump related physical activity with the pro-
gression of chronic venous disease. We collected data from patients in primary
care, secondary care and through convenience sampling in the general population
in The Netherlands. In total 74 participants (aged >40 years) with chronic venous
disease (varicose veins, oedema, skin changes and venous leg ulcers) were recruit-
ed and diagnosed with duplex ultrasound. Physical measurements were performed
for waist circumference, range of ankle motion, and the number of steps per day
(accelerometer). Data on patient characteristics and physical activity were collected
using a questionnaire. We included 29 patients with varicose veins and 43 patients
with more severe stages of chronic venous disease. Patients had a mean age of 68.5

years and were predominantly female. Multivariable logistic regression showed that
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abdominal obesity (OR 3.9, 95% CI: 1.3-12.3) and reduced dorsal flexion of the
ankle (OR 5.9, 95% Cl: 1.8-19.4) were independently associated with more severe
chronic venous disease. Both abdominal obesity and dorsal flexion of the ankle
<10° were associated with more severe chronic venous disease and were likely to
be present for over five years which suggests that they are risk factors for the pro-
gression of chronic venous disease. Measurement and treatment of these risk fac-
tors should be implemented in chronic venous disease care to improve venous
function.

The cross-sectional study in Chapter 5 showed that the number of steps per day
were not associated with more severe chronic venous disease. We therefore further
investigated physical activity levels from patients in the cross-sectional study. The
aim of the study in Chapter 6 was to investigate the physical activity levels and to
compare the results with the physical activity recommendations of the World Health
Organisation (WHO). Physical activity was measured using a standardised question-
naire and accelerometers. The accelerometers were used to measure sedentary
behaviour, light physical activity and moderate to vigorous physical activity. Sixty
percent of the study population had multimorbidity that might influence physical
activity. Only 34% of the patients met the WHO physical activity recommendations
and 39% of the patients reported walking for at least 30 minutes on 5 days per
week. The accelerometer data showed that 73% of the patients did not engage in
30 minutes of continuous moderate to vigorous physical activity. Patients had a me-
dian 82 (21-158) minutes of moderate to vigorous activity measured in 10 minute
bouts, and a median of 6 hours (4.3-7.5) of sedentary behaviour per day. The medi-
an number of steps differed significantly between patients with varicose veins and
more severe chronic venous disease with a difference of 29% (7747 [5858-9604]
vs. 5536 [4510-8438]). In conclusion, physical activity in chronic venous disease
patients is insufficient and should be treated in chronic venous disease healthcare
to improve venous outflow and optimise the calf muscle pump function. Further
research is necessary to investigate the effect of increasing physical activity levels
on disease progression in chronic venous disease patients.

In Chapter 7 we investigated the current care for chronic venous disease patients
in the Netherlands. In the cross-sectional study data on quality of life, treatment and
follow-up were collected using questionnaires. The majority of the patients expe-
rienced one or several physical complaints that led to a reduction in quality of life.
In addition, over 30% of the patients did not receive invasive treatment at the time
of the measurements. Half of the patients with a current venous insufficiency were

treated for one of the truncal veins in the past. Non-invasive treatments such as calf
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SUMMARY

muscle exercises, and advice for walking was mentioned by 4%-23% of the patients
and non-compliance to wearing compression stockings was 90%. This shows that
healthcare for chronic venous disease patients in the Netherlands is insufficient. A
collaboration between primary and secondary care health care professionals is cru-
cial in the management of this seemingly harmless yet complex disease.

In Chapter 8 we discuss our findings and the clinical implications of this thesis.
The aim of this thesis was to identify chronic venous disease patients at risk of
developing more severe clinical stages, to provide insight in the risk factors, and
to provide an overview of current chronic venous disease care in the Netherlands.

Reduced range of ankle motion and abdominal obesity are found to be associat-
ed with more severe chronic venous disease. Other literature supports the hypoth-
eses that obesity and reduced mobility can have a solitary and combined effect on
chronic venous disease progression (and vice versa). Obesity and reduced mobility
can also negatively affect chronic venous disease treatment outcomes such as var-
icose vein removal and ambulatory compression therapy. The indirect evidence
from this study and other literature suggests that the screening, monitoring and
treatment of obesity and reduced mobility can improve treatment outcomes and
reduce disease progression. However, further research is required to assess wheth-
er or not the screening, monitoring and treatment of lifestyle related risk factors sig-
nificantly reduces chronic venous disease progression and further improves chronic
venous disease signs, symptoms and treatment outcomes.

Physical activity was low, and a reduction in mobility occurred often in chronic
venous disease patients. The reduction in mobility was mostly present before the
venous leg ulcer developed, and was often caused by other comorbidities. In clin-
ical practice obesity and reduced physical activity should be measured, monitored
and treated in chronic venous disease patients. The ageing population, reduced
physical activity and increase in overweight and obesity in the Netherlands calls for
action now.

The modifiable risk factors (arterial hypertension, obesity and insufficient physical
activity) for chronic venous disease are also risk factors for cardiovascular disease
in general. Chronic venous disease, therefore, deserves a more prominent place in
cardiovascular disease management. It is time to move past the cosmetic reputa-
tion of varicose veins and acknowledge chronic venous disease as a cardiovascular
disease that can progress to severe and disabling clinical stages with an increased
mortality.

In addition, not all chronic venous disease patients in the studies experienced

signs and symptoms as ‘complaints’. Moreover, when patients did have complaints,
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they often did not assign the signs and symptoms to the chronic venous disease;
therefore, they did not seek healthcare. Finally, not all chronic venous disease pa-
tients in the studies received diagnostics or treatment for their venous insufficiency,
and follow-up of chronic venous disease patients was very low. Implementing a
body of knowledge on chronic venous disease in healthcare education is the first
step towards improving future early recognition of chronic venous disease in clinical
practice.

In conclusion, this thesis shows that it is important to not only look at a patients’
chronic venous disease alone. The patient should be assessed as a whole to iden-
tify the chronic venous disease and all possible risk factors that are associated with
the progression of chronic venous disease. It is now up to networks of healthcare
providers to update their clinical guidelines to improve the recognition of chronic
venous disease and its risk factors. Guidelines should include adequate screen-
ing, diagnostics, treatment, and monitoring of chronic venous disease and its risk
factors. The clinical guidelines should be developed in collaboration with venous
specialist, general practitioners, practice nurses, dermal therapists, dieticians, and
physical therapists.
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Samenvatting

Varices zijn een veelvoorkomende aandoening van het veneuze system van de
onderste extremiteiten. Ongeveer een derde van de volwassen populatie wereld-
wijd heeft een vorm van varices. De prevalentie varieert van 50% in volwassenen
van 60-64 jaar tot 69% in ouderen van 80+. Varices hebben een cosmetische rep-
utatie en blijven daardoor vaak onbehandeld. Verzekeringsmaatschappijen ver-
goeden de behandeling vaak niet en er zijn geen gereguleerde zorgpaden voor
patiénten met varices. Om deze redenen wordt de chroniciteit en progressie
van varices vaak over het hoofd gezien door zowel patiénten als zorgverleners.
Chronische veneuze aandoeningen typeren zich door fysieke kenmerken als varices,
oedeem, huidverkleuringen en uiteindelijk een veneus ulcus cruris. Een veneus ul-
cus cruris ontstaat wanneer de ambulante veneuze druk langdurig (enkele jaren) is
verhoogd. De prevalentie van veneuze ulcera is ongeveer 0.3%, maar deze ulcera
zijn moeilijk te genezen en keren vaak terug. Ook hebben veneuze ulcera een grote
impact op de kwaliteit van leven en dagelijkse activiteiten van patiénten. Zelfs wan-
neer een veneus ulcus cruris is genezen behouden patiénten de angst voor een
nieuw ulcus. De angst voor verwondingen aan de onderste extremiteiten kan leiden
tot minder fysieke activiteit en het niet dragen van ambulante compressie therapie;
beide belangrijke therapieén voor patiénten met veneuze ulcera.

De progressie van chronische veneuze aandoeningen gaat gepaard met een ver-
hoging in zorgkosten waarbij een veneus ulcus de meeste zorgkosten met zich
mee brengt. De verdeelde en incomplete richtlijnen in de eerstelijnszorg leiden
tot onvoldoende herkenning van chronische veneuze aandoeningen bij patiénten.
De onvoldoende herkenning van chronische veneuze aandoeningen leidt weer tot
inadequate diagnostisering en behandeling van deze aandoeningen in de Neder-
landse eerstelijnszorg.

Chronische veneuze aandoeningen zijn de enige chronische aandoening die kun-
nen leiden tot een chronische wond waarbij geen regelmatige follow-up plaatsvind
voor het monitoren en behandelen van de onderliggende chronische aandoening.
Voor andere chronische aandoeningen met risico op het ontwikkelen van een
chronische wond, zoals diabetes en perifeer arterieel vaatlijden, is preventie van
ziekteprogressie volledig ingebed in de huidige zorg. De afwezigheid van ade-
quate preventie voor de progressie van chronische veneuze aandoeningen (en het
ontwikkelen van een eerste veneus ulcus cruris) kan mede verklaard worden door

gebrekkige kennis over de risicofactoren voor de progressie van chronische ve-
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neuze aandoeningen.

De doelstelling van dit promotieonderzoek, zoals beschreven in Hoofdstuk 1,
is het maken van een eerste stap in de richting van het voorkémen van progressie
van chronische veneuze aandoeningen en preventie voor de ontwikkeling van een
eerste veneus ulcus cruris. Hierbij streven wij naar het identificeren van patiénten
die risico lopen op het ontwikkelen van een ernstiger stadium van chronische ve-
neuze aandoeningen, het verkrijgen van inzichten in leefstijlfactoren als risicofactor
en het verkrijgen van een overzicht van de huidige zorg voor chronische veneuze
aandoeningen in Nederland.

In Hoofdstuk 2 gaan we dieper in op het patiénten perspectief op de progres-
sie van chronische veneuze aandoeningen naar een eerste veneus ulcus cruris. Hi-
ervoor gebruikten we semigestructureerde interviews bij mannelijke en vrouwelijke
patiénten met een veneus ulcus cruris. Elf patiénten (leeftijd 43-89 jaar) met eerste
en herhaaldelijke veneuze ulcera werden geincludeerd. De interviews werden get-
ranscribeerd en geanalyseerd volgens een narratieve benadering met een thema-
tische analyse. De transcripten werden in chronologische volgorde gezet en met
een iteratief proces gecodeerd. Uit de elf verhalen over de progressie van chronis-
che veneuze aandoeningen naar een eerste veneus ulcus cruris kwamen vier hoof-
dthema’s en hun onderlinge samenhang naar voren. De thema's waren ‘Comor-
biditeit’, "Mobiliteit’, "Werk & Levensstijl’ en ‘(H)erkenning’ van chronische veneuze
aandoeningen. Comorbiditeit werd gerelateerd aan mobiliteit en vice versa. Werk
& Levensstijl had invloed op Mobiliteit en werd gelinkt aan de (H)erkenning van
chronische veneuze aandoeningen. Een reductie in Mobiliteit door Comorbiditeit
of Werk & Levensstijl vond plaats nog voordat het veneus ulcus cruris ontstond.
Patiénten herkenden de symptomen van chronische veneuze aandoeningen niet en
erkenden ook de chroniciteit niet. Zorgprofessionals moeten rekening houden met
reducties in mobiliteit en het gebrek aan ziekte specifieke kennis van patiénten met
chronische veneuze aandoeningen.

Ter aanvulling op de patiént verhalen hebben we bekende risicofactoren voor
het ontwikkelen van een eerste veneus ulcus cruris uit de literatuur geidentificeerd.
In Hoofdstuk 3 beschrijven we een systematisch literatuur onderzoek. Twee onder-
zoekers hebben de literatuur onafhankelijk van elkaar beoordeeld. Vijf studies
werden geincludeerd die duplex onderzoek gebruikte voor de diagnose van chro-
nische veneuze aandoeningen en studies die patiénten met en zonder een veneus
ulcus cruris vergeleken. De methodologische verschillen maakte het onmogelijk
om een meta-analyse uit te voeren. De volgende risicofactoren waren significant

geassocieerd met de ontwikkeling van een veneus ulcus cruris bij patiénten met
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chronische veneuze insufficiéntie: Hogere leeftijd, hogere body mass index, lage
fysieke activiteit, arteriéle hypertensie, diep veneuze reflux, diep veneuze trombose
en veneuze ulcera in de familie. Tot op welke hoogte deze factoren invloed hebben
op de ontwikkeling van een veneus ulcus cruris blijft onbekend. De reden hiervoor
is het lage aantal geincludeerde studies en de heterogeniteit van de studies. Verd-
er onderzoek is nodig om deze risicofactoren te bevestigen en om de invloed van
overgewicht en lage fysieke activiteit in meer detail te onderzoeken.

Om de werkingsmechanismen van obesitas en mobiliteit op het ontwikkelen van
een veneus ulcus te onderzoeken hebben wij een scoping review uitgevoerd. De
scoping review staat beschreven in Hoofdstuk 4. Studies die de werkingsmech-
anismen van obesitas of mobiliteit in relatie tot het ontwikkelen van een veneus
ulcus cruris onderzochten werden geincludeerd. Twee onderzoekers hebben de
literatuur onafhankelijk van elkaar beoordeeld. In totaal voldeden 28 studies aan
de inclusiecriteria. Verstoorde mobiliteit van de enkel en een alternatieve loopcy-
clus kunnen leiden tot een verminderde kuitspierpomp functie dat weer kan lei-
den tot een verstoring in de veneuze uitstroom van de onderste extremiteiten.
Verhoogde abdominale druk door obesitas kan leiden tot een obstructie van de
veneuze uitstroom. Daarnaast kan abdominale obesitas leiden tot een verhoogde
adipokine secretie. Dit alles kan leiden tot chronische systemische inflammatie,
verhoogde endothele permeabiliteit en dus een verstoring in de microcirculatie.
Samenvattend, obesitas en verminderde mobiliteit kunnen gezamenlijk leiden tot
hemodynamische veranderingen in de macro- en microcirculatie van de onderste
extremiteiten en zo uiteindelijk resulteren in een veneus ulcus cruris. Bij patiénten
met obesitas en verminderde mobiliteit kunnen de veranderingen in microcirculatie
alleen leiden tot huidveranderingen en uiteindelijk een veneus ulcus cruris. Vroege
signalering van symptomen van chronische veneuze aandoeningen bij patiénten
met obesitas en verminderde mobiliteit zijn cruciaal voor een vroege diagnostiek
en behandeling van chronische veneuze aandoeningen om mogelijk een veneus
ulcus cruris te voorkomen.

Met de kennis van de werkingsmechanismen van obesitas en verminderde
mobiliteit uit de scoping review hebben we deze factoren verder onderzocht in
relatie tot de progressie van chronische veneuze aandoeningen. In Hoofdstuk 5
is de taille omtrek en kuitspierpomp functie gerelateerde fysieke activiteit onder-
zocht in relatie tot de progressie van chronische veneuze aandoeningen. Data is
verzameld van patiénten uit de eerstelijnszorg, tweedelijnszorg en met een ge-
legenheidssteekproef uit de algemene populatie in Nederland. In totaal zijn 74

participanten (leeftijd >40 jaar) met een chronisch veneuze aandoening (varices,
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oedeem, huidverkleuringen en veneuze ulcera) gerekruteerd en gediagnosticeerd
met een duplex scan. De volgende fysieke metingen werden uitgevoerd: De taille
omtrek, beweeglijkheid van de enkel en het aantal stappen per dag (accelerome-
ter). Patiéntkarakteristieken en fysieke activiteit werden in kaart gebracht door mid-
del van een vragenlijst. We hebben 29 patiénten met varices en 43 patiénten met
een gevorderd stadium van chronische veneuze aandoeningen geincludeerd. De
gemiddelde leeftijd van de studiepopulatie was 68.5 jaar met een meerderheid aan
vrouwen. Met een multivariabele logistische regressie werd aangetoond dat ab-
dominale obesitas (OR 3.9, 95% Cl: 1.3-12.3) en gereduceerde dorsaalflexie van de
enkel (OR 5.9, 95% CI: 1.8-19.4) onafhankelijk gerelateerd zijn aan een gevorderd
stadium van chronische veneuze aandoeningen. Zowel abdominale obesitas als de
reductie in dorsaalflexie van de enkel waren in de meeste gevallen minstens vijf jaar
aanwezig. De lange duur van de abdominale obesitas en reductie in dorsaalflexie
van de enkel maakt het aannemelijk dat het risicofactoren zijn voor de progressie
van chronische veneuze aandoeningen. Het meten en behandelen van de risicofac-
toren zou onderdeel moeten worden van de huidige zorg om zo de veneuze functie
bij deze patiénten te verbeteren.

De cross-sectionele studie in Hoofdstuk 5 toont aan dat het aantal stappen per
dag niet gerelateerd was aan een gevorderd stadium van chronische veneuze aan-
doeningen. Om deze reden hebben wij fysieke activiteit bij de patiénten in de
cross-sectionele studie verder onderzocht. Het doel van de studie in Hoofdstuk 6
was het onderzoeken van de mate van fysieke activiteit en het vergelijken hiervan
met de aanbevelingen voor fysieke activiteit van de Wereld Gezondheidsorganisa-
tie. Fysieke activiteit werd onderzocht met een gestandaardiseerde vragenlijst en
accelerometers. De accelerometers werden gebruikt om sedentair gedrag, lichte
fysieke activiteit en matige tot zware activiteit te meten. Zestig procent van de
studiepopulatie had multimorbiditeit die mogelijk de mate van fysieke activiteit
beinvloed. Slechts 34% van de patiénten voldeden aan de beweegrichtlijn van de
Wereld Gezondheidsorganisatie en 39% van de patiénten gaven aan minstens 30
minuten te wandelen op minimaal 5 dagen per week. Data van de accelerometers
liet zien dat 73% van de patiénten geen 30 minuten aaneengesloten matige tot
intensieve inspanning bereikte. Metingen van matig tot intensieve activiteit (geme-
ten in bouts van 10 minuten aaneengesloten activiteit) toonde een mediaan van 85
(21-158) minuten per week. Daarnaast vertoonden patiénten sedentair gedrag met
een mediaan van 6 (4.3-7.5) uur per dag. Het aantal stappen per dag verschilde
significant tussen patiénten met varices en patiénten met een gevorderd stadium

van chronische veneuze aandoeningen met een mediaan verschil van 29% (7747
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[5858-9604] vs. 5536 [4510-8438]). Het onderzoek laat zien dat de fysieke activiteit
bij patiénten met chronische veneuze aandoeningen insufficiént is. Om de veneuze
terugstroom en kuitspierpomp te optimaliseren zou fysieke inactiviteit behandeld
moeten worden in de zorg voor chronische veneuze aandoeningen. Verder onder-
zoek is nodig om te onderzoeken of het gericht verhogen van fysieke activiteit de
progressie van chronische veneuze aandoeningen kan vertragen.

In Hoofdstuk 7 hebben we de huidige zorg voor patiénten met een chronische
veneuze aandoening in Nederland onderzocht. In de cross-sectionele studie is hi-
ervoor data verzameld over de kwaliteit van leven, behandeling en follow-up met
behulp van (gevalideerde) vragenlijsten. De meerderheid van de patiénten had
één of meerdere fysieke klachten die leiden tot een vermindering in de kwaliteit
van leven. Daarnaast had meer dan 30% van de patiénten met veneuze problem-
atiek geen invasieve behandeling ondergaan ten tijde van het onderzoek. De helft
van de patiénten met een huidige veneuze insufficiéntie was behandeld voor een
insufficiéntie van één de stamvenen in het verleden. Niet-invasieve behandelingen
zoals oefeningen voor de kuitspier en het advies om te wandelen werd genoemd
door 4%-23% van de patiénten. Daarnaast was 90% van de patiénten niet therapi-
etrouw met betrekking tot het dragen van therapeutisch elastische kousen. Deze
resultaten geven aan dat de huidige zorg voor chronische veneuze aandoeningen
in Nederland ontoereikend is. Een samenwerking tussen eerstelijns en tweedelijns
zorg is cruciaal in het managen van deze aandoening die onschuldig lijkt, maar in
werkelijkheid zeer complex is.

In Hoofdstuk 8 worden de bevindingen en de klinische relevantie hiervan be-
sproken. Het doel van dit proefschrift was het identificeren van patiénten met chro-
nische veneuze aandoeningen die risico lopen op progressie van de aandoening,
om meer inzicht te geven in deze risicofactoren en het verkrijgen van een overzicht
van de huidige zorg voor patiénten met chronische veneuze aandoeningen in Ned-
erland.

Verminderde beweeglijkheid van de enkel en abdominale obesitas zijn gerela-
teerd aan gevorderde stadia van chronische veneuze aandoeningen. Andere lit-
eratuur ondersteunt de hypothese dat obesitas en verminderde mobiliteit een in-
dividueel en gezamenlijk effect hebben op de progressie van chronische veneuze
aandoeningen (en vice versa). Obesitas en verminderde mobiliteit hebben ook een
negatief effect op de behandeling voor chronische veneuze aandoeningen zoals
invasieve behandeling van varices en ambulante compressie therapie. Het indirecte
bewijs van de onderzoeken in dit proefschrift en andere literatuur laat de suggestie

dat screening, monitoring en behandeling van obesitas en verminderde mobiliteit
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de behandeling van chronische veneuze aandoeningen ten goede komt en wellicht
progressie kan voorkomen. Verder onderzoek is nodig om te testen of screening,
monitoring en behandeling van leefstijl gerelateerde risicofactoren de progressie
van chronische veneuze aandoeningen significant kan verlagen. Verder onderzoek
moet ook uitwijzen of de juiste zorg voor deze risicofactoren de klachten, symp-
tomen en behandeluitkomsten van patiénten met chronische veneuze aandoenin-
gen kan verbeteren.

Bij de patiénten met chronische veneuze aandoeningen in dit onderzoek was
de fysieke activiteit laag en was een reductie in mobiliteit een veelvoorkomend
probleem. In veruit de meeste gevallen was de reductie in mobiliteit, vaak vero-
orzaakt door een andere aandoening, al aanwezig voordat een veneus ulcus cruris
ontstond. Het meten, monitoren en behandelen van obesitas en verminderde mo-
biliteit zou onderdeel moeten zijn van de huidige zorg. De algemene vergrijzing,
afname van fysieke activiteit en toename van overgewicht en obesitas van de alge-
hele Nederlandse populatie roept op tot actie.

De behandelbare risicofactoren (arteriéle hypertensie, obesitas en insufficiénte
fysieke activiteit) voor chronische veneuze aandoeningen zijn tevens risicofactoren
voor cardiovasculaire aandoeningen in het algemeen. Chronische veneuze aandoe-
ningen zouden daarom een meer prominente plaats verdienen in de zorg voor
cardiovasculaire aandoeningen. Het is tijd om de cosmetische reputatie van varices
achter ons te laten en te erkennen dat dit kan leiden tot chronische veneuze aan-
doeningen en dus een cardiovasculaire aandoening die kan resulteren in ernstige
en beperkende stadia met een verhoogde mortaliteit.

Naast de tekortkomingen in de huidige zorg ervaren niet alle patiénten met chro-
nische veneuze aandoeningen klachten, of relateren ze de klachten en symptomen
niet aan chronische veneuze aandoeningen waardoor zij geen zorg vragen. Niet
alle patiénten in de studies waren daarom met een duplex onderzoek gediagnosti-
ceerd of waren onder behandeling. Daarnaast was de follow-up van patiénten die
wel zorg hadden ontvangen nihil. De eerste stap in het verhogen van de vroege (h)
erkenning van chronische veneuze aandoeningen in de gezondheidszorg is het im-
plementeren van een body-of-knowledge van chronische veneuze aandoeningen
in het gezondheidszorgonderwijs.

Tot slot, dit proefschrift laat het belang zien van het onderzoeken van een patiént
als individu en niet slechts te focussen op de chronische veneuze aandoening. In
de praktijk zou de patiént als individu onderzocht moeten worden voor het iden-
tificeren van (het stadium van) de chronische veneuze aandoening en alle mogeli-

jke risicofactoren die gerelateerd zijn aan de progressie van chronische veneuze
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aandoeningen. Het is nu aan de beroepsverenigingen in de gezondheidszorg om
hun richtlijnen te vernieuwen gericht op de herkenning van chronische veneuze
aandoeningen en de bijbehorende risicofactoren. Richtlijnen zouden een adequate
screening, diagnostisering, behandeling en monitoring moeten beschrijven voor
chronische veneuze aandoeningen en de bijbehorende risicofactoren. Voor het
ontwikkelen van een dergelijke klinische richtlijn is een samenwerking met medis-
che specialisten, huisartsen, praktijkondersteuners, huidtherapeuten, diétisten en

fysiotherapeuten essentieel.
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DANKWOORD

Dankwoord

Het dankwoord. De reis is ten einde. Het was een bijzonder leerzame en mooie
reis die geresulteerd heeft in een waar boek. Zonder de hulp van velen was dit
proefschrift nooit tot stand gekomen. Daarom wil ik graag een aantal mensen in
het bijzonder bedanken.

Allereerst wil ik de patiénten bedanken voor hun deelname aan de studies. Zonder
u was dit proefschrift er niet geweest. Hartelijk dank voor uw verhalen en eerlijkheid

in de interviews en vragenlijsten en het ondergaan van alle metingen.

Ook wil ik alle zorgverleners; dermatologen, huisartsen, verpleegkundigen, hu-
idtherapeuten, doktersassistenten en onderzoekscodrdinatoren bedanken voor
het rekruteren van patiénten. Geweldig dat jullie ondanks de hoge werkdruk, de
meestal niet makkelijk te vinden, patiénten wisten te enthousiasmeren voor het
onderzoek. Bedankt voor jullie betrokkenheid en inzet tijdens het onderzoek en
voor het beschikbaar stellen van een ruimte voor het uitvoeren van de metingen! In
het bijzonder wil ik drs. M. Mooij en drs. K. Munte bedanken voor het bieden van
de mogelijkheid om mee te lopen met de spreekuren. Via Centrum Oosterwal en
het Maasstad ziekenhuis hebben we de meeste patiénten weten te strikken voor
het onderzoek! En natuurlijk, Willem Strik, bedankt voor het beschikbaar stellen
van een ruimte van Fysio Zuyd waar ik de metingen bij patiénten van de gelegen-
heidssteekproef kon uitvoeren.

Uiteraard gaat ontzettend veel dank uit naar mijn promotoren. Met een wisseling
van de wacht was mijn begeleiding vijf man sterk. Dr. A/A. van Dooren, prof. dr.
M.J. Schuurmans en prof. dr. H.A.M. Neumann onder jullie begeleiding is het pro-
motieonderzoek goed van start gegaan. Prof. dr. HA.M. Neumann, prof. dr. L.
Schoonhoven en dr. E.PM. Tjin, onder jullie begeleiding is het promotieonderzoek

tot een goed einde gebracht.

Dr. A.A. van Dooren, beste Ad, ik mocht op sollicitatiegesprek komen voor hu-
idtherapeutisch onderzoek. Jij had je lectoraat verbreed en wij als huidtherapeuten
mochten aansluiten. Bedankt voor je open blik en de bereidheid om je te verdie-
pen in een totaal andere tak van de gezondheidszorg. In de zoektocht naar een

probleem in de praktijk en aansluiting vinden bij een universiteit wist je precies de
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goede sturing te geven. Bedankt voor de vrijheid en het vertrouwen in de keuze voor

een onderwerp waarvan we vanaf het begin wisten dat het niet makkelijk ging zijn.

Prof. dr. M.J. Schuurmans, beste Marieke, wij spraken elkaar voor het eerst op de
Heidag van de Hogeschool Utrecht. Daar mocht ik mijn initiéle idee voor een pre-
ventieve interventie voor het voorkomen van veneuze ulcera voorleggen. Door
jouw ervaringsverhalen en met behulp van jouw expertise in de verpleegkunde
en het verpleegkundig onderzoek werd duidelijk dat er nog wel wat bijgeschaafd
moest worden aan de opzet. Uiteindelijk zijn we op een mooi onderzoek uitge-
komen. Bedankt voor de hulp bij het aanbrengen van de kaders en grenzen van
het onderzoek. En natuurlijk bedankt voor het bieden van de kans om te promov-
eren voor mij als niet-verpleegkundige en buitenpromovendus. Dank ook voor het

plaatsnemen in de grote commissie, zo kunnen we het toch gezamenlijk afsluiten.

Prof. dr. H.LA.M. Neumann, beste prof. Neumann, u was erbij van begin tot einde
met de voorwaarde dat ik voor uw 70%*¢ verjaardag zou promoveren. Dat laatste is
helaas net niet gelukt. Ik ben u ontzettend dankbaar dat u als inhoudelijke promo-
tor toch betrokken bent gebleven. Bedankt voor de fijne besprekingen waarvoor u
altijd weer tijd wist te maken. Soms in het noorden, soms in het zuiden van het land.
Voor elk probleem was er een oplossing of wist u iemand die met de oplossing kon
helpen. Ik heb veel van u geleerd op het gebied van onderzoek, maar ook zeker
over de dermatologische praktijk en de flebologie. Bedankt voor het vertrouwen
in mij als onderzoeker en het vertrouwen in mij met betrekking tot het uitvoeren
van het duplex onderzoek. Waar ik vaak onzeker was gaf u duidelijk aan wat wel
en wat niet kon. Dat heb ik altijd erg gewaardeerd. U heeft mij helpen groeien in
het uitvoeren van onderzoek, maar ook op persoonlijk vlak door net dat te vragen
waarvan ik dacht dat ik het niet kon. Waarvoor veel dank. lk vind het een hele eer

om een deel van ‘uw’ hoofdstuk te mogen herzien in het nieuwe flebologie boek.

Prof. dr. L. Schoonhoven, beste Lisette, halverwege stapte je in. Een deel van de
onderzoeken waren al uitgevoerd en het resterende deel was al in gang gezet.
Maar in no time was je helemaal ingelezen. Bedankt dat je mij als promovendus
wilde ‘overnemen’. Ook bedankt voor de fijne besprekingen en dat ik je altijd kon
bereiken. Ik heb je motiverende woorden erg gewaardeerd. En natuurlijk de nieuwe
inzichten en hulp bij de rekrutering van patiénten als ik weer even vast zat met het
patiénten aantal. Na een overleg kon ik er altijd weer vol goede moed tegenaan.

Dank voor de goede begeleiding naar de afronding van mijn promotie.
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DANKWOORD

Dr. E.P.M. Tjin, beste Esther, ook jij stapte halverwege in. Bedankt voor het overne-
men van de taak als copromotor na het pensioen van Ad. Bedankt voor jouw altijd
kritische blik waarmee je mij stimuleerde om de stukken beter te verwoorden. En
net als Ad heb je ook menig taal- en spelfout uit mijn documenten gehaald (niet
mijn sterkste punt). Dank ook dat je ons altijd hebt betrokken bij het huidthera-
peutisch werkveld zodat we de praktijk niet uit het oog zouden verliezen.

Leden van de beoordelingscommissie, prof. dr. N.J. de Wit, prof. dr. FH. Rutten,
prof. dr. C. Veenhof en dr. K.P. de Roos, ik wil u hartelijk danken voor het nemen
van de tijd voor het lezen en beoordelen van het manuscript. Auch an Prof. Dr.
E. Rabe, Mitglied des bewertungsausschusses, vielen dank, dass Sie sich die Zeit

genommen haben das Manuskript zu lesen und zu bewerten.

Dr. K.P. de Roos, beste Kees-Peter, bedankt dat je voér de officiéle start van mijn
promotie meegedacht hebt met de initiéle onderzoeksopzet. En natuurlijk bedankt

voor het voorstellen van en aan prof. Neumann als promotor.

Dr. C. van Montfrans, dr. G.L. van Rooijen en dr. A. Sommer, beste Bibi, Géran
en Anja, bedankt dat jullie mij de vaardigheid van het duplex onderzoek hebben
bijgebracht. Dit is van grote betekenis geweest voor het includeren van patiénten
voor de cross-sectionele studie. Zonder jullie had ik dit niet bereikt. Bibi, ik wil jou
in het bijzonder bedanken voor het vertrouwen in mij als epidemioloog. Ik vond het
een eer wanneer je mij weer betrok bij een ander onderzoek, onderwijs of finan-

cieringsaanvraag.

Stella, bedankt voor je inzet bij het rekruteren van patiénten. Jij hebt op de valreep
nog de laatste patiénten weten te strikken. Jammer dat wij niet eerder in contact
zijn gekomen! |k heb met plezier met jou samengewerkt aan de wound-gol studie.

Ik wens je heel veel succes met je promotie.

Collega’s van het lectoraat, bedankt voor de vele nuttige vergaderingen, journal
clubs en spontane overleggen. Ons samengesteld lectoraat met onderzoekers met
verschillende achtergronden leidde tot veel waardevolle feedback en inzichten.
Marlies, ik wil jou in het bijzonder bedanken voor alle hulp en inzichten bij het
uitvoeren van het kwalitatieve onderzoek, ik heb veel van je geleerd. Esther D.,
Femke en Kristel, mijn pic's, mijn partners in crime, bedankt voor de vele gezellige

koffietjes, theetjes, fietstochtjes, gekke lunch ideeén, lunchwandelingen, en het
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occasional wijntje/biertje in de zon. Naast inhoudelijk overleg over onze promoties

was het ook gewoon fijn om met jullie dit avontuur aan te gaan.

Dr. R. Heerdink, beste Rob, na het vertrek van Ad was je langs de zijlijn betrokken
bij het onderzoek. Met name voor de randzaken, maar ik heb altijd veel aan je
adviezen en duidelijke grenzen gehad. Bedankt voor de fijne overleggen en de
bevestiging dat het, ondanks de vele ordes in de rekrutering, allemaal goed ging

komen. Dank ook voor het plaatsnemen in de grote commissie.

Prof. dr. E. Gerrits, beste Ellen. Wij deelden een kamer op de HU. Daar kwam bij dat
ik je, na het vertrek van Ad, regelmatig een onderzoeksgerelateerde vraag stelde.
Dank voor alle wijze adviezen en de bereidheid om mij verder te helpen. Natuurlijk
ook bedankt voor de leuke informele gesprekken waarin Maastricht en haar vele

evenementen vaak onderwerp van gesprek waren.

HUP collega’s bedankt voor jullie oplossend vermogen bij de problemen aan de
zijlijn van het promoveren aan een niet-universiteit. Het was heel leerzaam om het
promoveren ook van een andere kant te zien en hoe we samen de zaken geregeld

kregen in een grote organisatie.

Huid collega’s, bedankt voor het meedenken, meeleven en meehelpen met mijn
onderzoek. Jullie input vanuit de praktijk, connecties en complimenten hebben mijj
geholpen om te groeien en het onderzoek tot een goed einde te brengen. Ik vind
het jammer om niet meer jullie collega te zijn. Het gaat jullie goed en hopelijk tot

snel!

Studenten Andrea, Kirsten, Judith, Marloes, Joyce en Inge, bedankt voor jullie hulp
bij het uitvoeren van de kwalitatieve studie en de cross-sectionele studie in het ka-
der van jullie afstudeeronderzoek en de stage op maat. Het was fijn om met zulke
gemotiveerde studenten samen te werken. Ik wens jullie een mooie toekomst in de

huidtherapie en misschien ook wel in het onderzoek.

Rosy, Nienke en Dominique, mijn huisgenoten. Wat hebben we een fijne tijd gehad
op de Rubicon. Jullie waren mijn steun en toeverlaat als ik in Utrecht was. Lekker sa-
men koken en eten en in de avonduren vaak nog even wat werk of studie. Maar daar-
na met een kop koffie of thee (of af en toe een wijntje) op de bank met een slechte

serie, gekke gesprekken of mooie dateverhalen om de avond ontspannen af te slui-
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DANKWOORD

ten. Vaak met een lach, soms met een traan, dank voor jullie steun en gezelligheid.

Wout, Jasper en Mariska bedankt voor de huisvestiging in Utrecht toen ik moest
verhuizen van de Rubicon. Zonder jullie was het onmogelijk om door heel Neder-
land te reizen voor de metingen. Ook bedankt natuurlijk voor de gezellige avon-

den, leuke gesprekken en ontspanning met leuke series.

Martijn, Wouter, Max en Fanny, my fellow PhD students. Thank you for all the cof-
fees, trips, and nights out. It was very nice being able to pour our hearts out and
discuss our thesis progress. Wouter oag bedaank veur dien expertise bij t sjrieve
vaan de artikelen euver obesitas en beweging. En netuurlijk de hulp bij t doorhakke
vaan knaope boe iech zelf vas in zaot. Fanny, Max, you already did it, congrats!

Wouter en Martijn, nog even en dan zijn jullie er ook! Zet mer door.

Welpenstaf, Robin, Stefan, Gilles, Marijne, en welpen Gidoerlog. Lekker ravotten
met de kinderen. Even helemaal iets anders. De creativiteit, de lol, de streken met
de kinderen, de kampvuurgesprekken die toch ook wel vaker over werk gingen.
Bedankt voor de afleiding, maar zeker ook voor de interesse die jullie in mijn pro-

motie toonden.

Lieve vrienden, familie, waar ik altijd bij terecht kan. Roel, Nick, Radka, Noraly, Jo-
ery, Lily, Maarten, Aimee, Kim, Kelsey, Thessa, Jannieke, Isabelle, Ramon en Chan-
tal, bedankt voor de interesse die jullie in mijn promotie toonden! En natuurlijk
bedankt voor alle diners, lunches, uitjes (naar de kinderboerderij) en stapavonden
die voor de nodige afleiding zorgden. Pretparkgroep, ik noem jullie maar even zo.
Bedankt voor de nodige adrenaline, lol en gezellige trektochten door de stad met
carnaval. Zingend en dansend, met jullie is het altijd een feest. Wout en consorten
en Esther natuurlijk, dank voor alle drum and bass avonden. Heerlijk om even alles
eruit te dansen om vervolgens met een frisse blik weer verder te kunnen gaan. Ik

ben blij met zoveel lieve mensen om mij heen.

Rosy, mijn zus, mijn paranimf, zo anders waren we vroeger, zoveel gelijker zijn we nu.
Jij bent mijn beste vriendin, met jou kan ik over alles praten. Je laat me reflecteren, je
zet me aan het denken, je laat me lachen, je laat me in mijn waarde. Samen met jou
naar Utrecht verhuizen maakte een grote stap een stukje kleiner. lk ben blij dat we
onze academische avonturen hebben kunnen delen. Maar bovenal ben ik blij dat we
er altijd voor elkaar zijn. En dat geldt ook voor Scott natuurlijk! Ondanks dat het een

ver van je bed show is (letterlijk), toon je toch altijd interesse. lk hou van jullie.
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Papa, mama, Hans zonder jullie had ik hier niet gestaan. Bedankt voor het onvoor-
waardelijk vertrouwen en het bieden van de kansen om te worden wie ik nu ben.
De onvoorwaardelijke support in de keuzes die we maken en de trotse blikken bij

alles wat we bereiken. Ik hou van jullie.

En daan natuurlijk Gilbert. Daanke dat ste d'r altied veur miech bis. Dat ste miech
altied aon tlache maaks. Dat ver samen altied zovad| plezeer hubbe. Dat iech altied
mien hart bij diech kin |6chte. Dat iech alles mit diech kin bespreke en ste met de
beste ideeé keums. Dat ste miech weer bijein veegs es iech oetein val. Noe is 't
tied veur un nuij reis, mit us dreie, ver make d'r, samen mit us prachtige dochter

Amélie, get sjoens vaan!
Laten we dansen!

Audrey
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