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Abstract

A normal hand function is crucial for human beings. The properties of the hand have enabled our species to
evolve to our present state. Diabetes Mellitus (DM) is a rapidly growing public health problem with a current
prevalence of over 10% in the adult global population. In addition, while the rapid increase in prevalence is
alarming in itself, a manifold increase in the global burden of the disease is predicted in the coming years as the
increasing prevalence of both type 1 (T1D) and type 2 (T2D) DM entails an increasing number of complications
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The overarching aim of this PhD project was to draw attention to and shed light on a somewhat neglected area in
diabetes complications, i.e., the diabetic hand. The project aimed to achieve this goal through a three-fold
approach. First, the goal was to use big data from Swedish registers and cohorts to analyse the current state of
the diabetic hand, including the incidence and prevalence of five common hand surgical diagnoses in the adult
population of the Region of Skane with a population of 1.1 million adult inhabitants. Second, | aimed to explore
diabetic risk factors, metabolic factors and anthropometry, and their associations with different hand diagnoses.
Finally, | aimed to explore patients’ experiences and outcome after surgery for one of the most common
diagnoses in the diabetic hand, i.e., trigger finger (TF), focusing on various patient reported outcome measures
(PROMSs).

The present results provide an insight into how common diabetic hand problems, such as carpal tunnel syndrome
(CTS), ulnar nerve entrapment (UNE), Dupuytren’s disease with contracture (DD), TF, and osteoarthritis of the
first CMC joint of the thumb, are and how these complications affect individuals with DM. Study | presents data
on an increased prevalence of all five studied diagnoses among T1D and T2D patients compared to controls,
among men as well as women. Studies Il and Il followed a regional cohort, including over 30,000 individuals, for
more than 20 years, and concludes that DM is a strong risk factor for CTS and UNE, as well as for DD. Study IV
explored the relationship between high levels of plasma glucose (HbA1c) and TF during a 15-year period,
concluding that among the population with DM, elevated HbA1c is a major risk factor for developing TF. Finally,
study V explored PROMs after surgery for TF, and showed that patients with T1D and T2D can expect the same
results after surgery as individuals without DM, after 12 months.

To summarise, using big data from Swedish national and regional registers and cohorts, this thesis presents
unique insights into risk factors, prevalence, incidence and surgical outcome for various hand complications, all
related to the Diabetic Hand. Primary prevention of T2D and optimal treatment of both T1D and T2D are crucial
in order to prevent complications in the hand related to diabetes.
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"The hand is the visible part of the brain" - Immanuel Kant



Abstract

A normal hand function is crucial for human beings. The properties of the hand have
enabled our species to evolve to our present state. Diabetes Mellitus (DM) is a
rapidly growing public health problem with a current prevalence of over 10% in the
adult global population. In addition, while the rapid increase in prevalence is
alarming in itself, a manifold increase in the global burden of the disease is predicted
in the coming years as the increasing prevalence of both type 1 (T1D) and type 2
(T2D) DM entails an increasing number of complications related to the disease.

The overarching aim of this PhD project was to draw attention to and shed light on
a somewhat neglected area in diabetes complications, i.e., the diabetic hand. The
project aimed to achieve this goal through a three-fold approach. First, the goal was
to use big data from Swedish registers and cohorts to analyse the current state of the
diabetic hand, including the incidence and prevalence of five common hand surgical
diagnoses in the adult population of the Region of Skéne with a population of 1.1
million adult inhabitants. Second, I aimed to explore diabetic risk factors, metabolic
factors and anthropometry, and their associations with different hand diagnoses.
Finally, I aimed to explore patients’ experiences and outcome after surgery for one
of the most common diagnoses in the diabetic hand, i.e., trigger finger (TF),
focusing on various patient reported outcome measures (PROMs).

The present results provide an insight into how common diabetic hand problems,
such as carpal tunnel syndrome (CTS), ulnar nerve entrapment (UNE), Dupuytren’s
disease with contracture (DD), TF, and osteoarthritis of the first CMC joint of the
thumb, are and how these complications affect individuals with DM. Study I
presents data on an increased prevalence of all five studied diagnoses among T1D
and T2D patients compared to controls, among men as well as women. Studies 11
and III followed a regional cohort, including over 30,000 individuals, for more than
20 years, and concludes that DM is a strong risk factor for CTS and UNE, as well
as for DD. Study IV explored the relationship between high levels of plasma glucose
(HbAlc) and TF during a 15-year period, concluding that among the population
with DM, elevated HbAlc¢ is a major risk factor for developing TF. Finally, study
V explored PROMs after surgery for TF, and showed that patients with T1D and
T2D can expect the same results after surgery as individuals without DM, after 12
months.

To summarise, using big data from Swedish national and regional registers and
cohorts, this thesis presents unique insights into risk factors, prevalence, incidence
and surgical outcome for various hand complications, all related to the Diabetic
Hand. Primary prevention of T2D and optimal treatment of both T1D and T2D are
crucial in order to prevent complications in the hand related to diabetes.
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Abbreviations and definitions

Al-pulley First annular pulley

AC Adhesive capsulitis

AGE Advanced glycation end products
ApoAl Apolipoprotein Al

ApoB Apolipoprotein B

CMC Carpometacarpal

CTS Carpal tunnel syndrome

DD Dupuytren’s disease

GAD Glutamate decarboxylase

GWAS Genome wide association study
HAKIR National Quality Register for Hand Surgery
HbAlc Glycosylated Haemoglobin Alc
ICD-10 International classification of disease 10
IR Incidence ratio

IRr Incidence rate ratio

MDCS Malmo Diet and Cancer Study
NDR National Diabetes Register

NPR National Patient Register

MR Mendelian randomisation

OA Osteoarthritis

OR Odds ratio

OCTR Open carpal tunnel release

OTFR Open trigger finger release

Pr Prevalence ratio

PROM Patient reported outcome measure
ROS Reactive oxygen species

SHR Skéne Healthcare Register

T1D Type 1 diabetes
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T2D
TGF
TNF
TF

Type 2 diabetes
Transforming growth factor
Tumor necrosis factor
Trigger finger

Ulnar nerve entrapment
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Thesis at a glance

Study I: the Diabetic hand: prevalence and incidence of diabetic hand problems
using data from 1.1 million inhabitants in southern Sweden

Aim: To calculate prevalence and incidence of five common diabetic hand
diagnoses among the adult population in the Region of Skéne.

Methods: The study included 1.1 million inhabitants in the Region of Skéne aged
>18 years, of whom 50,000 had DM. Data on incident and prevalent CTS, UNE,
TF, DD, and OA of the CMC-1 joint between 2004 and 2019 were collected from
the Skéne Healthcare Register and cross-linked with the National Diabetes Register.

Results and conclusions: All five diagnoses studied were more prevalent in both
T1D and T2D in both sexes (p<0.01). Apart from OA of the CMC-1 joint in men
with T1D (p=0.055), the 10-year incidence rates for all diagnoses were higher
among T1D and T2D patients (p<<0.0001). In conclusion, individuals with T1D and
T2D have a high prevalence of diabetic hand diagnoses. This should be kept in mind
when examining patients with hand problems and concomitant DM.

Study II: Diabetes mellitus as a risk factor for compression neuropathy: a
longitudinal cohort study from southern Sweden

Aim: To explore potential associations between DM, CTS, and UNE during 20
years of follow-up.

Methods: Between 1991-1996, 30,446 participants aged 46-73 years, were
included in the population-based MDCS. Associations between prevalent DM at
baseline and incident CTS or UNE were calculated using multivariate Cox
proportional hazard models adjusted for known confounders.

Results and conclusions: Prevalent DM at baseline was independently associated
with incident CTS (HR 2.10; 95% CI 1.65 to 2.70, p<0.0001) and incident UNE (HR
2.20; 95% CI 1.30 to 3.74, p=0.003). In conclusion, DM is a major risk factor for
the development of both CTS and UNE.
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Study 11I: Metabolic factors and the risk of Dupuytren’s disease: data from 30,000
individuals followed for over 20 years

Aim: To explore potential risk factors for DD using longitudinal data from the
MDCS.

Methods: Baseline anthropometric data from the MDCS were cross-linked with
data on incident DD, retrieved from Swedish national registers. Associations
between DM, alcohol consumption, BMI, and serum apolipoprotein A1 (ApoAl)
and apolipoprotein B (ApoB) at baseline were analysed in multivariable Cox
regression models during 20 years of follow-up.

Results and conclusions: 30,446 participants were recruited; 347 men and 194
women were diagnosed with DD during a median follow-up of 23 years. DM (men
HR 2.23; 95% CI 1.50-3.30, women HR 2.69; 95% CI 1.48-4.90) and alcohol
consumption (men HR 2.46; 95% CI 1.85-3.27, women HR 3.56; 95% CI 1.95—
6.50) were associated with DD in the multivariate Cox regression models.
Furthermore. there was an inverse association between DD and obesity among men,
and ApoB/ApoAl ratio among both sexes. In conclusion, DM and excess alcohol
consumption constitute major risk factors for the development of DD in middle-
aged individuals of both sexes.

Study 1V: High HbAlc levels are associated with development of trigger finger in
type 1 and type 2 diabetes

Aim: To examine whether an elevated HbA 1c was associated with an increased risk
of TF among individuals with T1D and T2D.

Methods: Data on incident TF between 2004-2019 in the Region of Skane was
cross-linked with data from the NDR. In total, 9,682 individuals with T1D and
85,755 individuals with T2D aged >18 years were included. Multivariate logistic
regression models were used to calculate ORs for TF among individuals with
elevated HbAlc.

Results and conclusions: Elevated HbAlc was associated with TF among T1D
(women OR 1.26; 95% CI 1.1-1.4, p= 0.001, and men OR 1.4; 1.2-1.7, p< 0.001)
and T2D (women OR 1.14; 95% CI 1.2-1.2, p< 0.001, and men OR 1.12; 95% CI
1.0-1.2, p= 0.003). In conclusion, elevated HbAlc is a risk factor for TF among
both T1D and T2D. Optimal treatment of DM is important for prevention of diabetic
hand complications.
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Study V - Outcome and patient experiences after open trigger finger release in
patients with type 1 and type 2 diabetes - a retrospective study using PROMs and
Swedish national quality registries.

Aim: To explore patient outcome and experience after open trigger finger release in
individuals with T1D and T2D

Methods: Data included all open trigger finger releases (OTFR) performed between
2010 — 2020 registered in HAKIR, cross-linked with data from NDR. PROMs
included QuickDASH and HQ-8, a questionnaire designed for HAKIR,
preoperative, and at three and 12 months postoperative. Outcome after surgery was
calculated using linear mixed models to and presented as estimated means adjusted
for age and stratified by sex.

Results and conclusions: A total of 6,242 OTFR were included; 22% with DM
(496 with T1D [332 total, 67% female] and 869 with T2D [451 total, 52% female]).
Women with T1D reported more symptoms of stiffness (p<0.001) and women with
T2D described more pain at rest (p<0.05) as well as pain on load (p<0.05) and on
motion without load (p<0.01) at three months. At 12 months, no differences were
found in any of the HQ-8 PROMs. In conclusion, patients with T1D and T2D can
expect the same good results after OTFR as individuals without DM, although the
improvement might take longer, especially among women with T2D.
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Preface

One of my first encounters with hand surgery was during the 8" semester of medical
school at Lund University. I took a class held by Professor Lars Dahlin in the
functional anatomy of the hand, which finished with 40-something case discussions.
In a rapid flow, Dahlin assessed the different cases, showing his reasoning
concerning the anatomical background of the case, giving us clues to the appropriate
diagnosis. I was amazed by the complexity and intricacy of the surgery, the anatomy
and the signs and hints that physical examination afforded the physician on his way
toward the correct diagnosis.

Given the fact that I have always liked to fix things and repair items that are broken,
hand surgery seemed the ideal speciality for me. At the time, however, hand surgery
was a subspeciality within orthopaedic surgery and consequently, five wonderful
years (2015-2020) followed at the Orthopaedic Department at Helsingborg
Hospital, just north of Lund, Sweden.

It was during this period that [ was introduced to the magnificent world of registry
studies by my good friend and colleague Malin Zimmerman who had just defended
her thesis, The Diabetic Nerve. That individuals with diabetes are prone to
musculoskeletal disorders and are often severely afflicted by their disease,
especially in the lower extremity, becomes fairly obvious during an orthopaedic
residency.

When Dahlin and Zimmerman advocated that it was time to start my own PhD-
studies back in 2018, introducing me to the large-scale registers and advanced
statistical modelling required to mine the data sets for information, at the same time
as I had also acquired the clinical background and experience needed to assess the
concept of “the diabetic hand”, 1 gladly accepted.

Looking back on the past five years, I have had some great experiences, learned
things that [ never thought I would; handled registers with 100,000,000 data points
and travelled to faraway places to present my work. To have been given this
opportunity is something that I will always be grateful for.
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Context of the thesis

This thesis was carried out within the hand surgical group at the Department of
Translational Medicine, Faculty of Medicine at Lund University, and at the clinical
Department of Hand Surgery at Skane University Hospital, Malmo, Sweden. The
thesis is based on combined and cross-linked data from various Swedish quality and
patient registers, together with data from regional cohort studies carried out in the
city of Malmo, Sweden.

The hand surgical research group started its register-based research approximately
10 years ago and has been pioneering register-based hand surgical research in
Sweden since then. Several original publications together with review papers have
been published during these years. Much of this would not have been possible
without our collaborators throughout Sweden and, of course, without the patients
gladly supplying the registers with invaluable data.

As previously mentioned, a prerequisite for register-based studies and the cross-
linking of data sets is not only good collaborations between various universities, but
also between the various principals and managers of the registers. The scientific
studies included in the thesis are all the results of collaboration between several
different Swedish universities; Lund University, University of Gothenburg,
Link&ping University, and Karolinska Institutet. There are co-authors from different
medical specialties (hand and orthopaedic surgery, endocrinology, and internal
medicine) together with registry holders, statisticians, and data analysts. A lot of
time has been spent on communication, emails, paperwork, and most of all statistical
analysis. Ultimately, the goal has been to improve the care for individuals with DM
and concurrent hand diagnoses, and at the same time improve knowledge and raise
awareness concerning this group of patients.

This thesis presents a basis for understanding the complications which affect
individuals with DM. It is intended not only for the interested hand surgeons, but
also for hand therapists, physiotherapists, as well as endocrinologists and family
physicians alike. Finally, it is intended for the patient who would like a broader
understanding of the epidemiological basis of his or her hand complication(s).
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Summary in Swedish

Popularvetenskaplig sammanfattning

Ténk dig att du vaknar upp och har sovit pa handen. Hela handen sover, den lyder
inte och kinns fumlig. Varje dag ar likadan. Du kan inte skriva — du tappar
kaffekoppen — handen kinns klumpig — fingrarna lyder dig inte. Och det gor ont,
valdigt ont. Plotsligt fastnar ett finger inne i handflatan! Dar ska det inte vara.
Desperat forsoker du rita ut det, men det sitter fast. Inte forrin du anvénder din
andra hand till hjalp lyckas du réta pé fingret med en knédpp. Karpaltunnelsyndrom
(inkldamning av medianusnerven i handledshdjd), inkldimning av ulnarisnerven
(dnkestOtsnerven) pa armbégsnivd och triggerfinger &r fenomen som manga
minniskor med diabetes upplever varje dag — utan att ha sovit pa den! Dessutom &r
det vanligt med bdde Dupuytrens kontraktur (vikingasjukan — nér fingret langsamt
drar sig in i handflatan) samt ledsvikt i tummens grundled mot handflatan.

Diabetes ér en folksjukdom som snabbt dkar i omfattning vérlden 6ver. Hela 500
miljoner ménniskor berdknas vara drabbade runt om i vérlden och i Sverige finns
over 500 000 diabetespatienter. Néstan 5% av var befolkning lever med sjukdomen.
Medan insjuknandet i typ 1 diabetes, som oftast drabbar unga och leder till att
kroppens insulinproduktion helt upphdr, endast har okat ndgot framfor allt i
vastvarlden, har typ 2 diabetes, ocksa kallat “aldersdiabetes”, Okat bade i
vastvérlden och ovriga varlden.

I takt med att insjuknandet i diabetes okar sa okar dven antalet komplikationer till
diabetes. Till de stora, ofta uppmairksammade diabeteskomplikationerna ridknas
njurskada, hjéart- och kérlsjukdom, skador pé synnerven, nervsjukdom i fétter och
underben samt fotsar. Mindre beforskat och betydligt mindre uppméarksammade &r
de diabeteskomplikationer som drabbar handen och dess funktion. Medan till
exempel ménniskor med diabetsfotsar ofta kontrolleras pa en specialistmottagning
med ortoped, diabetesldkare och ortopedtekniker, har personer med diabetes svarare
att fa vard for sin sjuka hand.

Genom denna avhandling, uppdelad i fem olika delprojekt, var syftet att belysa de
problem och diagnoser som manniskor med diabetes upplever i sin hand.

I studie I undersokte vi forekomsten av fem vanliga handdiagnoser i Region Skane.
Vi anvinde registret Region Skénes varddatabas som samkordes med det Nationella
diabetesregistret for att pa sa sétt fi fram data pa hur vanliga dessa diagnoser &r
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bland ménniskor med diabetes. Det visade sig att alla de fem undersokta
diagnoserna som ovan ndmnts var vanligare hos ménniskor med bade typ 1 och typ
2 diabetes.

I studie II och III undersokte vi dels forekomsten av nervinkldmningssyndrom i
handled och armbége (II), dels forekomsten av Dupuytrens sjukdom (III) i en grupp
invénare (kohort) i Malmo som f6ljts sedan mitten av 90-talet. Under de 20 ar som
ca 30 000 deltagare i studien f6ljdes kunde vi se att de individer som hade diabetes
vid starten av studien hade dubbelt si hog risk att insjukna i bade
nervinklimningssyndrom och Dupuytrens sjukdom. Vi visade ocksa att hog
alkoholkonsumtion dkar risken for att drabbas av Dupuytrens sjukdom.

I studie IV ville vi ta reda p4 om hogt blodsocker bland personer med diabetes dkar
risken for triggerfinger, ett tillstind dér fingrarna fastnar i ett bojt ldge. I denna
studie samkdrde vi data fr&n Region Skanes véarddatabas med det Nationella
diabetesregistret och kunde visa att hogt langtidsblodsocker markant dkar risken for
att drabbas av triggerfinger. Mén med hogst métt pd langtidsblodsocker (HbA1c>
64 mmol/mol) hade 6ver fem ganger sd hog risk att insjukna jamfort med mén med
ett vélreglerat blodsocker (HbA1lc < 48 mmol/mol).

I studie V samkdrde vi data fran det handkirurgiska kvalitetsregistret (HAKIR) med
Nationella diabetesregistret for att ta reda pa hur personer med diabetes upplever sitt
resultat efter operation for triggerfinger och om de forbattras i samma utstrackning
som minniskor utan diabetes. Resultaten visade att for dem som opererades och
samtidigt hade diabetes tog det ldngre tid att forbittras — men efter 12 ménader var
det ingen skillnad i resultaten. Personer med diabetes behover alltsa lite langre tid
for att aterhdmta sig efter operation, men kan annars forvédnta sig samma goda
resultat som personer utan diabetes.

Sammanfattningsvis har denna avhandling belyst en tidigare relativt
ouppmirksammad del av diabeteskomplikationerna - den diabetiska handen.
Avhandlingen visar att diabetes paverkar inte bara nerverna i handled och armbage,
utan ocksé bindvaven i handen samt att manga diagnoser ar betydligt vanligare hos
personer med sévél typ 1 som typ 2 diabetes. Den drivande faktorn verkar vara hogt
blodsocker dér restprodukter fran blodsockermolekylerna lagras in i senor, nerver
och bindviv, vilket far dessa att fungera sdmre och léttare fastna och ge symptom i
form utav smérta, domningar och stickningar.

Att som person med diabetes drabbas av komplikationer i handen ger en signal om
att man kanske bor tdnka extra mycket pé sin medicinering for att undvika hoga
blodsockernivaer. Med tanke pa den diabetesepidemi som pagér i virlden &r det
viktigt att formedla budskapet om att dven handens sjukdomar &dr kopplade till
diabetes. Jag har ockséa en forhoppning att varden kan anpassa sig efter behovet av
en diabeteshandmottagning for att dessa patienter skall fa en sé& bra och jamlik vard
som mojligt.
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Introduction

Epidemiology

The term epidemiology comes from the Greek words Epi, Demos and Logos,
meaning upon, people, and study of, respectively. That is exactly what this thesis
aims to accomplish, the study of people, in this case, individuals with diabetes
mellius.

The Swedish National Diabetes Register (NDR), later described in detail in the
method section, provides an extensive insight into the progress of the disease with
its complications and pathophysiology. The NDR also provides Swedish researchers
with the opportunity to study other disease associations and analyse the risk of
various diseases developing among the population with DM.

Type 1 (T1D) and type 2 (T2D) diabetes are two different diseases regarding
incidence, prevalence, pathophysiology, treatment, and complications, but also
when it comes to survival and life expectancy. This introductory chapter will
provide a very brief overview of the history, epidemiology, and pathophysiology of
T1D and T2D with references to relevant studies.

Diabetes Mellitus

History

The etymology of the word diabetes is found in the ancient Greek word for
“diabetes”, which means to siphon or “to pass through”, a reference to the large
amount of urine produced when the pancreas stops producing insulin and the blood
sugar spikes as a sign of T1D. The word mellitus comes from Latin and means sweet
— a reference to the sweet urine produced.’ The combination term “Diabetes
Mellitus” was first popularised in the late 18™ century but the disease was recorded
by ancient Egyptians as far back as 1500 BC, describing polyuria, thirst and weight
loss, seen today as signs of T1D.?? However, it would take over 3,000 years before
the prognosis for these patients improved, with the discovery and purification of
insulin, a discovery for which F. Banting (nota bene an orthopaedic surgeon) and
J.R.R. Macleod were awarded the Nobel Prize in 1923
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Not long after the discovery of insulin, it was recognised that not all patients
responded to it with the marked improvement seen in patients with what we now
call T1D. The division into T1D (initially called insulin-dependent) seen in young
patients and T2D (non-insulin dependent) seen in older, often overweight patients
soon followed, with descriptions of different phenotypes and complications related
to the respective diseases.’ Today, additional categories of DM are recognised, apart
from T1D and T2D, such as gestational DM.' Steps have also been taken to further
improve patient outcome by classifying additional subgroups of DM depending on
e.g., level of insulin resistance and insulin production, detection of antibodies, and
anthropometrics at diagnosis, in order to individualise and improve the available
treatment. Such developments constitute steps towards precision medicine in
diabetes treatment. *°

Epidemiology

Approximately 540 million individuals worldwide in the age range between 20 and
79 are estimated to have DM; an astounding 10.5% of the world’s adult population.
To make matters worse, the prevalence is rapidly growing, a trend seen both in T1D°
and T2D,” and by 2045, it is estimated that the disease will affect about 780 million
individuals.®

Diagnostic criteria

According to the latest WHO guidelines’ and diagnostic criteria from the American
Diabetes Association,'’ the diagnosis of diabetes is based on values of plasma
glucose or HbAlc. The cut-off values are:

- Fasting venous plasma glucose >7.0 mmol/L

- Two-hour plasma glucose >11.1 mmol/L during an oral glucose
tolerance test (OGTT)

- HbAlc > 48 mmol/mol

- Random plasma glucose value >11.1 mmol/L together with typical
symptoms of DM

The test should be repeated if not accompanied by typical symptoms of
hyperglycaemia, i.e. polyuria, or polydipsia as a sign of ketoacidosis."
Classification into T1D and T2D is often straightforward although difficulties can
occur, especially when the phenotypes of the two diseases overlap.'' As there is still
no definitive test to differentiate between T1D and T2D at the time of diagnosis, the
clinician has to rely on a combination of biomarkers, auto-antibodies, C-peptide,
age, BMI, and other clinical characteristics, in order to make the classification.'?
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Pathophysiology

As previously stated, T1D and T2D are heterogenous diseases with two very
different pathophysiological pathways.

The onset of T1D usually occurs in childhood or adolescence, and features
autoantibodies against the insulin producing B-cells in the islets of Langerhans in
the endocrine pancreas. This leads to insulin deficiency and, until 100 years ago,
always led to death.” '° Several different autoantibodies have been found; GAD
(glutamate decarboxylase), insulin-antibodies, and islet antigen-2.'* Interestingly,
some of these autoantibodies can be detected long before T1D is clinically
diagnosed. Recent discoveries have enabled identification of the disease before
insulin treatment is needed, i.e. before the destruction of the B-cells.'® This has led
to trials of effective screening programs,'® but also trials of new immune therapies,
targeting the different antibodies, in order to delay the onset of T1D or even to
prevent the disease altogether.'* Although rarely, T1D is sometimes diagnosed later
in life and occasionally presents without autoantibodies; it is then referred to as
idiopathic T1D or autoantibody-negative type 1 diabetes.'

T2D on the other hand, often starts gradually later in life and presents together with
overweight or obesity and often in conjunction with a sedentary lifestyle. The
marked biochemical features include both insulin resistance in the liver and
peripheral tissue, and progressive loss of insulin production over time.'® T2D also
often presents together with hypertension, dyslipidaemia, i.e. features of the
metabolic syndrome. '

The cause of T2D is thought to be multifactorial with a combination of inherited
genetic traits together with adverse environmental exposures, such as a poor diet,
pollution exposure, stress, and low physical activity, but it is also related to access
to education, healthcare, and socioeconomic status.'” '*'® With adequate control of
these environmental risk factors, insulin resistance can be improved after initial
diagnosis and the term remission has recently been introduced, referring to a prior
T2D patient who has been able to maintain normal glucose levels (HbAlc < 48
mmol/mol) over three months without glucose-lowering medications."’

Complications

Complications from DM range from life-threatening gangrene in the lower
extremity to heart failure, coronary heart disease, stroke, sensory loss in the feet,
polyneuropathy, nephropathy, dementia, and pregnancy complications.
Traditionally, complications are often divided into microvascular (i.e. neuropathy,
nephropathy, and retinopathy) and macrovascular (i.e. atherosclerosis, stroke,
cardiovascular disease) complications.'? ' While mortality from these vascular
complications is indeed in decline, as effective treatment has emerged during recent
decades, diabetic complications and mortality caused by dementia, cancer, and
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infections are instead on the rise.* In addition, and particularly in T1D,
complications due to hyperglycaemia and diabetic ketoacidosis due to the lack of
insulin production or insufficient treatment, resulting clinically in polyuria and
polydipsia followed by confusion and coma, are life-threatening complications.
Ketoacidosis is estimated to account for approximately 15% of all mortality related
to TID."??!

In another complication spectrum, there is also an increased risk of osteoporosis and
fractures in both T1D and T2D, although the causal link behind this association
remains unclear. Both microvascular changes altering bone metabolism as well as
increased risk of falls due to cerebral complications are thought to contribute.*
Finally, musculoskeletal complications are also frequent in both T1D and T2D, but
have been given much less attention compared to traditional vascular complications,
despite having a severe impact on the quality of life of patients with diabetes.**°
This is particularly true of diabetic complications manifesting in the hand. Despite
being described and discussed as early as in the 1970s,?® they have not received as
much attention as the complications described above.”” Hence, the rationale
presented below.

Rationale

When this thesis was initiated back in 2018, few large-scale epidemiological studies
on the diabetic hand had been done in Sweden. Most previous international studies
were carried out in small, specialized clinics, often with surgical outcome as the
main endpoint. Furthermore, most previous studies were unable to appropriately
stratify for T1D and T2D, conditions that, as previously described, have different
pathophysiology and, as we hypothesized, might lead to different musculoskeletal
and hand surgical complications.

Our research group had previously published data on outcome after surgery for
CTS* * among the population with DM in Sweden, but the large-scale
epidemiological data from registers in Sweden were still missing. Given the unique
opportunity that the Swedish 10-digit personal identity number offers for cross-
linking of different registers, the next logical step was to assess the diabetic hand
from an epidemiological perspective. Understanding both the epidemiology and
pathophysiology behind the increased prevalence of hand problems among the
population with DM is the first step towards evidence-based and improved treatment
and care for these patients. Furthermore, this thesis could serve as a basis for
improved preventive work and research, regarding both hand complications and DM
as a whole. Finally, this thesis could hopefully contribute to motivating patients with
DM to strive to meet their own individual long-term glycaemic targets, contributing
to the prevention of complications and maintaining their quality of life.
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Chapter 1 — Background

1.1 The diabetic hand

This chapter will give a brief background to the diabetic hand complications
described and studied throughout this thesis, and the history, epidemiology,
anatomy, pathophysiology, treatment, and outcome of the respective disease. The
basic science, pathophysiology, and impact of DM on each diagnosis will, for
clarity, be discussed in Chapter 5 — Discussion, while interpreting the results from
the studies included in this thesis.

1.2 Nerve compression disorders

Carpal tunnel syndrome

CTS was first described by Sir James Paget in 1854, when identifying two cases of
compression of the median nerve at wrist level.’* CTS is the most common
compression neuropathy in the upper extremity.’’ The first surgery for non-
traumatic CTS was carried out 1946 but the term CTS did not actually come into
general use until 1953.%

CTS is caused by a compression of the median nerve within the carpal tunnel at
wrist level. The nerve passes through the tunnel together with nine flexor tendons,
limiting the space for swelling and making the nerve susceptible to compression.
While the carpal bones constitute the floor of the tunnel, the ceiling consists of a
thick fibrous tissue layer called the transverse carpal ligament.*!

A tingling sensation or numbness in the fingers (most often thumb, index, middle,
and radial side of ring finger), clumsiness, and nocturnal pain are the classic
symptoms of CTS, often indicating that the median nerve is compressed within the
carpal tunnel. If the compression is long-standing, atrophy of the median nerve
innervated thenar muscles (abductor pollicis brevis, opponens pollicis, and flexor
pollicis brevis) can occur.?' *

The diagnosis is mainly clinical, based on specific tests for CTS together with
information from the patient history. The use of electrophysiology to confirm the
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diagnosis varies internationally, and surgeons have different opinions about when
-4 3234
to use it.

Figure 1.
lllustration by Martin Langer of open surgery for carpal tunnel syndrome. With permission.

There are several environmental and metabolic risk factors for CTS described in
numerous publications, where the most robust evidence is for female sex,*> DM,*
3 increasing age,’’, high BMI,*' ***° distal radius fractures,*' hypothyrodism,*' and
pregnancy.* Regarding occupational exposure, there are conflicting results in the
literature and the exact causal link between certain types of work and CTS is yet to

be determined.” * A recent meta-analysis concerning occupational risk factors
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found both high force and repetitious work, but not vibration exposure, to be
associated with CTS.* Regarding smoking, a recent meta-analysis did not find
sufficient evidence to support a causal relationship with CTS, similar to the findings
in study II included in this thesis.*®

There are several different treatments available for CTS, depending on the patient’s
symptoms, age, expectations, and preferences, and in some countries, access to
healthcare or insurance.*’ If the symptoms are mild and mainly nocturnal, a nightly
splint or a cortisone injection might be preferred. With worsening symptoms, OCTR
is the gold standard of treatment. During OCTR, after injection of local anaesthesia,
the carpal ligament is divided sharply and left to heal with prolongment (Figure 1).
This releases the median nerve from the compression. The procedure is often
sufficient to stop the symptoms and has been described in the literature as having a
mainly excellent outcome.*!

Ulnar nerve entrapment at the elbow

UNE at the elbow (Figure 2) is the second most common nerve entrapment in the
upper extremity. With a markedly lower prevalence and incidence compared to
CTS, the patients are often younger,”® and frequently report psychiatric
comorbidities*” and socioeconomic deprivation.”® *' The ulnar nerve can be
compressed in the cubital tunnel in the elbow, where it passes just dorsally to the
medial epicondyle.*® > The nerve can also be compressed at wrist level where it
passes in Guyon’s canal, although this condition is more rare compared to
compression at elbow level.”

Symptoms include a tingling sensation and numbness in the ulnar side of the ring
finger and little finger, and if the compression is proximal to the dorsal sensory
branch, sensation is also affected in the dorsoulnar side of the hand. If long-standing
and if the motor neurons in the nerve are affected, weakness and sometimes atrophy
of the flexor digitorum profundus muscle to the little finger, hypothenar, and the
ulnar nerve innervated intrinsic muscles of the hand can be seen.*

Risk factors for UNE are less thoroughly studied than those for CTS, possibly due
to the much lower incidence of UNE, which limits the number of cases available for
study.*® Nevertheless, similar to CTS, DM has been proposed as a risk factor for
UNE,> 3¢ with the risk also being higher in men,’” smokers,*® and subjects exposed
to vibration and a heavy workload.”® ®° However, it should be kept in mind that there
are few pooled meta-analyses examining risk factors for UNE. Therefore,
additional studies, particularly with regard to occupation, are warranted in order to
further elucidate the pathologic basis of the disease.®'

Treatment of UNE is often primarily conservative with a combination of night
splinting, physical therapy, and elimination of external compression forces.*®® If
remission is not obtained with conservative management, surgery might be
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indicated for this subgroup of patients.”> However, the numbers of randomised
controlled trials comparing conservative versus operative treatments are scarce, and
a systematic review in the Cochrane database from 2016 stated:

“We do not know when to treat a person with this condition conservatively or
surgically”>*

Nevertheless, if no improvement is seen with conservative management, and when
electrophysiological findings so indicate e.g. axonal loss, conduction block or
slowed conduction velocity, several alternatives exists for surgical techniques.** The
simplest technique involves in situ surgical release of the ulnar nerve in the cubital
tunnel (“simple decompression”), dividing the compressing structures, particularly
Osborne’s ligament, thus releasing the pressure on the nerve.®® In recurrent cases,
anterior transposition of the nerve might be performed. After careful dissection, the
nerve is moved anteriorly of the medial epicondyle and positioned either
subcutaneously, intramuscularly, or submuscularly. The best surgical technique is
yet to be established, and practice varies from centre to centre.% 4 %

Figure 2.
lllustration by Martin Langer of the ulnar nerve and its pathway through the cubital tunnel at elbow level and Guyon’s
canal at wrist level. With permission.
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In terms of outcome and patient experience after surgery, most RCTs included in
the Cochrane analysis from 2016 reported improvement after surgery, although the
evidence was insufficient to support any specific surgical technique. A recent
Swedish study of 202 cases of UNE from a tertiary hand surgical centre concluded
that in situ decompression is “a reliable first choice for surgery because of the
relatively low level of complications and acceptable surgical outcome”.®® Another
recent study from the UK also reported a relatively high level of patient satisfaction
(86%) in patients with UNE who underwent in situ decompression.®’

Anatomy and pathophysiology of compression neuropathies

Compression of a peripheral nerve in the upper extremity, either in the carpal tunnel
in the wrist or in the cubital tunnel at elbow level, induces specific pathobiological
changes within the nerve. The injury and nerve pathology are dependent on both the
amount and duration of the local compression, together with environmental factors,
such as heavy work-load, and metabolic factors such as DM, which act together
with the individual’s inherited genetic traits, as described below.** ¢ ¢

In short, the peripheral nerve includes motor nerve fibres, with the cell body situated
in the ventral horn of the spinal cord forming the anterior root, and sensory nerve
fibres where the cell body is situated in the dorsal root ganglia forming the posterior
root. Together with a small number of autonomic nerve fibres, the anterior and
posterior roots form the spinal nerve. The cell bodies project axons that present both
with and without myelin sheet, conveying signals from the CNS to the receptor
organ, e.g. muscle, or conveying sensory signals from e.g. the skin or proprioceptive
signals from a joint, to the CNS.”* !

Surrounding the myelinated nerve fibres are Schwann cells, a glial cell responsible
for producing myelin. Myelin works not only as a conduit for the axon, enabling an
increase in the speed (60 m/s) of the electrical impulses along the axon, compared
to the non-myelinated fibres (2 m/s), but the Schwann cell also interacts and
communicates closely with the axon. The individual axons are organised into
fascicles, containing fibroblast, collagen, macrophages, and other cells, and the
perineurium designates a layer consisting of flattened closely connecting cells. The
perineurium also forms a diffusion barrier together with the intrinsic blood supply
— vasa nervorum; the latter forming the blood-nerve barrier. Bundled together, the
fascicles form the individual nerve which is covered and surrounded by the
epineurium and finally the mesoneurium, a loose connective tissue enabling nerve
gliding and also providing extrinsic blood supply to the nerve (Figure 3).”7
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Figure 3
Anatomy of the peripheral nerve. Adapted from Handkirurgi.”® With permission.

Several factors contribute to the pathophysiology of the peripheral nerve when
compressed in CTS or UNE. In short, compression of the nerve can lead to
diminished blood flow to the axon, initially interrupting the venous blood flow
inducing venous stasis, formation of oedema, and ultimately leading to local
ischemia. Furthermore, compression can cause fibrosis within the connective tissue
surrounding the nerve, which also causes nerve swelling.*” 7 ® Indeed, ultrasound
studies have shown an increased cross-sectional area of the ulnar and median nerve
in both UNE and CTS respectively.”” 7

On a cellular level, prolonged compression of the peripheral nerve eventually leads
to compromise of the blood-nerve barrier with the described formation of oedema
and local breakdown of the myelin sheets, so called demyelination. This triggers an
attempt by the Schwan cells to remyelinate the axons, leading to a thinner myelin
sheet and shorter internodal distances, as indicated by loss of conduction velocity
on electrophysiology testing. If it is long-standing, the nerve compression will
eventually lead to axonal damage and degeneration, as indicated by low amplitude
in electrophysiology testing. The symptomatology of the patient is thought to follow
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the extent of nerve injury with demyelination followed by a weak remyelination,
leading to numbness and a tingling sensation in e.g., the fingers. A more severe
compression with axonal loss and degeneration is often accompanied by muscle
weakness and atrophies.*’ 2

Genetic traits

In recent years, both increasing interest and technological advances have made it
possible to further explore the genetic background of compression neuropathies.
Most studies have been done on CTS, possibly due to its increased prevalence
compared to UNE. In 2002, a twin study analysed the risk of CTS among 4,488
females; 867 monozygotic (twins with the same genome) and 970 dizygotic twins
(twins with different genomes). After adjusting for environmental factors, the
estimated heritability for CTS was almost 50%.”° Moreover, family studies have
shown a markedly higher prevalence rate among relatives of patients with CTS,*
and recent GWAS studies have identified several genetic loci associated with CTS.%!
82 Finally, variants of genes coding for e.g. collagen composition found in the
connecting tissue in tendons within the carpal tunnel have been identified and shown
to be overrepresented in patients with CTS.®*® Taking all this together, genetic traits
are important for the development of compression neuropathies and studies have
confirmed a strong hereditary factor. Calculation of an individual’s own genetic risk
score for CTS could be a tool for introducing early preventative measures in high-
risk individuals, if it becomes more readily available in the future.

1.3 Soft-tissue disorders

Dupuytren’s disease

Dupuytren’s disease is a soft-tissue disorder that affects the palmar fascia of the
hand. It was first described in 1614 by Felix Platter, a Swiss physician, who
incorrectly attributed it to the flexor tendons.* Guillaume Dupuytren (1777-1835),
whose name came to be associated with the disease, correctly described the anatomy
and pioneered the surgical procedure of fasciectomy, a treatment still used today.*
The prevalence varies widely depending on the region and population studied. It is
most often diagnosed at the age of 70-80 years and is more common among men
with a male-to-female ratio of 6:1, according to a recent review.5¢ 87 88

The cause of DD is multifactorial with environmental and metabolic risk factors,
including DM, smoking, alcohol consumption, hypertension, and manual work.%?
There is also a strong genetic trait with twin studies suggesting an 80% heritability
on a population level.”” In the last decade, research in the field of genetics has
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identified several genetic loci associated with DD, further elucidating the
pathogenesis and intricate interplay between genetic and environmental factors
behind its development.***

The disease often starts with the formation of a small nodulus in the palm of the
hand, seldom prompting the patient to seek healthcare. Slowly, often over several
years or even decades, the characteristic chord formation starts in the hand and
gradually contracts the affected finger, most often the ring finger. Everyday tasks,
e.g., wearing a glove or shaking hands become increasingly difficult, at which stage
the patient often seeks healthcare.”

Figure 4:
lllustration by Martin Langer of open surgery for Dupuytren’s disease and the removal of a palmar chord. With
permission.
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There are several different treatment options for DD, all dependent on the stage the
disease has reached (i.e., the level of contraction and the joints in the affected
finger), patient preference, previous treatments, and access to healthcare. In the
initial phase, treatment frequently starts with simple stretching exercises and
physiotherapy. After chord formation and after the finger has started to contract,
needle fasciotomy is often the first line of treatment. If recurrent, or if the chord
involves the proximal interphalangeal joint, the surgeon might propose open surgery
and limited fasciectomy, due to the proximity of the neurovascular bundle to the
chord in the basal phalanx (Figure 4). Finally, if the patient has an aggressive form
of DD, i.e., Dupuytren’s Diathesis, dermofasciectomy and skin grafting can be
performed.”®%

There are also injection treatments for DD, predominantly with collagenase, which
have become more popular over the last decade. However, for several years,
collagenase has principally only been available in the USA, and it can be a costly
treatment. Needle fasciotomy shows equally good results, a low reintervention rate
and is probably more cost-effective.”” * Finally, an interesting phase 2b study,
injecting the anti-TNF monoclonal antibody adalimumab, has shown promising
results regarding softening and size reduction of early-stage DD noduli.'”

Trigger Finger

Trigger finger is a disease of the hand causing the affected finger to lock in flexion.
It is sometimes referred to as stenosing flexor tenosynovitis. The affected finger,
most often the ring finger or thumb, often has to be manually extended with the
contralateral hand, resulting in a snapping or triggering sensation which can
sometimes be felt in the palm of the hand.'"’

TF was first described by the French physician Alphonse Henri Notta in 1850,
hypothesising that the aetiology of the triggering came from either a swollen tendon
sheet or swelling of the tendon itself. Although surprisingly modern in his
hypothesis, Notta offered no effective treatment to his patients. In fact, it would be
almost another century before modern treatment with A1-pulley release or cortisone
injections was popularised.'®

TF is one of the more common diagnoses in hand surgery clinics, with a lifetime
prevalence of 2-3% in the general population. It is reported to be up to ten times
more common among individuals with DM, more common among women, and
most often diagnosed at the age of 50-60 years. **** ' Figure 5 demonstrates the
incidence rates for women in the Region of Skéne from 2010 — 2019, for individuals
without diabetes, with T1D, and with T2D, respectively (data from Study I).

37



Incidence of trigger finger
Non-
DM

T1D

200
180
160
140 —9—T2D
120
100
80
60
40
20

Incidence per 10.000 person years

18-29 30-39 40-49 50-59 60-69 70-79 80+
Age group (years)

Figure 5:
Age-stratified incidence rates for trigger finger in women between 2010 and 2019 in the Region of Skane. DM;
diabetes mellitus, T1D; type 1 diabetes, T2D, type 2 diabetes.*

The exact cause of TF is still being debated, although most researchers agree that
an imbalance in the size of the flexor tendon and the flexor tendon sheet, usually at
the level of the A1 pulley, is the causative factor of the triggering phenomena. This
imbalance may originate from a thickening of the Al pulley, inflammation of the
tenosynovium, or thickening of the flexor tendon (noduli) of the affected digit, or a
combination of these factors, causing the digit to stay in a bent position, unable to
extend without additional force.!*!” Risk factors for TF include DM, female sex,
and rheumatoid arthritis.'® ' Recent publications in the field of genetic research
using GWAS have identified several genetic loci associated with TF, and further
elucidated its pathology, indicating an hereditary component.''’

There are several different treatment modalities available for TF; the first line
including hand therapy with different orthoses, is often initiated in primary care. If
this approach is not satisfactory, cortisone injections over the A1l pulley are usually
tried and a success rate of 50-60% has been reported.''! If the condition is recurrent
or if the cortisone injections are unsuccessful, open surgery and OTFR is often the
next line of treatment. During OTFR, the surgeon makes a small incision in the skin
of the palm under local anaesthesia, debriding down to the level of the tendon sheet
and the Al pulley. The pulley is divided longitudinally, creating more space for
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normal tendon gliding. This is often enough to resolve the triggering in the affected
finger, 12 113

Outcome after OTFR has mainly been reported as favourable with improvement in
hand function.'"* A recent Cochrane analysis from 2018 stated that 92% of patients
had resolution of symptoms after OCTR, compared with 61% after steroid injection.
The authors conclude that the number of high-quality studies is limited, however,
especially with regard to functional outcome after cortisone injections vs OTFR,
highlighting the need for high-quality randomized control studies.''> A recent multi-
centre study, including 1879 OTFR cases, reported improved hand function among
the majority of patients, and a relatively low risk of serious complications with a 2%
re-operation rate over 3 months.''® The most effective treatment for patients with
TF and DM is still being debated, although recent publications favour cortisone
injections as the first line of treatment, even among individuals with DM, before
discussing OTFR.'""

In terms of our clinical practice, the patient is often offered a steroid injection at the
hand surgical clinic if they have not had prior injections in primary care, before
discussing OTFR.

1.4 Osteoarthritis of the CMC-1 joint

Osteoarthritis of the hand is a common, heterogeneous disease in which aetiology,
epidemiology, radiology, and disease course differ depending on the affected joint
(nota bene, there are in total 27 joints in the hand). General hand OA is more
common among women and the prevalence increases with age, although both
prevalence and incidence vary substantially depending on the population studied

and definitions used for OA (e.g., only radiographic and/or clinical symptoms). ''®
120

The base of the thumb, i.e., the CMC-1 joint, is one of the more common joints to
be affected by OA in the hand and for clarity, OA of the CMC-1 is the joint that
henceforth will be discussed in this section. The prevalence of radiographic signs of
OA of the CMC-1 joint also increases with age, affecting over 90% of individuals
aged over 80 years. However, there is a low correlation between clinical symptoms
and radiographic signs of OA and this condition can probably be considered part the
normal ageing process. '*! 12> 1% Nevertheless, when symptomatic, OA of the CMC-
1 joint can be detrimental to hand function, especially to the thumb grip, and can
significantly reduce both quality of life and ability to work.'** %

There are several proposed risk factors for OA of the CMC-1 joint including various
occupations, obesity, genetic factors, age, and female sex. DM has also been
suggested as a risk factor for hand OA, although the causative link remains unclear.
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Previous studies have shown conflicting results regarding this association. It has
been proposed that individuals with DM experience more hand pain than non-DM
controls; thus, potentially increasing symptoms of OA.'20 126127

The cardinal symptom is pain in the base of the thumb and subsequent loss of
function and thumb grip. Diagnosis is based on a typical patient history together
with radiographic signs of OA in the CMC-1 joint which can be combined with
specific tests, such as the grinding test, i.e., application of axial and rotational force
on the thumb base causing crepitations and pain. As the disease progresses, the joint
progressively becomes subluxated and the thumb is often positioned in adduction
(adduction contracture), limiting the functional grip (Figure 6).** 1%

Figure 6:
lllustration by Martin Langer of the progression of osteoarthritis of the CMC-1 joint. With permission.

The first line of treatment in early-stage, symptomatic OA of the CMC-1 joint is
typically hand therapy, orthosis, and oral medications with NSAID and/or
paracetamol. Activity and occupational adjustment are sometimes necessary and are
often discussed with the patient.''? '* If these methods fail, intra-articular cortisone
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injection is the next line of treatment and it has shown low complication rates in a
recent study from the UK on 19,120 injections over a period of 19 years. In the same
study, 22% of the individuals subsequently had surgery after their injection during
the study period, most within a year of injection."

If conservative methods fail, there are several different surgical techniques available
to restore function and reduce pain. These include arthroscopic debridement, joint
fusion, trapeziectomy with or without ligament reconstruction, or interposition with
the joint capsule and joint replacement with a prothesis. The individual procedures
and indications are beyond the scope of this summary. It should be noted that while
there is still controversy regarding the superiority of any one surgical technique,
there are reports of favourable outcome among the majority of patients, irrespective
of the surgical technique used."' 1** 133
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Chapter 2 - Aims

2.1 General aims of the thesis

The overarching aim of this thesis was to shed light on the diabetic hand, in order
to improve the care provided for individuals with DM and concomitant hand
disorders. Using the data made available in different Swedish registers and using
already existing local cohort studies in Malmo, the aim was to present new, large-
scale, longitudinal data regarding risk factors and epidemiology for hand surgical
patients with concomitant DM.

In addition, most previous studies on the diabetic hand, more specifically
investigating patient experience and surgical outcome, have been carried out
internationally in small, highly specialized clinics. This thesis aims to contribute to
the understanding of the diabetic hand, its pathogenesis and surgical treatment and
outcome, analysing PROMs from the large-scale, national Swedish hand surgical
quality register — HAKIR.

Finally, this thesis aims to become a basis of knowledge for surgeons and therapists
alike, and to direct attention towards diabetic hand problems in order to continue
further research within the field of hand surgery and DM.

2.2 Specific aims of the individual publications

Study 1

To calculate prevalence and incidence of five common diabetic hand diagnoses
among the population in the Region of Ské&ne in Sweden.

Study 11

To explore potential associations between DM, CTS, and UNE during 20 years of
follow-up using the MDCS cohort from Malmo, Sweden.

Study 111

To explore metabolic and environmental risk factors for DD using longitudinal data
from the MDCS cohort.
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Study 1V

To examine whether an elevated HbAlc was associated with an increased risk of
TF among individuals with T1D and T2D.

Study V

To explore surgical outcome and patient experience after OTFR in individuals with
T1D and T2D, compared to individuals without DM.
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Chapter 3 - Methods

3.1 The Swedish registers

This thesis would not exist without the availability and meticulous registrations
made in all the different Swedish registers. This chapter will first give a brief history
of Swedish registers, including that of the Swedish personal identity number,
followed by a more detailed description of the registers and cohorts used throughout
this thesis. Finally, this chapter will describe the main statistical methods used in
the individual studies (I-V) included in the thesis and also reflect on some of the
ethical aspects of register studies.

History of quality registers

In order to improve our diagnostic and treatment strategies, it is my firm belief that
we have to track our patients, report, learn from their outcomes and experiences,
and adapt our strategies accordingly. One of the pioneers in this field was the
American surgeon Amory Codman (1869 — 1940), who was educated at Harvard
Medical School from which he graduated in 1894. Codman developed the first
American register on bone sarcoma, pursuing his idea that patient follow-up,
transparency, and learning from mistakes could improve patient care and treatments.
While he only added a total of 17 patients to his register, Codman was obviously a
pioneer, acting ahead of his time.'** 1*°

“Every hospital should follow every patient it treats long enough to determine
whether the treatment has been successful, and then to inquire ‘if not, why not” with
a view to preventing similar failures in the future.” — A. Codman '3

The first Swedish quality register was founded in 1975 in Lund by the professor in
orthopaedic surgery, Goran Bauer, who developed a register for improving
outcomes after total knee replacement.'”® Today, there are over 100 different
Swedish quality registers, all with the goal of improving patient care, quality, and
research within their field."*’
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History of the Swedish personal identity number

The Swedish personal identity number provides a unique opportunity for register
studies. It was introduced in 1947 after a government proposition and initially
included the individual’s date of birth and three digits. In 1967, a fourth digit was
added indicating the individual’s sex, giving the personal number the 10-digit form
it has today. Once introduced, the personal identity number was quickly accepted
and is still a very important part of everyday life in Sweden today. It is basically
needed in all parts of society, from paying bills, visiting the healthcare sector to
buying concert tickets, etc. Since the digitalisation of the personal identity number,
its main use in research has firstly been to identify cases and patients; it is often used
as the identification variable in a dataset. Second, it allows quick linkage between
registers, adding and sharing individual data, resulting in larger databases allowing
researchers to study, interpret, and subsequently draw conclusions.'*®

The Swedish National Patient Register (Studies Il and I11)

The National Patient Register (NPR) was first introduced in 1962 and initially only
included psychiatric disorders and diagnoses. Before 1962, only sporadic details of
diagnoses and surgical procedures were reported to the Swedish National Board of
Health and Welfare (Sw. Socialstyrelsen). In 1964, a pilot register, including for the
first time all somatic diseases, was introduced in the Region of Uppsala, but it would
take almost 25 years for all regions in Sweden to be included in the register. Up until
1997, only diagnoses in hospital-based clinics for inpatients were registered in the
NPR. Starting in 1997, all diagnostic and procedure codes (KVA) from day surgery
were included, and from 2001 all diagnoses from the outpatient clinics were
included. To date, there are no Swedish national registers including data from
primary care, thus researchers have to rely on administrative regional registers, e.g.
the Skéne Health Care Register (SHR), for information and data including primary

Care.139 140

The variables included in the NPR are patient age, sex, diagnosis, surgical codes,
admission/discharge dates, and various administrative variables. No anthropometric
variables, medications, comorbidities, or lifestyle factors, such as smoking, are
registered, hence the need for cross-linking with other registers or the use of
population-based cohorts. Since it is mandatory for healthcare providers to transfer
data to the NPR, it has a high coverage rate. Finally, the NPR has previously been
validated in a number of studies, including musculoskeletal diagnoses, indicating
high validity and completeness.'**"'** It should be noted that no validation studies
on the NPR have yet been published regarding elective hand surgical diagnoses, an
area that would be an obvious target for further research.
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Skane Healthcare Register (SHR; Studies I and IV)

The SHR was started in 1998 with the overarching aim of providing a database
containing data on healthcare trends, information for policymakers and politicians,
but also to provide data for researchers and administrators when planning for future
healthcare services within the Region of Skane. The register includes diagnoses and
data from primary care as well as outpatient and inpatient care from the Region of
Skéne, which has approximately 1.1 million adult inhabitants.'* The data are
automatically transferred from the healthcare providers, private as well as public, to
the database, and as the diagnoses also serve as the basis for financial reimbursement
for the clinic, it is thought to cover the majority of all visits in the region. The
diagnosis codes transferred are based on ICD-10,'* and include codes (KVA) for
various surgical procedures. SHR also provides data on sex, age, date of visit, and
level of healthcare (primary, secondary, or tertiary care), but no anthropometric or
laboratory data are included. The register has previously been validated and has
been used for research in several medical fields.'* '** In studies I and IV, only a
first-time diagnosis was used when calculating prevalence and incidence, as a
patient might visit a physician several times for CTS, for example.

National Diabetes Register (NDR; Studies [ —V)

The National Diabetes Register (NDR) was started in 1996, aiming to improve the
care for all individuals with DM in Sweden following the so-called St. Vincent
Declaration.'*® Building on evidence-based development of care, the goal was for
the participating units, both in primary care and in hospital-based clinics, to improve
their quality of care and provide feedback to patients and individual units. Today, it
is possible for each unit to see its own patients' results, enabling easy comparison
on both regional and national levels.'"’

The NDR includes data on DM type, date of diagnosis, duration of DM,
medications, laboratory values such as HbAlc, blood lipids, fasting glucose,
anthropometric measurements, such as BMI, lifestyle variables, e.g., smoking, and
physical activity, and data on complications, e.g., stroke, retinopathy, and
albuminuria. It has a coverage rate of approximately 85-90% of patients with DM
in Sweden, and all individuals provide written or oral informed consent before
registration. The NDR has traditionally focused on outcomes related to medical
aspects of diabetes complications, e.g., retinopathy, foot ulcers, HbAlc levels, etc.
However, a pilot project has recently started in 30 primary care units and 30
hospital-based units, focusing on patient-reported outcomes, such as quality of life,
how patients experience their disease, as well as how they experience the support
and care offered by each clinic.'*7 148 4
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Swedish National Quality Register for Hand Surgery (HAKIR; Study V)

The Swedish national quality register for hand surgery (HAKIR) was started in 2010
on the initiative of the Swedish Society for Hand Surgery. It has gradually expanded
to include all seven university hospitals as well as several private hand surgery units
in Sweden. When initiating the register, the aim was to improve healthcare, by e.g.,
identifying complications and enabling research in order to improve treatments.'>
In 2022, over 90% of all operations in the participating units were included in
HAKIR. However, the exclusion of children, patients with nationalities other than
Swedish, and individuals with a protected personal number prevents the registry
coverage from reaching 100%.

Patients included in HAKIR are asked to fill out two different PROMs
preoperatively, then at three and 12 months after surgery. The first is the Swedish
version of QuickDASH, an 11-point questionnaire resulting in a disability score
ranging from 0 — 100, where a higher score indicates increasingly worse function.
QuickDASH is a shortened version of the commonly used Disabilities of the Arm
Shoulder and Hand (DASH), including 30 questions about upper extremity function.
51 The second PROM is HQ-8, a specially designed 8-point questionnaire for
HAKIR addressing pain on load, pain on motion without load, pain at rest, stiffness,
weakness, numbness, cold sensitivity, and ability to perform daily activities. While
QuickDASH mainly focuses on exploring the patient’s ability to perform certain
activities in daily life, e.g., opening a jar or washing their back, the HQ-8 focuses
more on hand and finger function, e.g., stiffness and weakness. HQ-8 has previously
been validated, showing good validity (the ability of the PROM to measure what it
is intended to measure) as well as responsiveness (the ability to detect a change in a
patient’s clinical condition over time)."”> Both QuickDASH and HQ-8
questionnaires can be found in the Appendix.

3.2 Malmo Diet and Cancer Study cohort (MDCS;
Studies IT and IIT)

The Malmé Diet and Cancer Study (MDCS) cohort was started in 1991 in the city
of Malmo in southern Sweden and was initially intended to study the relationship
between self-reported food intake and risk of various forms of cancer. The baseline
examinations were conducted between March 1991 and September 1996 with
participants aged 45 to 73 years. All individuals born between 1926 and 1945, and
living within the city of Malmo, were invited to participate. The only exclusion
criterion was inadequate Swedish language skills. The attendance rate was
approximately 41% (30,446 individuals) and 40% of the included participants were
men. Subjects were invited to participate in the study by a letter of invitation, but
also through advertisements in local newspapers and in public places.'> '**
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All participants filled out several questionnaires, including questions regarding
lifestyle choices, such as physical activity, alcohol consumption, diet, and smoking
habits. In addition, socioeconomic variables, such as occupation and education
level, as well as medications, previous and current diseases, and family history of
diseases were recorded. During baseline examinations, trained nurses measured
anthropometric variables, e.g., height, weight, and waist circumference, and
participants’ blood pressure. A collection of blood samples was drawn and analysed
from all patients after an overnight fast. Diabetes status was reported as a self-
reported physician’s diagnosis, use of anti-diabetic medication, or fasting plasma
glucose concentration of >7.0 mmol/L. A diabetes diagnosis during follow-up was
validated by register linkage to NDR, and several other local and regional diabetes
registers within the Region of Skane.'> !¢

Depending on the research question of the intended study, end-point assessment and
outcome variables were retrieved through cross-linking with other Swedish
registers, as previously described. In studies II and III, cross-linking with NPR
allowed for retrieval of endpoint diagnosis (study II; CTS and UNE and study III;
DD) up until Dec 31, 2018.°° *° Maximum follow-up time for the participants
recruited in 1991 is now over 30 years.

Over the years, the MDCS cohort has provided data for an abundance of
publications in several different medical fields, covering areas from cardiology and
urology, to orthopaedics, and now also, for the first time, hand surgery.”® '*7!%

3.3 Acquiring and extracting data

Working with registers involves several steps; from formulating a research idea, to
formation of a hypothesis, applications for ethical permissions, data extraction, to
the completion of a manuscript. As there are also numerous steps involved in
obtaining ethical permissions, in data handling, data storage, and transfer of files to
data management, statistical programming, and manuscript writing, years of
preparation and planning become necessary. Furthermore, the implementation of
GDPR and increasingly regulatory data laws in Sweden will not make things easier.
A flowchart of the data extracted for study I, from the research idea in 2019 to the
final publication in “BMJ Open Diabetes Research & Care” in 2022 is displayed
below (Figure 7). On a final note, the cost of data handling has risen in the last few
years. For study I, the total cost for data extraction alone, including fees for both
ethical and data applications and the cost for data managers at the respective
registers exceeds 15,000 Euros.
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» Combination of data on hand surgical diagnoses in SHR with diabetes data in the NDR.
« Creation of a large database including all hand surgical diagnoses during a 15 year period
including all individuals with T1D and T2D in the Region of Skane.
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Figure 7.

* Transfer of data files from SHR to NDR and cross-linking of data using each individual's
personal identity number. (1-3 months)

» Transfer of data from NDR to a secure location on Lund University server. (1 month)
* Personal identity numbers not available for researchers. Key code stored at NDR.

+» Data available for researchers aproximately 1 - 2 years after research idea. Start of statistical
calculations and result presentation.

* Manuscript writing and publication process.

Flowchart with time frames involved in each step from research idea to final publication for study I.
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3.4 Statistical methods

Several different statistical models have been used in the studies included in this
thesis. The major statistical models used for the main findings in each study will be
described briefly below with reference to the respective study. For the interested
reader, references to statistical papers are also provided.

Study I - Incidence rate ratios / prevalence ratios

Study I investigated the prevalence and incidence of five common hand surgical
diagnoses in the population with T1D and T2D, compared to the population without
DM within the Region of Skane. Based on the yearly number of individuals living
in the Region of Skane with and without DM, estimates of incidence (new cases /
10,000 person-years) and prevalence (number of cases during the last 15 years
among the population alive on December 31, 2019) were calculated. For statistical
comparison, incidence rate ratios (IRr) and prevalence ratios (Pr) were calculated.
All calculations were stratified for sex and T1D and T2D, and data on age-specific
incidence were also included in the supplement.'®

To give an example, the incidence rate of CTS among women with T1D was 95.5
per 10,000 person-years compared to 26.1 per 10,000 person-years among controls.
The IRr was thus calculated as:

_(95.5/10,000) _

IRr = -
"= (26.1/10,000)

Likewise, the prevalence on December 31, 2019 of CTS among women with T1D
was 18,515/52,8310 = 3.5 and 412/3,045 = 13.5 among controls. The prevalence
ratio was then calculated:

(412/3,045)
r= =3.9
(18,515/52,8310)

Finally, age- and sex-stratified incidence curves were calculated and plotted for each
diagnosis, stratified in 10-year intervals (Figure 8).
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Figure 8:
Age-stratified incidence rates for carpal tunnel syndrome among women between 2010 and 2019. Data from Study |.

Studies II and III - survival analysis

In studies II and III, data from the longitudinal cohort study MDCS were used, as
described above. Participants in both studies II and III were followed from the
baseline registration (1991 — 1996) until either a diagnosis of interest, i.e., CTS or
UNE (study II) or DD (study III) was established, or until emigration, death, or the
end of follow-up on December 31, 2018. In this way, each individual in the study
has a unique follow-up time, allowing for statistical survival analysis.

Two main statistical survival analyses were used for survival data. In study II, a
Kaplan-Meier plot with an enclosed log-rank test was used to calculate differences
in event-free time, i.e., the time from baseline until an established diagnosis of CTS
or UNE in individuals with and without DM at baseline (Figure 9).'!
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Figure 9:
Kaplan-Maier plot on the cumulative incidence of CTS in the MDCS-cohort with and without DM. Data from study 1.

However, since the Kaplan-Meier plot is a univariate analysis, it only describes
survival in relation to the factor studied and ignores the impact of others, meaning
it has no ability to adjust for confounding factors, e.g., sex, age, and smoking, further
discussed in Chapter V. Moreover, although the log-rank test indeed provides a p-
value for a statistical difference between the groups, it does not give an estimation
of the effect size, i.e., it does not provide an actual impact of DM on the risk of
developing CTS. It only states whether there is a difference between the studied
groups. In order to calculate both the effect size and also include adjustment of
confounders, multivariate analysis in the form of multivariate Cox Regression
models was used in both studies II and II1.'%? '3

A key element in the Cox regression model is the assumption of proportionality,
i.e., the assumption that the ratio between the hazards is relatively proportional over
time. This assumption was tested in studies II and III by calculation of log-log plots
and by graphically analysing the curves and confirming proportionality. In both
studies II and III, the underlying timescale was the time from baseline registration
to an established diagnosis, emigration, death, or end of follow-up on December 31,
2018. Hazard ratios with 95% confidence intervals were calculated firstly in crude,
unadjusted models, and subsequently in multivariate models adjusted for potential
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confounders. The confounders added into the models in each study were based on
both previous research into risk and protective factors for respective diagnoses, as
well as on clinical experience, and finally on data available in the registers. In
addition, in study 111, a directed acyclic graph (DAG) was constructed to illustrate
potential associations and pathways between exposures, risk factors, and DD, %4

Study IV — Binary logistic regression

Study IV investigated the effect of an elevated HbAlc on the risk of TF among
individuals with T1D and T2D between 2004 and 2019. Data from SHR were
crossed-linked with NDR, creating a database with approximately 10,000 and
86,000 individuals with T1D and T2D, respectively. Multivariate binary logistic
regression models stratified for sex and type of DM were performed in order to
calculate the impact of an elevated HbAlc (predictor variable) on the risk of
developing TF (binary outcome variable).'®

To better reflect an individual’s long-term glycaemic control over the years included
in the register, a mean value was calculated from all the registered HbAlc data for
each individual (HbAlc is usually registered once a year). Since the mean values
had a slightly left-skewed distribution (normality was visually assessed via a
histogram) a z-score standardization (/variable level - mean] / standard deviation) was
performed. This resulted in a variable with a mean of 0 and a standard deviation of
1. Results were expressed as ORs for each standard deviation (SD) increase in
HbA Ic, to facilitate interpretation of the results.'®

Furthermore, individuals included in the study were divided into tertiles according
to their glycaemic control with optimal control (< 48 mmol/mol), acceptable control
(48.1-64 mmol/mol), and poor control (>64 mmol/mol), an adaptation of the
American Diabetes Association and National Institute for Health and Care (NICE)
guidelines for glycaemic control.'®” '® Two different regression models were
created. The first was a crude age-adjusted model while the second model included
further adjustment for BMI, smoking, systolic blood pressure, and duration of DM.

Study V — mixed model linear regression

Study V investigated the patient-reported outcome after OTFR using data from
HAKIR that were crosslinked with NDR. The two questionnaires used in HAKIR;
HQ-8 and QuickDASH, have already been addressed and explained above. The
patients fill in the questionnaires three times i.e., preoperatively, and at three and 12
months postoperatively. The data from HAKIR is thus seen as repeated measures
data with predetermined time intervals. Additionally, with a relatively low response
rate (50% of included patients responded to at least one questionnaire) the problem
of missing data has to be addressed statistically. In both these cases, i.e., repeated
measures with missing data, a mixed model linear regression can be applied for
statistical analysis. Firstly, this model does not require complete data from all
patients, it uses all observations available and thus makes use of the available
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information effectively. Furthermore, it considers differences in e.g., variation in
baseline values in each individual when comparing outcomes between the groups
studied. Mixed model linear regression can also handle and statistically address both
fixed effects (e.g., diabetes status, age, specific time intervals), and random effects
(improvement over time, baseline function) on the outcome in question. Fixed
effects are seen as fairly constant across individuals in each group, while random
effects vary across individuals in each group. %7

In study V, the outcomes studied were improvement in QuickDASH and the HQ-8
between assessments preoperatively, at three months, and at 12 months,
respectively. Since the outcome after OTFR might differ between men and women,
all calculations were stratified for sex and adjusted for age at surgery. Finally, the
models presented estimated means for each group at each time interval. Differences
in outcome between T1D, T2D, and the controls were calculated in the mixed linear
regressions models.

3.5 Ethical considerations

Several ethical approvals were obtained before the writing of the studies included
in this thesis. For studies I and IV, a new ethical application was submitted, and
permission was obtained from the National Swedish Ethical Review Board in 2019
for the cross-linking of data from the SHR and NDR (DNR: 2019-02042). For
studies II and III, several complementary ethical approvals were obtained (DNR:
2019-01433; 2019-01439) in addition to the general ethical permissions for the
MDCS study (DNR: LU51-90; 2009-633). For study V, complementary ethical
permission was obtained (DNR: 2021-00902) in addition to the already overarching
ethical permission for HAKIR (DNR: 2017/2023-31; 2019-00880).

Several interesting ethical aspects and considerations must be reflected on with
regard to register and cohort studies. One of these aspects is the principle of
autonomy — that all individuals have the right to make their own decisions and
choices, especially with regard to informed consent.'”!

In studies II and III, informed consent was obtained from all participants before
enrolment in the MDCS. However, as previously stated, the aim of the MDCS when
initiated was to explore a potential link between diet and cancer risk — there were no
study protocols for exploring associations between DM and hand surgical
diagnoses. Nevertheless, over the years the MDCS evolved to include several other
outcomes in a variety of medical fields, including the ones in this thesis. In study V,
informed consent was obtained from the participants in HAKIR and also for
registration in the NDR. Common to the MDCS, NDR, and HAKIR is the possibility
of not participating or withdrawing and having one’s data removed. However, this
is exceedingly uncommon and to our knowledge, only 2-3 participants (1/10,000)
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have withdrawn from the MDCS and even fewer from HAKIR. Nevertheless, the
possibility to do so is in accordance with the principle of autonomy.

For studies I and 1V, however, informed consent was obtained for inclusion in the
NDR, but not in the SHR. In the SHR, the data on diagnoses are automatically
transferred from the caregiver, as previously stated, and a diagnosis is also a
requirement for reimbursement from the Region’s administration to the clinic. An
individual is not able to withdraw his or her data from the SHR. However, the SHR
is more than a patient register used for research, it works as an administrative source
for administrators, politicians, and policymakers in the region.'*® The same is also
true for the NPR; individuals are not able to remove their already registered data
and no informed consent is obtained before collecting the data.'” One could argue
that the data in the SHR and NPR are less sensitive since they only include the
diagnosis and surgical codes that are transferred to the register (as opposed to the
MDCS and NDR, which include laboratory data, anthropometrics, genetic
information, socioeconomic status, etc). Nevertheless, diagnostic data are collected
without consent from the patient.

With this being said, it is agreed that the information collected in these registers fits
well within the principle of beneficence, the will to act for the benefit of the patients
and promote the welfare of the patient and others.

“... it is assumed that the study participants do not object to registry-based research,
provided that such research is deemed ethical by the ethics committee. This assumed
agreement to contribute personal data to research is part of the informal contract
between the individual and the state... given that health care is traditionally virtually
frree of charge.” — Jonas Ludvigsson 2015 173

Also, as previously stated, very few individuals actively opt out of other types of
registers, e.g., from the Swedish biobank,'” and the sheer number of patients
(sometimes millions) would make it impossible for researchers to acquire informed
consent from everyone involved.

It is thus my firm belief that within the field of register studies, where the present
thesis lies, the good outweighs the potential harm for the individual person whose
data we are collecting and analysing without their consent. Nevertheless, it is of the
utmost importance that researchers first obtain ethical permission from the National
Ethical Review Board before extracting data and, of course, that they handle the
data with respect for the individual's privacy and integrity.
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Chapter 4 — Results

The results from the original studies included in this thesis are briefly summarised
below. For detailed results, the interested reader is referred to the individual studies.

4.1 Study 1

The Diabetic hand: prevalence and incidence of diabetic hand problems using
data from 1.1 million inhabitants in southern Sweden.

Study I investigated the prevalence and incidence of CTS, UNE, DD, TF, and OA
of the CMC-1 joint in the Region of Skane in southern Sweden among the
population with T1D and T2D, using the population without DM as a control. All
calculations were stratified for sex and calculated separately for T1D and T2D. Data
collected between 2004 and 2019 were available.

The prevalences of all five diagnoses were higher among both men and women with
T1D and T2D (p < 0.01). The prevalence ratio ranged from 1.8 (95% CI; 1.4 — 2.4,
p <0.01) for OA of the CMC-1 joint to 9.4 (95% CI; 8.6 — 10.3, p < 0.0001) for TF
among women with T1D (Figure 10).

All the 10-year incidence rates were higher among both T1D and T2D patients (p
<0.0001) compared to the controls with the exception of OA of the CMC-1 joint in
men with T1D (p = 0.055) (Table 1).

Finally, there were more individuals with TID and T2D who had a second,
concomitant prevalent diagnosis (T1D; women 34%; 95% CI 30.6 — 37.5, men 24%;
95% CI1 20.7 — 27.8; T2D; women 22%; 95% CI 21.1 — 23.8, men 19%; 95% CI
17.5-20.1), compared to the population without DM (women 17%; 95% CI 16.3 —
17.1, men 13%; 95% CI 13.0 — 14.1; Chi-square p < 0.0001 for all analyses).
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4.2 Study 11

Diabetes mellitus as a risk factor for compression neuropathy: a longitudinal
cohort study from southern Sweden.

Study Il aimed to explore associations between DM at the time of recruitment to the
MDCS cohort and incident CTS and UNE during long-term follow-up. Of the
30,446 participants who were aged 46-73, 1,081 developed CTS and 223 developed
UNE during a median follow-up of 21 years.

First, when using Kaplan-Meier plots there was a higher cumulative incidence of
CTS (log-rank test p < 0.0001) as well a higher cumulative incidence of UNE (log-
rank test p < 0.0001) among participants with DM at baseline compared to
participants without DM.

Second, in the multivariate Cox regression models, prevalent DM at baseline was
associated with incident CTS (HR 2.1; 95% CI: 1.6 — 2.7 p < 0.0001) as well as
incident UNE (HR 2.2; 95% CI: 1.3 — 3.7 p = 0.003) (Table 2). The analyses were
made first in a crude model, adjusted only for age at study entry and sex, then in a
model further adjusted for sex, age at study entry, alcohol consumption, BMI,
hypertension, the use of antihypertensive treatment, and smoking.

Table 2.

Multivariable Cox regression analysis with hazard ratios for incident CTS and UNE in relation to diabetes mellitus. *
Adjusted for sex, age at study entry, alcohol consumption, BMI, hypertension, the use of antihypertensive treatment,
and smoking. DM; Diabetes Mellitus, CTS; Carpal Tunnel Syndrome, UNE; Ulnar Nerve Entrapment, HR; Hazard Ratio,
Cl; Confidence interval

Variable Model II*

CTS (n =1081) HR (95% CI)* P - value
Prevalent DM 2.10 (1.65 - 2.70) < 0.0001
UNE (n = 223) HR (95% CI)* P - value
Prevalent DM 2.20(1.30 - 3.74) 0.003
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4.3 Study 11

Metabolic factors and the risk of Dupuytren’s disease: data from 30,000
individuals followed for over 20 years.

Study III aimed to explore metabolic and environmental risk factors for DD in the
MDCS cohort during long-term follow-up. Of the 30,446 participants included in
the study, 347 men DD and 194 women developed DD during a median follow-up
time of 23 years.

In the multivariate Cox regression model, DM among both men (HR 2.2; 95% CI:
1.5 —3.3; p <0.001) and women (HR 2.7; 95% CI: 1.5 — 4.9 p = 0.001) as well as
moderate and heavy alcohol consumption among both sexes, were highly associated
with increased risk of DD during the follow-up time.

Obesity was inversely associated with DD among men (HR 0.66; 95% CI: 0.44 —
0.98 p = 0.04). This trend was also found among women, although borderline
significant (p = 0.05). Furthermore, when analysing the blood lipid levels, the
ApoB/ApoAl ratio was also negatively associated with incident DD in both men
(HR 0.85; 95% CI: 0.75 — 0.96; p = 0.01) and women (HR 0.80; 95% CI: 0.66 —
0.97; p=0.02) (Table 3).

Table 3.

Sex-stratified, multivariable Cox regression models with corresponding HR for incident DD in relation to ApoA1, ApoB
and the ApoB/ApoA1 ratio. The model is adjusted for age, DM, hypertension, alcohol consumption, smoking, manual
work, and BMI. *HR are expressed as per one SD increase of the respective Z-score converted variable.

Variable

Men HR (95% CI)* P - value
ApoA1 1.22 (1.09 - 1.38) <0.01
ApoB 0.97 (0.86 — 1.09) =0.64
ApoB/ApoAl 0.85(0.75-0.96) =0.01
Women

ApoAl 1.17 (1.01 - 1.36) =0.03
ApoB 0.83 (0.70 —0.99) =0.03
ApoB/ApoAl 0.80 (0.66 — 0.97) =0.02
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4.4 Study IV

High HbAlc levels are associated with the development of trigger finger in type
1 and type 2 diabetes: an observational register-based study from Sweden.

Study IV aimed to examine whether an elevated HbAlc was associated with an
increased risk of TF among individuals with T1D and T2D in the Region of Skéne,
Sweden between 2004 and 2019. Individuals diagnosed with TF during the study
period had higher mean HbA 1c levels, in both sexes and in T1D (p < 0.01) as well
as T2D (p < 0.01), when analysing the quantitative variable characteristics.

In all logistic regression models, there was an association between TF and elevated
HbAlc levels among subjects of both sexes with both types of DM. This was true
both when using HbAlc as a continuous z-score converted variable, and when
analysing HbAlc in tertiles, with individuals with optimal HbAlc control (mean
HbAlc < 48 mmol/mol) as reference. The logistic regression models were first
analysed in a crude, age-adjusted model, then in a model further adjusted for the
duration of DM, smoking, BMI, and systolic blood pressure (Table 4).

Moreover, two sensitivity analyses were performed in the study; the first excluding
all individuals < 40 years, the second excluding all individuals with a duration of
DM < 10 years. When analysing the data in these subpopulations, an elevated
HbA 1c was still associated with TF in men and women, and in T1D and T2D, both
when used as a continuous variable and when divided into tertiles.

Table 4.

Multivariate logistic regression models for individuals with T1D and T2D, stratified for sex, with OR for TF in relation to
HbA1c. Firstly, a **continuous z-score converted variable is presented and also different groups of glycaemic control
among DM; optimal control < 48 mmol/mol, acceptable control 48 — 64 mmol/mol, and poor control > 64 mmol/mol using
the individuals with optimal glycaemic control as reference. * Adjusted for age at last registration in NDR, duration of
DM, BMI, smoking, and systolic blood pressure. ** expressed as OR per 1 standard deviation (SD) increase in HbA1c.

Type 1 diabetes Type 2 diabetes
Women OR (95% CI)* P - value OR (95% CI)* P - value
HbA1c continuous™* 1.16 (1.05-1.29) <0.001 1.09 (1.02-1.17) =0.011
Optimal glycaemic control Reference - Reference -
Acceptable glycaemic control 1.88 (1.10 — 3.23) =0.021 1.38 (1.18 - 1.61) <0.001
Poor glycaemic control 2.36 (1.38 —4.04) =0.002 1.39 (1.14 - 1.70) =0.001
Men
HbA1c continuous ** 1.30 (1.14 — 1.49) <0.001 1.10 (1.03 - 1.19) =0.009
Optimal glycaemic control Reference - Reference -
Acceptable glyacemic control 3.26 (1.31-8.11) =0.011 1.29 (1.10 - 1.52) =0.002
Poor glycaemic control 5.56 (2.24 — 13.78) <0.001 1.39(1.13-1.70) =0.002
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4.5 Study V

Outcome and patient experiences after open trigger finger release in patients
with type 1 and type 2 diabetes - a retrospective study using PROMs and
Swedish national quality registries.

Study V aimed to explore patient experiences and surgical outcome after OTFR in
patients with T1D and T2D compared to individuals without DM, using two
different PROMs described above. During the study period between 2010 and 2020,
6,242 OTFR were included from HAKIR, where 496 had T1D (332, 67% female)
and 869 T2D (451, 52% female).

There were improvements in patients with T1D and T2D and the controls regarding
overall QuickDASH scores and all the HQ-8 questions studied, three months after
surgery (p < 0.001).

When comparing T1D and T2D patients to the control group, women with T1D had
more symptoms of stiffness (p < 0.001) and women with T2D had more pain on
load (p < 0.05) and motion without load (p < 0.01) at three months after surgery
compared to the control group. At 12 months, there were no longer any differences
in any of the HQ-8 PROMs. Men with T1D and T2D experienced more pain
preoperatively (p < 0.01). However, at neither three nor 12 months were there any
difference in HQ-8 PROMs compared to the control group.

In total, 52.6% of the participants responded to at least one of the PROM:s and there
was only a slightly higher number of T2D in the non-responder group. Age and sex
did not differ between the responders and non-responders.

Finally, the number of individuals who underwent >2 OTFR during the study period
was higher both among patients with T1D (130/496, 22%, Chi? p < 0.001) and T2D
(153/869, 18%, Chi?p = 0.01) compared to the control group (711/4,877, 15%).
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Chapter 5: Discussion

5.1 General discussion

Throughout this thesis, I have used Swedish national and regional registers and
population-based cohorts to study the impact of T1D and T2D on common hand
surgical diagnoses. This chapter will first discuss the epidemiological findings of
the studies included and relate these to previous studies. Second, the
pathophysiological background to how DM affects the various diagnoses will be
briefly discussed and related to different theories regarding why DM seems to lead
to a marked increase in incidences and prevalences. Finally, important
methodological considerations will be discussed followed by some study-specific
strengths and limitations.

The diabetic nerve (Studies I, 11)

Study I presents data showing a markedly higher prevalence as well as incidence of
CTS and UNE among individuals of both sexes with T1D and T2D, respectively,
when compared to individuals without DM. Compression neuropathies were up to
3-4 times more common among individuals with DM and the incidences were also
markedly higher. Study II corroborated these findings, adding longitudinal data in a
different study design, following the MDCS cohort over 20 years, presenting data
on a markedly higher risk for incident CTS and UNE during follow-up.

The results from studies I and II confirm the findings of several previous studies on
compression neuropathies, results from metanalyses on CTS and DM, and
conclusions from recent review articles, all showing an increased risk for CTS
among individuals with DM.?” 3336173 This thesis also adds particularly valuable data
on the ulnar nerve and UNE among the population with DM. Earlier
epidemiological data on UNE are scarce, and large studies have so far been missing,
possibly due to the clearly lower prevalence of UNE compared to CTS.
Nevertheless, our findings are in line with previous smaller studies as well as the

clinical and electrophysiological findings among patients with UNE and DM.>* 7
177 178 179

These findings allow us to state with reasonable confidence that, at an
epidemiological level, DM is one of the major risk factors for the development of
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compression neuropathies in the upper extremity. However, the question of how
DM affects the peripheral nerves on a biochemical and anatomical level remains
and will be described and discussed below.

Glucose neurotoxicity

Several biochemical explanations have been presented concerning why DM
increases the incidence of compression neuropathies. One of the recognised
explanatory factors is that DM induces pathological alterations in the intracellular
metabolism within the neurons. In a normoglycaemic state, glucose is converted
into glucose-6-phosphate by the enzyme hexokinase, as part of normal glycolysis.
When exposed to hyperglycaemia, hexokinase becomes saturated, inducing glucose
metabolism via the so-called polyol pathway. In this pathway, the enzyme aldose
reductase reduces glucose to sorbitol. Because sorbitol is a hyperosmotic protein
with low permeability through the cell membrane, it gets confined or trapped within
the axons of the neuron, working as an osmotic driver. This osmotic drive traps fluid
within the cell which can possibly lead to cellular oedema and subsequent nerve
trunk swelling.'”® 80 181 182 183 \oreover, in the hyperglycaemic state, the neuron is
exposed to increased oxidative stress, leading to cell damage and axonal
degeneration. This is partly due to the polyol pathway depleting intracellular
antioxidants such as glutathione when metabolizing glucose to sorbitol, but also to
increased production of reactive oxygen species (ROS) within the mitochondria as
a result of hyperglyceamia.'®’ 183 184

DM can also affect the axonal transport within the neuron, something that is crucial
for the neuronal homeostasis. Axonal transport is the process whereby proteins,
lipids and cellular compounds are transported along the axon of the neuron from the
cell body and vice versa."™ Animal studies have, for example, shown that
compression of the sciatic nerve in rats caused an increased inhibition of axonal
transport of proteins to a greater extent in diabetic rats compared to health rats,
indicating an increased susceptibility to compression.'*¢ '¥7

Furthermore, DM also affects the supporting cells surrounding the axons within the
nerve trunk. Hyperglycaemia, but also dyslipidaemia frequent in T2D, is thought to
contribute to increased Schwann cell stress and lead to endothelial dysfunction in
the small blood vessels approaching and within the nerve trunk. This in turn can
lead to demyelination of the axon with impaired nerve conduction and nerve
dysfunction as a result. Part of the effect can be attributed to the polyol pathway,
impairing homeostasis of the Schwann cells by accumulation of sorbitol, as
previously described, but also to the formation of advanced glycaemic end products
(AGESs) creating further intracellular oxidative stress as a result, as further discussed
below.'®® Additionally, as described in the introduction section, DM induces
microvascular alterations, particularly true for endoneurial capillaries. These
alterations include capillary basement thickening and hyperplasia of the
endothelium, leading to both diminished microcirculation to the axons and
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supporting cells causing ischemia, but also capillary dysfunction with reduced
extraction of oxygen as a result.'” Finally, the rheological properties of the
erythrocytes, the carriers of oxygen, are also altered in patients with DM. Studies
have shown an impaired deformability of the erythrocytes in the presence of DM,
possibly leading to disrupted perfusion of the nerve resulting in hypoxia, as the
erythrocytes can no longer easily pass through the small endoneurial capillaries. '

Unfortunately, there are very few nerve biopsy studies since nerve biopsies are
associated with a risk of morbidity in the form of neuromas, sensory deficit and
chronic pain.'””' However, biopsies have been obtained from the posterior
interosseus nerve (PIN), just proximal to the wrist, from patients undergoing open
surgery for CTS at the Hand Surgical Department in Malmo, Sweden, subsequent
to ethical permission from the regional ethics board and informed consent from the
patient. Data from these biopsies suggest a reduction in myelinated nerve fibre
density and endoneurial capillary density in individuals with DM and CTS
compared to the non-DM control patients with CTS. Interestingly, a reduction in
myelinated fibre density could also be shown also in non-DM patients with CTS
compared to the control group without CTS."”> Nota bene, biopsies were taken from
a non-compressed nerve, possibly indicating a predisposition to compression
neuropathies among patients with CTS. Indeed, since it is suggested that
approximately half of the liability to develop CTS is contributed by genetic traits,””
one might hypothesise that the population with CTS is already prone to compression
due to existing pathology within the nerve fibres. Additional data from the same
biopsies demonstrated upregulation of vascular endothelial growth factor (VEGF)
in patients with DM, possibly indicating reduced microcirculation and endoneurial
hypoxia.'*®

Finally, sheer mechanical pressure on the nerve due to swelling of the surrounding
ligaments or tenosynovium, as discussed below, might also impair the return of
venous blood, resulting in venous statis, hypoxia and further oedema within the
nerve trunk.® Indeed, hypertrophy of the transverse carpal ligament (Figure 11) has
been associated with disease progression in CTS, possibly increasing pressure
within the carpal tunnel.'”*

Thus, the diabetic nerve becomes trapped in a vicious cycle. Already frail and
oedematous from prolonged hyperglycaemia, inducing pathological alterations
within the neurons and surrounding tissue, combined with the low density of nerve
fibres within the nerve trunk, the nerve is prone to compression. Adding insult to
injury, when compressed the nerve becomes even more oedematous, and together
with venous stasis due to compression, the threshold for symptom development is
imminent and is possibly reached earlier than in a non-diabetic nerve.
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Anatomical basis of compression neuropathies

Several theories have been presented over the years concerning how and why DM
affects the peripheral nerve, making it more prone to compression in the carpal
tunnel at the wrist and in the cubital tunnel at elbow level. In the case of CTS, the
median nerve resides within the carpal tunnel together with nine flexor tendons
surrounded by tenosynovium, below the transverse carpal ligament. If one or more
of these three structures (the nerve, tendons with synovia, or the carpal ligament)
increases in size, the functional area for the well-vascularized median nerve, with
its axons and surrounding Schwann cells, is reduced in the tunnel, increasing the
risk of compression and symptom development among patients. DM could possibly
affect all of these three structures, inducing nerve trunk swelling, proliferation and
oedema of the tenosynovium, as well as thickening of the carpal ligament.'** 1% 1%7
Likewise, if a ganglion cyst originating from the bottom of the carpal tunnel starts
to grow, symptoms of CTS often arise as the cyst enlarges and the median nerve
becomes progressively compressed (Figure 11).'

Figure 11.
lllustration by Linnea Arvidssson. Cross-section of the carpal tunnel in the wrist. The median nerve (yellow) residing
under the carpal ligament together with the nine flexor tendons (blue) with surrounding tendon sheet. With permission.

As for the ulnar nerve, it passes dorsally to the medial epicondyle, through the
cubital tunnel and is kept in place by tight ligament structures; Osborne’s ligament
being the roof of the tunnel and the medial collateral ligament and the joint capsule
constituting the floor. The cubital tunnel constitutes a tight space that does not allow
for swelling of the nerve, analogues to the carpal tunnel.'”” Indeed, several studies
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of the ulnar nerve, using ultrasound, have reported that it has a larger cross-sectional
area in patients with UNE than in controls, indicating that nerve swelling is indeed
a part of the anatomic basis of the disease.”*’ ?*! 2 Similarly, ultrasound studies of
the ulnar nerve in individuals with DM have shown a larger CSA in patients with
DM compared to controls, particularly in individuals with established
polyneuropathy.*”

Studies I and II add population-based longitudinal data, confirming that both CTS
and UNE should be included as two of the diagnoses in the concept of the diabetic
hand; the findings thus corroborate the pathophysiological pathways and alterations
described above. However, as previously briefly mentioned, DM also affects the
ligaments, tendons and tenosynovium surrounding the peripheral nerves. This
pathogenesis is in many ways shared with both TF and DD and will be further
discussed below.

Dupuytrens disease and trigger finger (Studies I, II1, IV, V)

Studies III, IV, and V all investigated DM and its association with soft tissue
disorders, i.e., TF and DD. Study III used the MDCS cohort and provided robust
evidence and population-based data in a longitudinal setting suggesting that DM is
a major risk factor for the development of DD in middle-aged individuals. This
study confirms previous conclusions from systematic reviews’* ?** and adds
valuable longitudinal data which have previously been lacking. Together with Study
I, which also provides large-scale population-based data on a clearly higher
incidence as well as prevalence of DD among both T1D and T2D, we can now be
reasonably certain that individuals with DM have an increased risk of developing
DD during their lifetime. Study IIl also analysed additional metabolic and
environmental risk factors for DD, presenting evidence for heavy alcohol
consumption being one of the explanatory factors for its development, in accordance
with a recently published systematic review.?”” Figure 12 presents a directed acyclic
graph (DAG) with arrows representing the complex interplay and potential
interactions and pathways between exposures, risk and protective factors. and DD.

Interestingly, study III also presented data on a Jower risk of DD in obese individuals
in the MDCS cohort, particularly among men, even after adjustment for several
confounding factors. When analysing the blood lipid levels, a high ApoB/ApoAl-
ratio (a strong predictor of cardiovascular risk and an indication for unfavourable
blood lipid status) was also negatively associated with DD among both sexes. This
somewhat surprising association has previously been shown in both observational
epidemiological studies,”®® %" but also in a genetic study’ as well as in a recent
mendelian randomisation (MR, discussed in detail below) study, indicating a causal
protective role of an elevated BMI for the development of DD.?%®
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As the exact biological mechanisms for this association are yet to be elucidated, one
proposed mechanism is lower serum testosterone among obese individuals
compared to individuals with normal weight.”*® Testosterone has indeed been shown
to stimulate fibroblast proliferation and androgen receptors are increasingly
expressed in palmar fascia in DD.?* 2! This hypothesis is supported by the fact that
testosterone levels have been shown to decrease with increasing BMI and

potentially reduce the disease progress of DD.?'! 212
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Figure 12.

Directed acyclic graph (DAG) with arrows representing potential explanatory pathways and interactions between
exposures, risk and protective factors and Dupuytrens disease (DD).

Regarding TF, Study I reports a staggering 8-fold increase in incidence among
women with T1D, and higher prevalence and incidence rates among both sexes and
both types of DM. This association between TF and DM has been known for a long
time and is now well established.'® "7 21> While Study I defines the present
epidemiological and demographic status of the diabetic hand, including TF, Study
IV adds in-depth data on glycaemic control and its association with TF, providing
evidence of a dose-response relationship between HbA 1c levels and the risk of TF,
irrespective of DM type or sex. Study IV also adds valuable data concerning the
causal relationship between DM and TF, as a biological gradient (or dose-
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relationship) is one of the nine Bradford Hill criteria for causation, further discussed
below. On this subject, all individuals with TF before their DM diagnosis were
excluded from Study IV, thus ensuring a correct temporal association, which is
another cornerstone of causation.?'* Putting all this evidence together, as with DD,
we can now with reasonable confidence confirm that DM, and especially T1D, is
one of the causal and major risk factors for the development of TF.

Having confirmed DM as a risk factor for TF (Studies I and IV), the next logical
step was to investigate the way in which patients with DM experienced the surgical
treatment we offer them at the hand surgical department, i.e., OTFR. As the most
cost-efficient treatment algorithm for TF in the presence of DM is still being
debated,*'” knowledge of patient experience and outcome after OTFR is important
in order to correctly inform and advise our patients. Study V analysed PROs from a
large number of individuals undergoing OTFR and is one of the largest studies to
date to do so. In accordance with several previous studies, all reporting similar,
mainly favourable, outcomes among individuals with DM and controls,*'¢?'7 data
from Study V show no difference in any of the HQ-8 questions studied twelve
months after surgery. However, women with T2D reported more symptoms at three
months, which seemed to resolve over time. Taking all the findings together, Study
V contributes large-scale data on surgical outcome and patient experience after
OTFR, confirming the clinical view that it sometimes takes longer for patients with
TF and concomitant DM to experience symptom relief after surgery. Given the fact
that almost 22% of all patients undergoing a first-time OTFR in Study V had DM,
and that individuals with DM more often had a secondary OTFR compared to the
controls, it is important that these findings are communicated to our patients during
consultations, enabling them to make an informed decision regarding their
treatment.

Advanced glycation end products — a driving force in diabetic complications

One of the proposed biochemical processes behind diabetic complications is the
formation of advanced glycated end products (AGESs). In brief, AGEs are a result of
hyperglycaemia leading to different proteins and lipids becoming glycated after
reacting with excess glucose. Connective tissue components, extracellular matrix,
and proteins with a slow turnover rate are extra vulnerable, and components such as
collagen, abundant in tendons and fascia tissue, become cross-linked, losing their
properties.”'® 2! The formation of AGEs has previously been associated with several
fibroproliferative diagnoses e.g., idiopathic pulmonary fibrosis**® and diabetic
cardiomyopathy,”' but also with musculoskeletal diagnoses, such as frozen
shoulder.?? In the case of DD, biopsies from the palmar fascia have shown higher
levels of AGEs among patients with DD compared to a control group,’* but whether
these findings are consistent in individuals with DM is currently unknown.
However, one of the proposed cellular mechanisms responsible for the contracture
in DD is the conversion of fibroblasts to myofibroblasts. It has been proposed that
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AGEs interact with fibroblasts by upregulating intracellular transforming growth
factor (TGF)-B through their cell surface AGE-receptor.”**** Indeed, an increased
genetic expression of TGF-f has been shown in biopsies from palmar fascia in
DD.**® Finally, TGF-B is thought to increase collagen synthesis as the typical palmar
chord is formed but also increase the contracture of the finger as the disease
progresses.””’ Taking this together, it appears that, as a result of prolonged
hyperglycaemia in DM, AGEs can act through intracellular signalling, increasing
the activity and conversion rates of fibroblasts to myofibroblasts, which in turn
contributes to disease progress in DD.

The pathogenesis of TF is not as well understood and researched as that of DD,
especially in the presence of DM. As described in Chapter 1.2, the trigger
phenomenon is thought to occur due to a disproportion in size between the tendon
and surrounding tendon sheet, causing the finger to lock in a flexed position,'"?
usually at the level of the A1 pulley. There are studies using ultrasound that indicate
a thicker A1 pulley in TF, but also signs of tenosynovitis as well as flexor tendinosis,
flexor tendon thickening, and formation of tendon nodules, suggesting that tendon
pathology is a factor in TF.'% 196228 229 Eyrthermore, biopsies from the tendon in
patients with TF have shown signs of tendinosis, i.e., histological signs of micro-
ruptures and synovial inflammation.*° Such findings could potentially be induced
or aggravated by hyperglycaemia and DM. Undoubtedly, biopsies from the Al
pulley in individuals with DM do show increased oxidative stress as well as
neovascularization, a possible sign of diabetes-induced hypoxia, especially in
individuals with poor glycaemic control.”*! ** DM has also been shown to induce
tendinopathy with subsequent thickening of tendons.”* It has been proposed that
activation of the polyol pathway, as described above, also contributes to tendon
swelling due to the accumulation of hyperosmotic proteins within the tendon.
Finally, AGEs are also thought to contribute to the pathogenesis in TF by disrupting
tendon homeostasis by the cross-linking of collagen, thus increasing stiffness of the
tendon.”* #*> A thicker tendon, tendon sheet or Al pulley due to fibrosis and
collagen deposition, partly as a consequence of DM, might all contribute to the
pathogenesis of TF (Figure 13).
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e Thickening of the Al pulley

¢ Inflammatory reaction in the
tenosynovium

e Formation of tendon noduli

Figure 13.
lllustration by Linnea Arividsson. Potential explanatory factors behind the trigger phenomena in TF. With permission.

Interestingly, genetic studies from biopsies collected from the A1 pulley in patients
undergoing OTFR show an upregulation in several genes linked to collagen
production, but also an upregulation in TGF-B, indicating a possible shared
pathogenesis with DD as well as other fibroproliferative disorders.*® It remains
unknown whether an increased formation of AGEs as a consequence of DM also
contributes to increased fibrosis through the TGF-B signalling pathway in TF,
analogous with DD, but it is an interesting pathway for continued research. In
addition, TGF-f signalling has been linked to increased fibrosis in the connective
tissues also within the carpal tunnel among patients with CTS.?’*® Finally, a recent
GWAS study from the UK Biobank found a shared genetic susceptibility between
CTS and TF and increased levels of insulin-like growth factor (IGF)-1, another
marker of fibrosis, in plasma samples in individuals with both TF and CTS. The
study suggests that IGF-1 signalling contributes to the pathogenesis in both
conditions.''* #**

To summarise, it appears that DD and TF, and possibly also CTS, share several
distinct pathological pathways related to fibrosis, all contributing to the
development and progress of the diseases, both on a biochemical and possibly also
on a genetic level. Several of these pathways seem to be amplified by DM, as
indicated not only by the epidemiological findings of increased prevalence and
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incidence rates in the diagnoses, but also by the evidence of a dose-relationship
between HbAlc levels and TF found in the studies included in this thesis.

Osteoarthritis of the CMC-1 joint (Study 1)

As described in Chapter I, hand osteoarthritis is a heterogenous disease, which can
affect any of the 27 joints in the hand, although with a preponderance in the distal
interphalangeal joints and the CMC-1 joint. Study I presents observational data
indicating an increased prevalence of OA of the CMC-1 joint in both men and
women with either T1D or T2D, compared to controls. Furthermore, the incidences
were all higher in individuals with DM, with the exception of T1D among men
where there was no difference to controls. As previously mentioned, there are
conflicting results in the literature with regard to DM and the risk of hand OA.
Indeed, some observational studies indicate that DM is a risk factor for OA, while
others only observed it within subsets of hand OA, in specific age groups, or found
no correlation at all.>** 2*! *2 The causative elements in hand OA, and especially OA
of the first CMC-1 joint, are still unclear, and further research is warranted to
elucidate the intricate interplay between OA and metabolic factors.

In Study I, although the prevalence rates were certainly higher among individuals
with DM, the effect sizes for OA of the CMC-1 joint were markedly lower than for,
e.g., CTS and TF. Furthermore, the presented data were not adjusted for potential
confounders, as described in detail below. As BMI most likely acts as a
confounder,’* correlating both with DM and the risk of OA, the results must be
interpreted with this limitation in mind. On this subject, there are a number of studies
indicating that both overweight and obesity are risk factors for hand OA.'2¢ 24 243
Indeed, our group has also presented data concerning an increased risk for OA of
the CMC-1 joint among obese individuals of both sexes, in a large cohort study
where over 30,000 individuals were followed for 40 years."” Proposed
pathophysiological mechanisms for this somewhat unexpected association, since the
CMC-1 joint is not a weight-bearing joint, include a low-systemic inflammation in
obesity, secretion of pro-inflammatory cytokines from the adipose tissue and also
an upregulation of certain hormones, e.g., relaxin, in obese individuals, possibly
inducing joint instability and disease progress.*** ¥

In summary, the current evidence is limited and a potential causal link between DM,
hyperglycaemia, and OA of the CMC-1 joint is yet to be established or discarded
through further research. Nevertheless, Study I adds valuable large-scale data on the
increased prevalence of OA of the CMC-1 joint among the population with DM.
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Correlation or causation — the case of the diabetic hand

As described above, there is strong evidence that CTS, UNE, TF, and DD should be
included in the diabetic hand and that the pathogeneses of these diagnoses have
many similarities and share several biochemical pathways. Both metabolic and
environmental as well as genetic and occupational factors interplay and contribute
to the development of the presented diagnoses. To single out one exposure as the
main driving factor and to prove causation is always perilous. With that being said,
causation is always an interpretation of available evidence, it is an issue of judgment
and inference, not an entity or a fact in observational studies. Causation has been
called a continuum from very unlikely to very likely and it is seldom proven or
absolute.**® One of the most cited frameworks for causal inference is the Bradford
Hill criteria, published in 1965 by Sir Austin Bradford Hill.*** This framework has
helped epidemiologists and researchers throughout the years to justify their verdicts
concerning potential causation.* *** The Bradford Hill criteria include nine
viewpoints that will, very briefly, be assessed in relation to the results and
conclusions stated in this thesis.

First, there is certainly strong evidence for causation presented in this thesis. Several
of the diagnoses were up to 6-8 times as prevalent among individuals with DM and,
except for OA of the CMC-1 joint, all had an incidence rate ratio above 1.9.

Second, there is consistency in the findings across different study designs and
populations, both in the presently included studies and particularly when earlier
studies and meta-analyses from different research groups in different parts of the
world are included.

Third, regarding specificity, DM causes several other diseases apart from the
diagnoses included in the diabetic hand, but a causative factor only seldom has one
single effect. Likewise, there are several other factors, apart from DM, that influence
the risk of developing the diagnoses in the diabetic hand. Adjusting for these
confounding factors in studies II-1V is a way of increasing specificity.

Fourth, throughout this thesis, a diagnosis of DM preceded the outcome, thus
ensuring correct temporality and minimising the risk of reverse causation.

Fifth, greater exposure to a risk factor (in study IV: HbAlc) led to greater risk of
developing the disease (TF) and study IV presents a dose-response relationship
between HbAlc and TF, thus confirming a biological gradient. Further studies are
warranted to investigate whether these findings also apply to CTS, UNE, and DD.

Sixth, concerning plausibility, the discussion in this chapter has provided a
pathologic basis and framework, explaining the potential causal relationship
between DM and the diabetic hand. My own clinical experience, and probably that
of many other hand surgeons, indicates that the clinical view also supports
plausibility. As previously stated, 22% of all patients undergoing a first time OTFR
in study V had DM.
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Seventh, coherence is the assessment of whether the association found is compatible
with existing theory, evidence, and knowledge. Indeed, the diabetic hand has been
discussed since the 1970s and the data presented throughout this thesis are in line
with previous studies and meta-analyses, all referred to in respective chapters.

Eighth, the results and conclusions presented are in line with experimental pre-
clinical, genetic and animal studies (especially on diabetic neuropathy in rats)'®’ as
well as e.g., experimental studies using sonography and MRI, as previously referred.
This thesis adds experiments in the form of population-based cohort and register
studies. What is missing is the form of experiment comprising larger, randomized
controlled trials, e.g., investigating whether strict glycaemic control reduces the risk
of hand complications, discussed further below.

Finally, the ninth criterion of analogy can be assessed by considering the abundance
of evidence that exists for other diseases that are caused by DM. Cardiovascular
disease, retinopathy, nephropathy, as well as other musculoskeletal complications,
as discussed in the introduction section, are known and established complications
stemming from DM, and analogous with the diabetic hand.

On a final note, the gold standard for proving causal inference in epidemiology
today is a randomised controlled trial in which individuals are allocated into an
exposure and a control group and followed over time. In the case of the diabetic
hand, a study design allocating individuals into a “high HbAlc¢” or “poor glycaemic
control” group would be neither ethical nor particularly practical. Instead, a so-
called mendelian randomisation (MR) analysis could possibly be used to further
strengthen the causal relationship between DM and the diabetic hand. Very briefly,
MR relies on the measurements of genetic variants that have already been associated
with the exposure of interest (DM) in, for example, a prior GWAS. Using these
genetic variants, often converted into a polygenetic risk score, as proxies for the
exposure of interest, associations between the genetic variants and the outcome are
calculated and analysed. Although outside the scope of this thesis, MR is less prone
to bias and confounding (discussed below) compared to traditional observational
studies in epidemiology.”' >* Interestingly, MR studies have previously been used
to provide evidence for a causal relationship between T2D and various diseases,
e.g., increased risk of coronary heart disease,”* but have also been introduced in the
field of hand surgery. In a recent publication using MR, an association between T2D
and CTS was found, adding data to support the causal relationship between DM and
compression neuropathies presented in this thesis.”** Finally, a recent study using
MR in data from the UK biobank found a lower risk of DD among individuals with
a raised BMI, where the authors concluded that adiposity is causally protective
against DD,?* a result similar to the findings in study III in this thesis as previously
mentioned.

With this being said, and the Bradford Hill criteria assessed, none of these nine
criteria alone can provide a verdict on causation. However, after writing this thesis,
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I have the highest confidence in the conclusion presented which is: that there is an
entity in the diabetic hand; that hand surgical diagnoses cluster among individuals
with DM; and that CTS, UNE, TF, and DD should all be included when referring to
the diabetic hand. As for OA of the CMC-1 joint, there is, in my view, insufficient
evidence and too many conflicting results to state a causal inference between the
diseases. Finally, further studies are warranted, especially in the genetic field, to
assess the shared genetic traits between DM and the diagnoses in the diabetic hand.

"All scientific work is incomplete - whether it be observational or experimental. All
scientific work is liable to be upset or modified by advancing knowledge. That does
not confer upon us a freedom to ignore the knowledge we already have, or to postpone
the action that it appears to demand at a given time." - Austin Bradford Hill, 1965

Taking all this together, I sincerely believe that this thesis has added valuable work,
especially for individuals with DM, and that the results I have presented will
contribute positively to the field of hand surgery by providing better and evidence-
based care for patients with DM.

5.2 Methodological considerations

Most studies within the field of epidemiology, including those in this thesis,
investigate the relationship between an exposure (DM) and disease (hand surgical
diagnoses) using various statistical methods. One of the challenges in epidemiology
is to assess whether the observed statistical association actually reflects a true causal
association between the exposure and disease. The Bradford Hill framework for
causation has already been discussed, but a more thorough examination of
alternative explanations, limitations, and misclassification of the data, as well as
potential bias and confounding, is needed if one is to draw conclusions about
causality. This section will discuss the strengths and limitations of the individual
studies, but will first describe some important methodological concepts, such as
internal and external validity, confounding and bias in relation to this thesis.

External validity

It is often necessary due to various factors in epidemiology, to draw conclusions
from a small study sample. External validity (Figure 14) refers to whether such
conclusions are valid and can be generalised to the whole population.”> One of the
main strengths of this thesis and the studies included is the large size of the
populations in the registers and cohorts, as well as the ability to cross-link data
between the registers, combining them into massive data sets. This allows for
different kinds of studies, both cohort studies (studies II and III) as well as
retrospective register studies (studies I, IV, and V), possibly increasing external
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validity and generalisability. Furthermore, the large data sets also allow for
stratification for sex and diabetes type, which is not always possible in smaller data
sets. This stratification adds to the external validity as we can draw conclusions
regarding both sexes and both major types of diabetes, at the same time minimising
the risk of confounding. A large population also reduces the risk of random sampling
bias (discussed below) which in turn increases the generalisability of the results and
conclusions. One limitation of the external validity is that all the studies included
were conducted within Sweden. Inclusion of data from international registers in
attempts to repeat the findings in this thesis would certainly improve the external
validity. Additional threats to the external validity are discussed in the individual
limitations of the studies below.

External validity happens here Internal validity happens here

KAK—/H

Target

Population
p Follow for X
E+ days/months/
years
Measure m
exposure
Follow for X
E- days/months/
= | D-|

Figure 14.
lllustration of external versus internal validity in a cohort study design. Reprinted with permission from the publisher
under CC BY-NC. 2%

Internal validity

Internal validity refers to the accuracy of the study design and whether the study can
establish a trustworthy relationship or association between exposure and outcome;
i.e. if the study reflects the truth and if there is indeed cause-and-effect between
exposure and outcome. Both systematic and random errors in the study can affect
the internal validity. As random errors are harder for the researcher to control
because they occur by chance and include imprecise measures (some individuals
forgetting to fast before a fasting glucose test, physicians entering a wrong diagnosis
code by mistake, etc.), they are often evaluated by conducting a statistical test with
confidence intervals and a corresponding p-value (indicating the probability /
likelihood that the observed finding is a result of chance). Increasing sample size
and meticulous input of variables and laboratory values in the registers are ways in
which random errors could be reduced. As mentioned above, the large sample sizes
throughout this thesis represent one of its strengths. Significant systematic errors,
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or bias, that affect the internal validity are selection bias, misclassification bias, and
confounding, as discussed below.

Selection bias

Selection bias occurs when there is a systematic difference in selection of the
exposure and control groups in, for example, a cohort study. Individuals with DM
entering the MDCS cohort might be more motivated and more actively seeking
healthcare than individuals without DM, thus introducing a selection bias into the
study. This is further discussed below in Chapter 5.3. Selection bias can also affect
the external validity of the study if the population entering the cohort is substantially
different from the entire population This is also further discussed in Chapter 5.3.
Studies I, IV, and V use population-based data from the entire population in the
Region of Skéne and all patients undergoing OTFR in the HAKIR database,
respectively. This minimises the risk of selection bias, adding to the validity of the
studies. 256 257 258

Misclassification bias

Misclassification bias can be divided into misclassification of exposure and
misclassification of outcome. With reference to exposure, this thesis has relied
mainly on high quality data from the NDR, previously described in detail in Chapter
11, to minimize the risk of systematic misclassification of exposure. Individuals in
the NDR are also often followed over several years, and have multiple
measurements of exposure, e.g., HbAlc levels, further reducing the risk of
misclassification bias.”’ **° Concerning outcome misclassification, one of the
limitations in this thesis is that to date there is no accepted Swedish national
consensus about diagnostic criteria for any of the hand-arm diagnoses included
throughout this thesis. Most diagnoses are based solely on clinical examination,
although sometimes electrophysical examinations are used to aid the clinician in
diagnosing e.g., compression neuropathies. When data from primary care (studies I
and IV) are included the risk of misclassification is possibly increased, as some
physicians might only rarely encounter the more uncommon diseases, such as UNE.
However, potential misclassification of outcome probably does not vary between
individuals with and without DM and can therefore be classified as nondifferential
misclassification (rates of misclassification are the same in each exposed group).
Furthermore, studies II, III, and V include only diagnoses from hospital-based,
specialist care, mainly made by specialists in hand or orthopaedic surgery familiar
with the diseases included in the diabetic hand. Having several study designs, using
different data sets from both primary and hospital-based care, with results pointing
in the same direction, strengthens the causal inference between exposure and
outcome, as discussed above.
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Confounding

Finally, an important concept in epidemiological studies is confounding. As random
errors in a study are attributed to chance and handled by statistical modelling with
confidence intervals and p-values, and bias is systematic errors handled by the
investigator by using the best study design possible, confounding is the effect of a
third variable that is associated with both the exposure and the outcome. If it is not
handled correctly, confounding can distort the true relationship between exposure
and outcome and lead the researcher into drawing inaccurate conclusions.?* This is
particularly true in a cohort study, where the exposed and un-exposed groups might
differ in baseline characteristics, e.g., individuals with DM being older at baseline.
As age is also associated with the risk of CTS, age acts as a confounder and must be
handled accordingly (Figure 15).

Age
Diabetes
Mellitus CTS

FIGURE 15.
Age as a confounding variable, associated with both diabetes mellitus (exposure) and CTS (outcome).

There are multiple ways of handling confounding. Stratification of the data (studies
I, III, IV, and V) and adjusting for confounders (studies II — V) in a multivariate
regression analysis are two common ways which are further discussed below in
Chapter 5.2.%°' However, in real life it is virtually impossible to collect all data that
could possibly affect both exposure and outcome. The term residual confounding is
therefore used to refer to the confounding effect remaining after stratification and
adjustment.”®® Throughout this thesis, the lack of genetic data could definitely be
seen as residual confounding and is an obvious limitation. It is possible that DM and
hand surgical diagnoses share some common genetic factors and shared genetic
variations may be considered a potential source of confounding and a potential
explanation for, at least some, of the observed associations and conclusions
presented. Further studies are warranted to explore potential shared genetic traits
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between DM and the diagnoses included in the diabetic hand to further strengthen
conclusions presented throughout this thesis regarding the causal inference.

5.3 Study-specific strengths and limitations

Study 1

The major strength of study I is the large, population-based data from over 1.1
million adult inhabitants in the Region of Skéane, making this study one of the larger
epidemiological studies conducted concerning diabetic hand complications.
Moreover, the inclusion of data from both primary and specialised care is one of the
strengths and unique features of the study. Studies that include data from hospital-
based care alone might underestimate the true prevalence of a diagnosis, since many
cases are handled only in primary care and never get referred to a specialised clinic.
Nevertheless, the data presented here only reports the epidemiology of physician-
based diagnoses. There will be individuals who are only treated by hand therapists
or physiotherapists, and also individuals who do not seek healthcare at all for their
symptoms. One might thus argue that this study presents data concerning clinically
relevant diagnoses within the study population rather than data concerning the
“true” prevalence in the general population. A survey carried out in the general
population, like that conducted by Atroshi et al.?* for CTS, might be an interesting
complement and could include additional diagnoses. On a final note, the true
prevalence in the general population might also be higher since data were only
available for the years between 2004 and 2019, and patients diagnosed before 2004
are not included in the prevalence calculations.

Studies II - 111

Both studies II and III used data from the MDCS cohort, previously described in
detail in Chapter 3.2. The major strength of this cohort is firstly its prospective,
longitudinal design, allowing for a long follow-up time (20+ years), but also its size,
making these studies some of the largest epidemiological studies addressing risk
factors for compression neuropathies (study II) and DD (study I11) published to date.
The longitudinal design, with meticulous collection of baseline data, allows the
verification of a correct temporal association between the exposures and outcomes
studied, i.e., DM occurring before a hand diagnosis. This minimises the risk of recall
bias among the participants, which is frequent in other study designs, such as case-
control studies.?®® Furthermore, it also constitutes one of the cornerstones of causal
inference, as described above.

However, it is possible that participants with a chronic disease, such as DM, were
more often examined by a physician during follow-up, making it easier for them to
mention symptoms of the hand thereby increasing the incidence in the group with
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DM, and introducing detection bias. However, the large number of individuals,
randomly selected over several years, counteracts this bias. Moreover, the
recruitment process and attendance rate (41%) at baseline can potentially introduce
other forms of bias that have to be addressed before interpreting results and reaching
conclusions. As previously mentioned, whether these conclusions are valid and can
be generalised to the whole population is called external validity. Previous studies
on the representativity and selection bias of the MDCS cohort have reported better
health among participants in the MDCS compared to non-participants, as well as
higher mortality among non-participants.'** However, at the time of recruitment,
there were no plans for research within the field of hand surgery, thus limiting the
chance of selection bias in relation to the outcomes studied throughout this thesis.
In addition, demographics in the city of Malmo have changed dramatically since the
recruitment of the individuals in the MDCS cohort. Approximately 89% of the
MDCS cohort were born in Sweden whereas closer to 30% of the Malmo population
in 2022 were born outside Sweden.!>*2%* This, of course, has wide implications for
the external validity of the studies and conclusions drawn from the cohort. The
results might not be generalisable to the population living in Malmo today. This
obviously needs to be kept in mind when interpreting the results.

Further limitations include not being able to reliably stratify for T1D and T2D in
the MDCS cohort. Individuals with DM were, at the time of recruitment, often
classified as “insulin-dependent” and “non-insulin dependent” since the diagnostic
criteria of T1D and T2D were not then as stringent as they are today. Another
limitation of the study design is that it only includes baseline characteristics, e.g.,
smoking, alcohol consumption, and BMI that were measured only once. These
habits and characteristics might, of course, have changed over time among some
participants. In contrast, and to avoid this limitation, study IV uses a different study
design, where a mean value was created from several measures over time,
sometimes up to 15 years, creating a variable that might better reflect an individual’s
fluctuation over time.

Study 1V

Study IV cross-linked data from the SHR and NDR, creating a large data base
covering the vast majority of individuals with T1D and T2D within the Region of
Skéne, including all individuals with a diagnosis of TF in both primary and
secondary care. This design and the cross-linking of data are the major strengths of
the study together with the size of the population studied. The study design allows
firstly stratification and separate risk calculations for TID and T2D, but also
stratification for sex. The study is, to the best of my knowledge, one of the first and
largest studies to do this. Furthermore, the high quality of the registers used is a
major asset; the NDR, particularly, because of its meticulous registrations of
laboratory values, anthropometrics and medications and the SHR for its high
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coverage rate, mandatory registration, and data transfer of physician-made
diagnoses from caregivers.

It is worth noting one limitation of study IV which is that it only included individuals
within the Region of Skéne, meaning that the findings might not be generalisable to
a different population. Replication of the findings in the study with a different
population is necessary in order to improve external validity. Moreover, the study
is dependent on accurate registration in the registers used. Misclassification, as
previously discussed, is an important concept in epidemiological research. The
NDR has taken steps towards limiting misclassification as registrations are either
derived from automatic electronic transfer of physician-made diagnoses, or by a
nurse, often in primary care, who specializes in diabetes care. The SHR relies on an
automatic transfer of diagnoses to the register and there have been several validation
studies, discussed above in Chapter 3.1. Finally, the adjustment for confounding
factors, also discussed above, is a further step towards improving the internal
validity of the study, providing proof of the causal relationship between
hyperglycaemia and the risk of TF.

Study V

Study V investigated surgical outcome and patient experience after OTFR in
individuals with T1D and T2D in comparison with individuals without DM. Like
the other studies in this thesis, its major strength lies in the large population studied,
allowing for stratification for diabetes type and sex. In comparison, two recent
studies investigating outcome after OTFR in patients with DM included 192 and 69
patients, respectively, well below the nearly 7,000 individuals included in this
study.”'® ?'” However, the major limitation in study V, as in many studies using
patient-reported outcome data, is the low response rate from patients undergoing
OTFR.?®® As only 53% of the population answered just one questionnaire, it is
essential to improve the response rate in the future in order to more accurately
describe the outcomes studied in HAKIR. Measures have been taken in order to
achieve this, e.g., automatization and digitalisation of the questionnaires and by
simplifying the login functions in HAKIR to make registration easier for the
patients. Having dedicated staff at each participating unit, responsible for the quality
and management of the register data, are also steps towards increasing the response
rate.

An interesting note is that there have recently been some studies conducted,
analysing PROs among non-responders. One study from a hand surgical centre in
the UK reported no difference in predicted QuickDASH response when comparing
responders (55% in the study) to non-responders, indicating an acceptable loss to
follow-up at 45%.%°° Similarly, equally satisfactory results were reported among
responders and non-responders after hip and knee arthroplasty when the non-
responders were contacted by telephone.” This study also reported a preference
among elderly patients aged > 67 years to be contacted through postal, rather than
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electronic, questionnaires. It is not known whether this also applies to patients
undergoing hand surgery, but allowing patients to choose the form of contact might
be one way of increasing the response rate.

Finally, with regard to the previous discussion on confounding, the regression
models in study V were adjusted for age at surgery and stratified for sex but included
no adjustments for other comorbidities. This limitation regarding the internal
validity should be kept in mind when analysing the result from the study, as
discussed above.

"If you eliminate the impossible, whatever remains, however improbable, must be
the truth." — Sherlock Holmes
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Chapter 6: Conclusions

6.1 Main Conclusions

DM is a major risk factor for, and contributes to, the pathogenesis of several hand
surgical diagnoses as presented in this thesis. There is strong evidence that CTS,
UNE, TF, and DD should be included in the diabetic hand and that there are many
similarities in their pathogenesis and several shared biochemical pathways. Below
follows the major conclusions presented in the individual studies included in the
thesis:

Summary and key findings:

e There is a high prevalence of the diagnoses included in the diabetic hand in
individuals with T1D and T2D. This should be kept in mind when
examining patients with hand problems and concurrent DM. (Study I)

e DM is a major risk factor for the development of both CTS and UNE among
middle-aged individuals during long-term follow-up. (Study II)

e DM and excess alcohol consumption constitute major risk factors for the
development of DD in middle-aged individuals of both sexes. (Study III)

e An clevated HbAlc is a risk factor for TF among individuals with T1D or
T2D. Optimal treatment of DM seems to be of importance for the
prevention of diabetic hand complications. (Study I'V)

e Patients with TID and T2D can achieve the same results after OTFR as
individuals without DM, although the improvement might take longer,
especially among women with T2D. (Study V)

6.2 Clinical implications
Although the care of patients with DM in Sweden is mainly excellent, the data

presented in this thesis provide solid evidence that individuals with DM still suffer
from more hand complications than individuals without DM. The results of this
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thesis will hopefully have several clinical implications and will ultimately
contribute to improved care for individuals with DM. Regarding clinical
implications, I see four main areas of interest: information, collaboration,
prevention, and expectations.

Information is key to raising awareness of the diabetic hand among patients, but also
among physicians, nurses, physiotherapists, and occupational therapists alike. As
previously mentioned, many patients never see a hand surgeon and mainly receive
their diagnosis and treatment from healthcare providers in primary care, who then
play a critical role in the early detection and management of these diagnoses. It is
thus important to raise awareness among healthcare providers in primary care of the
increased prevalence, but also of the fact that hand symptoms co-exist with other
diabetes-related complications, such as neuropathy, nephropathy, and retinopathy.
Furthermore, information provided to primary care that optimal treatment of both
T1D and T2D can be preventive, could possibly prevent several cases of hand
complications each year. Thus, provision of better information, and optimal
treatment of DM, could possibly prevent several cases of diabetes-related hand
problems which would otherwise require treatment at departments of hand surgery
or orthopaedics.

As for collaboration, initiating an outpatient clinic together with endocrinologists,
physiotherapists, occupational therapists, and hand surgeons or orthopaedic
surgeons for patients with severe hand symptoms, could possibly improve the care
for patients with DM. This type of multidisciplinary team care is already well
established for patients with diabetic foot ulcers but is yet to be started for
individuals with hand diagnoses. In this type of outpatient clinic, more aspects of
the patient’s disease would be addressed and coordination of care between
specialists could ensure the best possible outcome for the patients. With this
dissertation, I hope to be able to motivate the creation of such an outpatient clinic,
with the goal of ultimately reducing, or at least postponing, morbidity associated
with diabetes.

As for prevention, the ultimate goal for individuals with DM is to prevent the
development of complications related to their disease. I hope that, with the writing
of this thesis, I may further motivate patients to control their blood sugar levels by
providing solid evidence of a reduced risk of complications in the hand with lower
HbAlc levels. I also hope that this thesis can work as motivation for high-risk
individuals to prevent T2D altogether, inspiring individuals at risk to initiate early
life-style interventions and management. This is crucial, not only for preventing
hand complications but for the prevention of other life-threatening complications
and morbidity alike.

Finally, regarding expectations, this thesis provides valuable data concerning
patients’ experiences after surgery for TF. Being able to correctly inform patients
with TF and concomitant DM about rehabilitation time and the somewhat slower
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recovery rate compared to individuals without DM, particularly since patient
expectations are closely related to postoperative outcome and experience,**® will
hopefully improve the care for these patients.

6.3 Future perspectives

I am hopeful that this thesis will serve as a foundation for both future research in
the field of DM complications of the hand, but also for improved treatment of hand
surgical diagnoses. For the future, | see six main areas for continued research that I
would like to explore.

The first research area is the continued investigation into whether strict glycaemic
control effectively reduces the risk for all diagnoses related to the diabetic hand.
This could be done in a clinical setting, e.g., by prospectively following a number
of patients with T1D and T2D, carefully monitoring glycaemic control and noting
the incidence of both hand surgical diagnoses and operations prospectively over a
number of years. It could also be done in a retrospective way, using the same study
design as in study IV and data from the NDR and SHR.

The second research path is further investigation of surgical outcome and patient
experience among individuals with DM for other types of hand surgical operations
(trigger finger already being investigated in this thesis). Our group has previously
reported surgical outcomes after OCTR among patients with DM,?® but solid
research into outcomes after surgery for DD and OA of the CMC-1 joint is still
lacking.

The third area I hope to be able to explore is the further development of HAKIR,
modernising the register to improve the response rate, among other things. One way
to improve the register could, for example, be to individualise the PRO
questionnaires for each diagnosis. For example, cold sensitivity and numbness
might not be a necessary outcome to study after OTFR. Minimizing the number of
questions needed in a PROM might improve the willingness to respond among
patients. Furthermore, interesting research efforts have been conducted using
computerised algorithms (MCAT - multidimensional computerized adaptive
testing) in order to automatise and reduce the number of questions in the DASH
questionnaires after surgery for Dupuytrens disease, but still accurately estimate
patient outcome.”® It would be interesting to adapt a similar MCAT for HAKIR in
order to reduce the number of questions, limiting the time consumed and hopefully
increasing the response rate.

Fourth, there are a number of patients with serious complications related to their
DM, e.g., patients with lower limb amputations, who also have concurrent hand
diagnoses. To start a new outpatient clinic, managed together with a team of
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endocrinologists, hand therapists and hand surgeons, could potentially improve the
care for these patients. As previously mentioned, this type of multidisciplinary team
is yet to be started for individuals with hand diagnoses. Qualitative methodology
e.g., interviewing patients in focus groups or in one-on-one interviews could be used
to further investigate patient experience in this type of outpatient clinic.

A fifth area would be further investigation of the genetic background to the diabetic
hand, to find common genetic traits between DM and hand diagnoses. For example,
previous studies have found a shared genetic background between CTS and TF.''°
Expanding this research to include genetic traits for DM, possibly through a
mendelian randomisation study, would be an interesting next step. Studies of this
type are of importance in order to further elucidate the causal link between DM and
hand surgical diagnoses.

A sixth path, and a natural continuation from this thesis, would be to further explore
additional musculoskeletal diagnoses that could possibly be related to DM. It would
be especially interesting to further investigate the diabetic shoulder, including
diagnoses, such as adhesive capsulitis (AC).>”® AC is also a fibroproliferative
disorder, which possibly shares some pathobiology with DD. Indeed, a recent study
from the UK Biobank found several genetic loci involved in pathologic fibrosis,
shared among the diseases.””!

On a final note, it is important to remember that the vast majority of patients with
the diagnoses described throughout this thesis do not have DM. However, a number
of patients presenting with e.g., TF or CTS will develop DM after being diagnosed.
A recent publication from the USA found a staggering 60% prevalence of
prediabetes among individuals with bilateral compression neuropathies when
investigating 183 patients with an oral glucose test and fasting plasma glucose
levels.?”” One might then hypothesise that it might be possible to predict who will
develop, or at least who has a higher risk of developing, T2D using the data from
our Swedish registers. To create a prediction model for T2D, including variables
such as sex, age, various comorbidities, and anthropometrics to identify high risk
individuals might be possible using today’s modern registers. An early diagnosis of
TF or CTS could then act as a first warning sign of T2D, for example in patients
with a positive family history of DM. Identifying these patients at increased risk
could potentially prevent several cases of T2D every year, improving quality of life
and minimising future morbidity for the patients.
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Appendix

The pre and postoperative patient questionnaire from HAKIR: (HQ-8) and QuickDASH

HAKIR

HANDKIRURGISKT
KVALITETSREGISTER

Date of birth (social security no) (yyyymmdd-nnnn):l || || || || || || || |_| || || || |

Patient questionnaire HQ-8 (arm/hand)

Date (yyyy-mm-cd) LI =C =L
I am (please indicate your writing hand): [ Left handed [ Right handed [0 Ambidextrous
Arm/hand that was operated on: O  Left O Right

This questionnaire reports on problems that you have had this past week in the hand/arm that was
operated on. Please tick the alternative that best corresponds to any of your problems.

1. Pain on load

No problems 0 10 20 30 40 50 60 70 80 90 100 Worst problems
p O OO0O0O00ao0Qoaoqoogo o ad imaginable
2. Pain on motion without load
0 10 20 30 40 50 60 70 80 90 100 Worst problems
No problems : «
g o O Y Y o O e O e e e O s Y A imaginable
3. Pain atrest
0 10 20 30 40 50 60 70 80 90 100 Worst problems
Neprblems 'm0 O O OO OO O O imaginable
4, Stiffness
No problems 0 10 20 30 40 50 60 70 80 90 100 Worst problems
p O OO0O0O0O0O0O0oqgogo o ad imaginable
5. Weakness
0 10 20 30 40 50 60 70 80 90 100 Worst problems
Noproblems M I O O O O O O O O O imaginable
6. Numbness / tingling in fingers
0 10 20 30 40 50 60 70 80 90 100 Worst problems
Noproblems ™ A O O O O O O O O O imaginable
7. Cold Sensitivity (discomfort on exposure to cold)
0 10 20 30 40 50 60 70 80 90 100 Worst problems
Noproblems ™ M [ O O OO O O O O O imaginable
8. Ability to perform daily activities
0 10 20 30 40 50 60 70 80 90 100 Worst problems
Noproblems ™ A O O O O O O O O O imaginable
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HAKIR

Hand Suraerv Oualitv Record

Filled in by staff

[0 3 months [ 12 months O other (indicate no. of months) |:||:|

Patient's Personal Identity No. (12 digits) | ” | | " || || ” || |_| || ” || |
Form filled in on (yyyy-mm-dd) | " ” || |-| || |-| ” |

QuickDASH (arm/shoulder/hand)

This form has to do with your symptoms and your ability to perform certain activities. Answer each
question, on the basis of how you have been feeling this last week, by marking one of the alternatives
for each question. If there is some activity that you have not done this past week, then mark the answer
that you think would be most correct had you done the activity. It does not matter which arm or hand
you use to perform the activity. The answer is based upon your ability regardless of how you do it.

No Mild Moderate | Severe Unable
difficulty | difficulty | difficulty | difficulty

1. Open a tight or new jar. O O O O O
2. Do heavy household chores (e.g., wash walls,

floors). O O O O O
3. Carry a shopping bag or briefcase. O O O O O
4. Wash your back. O O O O O
5. Use a knife to cut food. O O O O O
6. Recreational activities in which you take some

force or impact through your arm, shoulder or O O O O O
hand (e.g., golf, hammering, tennis, etc.).

7. During the past week, to what extent has your arm, shoulder or hand problem interfered with your normal
social activities with family, friends, neighbours or groups?

O Not at all O Slightly O Moderately O Quite a bit O Extremely

8. During the past week, were you limited in your work or other regular daily activities as a result of your arm,|
shoulder or hand problem?

] Not limited at all O Slightly limited O Moderately limited O Very limited O Unable

Please rate the severity of the following symptoms in the last week:

None Mild Moderate Severe Extreme
9. Arm, shoulder or hand pain. O O O O O
10. Tingling (pins and needles) in your arm,
shoulder or hand. O O O O O

11.  During the past week, how much difficulty have you had sleeping because of the pain in your arm,
shoulder or hand?

No difficulty Mild difficulty Moderate difficulty Severe difficulty So much difficulty
that | can’t sleep
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