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Preface

Motivation

During my work as a junior doctor in a general practice in Gellerup, a deprived suburb of
Aarhus with a large migrant population, I was immediately struck by the high frequency
of type 2 diabetes (T2D) and other chronic diseases among day-to-day consultations. I
would soon learn that T2D held more surprises for me than just a high prevalence. After
a few weeks, it seemed that much of what I had learned about the disease in medical
school and studied in clinical guidelines did not apply in my new setting. Diabetes was
not only more prevalent; the patients were also much younger, and their haemoglobin-
Alc levels rarely came close to guideline targets despite our best efforts to intensify
treatment. Sadly, these experiences would repeat themselves in my subsequent work
with migrants as a general practitioner (GP) in health clinics of the Danish Red Cross
at asylum residence centres and pre-removal detention centres.

As I reviewed the literature, I understood why medical school and guidelines had failed
to prepare me for the challenges I faced as a clinician with T2D in migrants; the existing
literature was inadequate. While increased prevalence of T2D appeared well-established,
and migrants with T2D were also ascribed a higher mortality than their native coun-
terparts, this provided little guidance for my day-to-day work. Contrarily, there was
hardly any evidence on disparities in the time between diagnosis and death - the time
when care from the GP is needed the most. So I was left to wonder what might cause
this discordance between what I knew about T2D from books and guidelines, and what
I encountered in migrants in the clinic.

Are migrants with T2D more prone to under-treatment, and in which areas of care?
Are some migrant groups more prone to under-treatment than others?

Knowledge on these clinical questions could enable GPs and healthcare planners to
address disparities and improve care in migrants by prioritising and focussing care ac-
cordingly. While migrants are currently a younger demographic group than the rest
of the population, it is likely that migrants will constitute an increasing proportion of
the T2D population in the coming years as the group ages. Therefore, I was excited to
explore these clinical questions as a researcher, hoping I could provide answers to myself



Preface

and fellow GPs that could lead to better care - and, ultimately, better health - in a
vulnerable and challenging group of patients.

During my time as a PhD student, I quickly encountered the first of many challenges on
the way to studying migrants with T2D in the Danish registers: there was no validated
definition of T2D, nor a common consensus among researchers. This led to an expansion
of the scope of the PhD project to develop and validate a tool to define T2D in the
Danish registers, which allowed me to answer my research questions based on robust
findings. This PhD project benefited greatly from open-source tools. In the spirit of
open-source, the source code of the validated diabetes classifier was made available to
other researchers in the osdc package for the R statistical programming language. As a
final commitment to openness and accessibility, this dissertation was made available to
a global public audience in website format.

Outline of the dissertation

Chapter 1 describes type 2 diabetes (T2D) and how migrants are at particular risk. It
then outlines the context of migration and health care in Denmark and clinical guideline
recommendations for T2D. Finally, it introduces the reader to identification of diabetes
patients in Danish healthcare registers.

Chapter 2 states the overall aims of this PhD project and each individual study.

Chapter 3 describes the setting, data sources, methods and study designs used in the
studies of this PhD project.

Chapter 4 presents the main results of the studies.

Chapter 5 contains a discussion of the methods used and their potential impact on
results.

Chapter 6 discusses the main findings of each study and compares them to existing
literature. Finally, the clinical implications of the results are discussed.

Chapter 7 presents the main conclusions.

Chapter 8 addresses the future perspectives raised by the dissertation and discusses
the opportunities for research in the evolving research field.

The rest of the dissertation includes a list of references, English and Danish sum-
maries, a supplementary validation analysis, and the three papers of the dissertation
and their supplementary materials.
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1. Introduction

This chapter describes type 2 diabetes (T2D) and how migrants are at particular risk.
It then outlines the context of migration and health care in Denmark and summarizes
clinical guideline recommendations and how they relate to the needs of migrants with
T2D. Finally, it introduces the reader to identification of diabetes patients in Danish
healthcare registers as a means to providing knowledge on potential disparities in T2D
care between migrants and native Danes.

1.1. Migrants and type 2 diabetes

T2D constitutes the vast majority of all diabetes cases, and disproportionally affects
the socially deprived demographics in societies across the globe.! Today, the prevalence
of type 2 diabetes (T2D) exceeds half a billion people globally and is on the rise due
to several factors, including population ageing, urbanization, adoption of energy-dense
diets, and sedentary lifestyles. These transitions are occurring at a rapid pace in de-
veloping countries, where they affect the largest number of people. Furthermore, many
developing countries have populations with a genetic predisposition to developing T2D,
which exacerbates the impact of these transitions.?

After being granted residence permit in Denmark and other developed nations, migrants
are often housed in densely-populated urban areas and are exposed to drastic lifestyle
transitions. Migrants may also suffer from previous mental and physical trauma, which
- in addition to cultural and language barriers - can limit their ability to gain higher-
income employment and escape their disadvantageous socioeconomic position.® This
leaves migrants particularly vulnerable to T2D, as they are positioned at the point of
convergence of these exposures: genetic predisposition, rapid lifestyle transitions, and
the disparate social impact of T2D.

In Denmark and many other developed nations, healthcare systems are facing a challenge
to sustain the expected high quality of care in an ageing population with a growing bur-
den of chronic diseases and comorbidities.*> Prioritisation of limited resources is crucial
to ensure that those with the highest need for (and potential benefit from) healthcare

17



1. Introduction

receive adequate care. Migrant origin is a well-established risk factor of T2D, and mi-
grants have a higher prevalence of T2D compared to native populations today, but the
increased risk of developing T2D is partially mitigated by their younger age.®” However,
this only delays the impact of their increased T2D risk. As these migrant populations
age in the coming years, they will make up a growing proportion of T2D patients in the
country. In 2019, 9% of immigrants in Denmark were aged 66 years and above, a propor-
tion projected to have doubled by 2039.% Therefore, understanding potential disparities
in care and the specific healthcare needs of migrant populations with T2D can inform
the prioritisation of healthcare resources, ultimately ensuring that all individuals with
T2D can continue to receive appropriate care.

Currently, there is a lack of evidence on T2D care in migrants, and research in this
area faces several challenges that may explain the scarcity of evidence. Not only are mi-
grants a minority, which limits the size of potential study populations, they are often a
hard-to-reach group in studies that require patient engagement for inclusion, which exac-
erbates sample size problems and can induce selection bias.? Furthermore, migrants have
historically been defined by their racial appearance and ethnic minorities categorised ac-
cordingly, particularly in Europe and the United States. While these categories allow
researchers to identify racial minorities, they obscure the role of migrants in the modern
era, and provide only indirect evidence on migrant minority groups.!®

1.2. Migrants in Denmark

In 2019, Denmark had a population of approximately 5.8 million residents, of whom
600,000 (10%) were migrants and 1 million (18%) were aged 66 years and older. By
2039, the population is expected to have grown to 6.2 million, with a migrant popula-
tion of 750,000 (12%) and 1.5 million individuals (23%) aged 66 years and older. Fig-
ure 1.1 shows the projected demographics of native Danes and migrants in 2039 (2019
demographics outlined in light green (adapted from Statistics Denmark).®

18



1.2. Migrants in Denmark
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(a) Native Danes 2019-2039 (b) Migrants 2019-2039

Figure 1.1.: Demographic projections of native Danes and migrants

1.2.1. Migration

Individuals migrate between countries for various reasons, such as the pursuit of work,
education and family reunification, or to seek protection. Due to different international
rights, a clear legal distinction is made between ‘refugees’ and ‘migrants’ Refugees are
defined by the United Nations High Commissioner for Refugees and protected under
international law:

Refugees are persons who are outside their country of origin for reasons of
feared persecution, conflict, generalized violence, or other circumstances that
have seriously disturbed public order and, as a result, require international
protection.!!

By contrast, there is no formal legal definition of an international migrant, although
anyone changing country of usual residence, irrespective of the reason for migration or
legal status, is generally considered a migrant.!!

In Denmark, applications from migrants seeking protection are processed by authorities
to determine if they quality for refugee status, and whether they have previously applied
for asylum elsewhere in the European Union under the Dublin Regulation.'? Individu-
als eligible for refugee status are granted asylum and a residence permit. Conversely,

19



1. Introduction

individuals with immediate family members holding Danish citizenship (or a residence
permit granted for other reasons than refugee status) can apply for a residence permit
on grounds of family reunification before entering the country.'® Residence permits can
also be granted to citizens of the European Union, and to individuals with work or study
obligations in Denmark.'*!5 Citizens of Finland, Iceland, Norway and Sweden are free
to enter, reside and work in Denmark.'6

Once residence has been granted, regardless of the reason, an individual has access to
the same public healthcare services as a Danish citizen. In addition, any patient in the
public healthcare system who is deemed in need of interpreting assistance (by the treating
physician) has a right to a professional interpreter. The public healthcare system covers
the initial cost of the interpreter services, but since 2018, the regional public healthcare
administrations have been obliged by law to charge a fee from patients with more than
three years of residence.!”

1.2.2. Migrants in the Danish data infrastructure

In this PhD project, refugees and immigrants are referred to collectively as migrants after
obtaining residence. The automated, prospective collection of register data in Denmark
is challenged by the missing data on migrants and their past.

Basic civil registration data on migrants is collected during processing of residence appli-
cations. Generally, registrations pertaining to events that occurred in another country
prior to immigration require technical evidence (e.g. clinical imaging to determine age
and verify date of birth) or legal proof from the issuing authority of the country where
the event occurred. However, in cases where such documentation is unavailable, regis-
trations may be supported by undocumented information provided by the migrant.'® In
cases where information was not systematically collected at the time of migration (e.g. an
individual’s level of education attained before migration), surveys have been used to col-
lect this data retrospectively, or it may be imputed based on available data.'?

1.2.3. Migrant groups in Denmark

In Danish civil register data, a migrant’s country of origin is defined by Statistics Den-
mark according to the following rules (paraphrased):

An immigrant is a person born abroad to non-Danish citizens. If Danish
civil records contain data on a migrant’s mother, country of origin is defined
by the mother’s country of birth. Otherwise, the father’s country of birth is
used, or - if no data is available - country of origin is defined by the country
of birth of the immigrant themselves.?’

20



1.2. Migrants in Denmark

Migrants from more than 200 different countries of origin reside in Denmark, which
makes the migrant group very heterogenous with respect to geographic and cultural
background.?’ Furthermore, the context of migration differs greatly between migrants
of different origins in terms of when and why a particular minority migrated to Den-
mark. For example, the vast majority of migrants from Turkey were granted residence
due to work and family reunification in the 1960s and 1970s, while almost all migrants
from Bosnia-Herzegovina were refugees from the Yugoslav wars of the 1990s. By con-
trast, migrants from other European countries came to Denmark mainly for work, edu-
cation or other reasons at various points in time.2° Figure 1.2 shows the primary reason

for migration among the largest migrant groups in Denmark (adapted from Statistics
Denmark).?!
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Figure 1.2.: Primary reason for migration among the largest migrant groups
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1.3. Type 2 diabetes care

The limited size of each ethnic minority and the strongly contrasting characteristics be-
tween them poses a challenge to statistical processing. Minority categories should be
clinically meaningful, and researchers must balance the need for aggregation to achieve
adequate sample sizes against the risk of introducing biases due to aggregation of dis-
similar groups.?? For statistical purposes, different geoschemes have been used by dif-
ferent institutions depending on the context and purpose. The Statistical Division of
the United Nations developed the M49 Standard Country or Area Codes for Statisti-
cal Use,? whereas Statistics Denmark group migrants into Western and Non-western
countries, respectively, using a grouping scheme that resembles the more widely-used
classification of developed and developing countries.?* See Chapter 3 for a description of
grouping of countries of origin in the context of this PhD project.

1.2.4. Descendants

Descendants of migrants pose an additional challenge to classification for research pur-
poses, as they can be considered part of the migrant group, the native population, or
their own distinct category. In the context of T2D today, descendants of migrants in
Denmark are a very young group unlikely to constitute a substantial proportion of the
patient population (less than 1% of descendants are aged 66 years or older).® Some evi-
dence from Sweden suggests that descendants are a distinct group from first-generation
immigrants in terms of T2D and mortality.?® In the context of this PhD project, de-
scendants were not a focus of investigation, and the term migrants specifically refers to
first-generation migrants.

1.3. Type 2 diabetes care

1.3.1. Complications and risk factors
1.3.1.1. Overall

Complications of diabetes are traditionally divided into macrovascular (e.g. cardiovas-
cular disease (CVD)) and microvascular complications (e.g. kidney disease, retinopathy,
neuropathy), all of which contribute to morbidity and mortality in T2D. Several lifestyle
and physiological factors influence the risk of developing complications, and clinical care
revolves around management of these. In addition to being key risk factors of complica-
tions, blood pressure and levels of haemoglobin-A1C (HbAlc) and low-density lipopro-
tein cholesterol (LDL-C) drive indications for treatment and clinical decision-making in
T2D.%6
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1.3.1.2. In migrants

In Denmark and several other European countries, HbAlc levels are higher in migrants
than in native populations,?”3? but LDL-C levels have only been sparsely described.?3
The evidence on complication risk is inconsistent, but there is some indication that
the risk is higher in migrants compared to native populations, although the risks differ
between complication types, migrant groups and countries. Similarly, some studies have
reported higher mortality among migrants with diabetes,”34 whereas other studies have
found similar or lower risk.?

1.3.2. Pharmacological treatment
1.3.2.1. Overall

Due to their effects on HbAlc, LDL-C and blood pressure, glucose-lowering drugs (GLD),
lipid-lowering drugs (LLD) and antihypertensive drugs are critical parts of T2D care. In
T2D patients with particularly high risk of complications, pharmacological treatment
also includes antiplatelet therapy (APT).?637 In addition to their effect on biomarker
levels, certain types of the above classes of drugs have other positive effects. In particu-
lar, the GLDs sodium glucose co-transporter type 2 inhibitors (SGLT2i) and glucagon-like
peptide-1 receptor agonists (GLP1RA) substantially reduce the risk of adverse cardio-
vascular and renal events beyond their effect on HbAlc. Similarly, the antihypertensive
drugs angiotensin-converting enzyme-inhibitors (ACEL) and angiotensin receptor block-
ers (ARB) reduce the risk and improve the prognosis of diabetic kidney disease (DKD)
beyond their effect on blood pressure.3®

Combination therapy - the use of multiple drug types with differing mechanisms of
action - is a way to increase treatment intensity and achieve treatment goals with
fewer side-effects. Combination therapy is particularly important in T2D because GLD
monotherapy fails to achieve target levels of HbAlc in many patients, even at maximal
dosage.3940

1.3.2.2. In migrants

Evidence from several European countries shows that GLDs are prescribed earlier and/or
to a larger proportion of migrants compared to native populations.?3! However, dispar-
ities in the quality of the prescribed GLD treatment, such as the use of combination
therapy or the types of GLD prescribed, have not been studied. Indirect evidence sug-
gests that such disparities are likely, as non-white minorities in the UK were found
to be slower and less likely to intensify to combination therapy than white groups.*!
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Likewise, migrants in Italy with T2D have been reported to purchase fewer packages of
non-insulin GLDs per person-year than their native counterparts.*?> Moreover, socioeco-
nomic and racial disparities in prescribing of SGLT2i and GLP1RA have been reported

in several countries.?2:43-47

In contrast, studies from European countries have reported lower prescription rates of
LLDs in migrants with T2D.?%3348 However, treatment with LLD is not indicated in all
patients with T2D, and only a few of these studies accounted for treatment indication.

Evidence on ACEI/ARB use and APT in migrants with T2D is very limited. A study
from Italy found lower odds of treatment in most migrant groups,*” indicating a potential
for disparities in these areas of care.

1.3.3. Monitoring
1.3.3.1. Overall

In T2D, timely monitoring of risk factors and complications allows faster adjustment
of treatment, and monitoring has previously been used as a process indicator of care
quality, although the direct evidence on its influence on outcomes is sparse.?%:5!

1.3.3.2. In migrants

The evidence on monitoring of T2D in migrants is inconsistent between countries and
different aspects of monitoring. In Norway, migrants with T2D received similar or more
monitoring than native Norwegians,?’ while migrants with T2D in Italy received fewer
referrals for consultations than native Italians.*?

1.4. Clinical guidelines for type 2 diabetes care

1.4.1. Context

In Denmark, T2D care is most often provided by general practitioners (GPs) and other
actors in the primary care sector, although some patients are treated in the outpatient
hospital setting. The Danish College of General Practitioners publishes national clinical
guidelines for T2D in cooperation with the Danish Endocrine Society as well as sep-
arate guidelines for pharmacological treatment. Although these guidelines advise that
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monitoring intervals, biomarker goals and treatment intensity are adapted to fit the indi-
vidual patient, they do provide specific recommendations that may be used as indicators
of care quality.

1.4.1.1. Migrants in guidelines

The Danish guidelines for T2D contain a chapter on vulnerable populations. This chap-
ter includes a section on cultural and language barriers. Here, the special challenges
facing migrants in T2D are noted: high prevalence and early onset of disease, poor
metabolic control and early onset of complications. The guidelines recommend the use
of a professional interpreter when facing language barriers, but specific recommendations
on care are not provided. An appendix on ethnic minorities further notes how diabetes-
friendly diet and physical exercise can be particularly challenging in these groups, but
does not provide recommendations for specific care, except on accomodation of insulin-
therapy during religious fasting. In the guidelines on pharmacological treatment of T2D,
migrants are not addressed in the main contents, nor in the appendix on treatment of
special groups.®?

The sparse recommendations on clinical management of migrants with T2D are not
unique to Denmark, however, as guidelines in nearby countries are similarly lacking:

e Sweden: Besides stating the need for providing care regardless of ethnicity or
other personal and sociodemographic characteristics, the Swedish guidelines do
not mention migrants at all.>3

e Germany: Ethnicity is noted as one of several contextual factors that may influence

morbidity in T2D, but migrants or ethnic minorities are not mentioned otherwise.>*

e The Netherlands: The Dutch guidelines recommend increased screening for T2D in
individuals of Hindustani, Turkish, Moroccan or Surinamese origin. The guidelines
state that provision of diabetes care in these groups should be similar to that in
the native Dutch population. No specific recommendations on care in migrants
are provided, although it is noted that some treatment options appear to be less
effective in these groups (lifestyle interventions, bariatric surgery).?®

e The United Kingdom: The UK guidelines advise that BMI thresholds for obesity be
adjusted in ethnic minorities, and an increased risk of complications in some ethnic
groups is noted. No specific recommendations for clinical management of migrants
are made. Citing a lack of evidence on ethnicity-specific effects of pharmacological
treatment, the guidelines recommend research into the effectiveness of SGLT2i in
different ethnic groups.®®
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e Norway: The special needs of migrants are recognized in the Norwegian guidelines,
and a reference group on migrants and diabetes was established among the authors.
However, the topic did not receive a separate guideline chapter (the only topic not
to do so among all the 13 guideline topics), and the recommendations specific to
migrants are limited to more liberal screening for diabetes, use of a professional
interpreter, and attention to diet and religious fasting.®”

1.4.1.2. Historical revisions

The Danish guidelines for type 2 diabetes care have existed for several decades, but a
strictly evidence-based format was first introduced in the 2004 revision. This edition
included a chapter on T2D in migrants, which recommended the use of a professional
interpreter when encountering language barriers and noted a high prevalence and early
incidence of T2D in migrants from third-world countries. Notably, this separate chapter
on migrants was not included in revisions after 2004.58

The guidelines are continuously updated as new evidence emerges. In this PhD project,
T2D care was studied in the time period covered by the 20125 and 2019% revisions.
These revisions brought minimal changes to the recommendations relevant to this PhD
project, as they were largely unchanged from 2004 until the time period of the studies
of T2D care in this dissertation. These recommendations are described below as they
appeared in the prevailing guidelines at the time, with highlights of any mentioning of
migrants.

Some readers will note that parts of the recommendations on pharmacological treatment
have been rendered obsolete by newer evidence (e.g. recommendations for SGLT2i and
GLP1RA were expanded to include all T2D patients with CVD, multiple risk factors for
CVD or chronic kidney disease, irrespective of HbAlc level in the 2022 revision).

1.4.2. Diagnosis

HbAlc is the main diagnostic standard, with values > 48mmol/mol being diagnostic of
type 2 diabetes, although diagnosis must be confirmed with a repeated sample on a dif-
ferent day, unless symptoms of diabetes are present. HbAlc is not suitable for diagnosis
of T2D in certain groups, e.g. pregnant women and individuals with haemoglobinopathy.
Once diagnosed, patients with T2D should be considered to be permanently affected by
the disease, and the associated risk factors for complications should be treated regardless
of subsequent normalisation of HbAlc.
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The guidelines mention ethnicity as a risk factor for T2D, and recommend considering
HbA1lc screening in migrants from Asia, Africa and the Middle Fast, depending on age
and other risk factors.

1.4.3. Monitoring

The risk biomarkers HbAlc and LDL-C should be measured at least once a year along
with urine albumin-to-creatinine ratio (UACR) to screen for DKD (repeated samples of
UACR > 300mg/g is considering diagnostic of diabetic kidney disease (DKD)). Diabetic
retinopathy should be screened by an ophthalmologist every second year, although oph-
thalmologists can adapt flexible intervals, depending on individual retinopathy status
and other risk factors.%! Similarly, screening for diabetic foot disease should be per-
formed by a podiatrist every year or, alternatively, by the GP if podiatrist service is not
feasible for the patient. At the initial diagnosis of T2D, a baseline-screening of all five
types of monitoring is recommended.

The guidelines provide no specific recommendations on monitoring in migrants.

1.4.4. Biomarker levels

For HbAlc, the goal should be the lowest possible level without hypoglycaemia or inap-
propriate polypharmacy. Specific targets at 48mmol/mol, 53mmol/mol, 58mmol/moal,
and 70mmol/mol are provided depending on diabetes duration and severity, complica-
tions, age and comorbidities.

For LDL-C, the level should be as low as possible. A general target below 2.6mmol/L is
provided, while the target in patients with complications should be below 1.8mmol/ L.

The guidelines provide no specific recommendations on HbAlc or LDL-C targets in
migrants.

1.4.5. Pharmacological treatment
1.4.5.1. Glucose-lowering drugs

Combination therapy: GLD therapy is recommended in patients with HbAlc 48
mmol/mol, and metformin is the recommended first-line treatment. There is no overall
recommendation of second- or third-line drugs, although SGLT2i or GLP1RA should be
considered in patients with CVD when metformin or other treatment is insufficient to
reach the patient’s HbAlc target.
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Individual drug types: The guidelines do not present a fixed hierarchy between GLD
drug type, but recommend factoring in all effects, positive and negative, as well as cost
when choosing between individual drug types.

1.4.5.2. Lipid-lowering drugs

Treatment with LLD is recommended to all individuals with prevalent CVD, diabetic
nephropathy or LDL-C above 2.5 mmol/L.

1.4.5.3. Antihypertensive drugs

In addition to treatment of hypertension, use of either ACEI or ARB is recommended
in individuals with prevalent CVD, microalbuminuria, or diabetic kidney disease.

1.4.5.4. Antiplatelet therapy

APT is recommended in individuals with prevalent CVD, diabetic kidney disease or very
high risk of CVD due to other risk factors.

The guidelines provide no specific recommendations on any aspect of pharmacological
treatment in migrants.

1.5. Identification of type 2 diabetes cases in healthcare
registers

1.5.1. Danish register data infrastructure

Several types of individual-level data (e.g. civil registration, public healthcare contacts,
and drug prescriptions) are automatically collected on all residents in Denmark and
stored in nationwide Danish registers by Statistics Denmark and the Danish Health
Data Authority (see Chapter 3 for details on contents of registers). These agencies are
legally allowed to share the register data for research purposes, thus creating a set of
common data sources shared by researchers with access to the data. Any researcher
associated with an approved Danish research institute (mainly Danish universities) can
apply for access, but fees and conditions apply.

Register data is generally accessed and processed by approved researchers on remote
servers operated by Statistics Denmark and the Danish Health Data Authority, and all
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researchers can potentially access the same raw data, which are stored in the same struc-
ture, unless altered by the researcher (or their data manager). The identical raw data
and the common virtual working environment potentially enables reproducible research.
This means that any data processing workflow should be transferable between research
projects if the underlying code is designed with reproducibility in mind and the code
is shared (“open-sourced”).®> While reproducibility in research relates to transparent
reporting of methods to enable others to reproduce analyses and experiments, this also
applies to a diabetes classification program, which - if reproducible - could be reused by
any researcher with access to the necessary register data to dynamically identify a study
population of individuals with diabetes for their research needs.%

1.5.2. Benefits

Healthcare registers provide a powerful data source for population-wide studies without
the need to engage the patient for inclusion. The possibility to include all individuals in
the population makes them particularly suited for studies of migrants with T2D, where
sample size is a limiting factor, and other data sources may be vulnerable to selection
bias in these groups.

1.5.3. Challenges

General-purpose registers and other administrative databases often provide the basis of
diabetes epidemiology, but they rarely contain validated diabetes-specific data. If the
diabetes-specific data is not accurate, bias may be induced into studies. Thus, it is
important to have an accurate tool to identify individuals with diabetes in the registers,
as findings may differ with various diabetes definitions.®*%® Considerable efforts have
been made towards establishing such a tool for diabetes research in several countries,
including Denmark.%668

Internationally, some algorithms classifying T1D and T2D have been validated in cohorts
of individuals with diabetes,%* ™ but none have been validated in a general population.
In a general population, classification algorithms (classifiers) must not only discern type 1
diabetes (T1D) from T2D, but it must also identify diabetes while accounting for events
that might lead to inclusion of non-cases, such as the use of GLD in the treatment
of other conditions. Currently, no type-specific diabetes classifier has been validated
in a general population, which leaves register-based studies in this area vulnerable to
biases.
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1.5.4. Register-based diabetes classifiers

In Denmark, the first resource readily available to researchers to identify diabetes cases
through register data was the National Diabetes Register, which was established in
2006.7 The National Diabetes Register was discontinued in 2012, and a later validation
study questioned its validity and called for future registers to adopt inclusion based on
elevated HbAlc levels.™

Launched in 2014, the Register of Selected Chronic Diseases (RSCD) is currently the only
publicly available resource to identify diabetes cases through Danish register data (by
application to the Danish Health Data Authority), but the RSCD has not been publicly
validated, and the source code behind the algorithm has not been made publicly available.
Notably, the algorithm lacks inclusion based on elevated HbAlc levels.”

Since the launch of the RSCD, nationwide laboratory data on HbAlc testing has become
available in the Danish register ecosystem,”” but this data is yet to be incorporated into
available diabetes classifiers.

1.6. Introduction at a glance

T2D is a disease that carries serious risks, but several treatment options are available
to control the risk factors in T2D and to reduce the risk of complications and death. In
an ageing population, the burden of T2D on healthcare services is rising, and resources
must be prioritised to those with higher needs to ensure adequate care.

Migrants are particularly vulnerable to T2D, as they have an increased prevalence of
the disease compared to native Danes. Despite having higher HbAlc levels than their
native counterparts, the evidence on complication risk and mortality in migrants is
inconsistent, but some evidence suggests a higher risk. Evidence on care disparities
that may contribute to this excess risk in migrants is limited. Additionally, research
in this area faces several challenges, such as limited sample sizes and migrants being
hard-to-reach for intervention and survey studies. Register-based studies are well-suited
to handle these limitations, but no validated method currently exists to identify T2D
cases in a general population, which leaves register-based studies in this area vulnerable
to biases.

In Denmark, clinical guidelines are available to direct clinicians and patients towards the
best possible outcomes. Despite the special challenges faced by migrants, the current
guidelines do not contain specific recommendations for T2D care in migrants, and the
evidence on care disparities between migrants and native Danes is limited.
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2.

2.1.

Aims

Overall aims

The overall aim of this PhD dissertation is to provide robust knowledge on specific
areas of T2D care where disparities between migrant groups and native Danes may be
present.

2.2. Specific aims

1I.
I11.

IV.

To develop a register-based classification of type 1 and type 2 diabetes that incor-
porates previous recommendations on data sources, and to make it available to
other researchers.

To validate register-based diabetes classifiers available to researchers in Denmark.

To assess the prevalence of T2D in migrant minorities of Denmark, and to explore
care disparities between migrant groups and native Danes in terms of monitoring,
biomarker control and pharmacological treatment as recommended in the guide-
lines.

To evaluate disparities in the quality of glucose-lowering pharmacological treatment
between migrants and native Danes in terms of combination therapy and drug

types.

2.3. Outputs

Aim I was pursued in the creation of the Open-Source Diabetes Classifier (OSDC), made
available in the open-source R package osdc.”™ Aims II, III, and IV were pursued in the
respective papers I, II, and III of this dissertation.
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This chapter describes the healthcare setting and the register data sources used in the
studies of this PhD project. The diabetes classification algorithms used in the project
are described along with the sources of survey data used to validate them. Finally, the
study designs, populations, statistical methods and ethical approvals of the three papers
in the dissertation are described.

3.1. Setting: The Danish healthcare system

Denmark is divided into five administrative regions that are responsible for providing
public healthcare services to their residents through public hospitals and contract agree-
ments with private actors in the primary care sector. Private actors include GPs, other
specialist practices (e.g. ophthalmologists) and other healthcare professionals (e.g. po-
diatrists). In addition, the 98 Danish municipalities are obliged to offer resources to
prevent and/or manage chronic disease, such as programmes on managing T2D through
diet and physical exercise.

Although referral to outpatient hospital care is possible, most patients with T2D are
treated by the GP. All native Danes and migrants with residence permit have free ac-
cess to general practice. In the tax-funded Danish public healthcare system, Danish
citizens and migrants with residence permit have equal access to services. Nearly all ser-
vices are provided free of charge, although T2D patients must pay some out-of-pocket
fees for podiatrist care and prescription drugs at pharmacies. Yearly medication ex-
penditures are partially reimbursed from €132, and expenditures beyond €553 are fully
covered (2019 limits).™ In contrast, 50% of all expenditures related to diabetes-specific
podiatrist care are covered by the public health insurance regardless of the patient’s
total expenditures.®?

3.2. Register data sources

In Denmark, civil registration, public healthcare contacts and drug prescriptions are
recorded with a unique personal identifier (the CPR number) given to all Danish resi-
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dents at immigration or birth. This covers the entire population and allows complete
linkage between data sources; this forms the foundation of several nationwide Danish
healthcare registers.[*!] The following section briefly describes the data extracted from
these registers and from other data sources used in the PhD project. A detailed list of
variables and code values used in each study is available in the supplementary material
attached to each paper.

3.2.1. The Danish Civil Registration System

The Danish Civil Registration System contains civil registration data on all residents in
Denmark. Information on migrations and country of origin was extracted together with
data on age, sex, equivalised disposable household income,®? employment status, and
region of residence.

3.2.2. The Danish National Patient Register

The Danish National Patient Register contains information on all hospital admissions
and outpatient contacts. Data on diagnoses of diabetes and cardiovascular complications
along with data on procedures relating to retinal screening and treatment of cardiovas-
cular complications was extracted for 1994-2018. At the time of this PhD project, the
clinical coding system in use was the International Classification of Diseases, 10" revi-
sion (ICD-10), which was implemented in 1994.53

3.2.3. The Danish National Health Service Register

The Danish National Health Service Register contains information on all public health-
care services provided in the primary care sector. The data is essentially healthcare
billing information, and serves as the basis for payment from the public health insurance
to the healthcare providers. Each type of service has a unique SPECIALFE code (e.g. all
diabetes-specific podiatrist care services are contained as sub-codes under SPECIALE
code 54). Information on diabetes-specific services performed at podiatrist and ophthal-
mologist practices from 1990 through 2018 was extracted together with point-of-care
HbAlc testing performed in general practice.

34



3.3. Diabetes classification algorithms

3.2.4. The Danish National Prescription Registry

The Danish National Prescription Registry contains detailed information on all prescrip-
tion drugs purchased at Danish pharmacies. These registrations serve to determine
reimbursement awarded to each purchase from the public health insurance. Each pur-
chase is classified according to the Anatomical Therapeutic Chemical (ATC) classifica-
tion. Information on purchases of GLD, LLD, ACEI, ARB, and APT was extracted for
1995-2018.

3.2.5. The Danish Register of Laboratory Results for Research

The Danish Register of Laboratory Results for Research contains information on clinical
biomarker samples analysed at clinical biochemistry departments in Danish hospitals.
Except for point-of-care tests, all biomarker samples taken in the primary healthcare
sector are analysed in hospital laboratories. Compared to the other registers, this is a
relatively new data source; it was initially launched in 2013 and only recently achieved
nationwide coverage.””

At the time of data extraction, the Central Denmark Region, one of five administrative
regions in Denmark, which covers a population of 1.3 million inhabitants, corresponding
to 22% of the entire Danish population, was not yet covered in the register. To address
this issue, laboratory results from this part of the population were extracted directly
from the Clinical Laboratory Information System, a clinical database that stores all
laboratory results analysed in Central Denmark Region. Data on HbAlc, LDL-C, and
UACR analyses were extracted for 2011-2018.

3.3. Diabetes classification algorithms

As described previously in Section 1.5.4, the currently available register-based diabetes
classifiers have yet to incorporate the emerging register data on routine HbAlc testing.
Wishing to take advantage of this data, we developed a new classifier, the OSDC. As
a point of reference, we developed an implementation of the RSCD diabetes classifier
(version 1.0, August 2016) according to official documentation.”

The following sections describe the algorithms behind the RSCD and OSDC diabetes
classifiers. The overall design and the flow of populations are summarised in Figure 3.1.
The advantages and disadvantages of their designs are discussed in Chapter 5.
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3.3. Diabetes classification algorithms

3.3.1. The Open-Source Diabetes Classifier

This classifier first identifies a population of individuals with any type of diabetes mellitus
and then splits this population into T1D and T2D by identifying individuals with T1D
and classifying the remainder of the diabetes population as T2D.

In the OSDC, diabetes is defined at the second occurrence of any event across the four
types of inclusion events listed below. All available data is used, except purchases of
GLD, which are restricted to data from 1997 onwards.

i. HbAlc measurements of 48 mmol/mol after censoring:

¢ Results of samples taken during pregnancies; potential gestational diabetes
mellitus (GDM).

ii. Hospital diagnoses of diabetes.
iii. Diabetes-specific services received at podiatrist.
iv. Purchases of GLD after censoring:

1. Brand drugs for weight loss, e.g. Sazenda.
2. Purchases during pregnancies; potential treatment of GDM.

3. Metformin purchases in women below age 40; potential treatment of polycys-
tic ovary syndrome (PCOS).

Diabetes type is classified as either T1D or T2D based on patterns of purchases of insulins
(including analogues) and hospital primary diagnoses of T1D and T2D. Classification as
T1D requires an individual to fulfil either of the following criteria:

a. Must have purchased only insulins and never any other type of GLD, and have at
least one diagnosis of T1D

b. Must have a majority of T1D diagnoses from endocrinological departments (or
from other medical departments, in the absence of contacts to endocrinological
departments), and a purchase of insulin within 180 days after onset of diabetes,
with insulin contributing at least two thirds of all defined daily doses of GLD
purchased.8

In populations generated on a fixed index date (such as the cross-sectional studies asso-
ciated with this dissertation), individuals classified as T1D cases must have purchased
insulins in the last year prior to the index date.

Individuals not classified as T1D cases are classified as T2D cases.
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3.3.2. The Register of Selected Chronic Diseases

Formally, the RSCD includes two separate algorithms, RSCD-T1D and RSCD-T2D,
which identify T1D and T2D, respectively. In practice, however, they are inter-
dependent, as individuals identified by the T2D classifier are excluded from the T1D
classifier.

In the RSCD, diabetes is defined by type-specific diagnoses of T1D or T2D and purchases
of GLD. Individuals are defined as having T1D or T2D if they meet any of the inclusion
criteria of the algorithm without fulfilling any of its exclusion criteria.

The RSCD was implemented as described below, based on available documentation,”®

which may not completely reflect the source code use by the Danish Health Data Au-
thority to generate the register population. Although the implementation is generally
ad verbatim to the documentation, a few areas of the documentation did not address all
outlier cases, and in these cases we expanded the algorithm slightly from the documen-
tation. For example, the documentation did not present a method to classify individuals
with both a diagnosis of T1D and T2D on the day of their latest diagnosis, if these indi-
viduals also had an equal number of T1D and T2D diagnoses in their records. Following
documentation to the letter would omit these patients completely from the diabetes pop-
ulation, and we assessed that this was likely a limitation in the documentation rather
than the algorithm. Our implementation included these individiduals as T2D cases,
which seems most likely a priori.

3.3.2.1. Classification of type 2 diabetes

For classification of T2D, the inclusion criteria are:

i. Any purchases of non-insulin GLD.
ii. A hospital diagnosis of T2D as the most recent type-specific diabetes diagnosis.

Exclusions from the T2D population include:

a. Women that have purchased only metformin and have any diagnoses of PCOS,
purchases of clomifene or combination drugs containing antiandrogens and oestro-
gens.

b. Individuals with only one recorded inclusion event.

c. Individuals with no recorded inclusion events in the last 10 years prior to the index
date.
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3.3.2.2. Classification of type 1 diabetes

For classification of T1D, the inclusion criteria include:

i. Any purchases of insulins.
ii. A hospital diagnosis of T1D as the most recent type-specific diabetes diagnosis.

Exclusions from the T1D population include:

a. Women with any diagnoses of GDM, who have purchased GLD only in the period
from 280 days prior to their first diagnosis of GDM until 280 days after their last
diagnosis of GDM.

b. Individuals classified as T2D.

c¢. Individuals without any purchases of GLD, or only one purchase and no hospital
records of T1D.

d. Individuals with no insulin purchases in the last 10 years prior to the index date.

3.4. Questionnaire data used in validation

To validate the above diabetes classifiers, self-reported data from two surveys was re-
trieved. The design and contents of these surveys are described below.

3.4.1. The Health In Central Denmark survey

Health In Central Denmark is a survey conducted in the Central Denmark Region using
digital and postal questionnaires. The first wave of the survey was performed in 2020
and included all inhabitants aged 18-74 years with prevalent diabetes according to the
OSDC on 31 December 2018 plus an equally sized group of OSDC non-diabetes cases
(matched to diabetes cases by sex, age, and municipality). The survey collected self-
reported data related to health in general, with a special focus on items related to
diabetes mellitus, such as current disease, diabetes type, and age at onset. A total of
44,659 OSDC diabetes cases and 46,195 matched OSDC non-diabetes cases were invited
to the survey, and 51,854 (57%) responded.®
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3.4.2. The National Health Survey

The National Health Survey is a nationwide repeated digital and postal questionnaire
survey, which is conducted in a representative sample of Danish residents aged 16 or
above. It collects self-reported data related to mental and physical health in general,
such as current or former chronic diseases, and includes a question on diabetes of any
type.8® This project utilised the subset of data from participants in the 2017 survey,
who resided in Central Denmark Region. In this regional subset of the survey, a total
of 52,000 individuals were invited and 32,400 (62%) responded.®” Data from this survey
was used only for supplementary validation analyses.

3.5. Study design and population

In addition to developing a code package for the statistical programming language R
containing the source-code behind the diabetes classifiers, three studies were conducted.
Study I was designed to examine the validity of the register-based definitions of T1D
and T2D. After validating the two candidates, the most accurate classifier, the OSDC,
was chosen to identify the study populations of T2D for use in studies II and III.

3.5.1. Study populations
3.5.1.1. Study I

Validation analyses were performed in a subset of respondents in the Health in Central
Denmark survey.

Among survey respondents, 2,411 were excluded due to missing data on diabetes items.
A totalt of 2,093 individuals with self-reported onset of diabetes after 31 December
2018 were excluded, as diabetes cases onset after the index date would erroneously be
evaluated as false-negative cases in the register-based classifiers due to the delay from
register-classification on the index date (31 December 2018) until questionnaire responses
(November 2020).

After these exclusions, 47,350 survey respondents remained. However, as survey invites
were conditioned on OSDC diabetes status, the survey population was biased towards the
OSDC classification, and the OSDC diabetes prevalence was 43.7% (20,692 individuals).
To account for this, we first estimated the OSDC diabetes prevalence to be 9.3% (2,483
individuals) in a random sample of 26,665 individuals from the background population
with the same age, sex and municipality distributions as the OSDC non-diabetes cases
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3.5. Study design and population

Table 3.1.: Overview of studies

Study 1

Study 11

Study III

Study
popula-
tion

Sample
size
Calendar
period

Design
Data
sources
Age
Variables

Participants in the
Health In Central
Denmark survey

29,391

Register-classified
diabetes type on 31
Dec 2018

Validation study
Questionnaire and
register data

18-74 years

Validated standard:
Register-classified
diabetes type

Gold standard:
Self-reported diabetes

type

Statistical Validation metrics:

analy-
ses

Sensitivity, specificity,
positive and negative
predictive value

Native Danes and
first-generation
migrants with T2D on
1 Jan 2018.

254,097

Monitoring: Oct
2015/2016 to Dec 2017.
Biomarker levels: 1 Jan
2018.

Pharmacological
treatment: during 2018.
Cross-sectional study
Register data

25-99 years

Primary independent

variable:

Migrant origin

Dependent variables:

Timely T2D

monitoring.

HbAlc and LDL-C

control.

Use of recommended

pharmacological

treatment.

Robust Poisson

Tegression:

Relative risk of

non-fulfilment of

guideline

recommendations.
Notes

Native Danes and
first-generation
migrants with T2D on
1 Jan 2019

253,364

GLD use during 2019.

Cross-sectional study
Register data

25 years and older
Primary independent
variable:

Migrant origin
Dependent variables:
Use of GLD
combination therapy.
Use of oral GLD types.
Use of injection-based
GLD types

Robust Poisson
Tegression:

Relative risk of GLD
use

o Some details were left out for the sake of brevity, i.e. the analysis of T2D prevalence
in study IT and exclusion criteria.
o Abbreviations: GLD: Glucose-lowering drugs. T2D: Type 2 diabetes.
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of respondents. To offset the oversampling of OSDC diabetes cases in the survey, OSDC
diabetes cases were randomly subsampled to 2,733 individuals to achieve an unbiased
OSDC diabetes prevalence of 9.3% in the final study population of 29,391 individuals.

| Population of Central Denmark Region aged 18-74 years on 31 December 2018 |
42,572

0SDC-classification: diabetes

0SDC-classification: non-diabetes
N = 44,659

N = 897,913

Unsampled OSDC non-diabetes cases
N = 851,718

| Random sample of OSDC non-diabetes cases |

matched to OSDC diabetes cases
N = 46,195

Invited to HICD survey
N = 90,854

_| Non-respondents
I N = 39,900

Respondents
N = 51,854
Insufficiently reported data: N = 2,411
Reported diabetes onset after index date: N = 2,093

Random sample of background population
matched to OSDC non-diabetes cases
N = 26,665 _ 0SDC-classification: non-diabetes 0SDC-classification: diabetes
N = 26,658 N = 20,692
0OSDC-classified diabetes: 2,483
(prevalence = 9.3%)

Unsampled OSDC diabetes cases
N = 17,959

Study population
N = 29,391

0SDC-classified diabetes: 2,733
(prevalence = 9.3%)

Figure 3.2.: Flow of individuals into the Health In Central Denmark survey
and the study population of study I

3.5.1.2. Study Il

Register data was used to identify 262,837 individuals with prevalent T2D on 1 January
2018 (index date) from a background population of 3,864,528 native Danes or first-
generation migrants from the selected origin categories aged 25-99 years and residing in
Denmark for at least three years on the index date.

T2D prevalence was studied in the above population. To study T2D care where clinically
relevant, the eleven analyses of T2D care were performed in distinct subsets of the
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3.5. Study design and population

population with T2D, as outlined below and in Figure 3.3:

o All analyses of T2D care were performed in a subset of 254,097 individuals with
T2D onset at least six months prior to the index date to allow time for baseline
screening, initiation of pharmacological treatment and subsequent biomarker con-
trol to occur in the newly diagnosed.

— Monitoring was evaluated among all these individuals:

* Monitoring of HbAlc, LDL-C, nephropathy, retinopathy and foot disease:
254,097 individuals.

— Biomarker levels were evaluated in those with at least one measurement prior
to the index date:

x HbAlc levels: 250,075 individuals.
x LDL-C levels: 248,813 individuals.

— Each analysis of pharmacological treatment was limited to individuals with
a clear guideline recommendation for that particular treatment according to
complication status or biomarker levels on the index date (excluding individ-
uals not alive and residing in Denmark in the year following the index date,
thus unable to purchase medication):

* GLD: HbAlc 48 mmol/mol at the most recent measurement: 140,208
individuals.

* LLD: prevalent macrovascular complications or DKD, or age above 40
with LDL-C above 2.5 mmol/L: 128,707 individuals.

* ACEI/ARB & APT: prevalent macrovascular complications or DKD:
77,414 individuals.

43



n
o
=
_—
+~
Q
&
o
=}
®
s
-
Q
+~
=
o

98€'S9T
yIv'LL =u —
Adesoyy !
quv 10 130V
£60°VTT = U L62'TT =u
1/1oww §°Z > 5-1a1 810z Ul
10 op > abe pue pal
ey oN !
coz'szr =u || L) L)
s6nip bupomol-pidny [
65'20T =u
Jow/jowtu
8v > OTVaH

80Z°0vT =u
sBnJp BuLIEMO}-350oN]9

£18'8pT = U
2-1a1

+82's =u
Ssjuswainsesw
2-10710N

8T0Z Ul
judwijeasy

|ea16ojodeuneyd
10 sashjeuy

729’ =u
Ssjuawainseawt
OTVAH ON

SLy'0ST =u
STVAH

£60'vST =u
aseas|p 1004 232qeIq
Ayzedounas onaqe

8T0TZ uer T uo
sjena)
saxewolq
30 sasAjeuy

Ayaedoaydau onaqeiq

8107 uer T
Buipasaid

Burioyuow
10 sashjeuy

a1ed
onejnd

£60'vST =u

azL
od Apms

ovL'g =u

suow 9 >
uoneanp sazaq
££8'797 =u
8T0Z uer T
azLiudjendid

169'T09'E =u
azLnoyum

18b'89 =u 996'gyT = u STL'EES =u
san0693ed Apms| |sseak £ > eouspisas sieah 5z >
40 sjuepuadsaq 10 66 < by
8ZS'v98'E = u
azt L} L} L]

:uopendod Apms

069'ST9Y =u
8T0Z uer T synpe |1v|
:uonejndod
punosbyoeg

Figure 3.3.: Study population flow in analyses in study I1
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3.5. Study design and population

3.5.1.3. Study lll

Register data was used to identify 275,525 individuals with prevalent T2D on 1 January
2019 (index date) from a background population of 4,084,564 individuals above age 25
years. Among individuals with T2D, 269,011 native Danes or first-generation migrants
from the selected origin categories residing for at least three years in Denmark on the
index date were included. After exclusion of 15,647 individuals without records of HbAlc
or LDL-cholesterol within three years prior to the index date, the study population
contained 253,364 individuals.

3.5.2. Outcomes
3.5.2.1. Study |

Self-reported diabetes type, the validation gold standard, was categorised as either T1D
(self-reported T1D), T2D (all other types of diabetes) or no diabetes, corresponding to
the diabetes types discernible from the register-based classifiers.

3.5.2.2. Study Il

Twelve outcomes were defined as follows:
1. Prevalent T2D was defined as OSDC-classified T2D prevalent on the index date.

T2D care quality was evaluated in the scope of failure to meet guideline recommendations
in terms of monitoring, biomarker levels and pharmacological treatment.

T2D monitoring was evaluated in time-frames prior to index date that matched guideline-
recommendations, with three months of leeway added (e.g. monitoring within 15 months
was considered to fulfil the guideline recommendation, even if the specific type of moni-
toring is recommended yearly in the guidelines):

2. Monitoring of HbAlc was identified by records of biomarker samples between 1
October 2016 and 31 December 2017 in the Register of Laboratory Results for
Research or the Clinical Laboratory Information System. Additional monitoring of
HbA1c using point-of-care tests was identified by records in the Danish National
Health Service Register.

3. Monitoring of LDL-C: was identified by records of biomarker samples between 1
October 2016 and 31 December 2017 in the Register of Laboratory Results for
Research or the Clinical Laboratory Information System.
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3. Material and methods

4. UACR-screening for diabetic nephropathy was identified by records of biomarker
samples between 1 October 2016 and 31 December 2017 in the Register of Labora-
tory Results for Research or the Clinical Laboratory Information System.

5. Screening for diabetic retinopathy was identified by records of retinal photo screen-
ing for diabetic retinopathy between 1 October 2015 and 31 December 2017, ei-
ther at hospital departments in the Danish National Patient Register, or diabetes-
specific examinations at ophthalmologist practice recorded in the Danish National
Health Service Register.

6. Screening for diabetic foot disease was identified by records of diabetes-specific
podiatrist services received between 1 October 2016 and 31 December 2017 in the
Danish National Health Service Register.

Biomarker levels on the index date were evaluated through the most recent measurement
of HbAlc and LDL-C before the index date:

7. The outcome measure for HbAlc control was 53 mmol/mol.
8. The outcome measure for LDL-C control was 2.6 mmol/L.

Pharmacological treatment was assessed in the year following the index date. Treatment
was defined by at least one purchase of the respective type of drug based on the following
ATC codes (including subcodes):

9. GLD: ATC codes A10.

10. LLD: ATC codes C10.

11. ACEI/ARB: ATC codes C09A-C09D.
12. APT: ATC codes BO1AC.

3.5.2.3. Study Ill
Eight outcomes were defined across combination therapy and individual GLD types
used.

GLD combination therapy was analysed using the following two outcome definitions:

1. Any combination therapy: two or more GLD types used.

2. Triple combination therapy: three or more GLD types used.

For each GLD type, individuals were defined as users if at least two purchases were made
during 2019, and at least one of these was made in the last six months of the year. The
following types of GLDs (ATC codes including subcodes) counted towards the number
of GLD types used by an individual in a year (fixed-dose combination drugs counted
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3.5. Study design and population

towards both of their component drug types), and they also defined the six outcomes
for analysis of individual GLD type usage:

3. Metformin: ATC codes A10BA02, A10BDO, A10BD10-16, A10BD20, A10BD23.

4. Sulfonylureas: ATC codes A10BB.

5. Dipeptidyl peptidase-4 inhibitors (DPP4i): ATC codes A10BH, A10BDO,
A10BD10-11, A10BD13, A10BD19, A10BD21, A10BD24.

6. SGLT2i: ATC codes A10BK, A10BD15-24, A10BX09, A10BX11-12.

Insulins (including analogues): ATC codes A10A.

8. GLP1RA: ATC codes Al10BJ, Al10AE5, A10BX04, A10BX07, A10BX10,
A10BX13-14.

=

In addition, thiazolidinediones (ATC codes A10BG) and repaglinide (ATC codes
A10BX02) counted towards GLD combination therapy, but they were not analysed as
individual drug types due to the very low prevalence of use of these drugs.

3.5.3. Primary variable of interest: migrant status

Migrant status and country of origin were defined according to the definitions by Statis-
tics Denmark. To accommodate the expected heterogeneity between different countries
of origin, aggregation of countries was kept to a minimum and limited to countries with
similar reasons for migration and with racial and cultural similarities. Attempting to
preserved the individual origin countries with the most T2D cases in Denmark, and ag-
gregating some countries based on the United Nations M49 geoscheme, the population
was grouped into nine origin categories:

o Native Danes

o Europe (M49: Europe, excluding countries of the former Yugoslavia)

o Middle East (M49: Northern Africa, Western Asia, excluding Turkey, plus
Afghanistan and Iran)

And the six remaining individual countries with the most T2D cases (in order of number
of cases):

o Turkey

(Former) Yugoslavia
e Pakistan

e Sri Lanka

e Somalia

e Vietnam
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3.5.4. Other explanatory variables
3.5.4.1. Socioeconomic variables

Age and diabetes duration on the index dates were treated as continuous variables.
Household income was based on the three-year average of equivalised disposable house-
hold income prior to index dates, converted to the corresponding percentile in the back-
ground population and treated as a continuous variable. As a measure of acculturation,
duration of residence was calculated from the date of first migration into Denmark,
converted to a categorical variable with native Danes categorised in the maximally ac-
culturated group. Employment status was categorised as Employed (including students
and others), Retired or Unemployed based on the year prior to index dates.

3.5.4.2. Clinical variables

Prevalent macrovascular complications were assessed by primary diagnosis codes of
stroke, ischaemic heart disease and peripheral arterial disease (and associated proce-
dure codes) prior to index dates. Diabetic kidney disease was defined as a UACR 300
mg/g measured within three years prior to index dates (study II: within 27 months).
Other types of microvascular complications were not included due to insufficient data.

Study IIT used HbAlc levels and LDL-C levels at baseline as continuous covariates for
adjustment and LLD use within a year prior to the index date. Finally, the analyses
of the use of individual GLD drug types in study III adjusted for combination therapy
categorised as Monotherapy or no GLD, Dual combination and Triple combination or
more.

3.6. Statistical analysis

Statistical analyses were performed in RStudio®® using R version 4% and a range of
open-source code packages for computations”® 4 and visualisation.?®%

This section describes our overall statistical analysis strategy and the specific statistical
analyses of each study.

Logistic regression, a statistical model that computes odds ratios (OR) between groups,
is often applied in cross-sectional studies to estimate relative risk (RR). However, ORs
approximate RR only when the outcome is rare. If this is not the case, interpreting
ORs as RRs will exaggerate risk estimates,”” as illustrated in Figure 3.4 (adapted from
Wikipedia Commons).%
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2.51
2.0
Baseline
Risk
8 1.51 — 0.01
©
7 — 0.10
o
° — 0.30
O 1.0
0.60
0.90
0.5
0.0 - T T . ,
0.0 0.5 1.0 1.5 2.0 2.5

Relative risk

Figure 3.4.: Relationship between odds ratio and relative risk depending on
baseline risk

None of the outcomes in studies IT & III were expected to be rare. Thus, logistic re-
gression was unsuitable. Although log-binomial regression models are the most natural
choice for computing relative risk in a mathematical sense, they are prone to conver-
gence failure.”? Given the large number of outcomes and models that needed fitting,
this presented a serious (although not insurmountable) inconvenience, and log-binomial
regression was also discarded.

)10 presented

Robust Poisson regression (sometimes termed modified Poisson regression
an appealing alternative for modelling RR. A comprehensive description of the technique
is beyond the scope of this dissertation, but a brief explanation is required, since ordinary
Poisson regression is not the right tool for modelling binary outcomes as such data violate
the assumptions behind the model.'%! When applied to binomial data, the error for the
estimated relative risk will be overestimated in an ordinary Poisson model. However, this
problem can be addressed by using robust generalised estimating equations (so-called
sandwich) variance estimates, which provide accurate standard errors in the presence of
over-dispersion and excess zeros,'’? such as in a binary distribution. Ultimately, this
allows robust Poisson regression to estimate RR with valid confidence intervals in data

with binary outcomes.'% It is worth noting that RR is merely a measure of relative
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probability, despite the semantics around risk implying that an adverse outcome is under
study, which is not necessarily the case.

All regression models were modelled with native Danes as the reference group. To ac-
count for potential non-linearity, continuous variables were modelled as natural splines
with knots placed at each quintile of the distribution in the respective study population.
Supplementary analyses, where continuous variables were modelled as categorical vari-
ables (quintiles), were conducted for easier interpretation of these variables. In addition,
the supplementary analyses included estimates of absolute risk differences corresponding
to the above analyses. In these analyses, a generalised linear model using a Gaussian dis-
tribution and identity link with robust sandwich variance estimates was used to compute
absolute risk difference with 95% confidence intervals.

In all three studies, the characteristics of study populations were presented. Continuous
variables were presented with means and standard differences, and categorical variables
were represented by absolute numbers and percentage proportions. In study I, the
characteristics were tabulated according to self-reported, OSDC-classified and RSCD-
classified diabetes type, whereas studies II and III tabulated the distribution of covariates
and outcomes by origin group.

The following sections describe the statistical analyses of each study.

3.6.0.1. Study |

Validation analyses were performed separately for T1D and T2D, and each register-based
diabetes classifier was validated against self-reported diabetes type. In the analyses of
each diabetes type, diabetes type was modelled as a distinct binary variable; does the
individual have this diabetes type or not (e.g. in the analyses of T1D, diabetes type was
modelled as a binary variable of T1D vs. no T1D, the latter category including both
T2D and non-diabetes cases).

Concordance tables and associated validation metrics were computed (with 95% confi-
dence intervals) as defined in Table 3.3 and equations 3.1, 3.2, 3.3 and 3.4: sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV). These
validation analyses were bootstrapped in 1,000 random subsamples in order to assess
robustness.
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Table 3.3.: Concordance table and validation metrics

Survey positives Survey negatives
Classifier positives True positives False positives PPV
Classifier negatives False negatives True negatives NPV
Sensitivity Specificity

N,

truepositives (31)

Sensitivity = ~
t

ruepositives + Nfalsenegatives

N,

truenegatives (32)

Speci ficity = N
t

ruenegatives + Nfalsepositives

N "
truepositives
PPV = i (3.3)
Ntruepositives + Nfalsepositives

Nt tt
NPV — ruenegatives 3‘4
¥ (3.4)

ruenegatives + Nfalsenegatives

Furthermore, analyses stratified by self-reported age at onset of diabetes (including all
self-reported non-diabetes cases in both strata of age at onset) were performed to assess
the influence of age at onset of diabetes on sensitivity and PPV.

3.6.0.2. Study Il

Robust Poisson regression was used to compute RR and 95% confidence intervals in a
series of cross-sectional analyses of T2D prevalence and eleven outcomes within T2D
care.

In the analysis of T2D prevalence, RR of prevalent T2D was computed in a crude model
and in two models with different levels of adjustment. This was done to explore the
effects of clinical (model 1) and socioeconomic factors (model 2) on migrant risks. The
first model adjusted for sex and age (model 1). The second model further adjusted
for employment status, household income, duration of residence and region of residence
(model 2). Additionally, age-specific T2D prevalence in each migrant group was modelled
using a binomial model with log-link and restricted cubic splines as a function of age.

In the eleven analyses of T2D care, the RR of not receiving each type of guideline-level
T2D care was computed in a crude model and in two adjusted models to visualise risk
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disparities in a clinical context separately from the fully adjusted model. The first model
(model 1) adjusted for clinical risk factors in diabetes that may influence decision-making
when planning diabetes care with the patient (sex, age, diabetes duration, prevalent
macrovascular complications and DKD). The fully adjusted model (model 2) further
adjusted for socioeconomic factors that may influence a patient’s health behaviour and
healthcare service usage (employment status, household income, duration of residence
and region of residence).

3.6.0.3. Study Il

Similar to study II, robust Poisson regression was used to compute RR with 95% confi-
dence intervals in three models for each outcome: an unadjusted model (crude), a model
adjusted for clinical risk factors (model 1) and a model adjusted for clinical and socioe-
conomic factors (model 2). Compared to the models in study II, all adjusted models in
study III contained adjustment for additional clinical risk factors (HbAlc level, LDL-
C level and lipid-lowering drug usage), and the analyses of individual GLD type also
included adjustment for the degree of combination therapy.

3.7. Ethics and approvals

In compliance with the General Data Protection Regulation, the handling of personal
data in this PhD project was registered in the internal register of research projects
(Danish: fortegnelsen) of Aarhus University, under file number 2016-051-000001, serial
number 1339. Study II was approved by the Health In Central Denmark steering commit-
tee. The Health In Central Denmark research project is registered in the internal register
of research projects (file number 1-16-02-165-20) in the Central Denmark Region.

Access to register data was provided and approved by the Danish Health Data Authority
and Statistics Denmark. In Denmark, studies based entirely on survey and register data
do not require further ethical approval.
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4. Results in summary

This chapter presents the nationwide register-based T2D cohort identified by the OSDC
and details the flow of individuals through the algorithm. Next, the main results of each
study associated with the dissertation are presented.

Additional details are available in the respective papers and their supplementary mate-
rial, attached in Appendix B.

4.1. Register-based type 2 diabetes population

4.1.1. Flow of individuals in the Open-Source Diabetes Classifier

This section shows the OSDC diabetes classification algorithm applied on the register
data and details how it identifies individuals with T2D (i.e. the study populations in
subsequent studies).

When applied to nationwide register data (described in Chapter 3) on all individuals
aged 18 years and above, the OSDC identifies a nationwide cohort of individuals with
prevalent diabetes at any point in time of 448,685 individuals, as shown in Figure 4.1.
Of the four inclusion criteria, GLD purchase was most the common, being present in
roughly 90% of diabetes cases, followed by records of elevated HbAlc levels in 75%,
hospital diagnoses of diabetes in 70%, and diabetes-specific podiatrist services in 55%
of cases. Censoring of potential GDM affected fewer individuals relative to censoring of
potential PCOS and exclusion of cases with only a single inclusion event.

In this diabetes cohort, 34,079 were classified as T1D and 425,300 as T2D, of whom
24,026 and 276,081 were alive and residing in Denmark with prevalent T1D and T2D on
1 January 2019 after adjusting for insulin use in the previous year, as shown in Figure 4.2.
Among individuals exclusively treated with insulin (left half of Figure 4.2), around 75%
had at least one primary hospital diagnosis of T1D from a medical department. These
constituted the vast majority of T1D cases, as the classification branch containing indi-
viduals with any non-insulin GLD purchase (right half of Figure 4.2) contributed only
2,748 (8%) of all T1D cases in the cohort. Correcting the cross-sectional classifier pop-
ulations for recent insulin purchases prior to a particular index date had little impact
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(e.g. on 1 January 2019, only 413 (1.7%) of the T1D classifications in the cohort had
not made a purchase of insulin in the previous year). The classification of T2D cases in
the cohort was more homogeneous, as the vast majority (382,116 (90%) of 425,300 cases)
were individuals with purchases of non-insulin GLD and no primary hospital diagnoses
of T1D from a medical department (the rightmost path of Figure 4.2).

Background population:
5,708,113
Prescriptions redeemed: P-HbA1c tests: Hospital diagnoses: Health services:
Glucose lowering drugs 48 mmol/mol or above Diabetes Diabetes-specific podiatrist services
406,781 342,484 317,862 242,997

Inclusion
events:

505,201

Metformin in

duri:w;smr::nc . women below age 40 Only one event: Zirl ir:;:::;:::vent: Type 2
GRSk or indication code PCOS: 56,516 e diabetes
4 29,375 "

Counts indicate the number of individuals with any records of each inclusion criteria,

and with any censored inclusion events (thus, an individual may contribute to several

counts, and individuals with censored events may have uncensored events recorded at
other points in time).

Figure 4.1.: Inclusion and censoring in the Open-Source Diabetes Classifier
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4.1. Register-based type 2 diabetes population
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| [Ensulin within 180 days of onset
\ >2/3 of all GLD doses?

Y
\

425,300

TiD T2D
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4. Results in summary

4.2. Study |

This study validated the OSDC and the RSCD, two predefined register-based classifiers
of diabetes type, against self-reported diabetes type in a general survey population.
Among 29,391 individuals aged 18-74 years, the prevalence of self-reported diabetes was
2,633 (9.0%); 410 (1.4%) reported T1D and 2,223 (7.6%) reported T2D.

In the classification of T1D and T2D, the sensitivity of the OSDC was 0.773 (95% CI
[0.730; 0.813]) and 0.944 (95% CI [0.933; 0.953]), respectively. Compared to the RSCD,
sensitivity of the OSDC was substantially higher in the classification of T1D (7% higher)
and in the classification of T2D (4% higher). In the classification of T1D, the specificity
was practically identical in the two algorithms at 0.999 (95% CI [0.999; 1.000]), while
the specificity of the OSDC in the classification of T2D was 0.989 (95%CI [0.988; 0.990]),
which was 0.3% lower than for the RSCD. This corresponded to a PPV of 0.875 (95% CI
[0.861; 0.888]), which was 2.3% lower than for the RSCD. See Table 4.1 and Table 4.2
for details.

In the analyses stratified by age at onset of diabetes, both sensitivity and PPV in the
classification of T1D were much higher in individuals with diabetes onset before age 40
years than in individuals with diabetes onset later in life. Similarly, both sensitivity
and PPV in the classification of T2D were much higher in individuals with diabetes
onset after age 40 than in individuals with earlier onset of diabetes. See Table 4.3 and
Table 4.4 for details.
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4.2. Study 1

Table 4.1.: Validation of register-based classification of type 1 diabetes

(a) The Open-Source Diabetes Classifier (OSDC)

OSDC Survey: +T1D Survey: -T1D Total N
OSDC: +T1D 317 19 336
OSDC: -T1D 93 28,962 29,055
Total N 410 28,981 29,391
Sensitivity: 0.773 (0.730, 0.813)

Specificity: 0.999 (0.999, 1.000)

PPV: 0.943 (0.913, 0.966)

NPV: 0.997 (0.996, 0.997)

(b) The Register for Selected Chronic Diseases (RSCD)

RSCD Survey: +T1D Survey: -T1D Total N
RSCD: +T1D 287 17 304
RSCD: -T1D 123 28,964 29,087
Total N 410 28,981 29,391
Sensitivity: 0.700 (0.653, 0.744)
Specificity: 0.999 (0.999, 1.000)
PPV: 0.944 (0.912, 0.967)
NPV: 0.996 (0.995, 0.996)

Notes

e ““T1D” designates individuals with type 2 diabetes or no diabetes according to the
source (classifier or survey).

e Abbreviations: T1D: Type 1 diabetes. OSDC: Open-Source Diabetes Classifier.
RSCD: Register for Selected Chronic Diseases. PPV: Positive predictive value.
NPV: Negative predictive value.
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4. Results in summary

Table 4.2.: Validation of register-based classification of type 2 diabetes

(a) The Open-Source Diabetes Classifier (OSDC)

OSDC Survey: +T2D Survey: -T2D Total N
OSDC: +T2D 2,098 299 2,397
OSDC: -T2D 125 26,869 26,994
Total N 2,223 27,168 29,391
Sensitivity: 0.944 (0.933, 0.953)
Specificity: 0.989 (0.988, 0.990)
PPV: 0.875 (0.861, 0.888)
NPV: 0.995 (0.994, 0.996)

(b) The Register for Selected Chronic Diseases (RSCD)

RSCD Survey: +T2D Survey: -T2D Total N
RSCD: +T2D 2,011 229 2,24
RSCD: -T2D 212 26,939 27,151
Total N 2,223 27,168 29,391
Sensitivity: 0.905 (0.892, 0.917)
Specificity: 0.992 (0.990, 0.993)
PPV: 0.898 (0.884, 0.910)
NPV: 0.992 (0.991, 0.993)

Notes:

e “-T2D” designates individuals with type 1 diabetes or no diabetes according to the
source (classifier or survey).

e Abbreviations: T2D: Type 2 diabetes. OSDC: Open-Source Diabetes Classifier.
RSCD: Register for Selected Chronic Diseases. PPV: Positive predictive value.
NPV: Negative predictive value.
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4.2. Study 1

Table 4.3.: Validation of classification of type 1 diabetes stratified by age at

onset

(a) Type 1 diabetes onset before age 40 years

Survey: 4+T1D Survey: -T1D Sensitivity PPV
OSDC
+T1D 283 13 0.884 (0.844, 0.917) 0.956 (0.926, 0.976)
-T1D 37 27,000
RSCD
+T1D 262 11 0.819 (0.772, 0.859) 0.960 (0.929, 0.980)
-T1D 58 27,002
(b) Type 1 diabetes onset after age 40 years
Survey: +T1D Survey: -T1D Sensitivity PPV
OSDC
+T1D 34 14 0.378 (0.278, 0.486) 0.708 (0.559, 0.830)
-T1D 56 28,712
RSCD
+T1D 25 13 0.278 (0.189, 0.382) 0.658 (0.486, 0.804)
-T1D 65 28,713
Notes

e ““T1D” designates individuals with type 2 diabetes or no diabetes according to the

source (classifier or survey).

o Self-reported non-diabetes cases were included in both strata of age at onset.
o Abbreviations: T1D: Type 1 diabetes. OSDC: Open-Source Diabetes Classifier.
RSCD: Register for Selected Chronic Diseases. PPV: Positive predictive value.
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4. Results in summary

Table 4.4.: Validation of classification of type 2 diabetes stratified by age at

onset

(a) Type 2 diabetes onset before age 40 years

Survey: +T2D Survey: -T2D Sensitivity PPV
OSDC
+T2D 220 247 0.863 (0.814, 0.902) 0.471 (0.425, 0.517)
-T2D 35 26,831
RSCD
+T2D 218 169 0.855 (0.806, 0.896) 0.563 (0.512, 0.613)
-T2D 37 26,909
(b) Type 2 diabetes onset after age 40 years
Survey: +T2D Survey: -T2D Sensitivity PPV
OSDC
+T2D 1,878 265 0.954 (0.944, 0.963) 0.876 (0.862, 0.890)
-T2D 90 26,583
RSCD
+T2D 1,793 175 0.911 (0.898, 0.923) 0.911 (0.898, 0.923)
-T2D 175 26,673
Notes

e “-T2D” designates individuals with type 1 diabetes or no diabetes according to the
source (classifier or survey).

o Self-reported non-diabetes cases were included in both strata of age at onset.

e Abbreviations: T2D: Type 2 diabetes. OSDC: Open-Source Diabetes Classifier.
RSCD: Register for Selected Chronic Diseases. PPV: Positive predictive value.
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4.3. Study II

4.3. Study Il

This study contained a series of cross-sectional analyses on T2D prevalence and eleven
indicators of guideline-level care across monitoring, biomarker control and pharmacolog-
ical treatment.

4.3.1. Prevalence

Compared to native Danes, the risk of prevalent T2D was elevated in all migrants, except
the Europe group, regardless of model, and it was highest in the Sri Lanka and Pakistan
groups (crude RR 3.98 [3.82-4.14] and 3.63 [3.51-3.75], resp.). In the age-specific model,
the increase in prevalence was discernible in all age groups, including the youngest. See
Figure 4.3 for details.
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4. Results in summary

607 Relative risk Crude model Model 1 Model 2
Denmark Reference Reference Reference
Middle East 1.66 (1.63-1.70) 2.76 (2.71-2.81) 1.82 (1.78-1.86)
Europe 0.62 (0.61-0.64) 0.94 (0.92-0.96) 0.96 (0.94-0.99)
50 Former Yugoslavia 1.68 (1.63-1.73) 2.37 (2.30-2.44) 1.63 (1.58-1.68)
Sri Lanka 3.98 (3.82-4.14) 5.62 (5.41-5.83) 4.04 (3.89-4.20)
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Overall relative risks and age-specific prevalences of type 2 diabetes with 95% CIs for
each migrant group.

e Model 1 adjusted for age and sex.
e Model 2 further adjusted for employment status, household income, duration of
residence and region of residence.

Figure 4.3.: Prevalence of type 2 diabetes
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4.3. Study II

4.3.2. Monitoring

Among individuals with T2D, the proportion without diabetes monitoring within the
guideline-recommended intervals varied between the five types of monitoring assessed. In
native Danes, the proportions without monitoring of HbAlc, LDL-C, diabetic nephropa-
thy, diabetic retinopathy and diabetic foot disease were 6.8%, 13.1%, 43.6%, 43.2% and
57.0%, respectively. Compared to native Danes, migrant groups had similar or higher
crude RR in these indicators of diabetes monitoring. The only exception was the Sri
Lanka group, which had lower risk in all analyses, except screening for diabetic foot dis-
ease (RRs from 0.64 [0.51-0.80] for HbAlc to 0.79, [0.74-0.84] for diabetic nephropathy).
Risk estimates were stable in the Europe-group, but they attenuated with increasing
adjustment in other migrant groups. See Figure 4.4 for details.
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4. Results in summary

Native Danes Ref. risk 6.8% (6.7 - 6.9) 13.1% (13.0 - 13.3) 43.6% (43.4 - 43.8) 43.2% (43.0 - 43.4) 57.0% (56.8 - 57.2)
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Baseline risk in native Danes and relative risk in each migrant group with 95% Cls.

e Model 1 adjusted for age, sex, diabetes duration and prevalent complications.
e Model 2 further adjusted for employment status, household income, duration of

residence and region of residence.
e Abbreviations: HbAlc: hemoglobin-Alc. LDL-C: low-density lipoprotein choles-

terol.

Figure 4.4.: Risk of not receiving guideline-recommended monitoring
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4.3. Study II

4.3.3. Biomarker control

Among native Danes, 37.2% had an HbAlc level 53 mmol/mol and 28.3% had an LDL-
C level 2.6 mmol/L. In both biomarkers, the risk of having an elevated level was higher
in most migrant groups compared to native Danes. The crude risk of dysglycaemia
was increased in all migrant groups, except the Europe and Vietnam groups (RRs from
1.27 [1.24-1.30] in the Middle East group to 1.46 [1.41-1.52] in the Pakistan group),
while dyslipidaemia risk was increased in all migrant groups, except the Sri Lanka and
Vietnam groups (RRs from 1.08 [1.03-1.14] in the Former Yugoslavia group to 1.78 [1.67-
1.90] in the Somalia group). Adjustment for clinical factors (model 1) roughly halved
the size of the increased risks compared to crude estimates, while further adjustment for
socioeconomic factors (model 2) only had minor effect on the estimates. See Figure 4.5
for details.
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Baseline risk in native Danes and relative risk in each migrant group with 95% Cls.

RR: LDL-C 2 2.6 mmol/L

e Model 1 adjusted for age, sex, diabetes duration and prevalent complications.

e Model 2 further adjusted for employment status, household income, duration of
residence and region of residence.

e Abbreviations: HbAlc: haemoglobin-Alc. LDL-C: low-density lipoprotein choles-

terol.

Figure 4.5.: Risk of exceeding guideline-recommended biomarker targets
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4.3. Study II

4.3.4. Pharmacological treatment

Among native Danes with a treatment indication for GLD, LLD, ACEI/ARB and APT,
6.9%, 34.9%, 28.4% and 34.8%, respectively, did not receive treatment. In pharmacologi-
cal treatment, the overall risk patterns in migrants were less clear than found in previous
outcomes, but some groups had notably high risks.

Compared to native Danes, the crude risk of not receiving GLD was increased in the
Europe (RR 1.45 [1.31-1.60]) and the Somalia (RR 1.67 [1.34-2.09]) groups. Both groups
also had increased risk of not receiving LLD (RR 1.14 [1.09-1.19] in the Europe group
and 1.64 [1.52-1.77] in the Somalia group). In the remaining migrant groups, the risk
of not receiving GLD and LLD was similar or lower than the risk among native Danes.
The risk of not receiving ACEI/ARB was higher in five of the eight migrant groups (RRs
from 1.24 [1.15-1.34] in the Turkey group to 1.50 [1.25-1.82] in the Somalia-group), but
only the Somalia group was at higher risk of not receiving APT than native Danes (RR
1.53 [1.31-1.78]).

Adjustment for clinical and socioeconomic factors had varying effect on risk estimates
in the analysis of GLD and had little effect in the analyses of LLD, ACEI/ARB and
APT. In particular, the high RR of not receiving LLD in the Somalia-group attenuated
substantially following adjustment, but the risk remained higher than in native Danes.
See Figure 4.6 for details.

67



Native Danes Ref. risk
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4. Results in summary
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Baseline risk in native Danes and relative risk in each migrant group with 95% Cls.

e Model 1 adjusted for age, sex, diabetes duration and prevalent complications.
e Model 2 further adjusted for employment status, household income, duration of

residence and region of residence.
o Abbreviations: ACEI/ARB: angiotensin-converting enzyme-inhibitors or an-
giotensin receptor blockers.

Figure 4.6.: Risk of not receiving guideline-recommended pharmacological
treatment
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4.4. Study III

4.4. Study Il

This nationwide cross-sectional study examined user-prevalence of combination therapy
and individual GLD types within T2D in 2019, focusing on disparities in migrants.

During 2019, 34.7% of native Danes received any combination therapy, and 12.9% re-
ceived triple combination therapy. In the adjusted models, the RR was lower in most
migrant groups for any combination therapy, as the fully adjusted RR (model 2) ranged
from 0.77 [0.71-0.85] (Somalia group) to 1.00 [0.97-1.04] (Former Yugoslavia group).
Similarly, the fully adjusted RR of using triple combination therapy ranged from 0.56
[0.46-0.68] (Somalia group) to 1.03 [0.96-1.10] (Former Yugoslavia group). See Figure 4.7
for details.

Among orally administered GLDs, the most widely used drug type during 2019 in native
Danes was metformin (used by 62.1%), followed by DPP4i (13.3%), SGLT2i (11.9%)
and sulfonylureas (5.2%). In these GLD types, the crude and adjusted RR was higher
in most migrant groups. For each drug type, the range of the fully adjusted RRs
(model 2) were: metformin: 0.99 [0.97-1.01] (Europe group) to 1.10 [1.06-1.15] (So-
malia group), sulfonylureas: 1.05 [0.99-1.11] (Europe group) to 1.95 [1.59-2.39] (Viet-
nam group), DPP4i: 1.05 [0.99-1.10] (Europe group) to 1.66 [1.46-1.90] (Somalia group)
and SGLT2i: 1.06 [0.92-1.21] (Vietnam group) to 1.14 [1.09-1.19] (Turkey group). See
Figure 4.8 for details.

Among injection-based GLD types, 18.7% of native Danes received insulins during 2019,
and 13.3% received GLP1RA. In these GLD types, the fully adjusted RR (model 2) was
lower in all migrant groups, as the RRs ranged from 0.66 [0.62-0.71] (Sri Lanka group)
to 0.94 [0.89-0.99] (Europe group) for insulin use, and from 0.29 [0.22-0.39] (Somalia
group) to 0.95 [0.89-1.01] (Europe group) for GLP1RA use. See Figure 4.9 for details.
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4. Results in summary
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o Model 1 adjusted for sex, age, diabetes duration, hemoglobin-Alc level, low-density
lipoprotein cholesterol level, lipid-lowering drug use, prevalent complications.

e Model 2 further adjusted for employment status, household income, duration of
residence, region of residence.

Figure 4.7.: Glucose-lowering drug combination therapy
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4.4. Study III

Native Danes Ref. risk 62.1% (61.9 - 62.3) 5.2% (5.1 -5.3) 13.3% (13.2 - 13.5) 11.9% (11.7 - 12.0)
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User-prevalence in native Danes and relative risk in each migrant group with 95% CIs.

e Model 1 adjusted for sex, age, diabetes duration, hemoglobin-Alc level, low-
density lipoprotein cholesterol level, lipid-lowering drug use, prevalent complica-
tions, glucose-lowering drug combination therapy.

e Model 2 further adjusted for employment status, household income, duration of
residence, region of residence.

e Abbreviations: SU: sulfonylureas. DPP4i: dipeptidyl peptidase-4 inhibitors.
SGLT2i: sodium glucose cotransporter-2 inhibitors.

Figure 4.8.: Oral glucose-lowering drug types
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4. Results in summary

Native Danes Ref. risk 18.7% (18.5 - 18.9) 13.3% (13.2 - 13.4)
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User-prevalence in native Danes and relative risk in each migrant group with 95% Cls.

e Model 1 adjusted for sex, age, diabetes duration, hemoglobin-Alc level, low-
density lipoprotein cholesterol level, lipid-lowering drug use, prevalent complica-
tions, glucose-lowering drug combination therapy.

e Model 2 further adjusted for employment status, household income, duration of
residence, region of residence.

e Abbreviations: GLP1RA: glucagon-like peptide-1 receptor agonists.

Figure 4.9.: Injection-based glucose-lowering drug types
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5. Discussion of methods

Before discussing the methodological design of the studies in the dissertation, this chapter
first discusses the algorithm design choices made in the OSDC and the RSCD in light of
discoveries made during development, implementation and validation of the classifiers.

5.1. Design of diabetes classifiers

Using data from general-purpose healthcare registers to classify diabetes cases and their
specific diabetes type has several limitations. This section discusses the challenges iden-
tified during the development and implementation of diabetes classifiers in this PhD
project prior to the validation performed in study I. The validation study design is dis-
cussed in Section 5.2 and its results are discussed in Chapter 6. Future perspectives of
register-based diabetes classification are adressed in Chapter 8.

5.1.1. Approaches to censoring gestational diabetes mellitus

In an early version of the OSDC, we discovered that when using all the available data
on GLD purchases, including the earliest years of the National Prescription Register,
a substantial proportion of the individuals classified as having T1D had no purchases
of insulin during the previous year (around 8% of the T1D population in most years).
This seemed unlikely from a clinical perspective. When exploring these cases among
participants in the National Health Survey, we found that none of them reported having
diabetes in the data, although a few reported having previously had diabetes (data not
shown). This led to the decision to correct diabetes type on the index date in cross-
sectional studies.

However, pursuing this issue further showed that most of these cases were young women
with diabetes onset before 1997, which might indicate that censoring of GDM was in-
sufficient during this period of time. Censoring of GDM relied on the clinical obstetric
coding recorded in the National Patient Register to identify individual pregnancy win-
dows. Therefore, a rudimentary validation of the number of births registered by codes
in the National Patient Register against the number of annual births recorded in the
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5. Discussion of methods

Danish Medical Birth Register'%* was attempted. This showed that the clinical obstetric
diagnosis codes use to capture births in the National Patient Register was indeed lacking
in the first few years after the adoption of the ICD-10 coding system in 1994. However,
it appeared to be sufficient from 1997 onwards, as shown in Figure 5.1 (note the gap in
annual births between the two sources during 1993-1996 highlighted in grey). This led
to the decision to restrict inclusion from prescription data to 1997 onward.

Any algorithm censoring GDM by using obstetrical codes from data prior to 1997 in the
National Patient Register is likely to include false-positive diabetes cases among women.
The RSCD censors GDM based on hospital diagnoses of GDM, but it ultimately manages
these old cases (and other potentially misclassified cases) by retrospectively excluding
individuals without any inclusion events in the 10 years preceding a given index date.
While such a mechanism solves this issue in a cross-sectional study, it may be problematic
for study designs with dynamic index dates (e.g. longitudinal studies with index dates
at the time of diabetes onset are not possible).
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Figure 5.1.: Annually registered births
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5.1. Design of diabetes classifiers

5.1.2. Approaches to censoring polycystic ovary syndrome

In Denmark, women with PCOS are diagnosed and treated mainly in the primary care
sector, and therefore these cases are not registered in the Danish National Patient Regis-
ter. Metformin, a GLD, is used in the treatment of PCOS, and this may lead to inclusion
of false-positive diabetes cases among women treated with metformin. As PCOS affects
mainly young women, a possible solution can be to censor metformin purchases among
women below an arbitrary age cut-off.

In OSDC, we adopted a cut-off of age 40 years, which has previously been used in the
Danish National Diabetes Register.” We also censored metformin purchases in women
when the indication code of the prescription suggested that it was for PCOS. This
approach may over-censor purchases among younger women, but we expected this to be
a minor issue as most of these patients should be included based on HbAlc data instead.
Some women may be treated for PCOS with metformin after the age of 40 years. Unless
this was extremely rare, these were unlikely to be censored correctly, as the data on the
indication codes contributed only very few cases of censoring.

The RSCD took a very different approach to identifying PCOS cases and censoring
metformin purchases; it used data on purchases of contraceptives for the treatment
of PCOS and any diagnoses of PCOS in the Danish National Patient Register. This
approach provides an age-agnostic censoring criterion. As contraceptives are the first-
line treatment drugs in the guidelines for PCOS, metformin is unlikely to be prescribed
for PCOS without these. However, these contraceptives are also used in women without
PCOS, which holds a risk of over-censoring women with T2D taking these contraceptives
without having PCOS.

5.1.3. Approaches to censoring other sources of false inclusions

Despite much of the data collection being automated, the health registers are ultimately
subject to human error. Thus, entries into the data may be erroneous and lead to false
inclusions by the classifier (e.g. a prescription for GLD intended for another patient may
be written and purchased by an individual without diabetes or a wrong diagnosis may
have been recorded by a hospital physician). In the OSDC, diabetes diagnosis was defined
at the second occurrence of an event across any of the four types of inclusion events.
This approach was taken to account for errors in the register data and to comply with
the HbAlc-testing recommendations from the World Health Organization and clinical
guidelines, which recommend repeated samples before diagnosis.®®!% The drawback of
this approach was the potential delay of inclusion after diabetes onset, particularly in
the years before HbAlc data was available.
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As previously mentioned, the RSCD retrospectively excludes individuals without any
inclusion events in the 10 years preceding a given index date. This approach avoids
unnecessary delay, but it accumulates 10 years of falsely included cases on any given
index date.

5.1.4. Approaches to classification of diabetes type

With no accurate, population-wide marker of diabetes type available, researchers are
forced to using indirect markers to classify diabetes type from register data. Thus,
algorithm design decisions are based on assumptions, which may qualify as so-called
expert clinical knowledge, and these come with benefits and drawbacks. For example, for
type-classification in the OSDC, we chose to omit diagnoses from surgical departments,
as we assumed that diagnoses from medical departments, particularly endocrinology
departments, would be more accurate as these departments provide care specifically for
T1D and T2D.

In the OSDC, we deliberately chose to make classification of T1D cases more restrictive
compared to T2D. This choice was made because the T1D population is much smaller
than the T2D population and therefore more vulnerable to bias from misclassification,
while the T2D population is more robust due to its larger size. The algorithm specifying
diabetes type reflects this, as all cases of T1D must pass separate checks on medication
purchases and hospital diagnoses, and failure in either check results in classification as
T2D (see Figure 4.2).

As previously mentioned, around 10% of T1D cases in the OSDC had purchased non-
insulin GLD at one or more points in time. In the RSCD version 1.0, which was im-
plemented and validated in the first study of this PhD project, these cases would all be
classified as T2D and omitted from the T1D population, thereby lowering the sensitivity
of T1D classification. Recent revisions of the RSCD addressed this by allowing cases
with non-insulin GLD purchases in the first year after onset of diabetes to be classified
as T1D.106

The concordance was high between the two algorithms in the classification of diabetes of
any type vs. no diabetes. The different approaches to classifying diabetes type is likely
the main cause of the performance differences observed between the two algorithms.

5.1.5. Incidence and demographic characteristics of register-based diabetes
cohorts

Both the OSDC and the RSCD depend on data sources with varying duration of data
coverage. In addition, methods to diagnose diabetes have changed in the period covered
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by the data, which leads to spikes in the incidence of diabetes inclusions, as shown in
Figure 5.2. Both classifiers show three incidence spikes:

o 1995/1997: The year after incorporation of prescription data.

e 2011: The year after HbAlc becoming the diagnostic standard.

e 2016: In the OSDC, this spike is not surprising as this was the year after HbAlc
data was made available from the last of the five Danish regions. The reason for
the increased incidence in the RSCD is less clear, but it might indicate that this is
not a spike, but rather the end of a plateau that followed after the previous spike
in 2011.
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Figure 5.2.: Calendar year of inclusion among prevalent diabetes cases on 1
January 2019
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5.1. Design of diabetes classifiers

The different approaches to censoring between the classifiers affect the inclusions, which
is evident in the distribution of the age at inclusion of each sex, as shown in Figure 5.3.
For men, where no censoring of GDM nor PCOS is necessary, age at inclusion of T2D
is normally distributed and similar between the two classifiers. For women, however,
this distribution differs between the classifiers. In the OSDC, the age-based censoring
of PCOS results in a spike of T2D cases included at age 40 years old. In the RSCD, the
distribution is left-skewed by women included before age 40 years.
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Figure 5.3.: Age at inclusion for each sex among prevalent diabetes cases on 1

January 2019
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5.1. Design of diabetes classifiers

As discussed previously, we expected the addition of HbAlc data in the OSDC classifier
to compensate for the over-censoring of metformin prescription data. In density plots
of age at inclusion stratified by calendar year period, the observed spike in T2D among
women at age 40 years appeared to be due to cases with onset during calendar years
with partial or no coverage of HbAlc data, as shown in Figure 5.4. Before 2016, when
HbAlc data was not available from all regions of Denmark, a spike of inclusions is seen
for women with T2D included at age 40 years. This spike is absent in the subsequent
years, but the distribution is slightly skewed with a plateau in the age range 40-45 years.
This is likely a residual effect of women in this age range having been prematurely
included in the preceding years. In plots of the RSCD classification, the distributions
of T2D and T1D are more skewed among individuals included after 2016 than before
2016. Indeed, among cases included during the most recent years, the RSCD T1D
and T2D distributions appear bimodal, a visual sign of cross-contamination, which may
indicate that the RSCD is more prone to misclassifying cases during the first years after
onset /inclusion.

While the different design approaches between the two classifiers resulted in differences
in incidence and demographic characteristics between theircohorts, the performance in
classification of prevalent diabetes was comparable, as described in Chapter 4, and the
differences were not specific to T2D in women, for whom the design of the algorithms
differed the most.
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Figure 5.4.: Age at inclusion for each sex among prevalent diabetes cases on 1
January 2019, stratified by calendar year of inclusion
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5.2. Study designs

5.2. Study designs

All three studies in this dissertation were designed as observational, cross-sectional stud-
ies based on prospectively collected register data covering the entire adult population
in Denmark. The first study also incorporated questionnaire data from the Health in
Central Denmark survey to serve as the gold standard for validation.

The cross-sectional design is useful for assessing the prevalence of an outcome or expo-
sure at a particular point in time and any associations between them. Compared to a
longitudinal design, a major limitation of this design is the inability to establish tempo-
ral or causal relationships between exposures and outcomes. Thei limitation was not a
concern in the context of this dissertation, because the aim was to map risks in migrants
(rather than infer causality) and because the exposure (migrant origin) was defined at
birth, i.e. long before assessment of any of the outcomes.

The use of nationwide register data enabled the largest possible sample size and provided
sufficient statistical power for analyses on minority groups. The drawback was that the
data was not collected nor validated for this specific research purpose.

Factors affecting the generalisability of the findings of this dissertation are discussed in
the following sections.

5.3. Internal validity

5.3.1. Selection bias

In study I, validation was performed in a population of respondents to a survey; a design
that is prone to selection bias. Survey invitations were conditioned on being aged 18-74
years and on being classified as a diabetes case by the OSDC or being sampled into a
group matched by sex, age and municipality. The choice to subsample OSDC diabetes
cases when deriving the study population compensated for the oversampling of OSDC
cases compared to non-cases in the survey population, but this did not change the other
characteristics in the survey population. As a result, the study population contained
fewer women and a skewed age distribution compared to a random sample of the general
population and also a higher diabetes prevalence.

The accuracy of the classifiers may be different among individuals older than age 75
years, and the predictive values will vary depending on diabetes prevalence. However,
supplementary validation analyses performed in the National Health Survey, which con-
tains a representative sample of the general adult population, provided results similar
to those obtained in the Health in Central Denmark survey. This does not rule out
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selection bias, however, as the data in both surveys covered only the Central Denmark
Region, and the supplementary analyses were limited to classification of diabetes of any
type vs. no diabetes (see Appendix A).

In addition to the distribution of survey invitations, non-response among invitees may
also be a source of selection bias as the analyses were restricted to respondents. However,
several factors suggest that this bias was limited; the response rates were high (>50%) in
the T1D, T2D and no-diabetes groups, and the three groups shared similar non-response
patterns.®

The unique strength of studies II and III was the large study population with data
on socio-demographic characteristics, healthcare services, biomarker levels and phar-
macological treatment for an entire nation, which minimises the risk of selection bias.
However, the statistical analyses were performed as complete-case analyses, which omits
individuals with missing data from the analyses and may induce selection bias. To avoid
this, individuals with very short residence durations on the index dates of the studies
were excluded to allow time for the data to be captured correctly. In addition, the
variables included in the analyses were chosen to minimize missing data, e.g. we omitted
education level from the analyses due to a substantial proportion of migrants missing
this data.

Laboratories from different regions of the country did not contribute data for the same
length of time prior to the index dates of the studies. Migrant groups were distributed
unevenly across these regions. This could potentially have induced a differential bias on
biomarker levels between migrant groups if biomarker levels differed between individuals
with a recent sample and those with only an older sample. In study II, this potential
bias is likely to be minor, however, since most of the study population underwent yearly
biomarker monitoring prior to the index date. Analyses of biomarker levels and phar-
macological treatment in study II - and all analyses in study III - were conditioned
on individuals having an HbAlc or/and LDL-C level recorded, and this selection could
potentially induce a bias. However, even in study III, which excluded individuals with-
out a samples in the three years prior to the index date to minimise information bias,
this excluded no more than a few percent of the study population, an indication that
substantial selection bias was unlikely.

In study II, the analyses on pharmacological treatment were conditioned on individuals
still being alive and residing in Denmark at the end of the following year, which could
have induced selection bias. However, the alternative, i.e. leaving these individuals in
the analyses, would have the potential to induce substantial bias, as any individual
dying or emigrating before their first drug purchase in the year would have had their
outcome misclassified if being in pharmacological treatment prior to the index date,
which was most likely (the majority of individuals with an indication for treatment did
receive treatment in the year after the index date). In study III, the analyses were not
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performed in a population with a strict indication for any given treatment. Therefore,
we expected outcomes to be more rare, and we did not condition on being alive and
residing in Denmark for the entire year after the index date. This may have lead to
underestimated user-prevalences due to deaths and emigrations in the first months after
the index date, but this is unlikely to be a major source of bias.

5.3.2. Information bias

In study I, the gold standard for validation was self-reported diabetes type, which is an
imperfect gold standard that may be prone to recall bias. As age at onset in the true T1D
population was much lower compared to age at onset in the T2D population (which was
an order of magnitude larger in size) we would expect the mean age at onset of diabetes
in the self-reported T'1D population to increase substantially if the self-reported diabetes
type was inaccurate. However, the distribution of self-reported age at onset of T1D was
similar to previously reported estimates.'®” This indicates that the self-reported data
on T1D was accurate overall. Although inaccuracies in the self-reported diabetes data
cannot be ruled out, especially in groups with low health literacy (e.g. migrants),'® we
expect these to be minor and non-differential between the two register-based classifiers.
Thus, any inaccuracies would result in bias towards the mean: an underestimation of
performance in both classifiers and an attenuation of differences between them.'%? Indeed,
a substantial proportion of self-reported T1D cases among migrants in our study may
have been true T2D cases, as the proportion of self-reported T1D was higher in migrants
than in native Danes, which contradicts previous findings.''%!!! This does not imply that
the classifiers perform worse in migrants, only that the ability to validate the classifiers
in these groups is limited in this study design.

In light of the results from study I, the OSDC classification of T2D used to define study
populations in studies II and III was found to be highly valid. The quality of the register
data is likely to be very high overall, as it is captured automatically and used in civil
registration, billing of public health care services, reimbursement of prescription drug
purchases, and for clinical use and administrative purposes in hospitals. The biomarker
data is captured automatically by the clinical databases and this data is likely to be ac-
curate, as clinical laboratories are compelled to uphold quality assurance standards.!!?
Thus, the outcomes defined in studies II and III through billing records from primary
care (monitoring), biomarker samples (monitoring and biomarker levels) and prescription
drug purchases (pharmacological treatment) were likely to be valid. However, migrants
tend to have more healthcare contacts than native Danes''® and may be more likely to
receive testing for HbAlc, LDL-C and UACR that does not represent routine diabetes
monitoring. While we expect this effect to be minor, it might have overestimated the
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quality of monitoring in migrants compared to native Danes. In addition, while guide-
lines recommend that screening for diabetic foot to be performed by a podiatrist, GPs
may also perform it. This would not be captured in the data, which may have overesti-
mated the risk of non-fulfilment of this aspect of monitoring in groups where screening
for diabetic foot is more often performed by the GP. Migrants, being poorer than native
Danes, may be more likely to have screening for diabetic foot performed at the GP if
they are deterred from using podiatrist services due to the associated financial barriers.
This would lead to exaggerated risks in migrants if screening for diabetic foot by GPs is
considered equal to podiatrist screening in terms of care quality.

In study III, the lack of data on active ordinations of GLD meant that an indirect def-
inition based on prescription purchases had to be used. The greatest challenge in this
regard is managing patients switching from one type of GLD to another, which - in a
fixed window of prescription purchase data - is hard to discern from patients adding an
additional type of GLD to their treatment. If a drug switch is misclassified as the use
of two GLD types rather than one, user-prevalences will be overestimated. In contrast,
patients purchasing large amounts of GLD at once may not need to make another pur-
chase during the data window despite being users, which will lead to underestimation of
user-prevalences. This is a particular problem since metformin, the most commonly used
GLD type in Denmark, is available for purchase in package of 400 tablets, which will last
the user for several months - even at maximum daily dosage and complete adherence to
medication.

Our definition of GLD use - requiring two purchases in a year, and at least one in the
last six months of the year - attempts to limit the potential of both types of errors.
By requiring two purchases of each GLD, we expect to have accounted for most cases
of switching/discontinuation due to side-effects, which is likely to occur during use of
the first purchase. In addition, by requiring a purchase to be made within a six month
window, the potential for GLD switching is minimised, due to the low likelihood of
switching from one GLD to another (and making two purchases of the new drug) in such a
short window of time.''415 Furthermore, this user-definition is likely to correctly identify
users of metformin, even users of sub-maximal dosages purchasing in bulk. Naturally,
we may have omitted individuals purchasing very large amounts of a GLD type at once,
and may incorrectly have identified patients discontinuing/switching from one type of
GLD to another as being users of both types if the switch happened during the last
six months of the year. However, we do not expect this to have influenced our findings
substantially, neither in any of the individual GLD types nor in combination therapy.

Alternative definitions of use could have pursued a more restrictive identification of
drug discontinuation/switching by using distinct rules for metformin-use, or by requiring
repeated purchases of each GLD during subsequent time-windows. The drawback of
the latter is the inability to allow for GLD types to be added during subsequent time
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windows, while the former is unlikely to provide enough improvement to justify the added
complexity (unless using a definition with a shorter time-frame than ours, e.g. requiring
purchases within a three-month window).

The exposure definition of migrant origin is based on systematic registrations by the
immigration office, which are likely to be highly valid. While this classification based on
country of origin is able to identify distinct ethnic minorities better than definitions based
on race,'?, it does not fully capture ethnic groups within each country (e.g. ethnic Turks
vs. ethnic Kurds in the Turkey group) or pooled category (e.g. Moroccan vs. Afghan
migrants in the Middle East group). This may lead to underestimation of disparities
due to bias towards the mean if an origin group contains multiple ethnic groups with
opposite risk patterns.

Among variables used for adjustment, some are particularly vulnerable to inaccuracies.
For example, data on hospital diagnoses may be vulnerable to inaccuracies and errors,
as these data potentially rely on registrations entered by a single doctor (possibly sleep-
deprived and pressured for time), who may not prioritise accuracy of the registration
over more pressing clinical concerns. In studies II and III, hospital diagnoses of macrovas-
cular complications were used as adjustment variables, and these primary diagnoses had
previously been validated for peripheral arterial disease, stroke and cardiovascular dis-
ease with PPVs between 75% and 99%, which was sufficient for their purpose in our
studies. 1167118

In contrast, to the best of my knowledge, register-defined duration of diabetes has never
been the subject of validation in any previous studies. Supplementary analyses in study
I indicated that register-classified diabetes duration may be biased among individuals
with T2D. However, this bias seems unlikely to be differential between migrant groups
and the outcomes investigated in studies II and III, although it might have lead to an
underestimation of disparities due to bias towards the mean.

5.3.3. Confounding

None of the studies in this dissertation attempted to establish causation. Neverthe-
less, potential confounding of the observed risk disparities between migrants and native
Danes deserves to be discussed since migrant origin, socioeconomic position, lifestyle
and healthcare utilisation are intertwined beyond the information captured in the data.
Studies II and III mapped the risks in migrants (not causal associations). However, in
order to visualise and interpret disparities in a clinical and social context, the analyses
were adjusted for some potential clinical and socioeconomic risk factors. As the focus
was placed on risk rather than causality, we did not adjust for possible differences in
GP behaviour, which is obviously an important factor in care provision. Additionally,
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the factors adjusted for may not fully capture the clinical status of a patient, and the
distributions of hypertension, smoking and diabetic complications beyond macrovascu-
lar complications and kidney disease are likely to differ between migrant groups and the
outcomes studied. However, any residual confounding of the associations is assessed to
be minor, as we adjusted for several key clinical risk factors.

5.4. External validity

5.4.1. Generalisability

In study I, both classifiers achieved excellent overall accuracy, despite their different ap-
proaches to classifying diabetes type, handling potentially erroneous data and censoring
PCOS and GDM cases. This might indicate that the quality of the underlying data is
more important for accurate classification of diabetes type than the specific technical
design. If this is the case, the overall performance estimates are likely to be generalisable
to other diabetes definitions based on Danish register data from similar time periods and
with comparable inclusion and censoring criteria. Register-based studies set in health-
care systems of other countries may use the algorithms as a starting point. However, a
careful analysis of whether a given register data infrastructure captures valid informa-
tion on type-specific diagnoses, inclusion and censoring criteria is required before similar
classification accuracy can be assumed.

Migrant populations differ between nations, and T2D care quality differs between nations
with different healthcare systems. In addition, diabetes risks in migrants appear to be
sensitive not only to the country of origin and the country of residence, but also to the
socioeconomic gradient between the two.3* Thus, generalising the findings on care quality
to migrants in other countries depends on several context-specific factors. Despite these
limitations, it seems likely that the disparities found in migrant groups in Denmark may
also be present in migrants from the same origin groups in other European countries
with universal public healthcare systems. In study II, reference risks in most indicators
of T2D care were similar to reports from other Scandinavian countries and the UK. This
suggests that these settings are comparable in terms of diabetes care, but the levels
of HbAlc and LDL-C were lower in the Danish T2D population which may limit the
generalisability of our results within these outcomes.3%119

The vast majority of migrant groups were covered in the origin categories studied in this
dissertation. The remaining migrants are a very heterogeneous group in terms of origin,
but the overall risk patterns may generalise to these as well. The results on diabetes
care from study II may not generalise to migrants with a short duration of diabetes or
residence in Denmark, who were excluded from the analyses. Still, the ramifications of
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this are limited, since it only concerns relatively few individuals, who transition out of
these states after a limited period of time.

5.5. Analyses

In study I, the great strength of the survey data was that it provided information on
individuals regardless of diabetes status, which enabled analyses of all four standard
validation metrics (sensitivity, specificity, PPV and NPV). This contrasts clinical audit of
electronic patient records, a commonly used validation study design, which provides only
an estimate of PPV. Subsampling and excluding most OSDC-classified diabetes cases
from the study population may seem counter-intuitive, as it reduces the statistical power,
but this was necessary to provide unbiased validation estimates. Without subsampling,
the study population would have been far from representative of the target population in
terms of diabetes prevalence, and it would also induce circular bias towards the OSDC
classifier; among individuals with diabetes, true positive OSDC diabetes cases would
be much more likely to be included in the study population than false-negative OSDC
diabetes cases. Another undesirable effect of subsampling is that it may induce a random
bias, but this was examined by drawing multiple samples and bootstrapping repeated
analyses. The bootstrapped analyses showed that the study population sample was
robust and that sampling had not induced any major random bias.

In studies II and III, the use of robust Poisson regression provided intuitive estimates
of relative risk, despite most outcomes being common. While relative risk is probably
the most relevant risk measure for the individual patient and the clinician providing
treatment, public health planners may be more interested in disparities measured as
absolute risk differences between groups.

In studies II and III, the choice of statistical models and variables for adjustment merits
some discussion. Both studies presented risk estimates from three different models with
different contexts: crude, adjusted for clinical variables (model 1) and adjusted for clini-
cal and socioeconomic variables (model 2). In study II, the outcomes were closely aligned
with guideline recommendations, most of which apply to all T2D patients regardless of
patient characteristics. Therefore, the emphasis in study II was placed on the crude risk
estimates. In study III, the outcomes were not tied to absolute recommendations, and
indication for treatment depended more on the risk profile and characteristics of each
individual patient. For this reason, the models were expanded to capture more clinical
characteristics in study III, where the emphasis was placed on the fully adjusted esti-
mates (model 2). Due to the very different distributions of some characteristics between
migrants and native Danes (e.g. most migrant groups with T2D were much younger and
had much lower household incomes), the adjusted estimates should be interpreted with
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caution, as they compare the risk in migrants with the risk in the most vulnerable mi-
nority of native Danes with T2D. Indeed, researchers focussing on causal inference could
argue that being young and poor is a causal effect of being a migrant with T2D. Fur-
thermore, if receiving poor T2D care quality is considered a causal effect of being young
and poor, then these variables would (in a causal framework) be considered intermediary
variables on the causal pathway (and adjusting for them would lead to underestimation
of the association). Ultimately, the three models contribute to understanding and in-
terpreting the risk in migrants from different perspectives, and the most relevant model
will depend on the aims of the reader.
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6.1. Key main findings

This dissertation identified several important findings in the three studies. First, study I
determined whether register-based classifiers can identify valid populations of T1D and
T2D in a general Danish population. Second, disparities in T2D care between migrants
and native Danes were investigated in two cross-sectional studies. Study II analysed
T2D prevalence and disparity in care quality as outlined in guideline recommendations
for monitoring, biomarker levels and pharmacological treatment, while study III explored
disparities in GLD treatment in terms of combination therapy and types of GLD used.

In this chapter, the main findings of each study are discussed separately and compared
to existing literature before clinical implications of the results of studies II and III are
discussed. Risk factors in T2D care beyond migrant origin are of great importance in a
broader scope of equity in T2D care provision. However, they are not the focus of this
dissertation and are only briefly discussed as they relate to migrants.

6.2. Study |

This study validated two predefined algorithms (the OSDC and the RSCD), which classi-
fied diabetes type in Danish register data against self-reported diabetes type in a Danish
survey population. Overall, both classifiers performed excellent in terms of PPV in both
T1D and T2D as well as sensitivity in T2D classification (all estimates 0.875 and above),
and they had near-perfect accuracy in terms of specificity and NPV in both T1D and
T2D (all estimates 0.989 and above). Both classifiers were unable to accurately classify
diabetes type in individuals with T1D onset after age 40 years and T2D onset before
age 40 years.

Sensitivity and NPV were higher in the OSDC than in the RSCD for both diabetes types.
In T1D classification, these differences are attributable to differences in the algorithms,
as both algorithms relied on the same data sources for identifying T1D (GLD use and
type-specific diabetes diagnoses).” In T2D, this difference may be explained by the use
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of HbAlc data in the OSDC, which enables inclusion of diabetes cases at the time of di-
agnosis rather than requiring subsequent initiation of GLD treatment or hospitalisation.
Specificity and PPV in T2D classification were higher in the RSCD than in the OSCD.
This could possibly be explained by inclusion of milder cases in the latter, as this popula-
tion may be less likely to correctly report having diabetes (e.g. if an individual had never
purchased GLD or been hospitalised for the disease). Notably, the demographic char-
acteristics of the register-classified diabetes populations differed, particularly in T1D,
where the higher sensitivity of the OSDC in women (0.846 vs. 0.725 in supplementary
analyses) resulted in a higher prevalence of women in the OSDC population compared
to the RSCD population. This is in line with a previous study comparing the Danish Na-
tional Diabetes Register (which did not use HbAlc) against a local database containing
HbAlc as an alternative inclusion criterion, which found higher prevalences of diabetes
in the HbAlc-augmented definition, especially among women.%*

To the best of my knowledge, this study was the first to validate the performance of
a type-specific diabetes classifier in a general population of individuals with and with-
out diabetes. Other studies have validated type-specific diabetes classifier performance
in populations consisting only of individuals with diabetes, which fails to test the abil-
ity of the algorithm to distinguish individuals with diabetes from those without. This
overestimates the accuracy of the algorithm compared to its performance in a general
population. In addition, both algorithms were pre-specified, as opposed to the data-
driven, exploratory approaches used in other validation studies to design algorithms
optimized for a particular dataset, which holds a risk of overfitting the algorithm to the
dataset and reducing the external validity of findings.6%7%12% Despite these differences,
the performance of both our classifiers was superior to the performance of T1D classi-
fication reported in studies in the United States and Hong Kong,%%™ and comparable
to that reported in the United Kingdom,'?! but inferior to that reported in a study in
Canada.™

The poor performance of the register-based classifiers in subgroups with diabetes onset at
atypical age is likely to reflect clinical uncertainty in these cases. This may result in inac-
curate type-specific diabetes diagnoses and uncharacteristic GLD purchase patterns,'??
which may lead the algorithms to misclassify these individuals. Sensitivity in T1D clas-
sification has previously been reported to be highly dependent on age at onset,'? and
our findings indicate that this issue also extends to PPV and to T2D classification.

6.3. Study II

This study analysed the prevalence of T2D and disparities between migrant groups
and native Danes across eleven indicators of guideline recommendations on monitoring,
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biomarker levels and pharmacological treatment.

The prevalence of T2D was found to be higher in migrants compared to native Danes,
especially in migrants from Sri Lanka and Pakistan, who were four to five times more
likely to have T2D compared to native Danes. While similar findings have previously
been reported in Denmark”?® and across Europe,® our study shows that this risk persists
after adjusting for differences in socioeconomic position.

Failure to fulfil guideline recommendations and targets for T2D care was common. The
proportion of native Danes unable to fulfil recommendations was below 10% in only
two indicators (HbAlc-monitoring and GLD-treatment) and above 25% in eight (all
remaining indicators excluding LDL-C monitoring). Non-fulfilment of guideline recom-
mendations was more common in migrants, particularly in terms of monitoring and
controlling HbAlc and LDL-C levels. In most of these indicators, we observed increased
crude risks at a significance level of @ = 0.05 in most migrant groups, whereas no clear
overall pattern was observed across migrant groups in the indicators of pharmacological
treatment.

The disparity between migrants and native Danes was largest in the indicators of gly-
caemic control and screening for diabetic foot disease (crude risk was increased by more
than one-third in most migrant groups). Migrants from Somalia stood out across all
aspects of T2D care. The group had increased crude risk in all eleven indicators, and
the highest risk of all migrants in nine. In addition, the largest single disparity was
observed in migrants from Somalia, who had almost twice the crude risk of native Danes
in the indicator of lipid control.

Our findings of lower likelihood of T2D monitoring in most migrant groups contrast the
findings in prior studies, where migrants received similar or more monitoring compared
to native Danes,?® Norwegians®® and Swedes.?! Still, it is in line with recent findings of
less timely monitoring in ethnic minority groups in England.??> The proportion of the
T2D population without timely monitoring varied substantially between each type of
monitoring, but socioeconomic factors such as household income and region of residence
were risk factors in all types of monitoring. Screening for diabetic foot disease is the only
service that is not fully covered by the public health insurance in Denmark (requiring the
patient to pay a fee), which may explain why this indicator had the highest proportion of
individuals without timely monitoring. In addition, the large disparity between migrants
and native Danes in this indicator, which persisted after adjusting for socioeconomic
variables, suggests that economic barriers may disproportionately limit the access to
care in migrant groups.

In line with previous studies, most migrant groups were less likely than native Danes to
achieve glycaemic control.?! The magnitude of the risk was similar to what has previously
been reported, although it may seem lower compared to estimates reported as ORs in
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other studies, since ORs may lead to exaggerated risk estimates if interpreted as RR
when the outcome is common.'?® For example, a study in Scotland reported a crude OR
of dysglycaemia of 2.2 in the Pakistani group and a dysglycaemia-prevalence of roughly
50% in the reference group;3° this corresponds to an RR of 1.4,°7 which is similar to our
estimate.

To the best of my knowledge, increased LDL-C levels among migrants have not previously
been reported,®® although a small US study noted a minor trend towards higher lipid
levels in migrants from Somalia.'?* Three studies have examined obesity in migrants from
Somalia and found high prevalences of obesity and increased waist-to-hip ratio in women,
but not in men.'?> 127 If this pattern between sexes extends to migrants from Somalia
in Denmark, it seems unlikely that anthropometric factors alone can explain the high
levels of LDL-C in this population, as the risk remained unchanged in supplementary
analyses stratified by sex (not included in this dissertation).

Most studies of pharmacological treatment in T2D have analysed the whole population
(rather than analysing groups with a clinical indication for treatment) and have evaluated
incident medication use in cohorts of newly diagnosed, making direct comparisons to our
findings difficult. The finding of lower or similar risk of GLD non-use in most migrant
groups is in line with previous studies comparing migrants to native populations.??:3!
However, the lower risk of LLD non-use in most migrant groups contrasts findings from
prior studies.??334% The increased risk of dysglycaemia in the Somalia group coincided
with an increased risk of not receiving GLD. This pattern was also observed for dyslip-
idaemia and LLD non-use in the Somalia and Europe groups, indicating a particular
need to the increase uptake of pharmacological treatment in these groups. Similar to a
study from Italy, we found a higher risk of not receiving ACEI/ARB treatment in most
migrant groups. In contrast, the risk of not receiving APT was similar in most groups in
our study.?® As the indications for treatment with ACEI/ARB and APT were identical
in our study, one might expect similar risk patterns in these outcomes. Yet, this was not
the case, which might be due to unmeasured differences between the groups in terms of
indications, counter-indications, awareness of and attitude to these drugs.

Some of the disparities between migrants and native Danes could be attributed to a
higher prevalence of risk factors of poor T2D care in migrants; specifically young age,
low household income and residence in the Capital Region of Denmark.

6.4. Study Il

This study explored disparities in GLD treatment in terms of combination therapy and
types of GLD used, adding to the analysis of the indicator of GLD treatment performed
in study II. The analysis of GLD in study II found no overall pattern of disparity across
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migrant groups, but it did not capture nuances in the treatment provided, because
the analysis was a simple evaluation of any GLD treatment being present or not. In
this study, most migrant groups were found to be less likely to receive combination
GLD therapy than native Danes. We also found that, compared to native Danes, most
migrant groups were more likely to receive oral GLD types (metformin, sulfonylureas,
DPP4i, and SGLT?2i) and less likely to receive injection-based GLD types (insulins and
GLP1RA). Disparity was largest in GLP1RA use, where the RR ranged from 0.30 to
0.60 in most migrant groups.

As in study II, migrants from Somalia stood out; they had the lowest likelihood of
receiving combination therapy and GLP1RA of all groups.

To the best of my knowledge, combination therapy usage has not previously been stud-
ied in migrants. Still, disparities between racial groups have been examined, and these
proxies of ethnicity provide a basis for comparisons. With the notable exception of mi-
grants in the four smallest migrant groups (Pakistan, Sri Lanka, Somalia and Vietnam),
the migrants in our study received combination therapy on a level close to native Danes
after adjustments (RRs around 0.95 to 1.05). Since combination therapy is not a hard
clinical endpoint, we argue that the modest disparities observed in the largest groups
of migrants (covering more than three-quarters of the total migrant T2D population)
were insignificant from a clinical perspective. At a glance, this may contrast another
UK study reporting a high odds ratio of experiencing inertia in initiation of combina-
tion therapy in non-white groups compared to Whites (e.g. odds ratio in Blacks: 1.43)
and reporting their findings as persuasive evidence of disparities.*! However, the high
prevalence of inertia in the reference group (67.1%) of the study exaggerates this risk
estimate if interpreted as RR, and the corresponding RR (around 1.11 in Blacks)?" is
more in line with our findings.

The higher prevalence of metformin, sulfonylurea and DPP4i in migrant groups is in
line with previous reports in non-white minorities.??4> The particularly high prevalence
of sulfonylureas in migrants from Vietnam may reflect care being influenced by practice
in the origin country, as sulfonylureas are used in roughly three quarters of all T2D
patients in Vietnam.'?® In contrast, the higher prevalence of SGLT2 found in our study
contradicts previous studies on racial minorities.*>2%139 The very low prevalence of
GLP1RA use in migrants compared to the native population has not previously been
reported, but is in line with previous reports of disparities in non-white minorities.3?45-12
Similarly, the low prevalence of insulin treatment in migrants with T2D is consistent with

an Italian study?? and studies on non-white minorities elsewhere.3%131

The main analyses were limited to GLD use in 2019, as we only had access to data on co-
variables in the time before 2019. GLD treatment practice changed considerably in the
subsequent years (even before the broadening of GLP1RA /SGLT2i-recommendations in
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2022), and our findings may not persist in the new clinical context. However, supplemen-
tary analyses of GLD use in 2021 found that, despite substantial changes to GLD use
compared to 2019, including >50% increases in GLP1RA and SGLT?2i user-prevalences,
disparities between migrants and native Danes remained unchanged. This may indicate
that our findings are robust rather than limited to a clinical setting of narrow indication
or low prevalence of use of these drugs.

6.5. Clinical implications

In study II, the evaluation of quality of care using binary process and outcome indicators
does not capture qualitative differences in the provided care, nor does it account for
valid patient-specific reasons for not providing care or achieving biomarker control. In
some individuals, failure to achieve biomarker control may be unrelated to the quality
of provided care (e.g. due to genetic factors), and a lack of monitoring may not affect
risk factors and the risk of adverse outcomes. In contrast, there is less leeway for the
timely provision of pharmacological treatment to patients with a guideline indication
for treatment. Drug side-effects or contra-indications may be valid clinical reasons for a
patient to not receive a particular drug. However, this is likely to only explain a very
small fraction of non-users, as it is unlikely that these reasons prohibit all treatment
options offered by guidelines (e.g. all types of GLD or LLD). Thus, relative to monitoring
and biomarker levels, the clinical implications of disparities in pharmacological treatment
are clearer, and they require further discussion below.

Barriers to pharmacological treatment may originate from the healthcare system, the
clinician, and the patient. Therefore, efforts to increase the use should target these.

Healthcare policies affecting patient-incurred costs are major determinants of pharma-
cological treatment accessibility.!3*!33 In the Danish universal healthcare system, the
annual drug expenditures are partially covered from €132 and fully covered from €553
(2019 limits). While patients with higher medication expenses will incur similar costs,
regardless of the number or types of GLD used, patients treated with fewer, less expen-
sive drugs will receive only limited coverage, and they may perceive costs as a barrier
to using the newer, more expensive GLD types. In study III there were indications of
financial barriers to using the more expensive GLD regimens, as lower household income
was associated with less use of triple combination therapy, SGLT2i and GLP1RA (see
supplementary material). This could indicate that broader coverage of GLD expendi-
tures may serve to increase the use of combination therapy, SGLT2i and GLP1RA in the
poorest patient groups, in which migrants constitute a disproportionately large share.

Clinicians may be reluctant to prescribe insulin in migrants if a language barrier is
present, given the complex nature of administrations and the risk of hypoglycaemia.
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However, the use of GLP1RA does not carry these risks and should not take up more re-
sources of the prescriber (e.g. physician or staff consultation time) over oral GLD, even if
language barriers are present. Increasing GP awareness of disparities in pharmacological
treatment of migrants with T2D (e.g. by increasing focus on migrants in clinical guide-
lines) may reduce the risk of suboptimal pharmacological treatment in these groups.

Patient preference of oral administration over injection-based drugs is also likely to
influence prescribing. Migrant origin may influence this preference, which could explain
the divergent findings between oral and injection drugs, particularly between GLP1RA
and SGLT2i. Other studies have reported several reasons for insulin-aversion among
migrants, including fears of weight gain, loss of independence, risk of hypoglycemia
and death.'34136 Similar fears may be present for GLP1IRA use in migrants due to the
administration similarities to insulin injections, and patient education may be able to
address these.

The massive disparities faced by migrants from Somalia in all areas of care studied in
this PhD project hold particular implications for clinicians (and perhaps also for health
planners and local communities). Overall, they indicate that clinicians treating patients
in this group should consider close attention to care quality in this group, particularly
in relation to pharmacological treatment with GLDs and LLDs. Specifically, LLDs are
available in relatively inexpensive oral form, and expenditures and patient preference
seem less likely to be major barriers to use of these drugs. Therefore, increasing aware-
ness among GPs to the high lipid levels and need for LLD treatment in patients from
Somalia with T2D may be a potential approach to increase treatment quality and reduce
complication risk in this group.
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7.1. Main conclusions

Five main conclusions can be derived from this dissertation.

First, both of the register-based diabetes classifiers identified valid populations of T1D
and T2D in a general Danish population, with substantially higher sensitivity in the
OSDC compared to the RSCD. Neither of the two algorithms was able to accurately
classify diabetes type in individuals with T1D onset after age 40 years, nor T2D onset
before age 40 years, and results from register-based studies of these groups should be
interpreted with caution.

Second, compared to native Danes, the prevalence of T2D was higher in most migrant
groups, the quality of monitoring was inferior, and most migrant groups had higher risks
of not achieving glycaemic and lipid control, despite similar prevalence of pharmacolog-
ical treatment.

Third, most migrant groups were less likely than native Danes to use combination GLD
therapy, and migrants were more likely to use oral GLDs and less likely to use injection-
based GLDs, particularly GLP1RA.

Fourth, T2D care was poorest in migrants from Somalia, who had higher risk than native
Danes in all eleven guideline indicators assessed, and they also had the lowest likelihood
of using combination therapy and GLP1RA of all groups. Their almost double risk of
dyslipidaemia combined with a higher risk of LLD non-use compared to native Danes
appeared to be an area of care with a particular potential for improvement to reduce
complication risk.

Finally, clinicians treating migrants with T2D should be aware of the the most substan-
tial disparities in T2D care within each migrant group. These are summarised in the
table below, which highlights the areas of T2D care, where disparities relative to native
Danes are greater than 10%.
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Table 7.1.: Highlights of disparities within each migrant group
Migrant Biomarker Pharmacological
group Monitoring control treatment
Middle East Nephropathy HbAlc GLD

Retinopathy ACEI/ARB
Podiatrist GLP1RA
Europe HbAlc LDL-C GLD
LDL-C
Nephropathy
Retinopathy
Podiatrist
Turkey Podiatrist HbAlc ACEI/ARB
GLP1RA
F. Yugoslavia  Retinopathy HbAlc GLP1RA
Podiatrist
Pakistan Nephropathy HbAlc GLD
Retinopathy ACEI/ARB
Podiatrist Combination therapy
GLP1RA
Sri Lanka None >1.10 None >1.10 ACEI/ARB
Combination therapy
GLP1RA
Somalia Nephropathy HbAlc GLD
Retinopathy LDL-C LLD
Podiatrist ACEI/ARB
APT
Combination therapy
GLP1RA
Vietnam HbAlc None >1.10 Combination therapy
Podiatrist GLP1RA
Notes

e Based on estimates of relative risk in studies IT and III adjusted for differences in

clinical risk factors (model 1).

 Disparities less than 10% compared to native Danes are not shown.

o Disparities greater than 20% are highlighted in bold.

e Abbreviations: HbAlc: haemoglobin-A1C. LDL-C: Low-density lipoprotein choles-
terol. ACEI/ARB: Angiotensin-converting enzyme-inhibitors or angiotensin recep-
tor blockers. GLP1RA: Glucagon-like peptide-1 receptor agonists.
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8.1. Perspectives

Based on the findings of this dissertation, diabetes epidemiologists can rely on OSDC
and RSCD to provide valid study populations of T1D and T2D for Danish register-based
research, and the validated, open-source classifiers provide robust and transparent tools
for researchers using these data. In addition, the findings indicate that other register-
based diabetes definitions based on Danish register data from similar time-periods with
comparable algorithm designs are likely to be provide valid T1D and T2D populations
as well. Some caveats remain, however, as register-classified diabetes type in cases with
atypical age at onset of diabetes should be interpreted with caution, and the onset of
diabetes may not be accurately captured by the classifiers.

Migrants are an increasingly important part of the T2D population due to their high
T2D prevalence, which will continue to rise in the future as their demography ages. Ac-
cordingly, addressing the particular care needs of migrants with T2D is going to become
an increasingly pressing matter to clinicians and healthcare planners, if all individuals
with T2D are to receive appropriate care. This dissertation answered an easy part of this
challenge, the what: what are the disparities in care quality faced by migrants? The hard
part is to answer the why: why is it harder to deliver adequate care in migrants? - and
ultimately, the how: how can healthcare resources be prioritized to provide adequate
T2D care to those with the greatest needs?

Migrant origin is a complex entity, T2D is a complex disease with several care modal-
ities, and in combination they are a formidable challenge to clinicians and researchers.
Without more supporting knowledge on the causes of care disparities or how to effec-
tively address them in migrants with T2D, our findings alone are insufficient to guide
healthcare planners or sway clinical practice.

8.2. Future research

In register-based classification of diabetes, discerning T1D from T2D using insulin
vs. non-insulin GLD purchases is likely to become a greater challenge in the future, as
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SGLT2i and GLP1RA may establish themselves as treatment options in T1D due to
their effects on cardiovascular and kidney risk. In addition, as these GLD types are
increasingly used in heart and kidney patients without diabetes, and inclusion criteria
in register-based algorithms will have to adapt accordingly. In light of these changes,
further validation studies are needed in order to ensure robust classifications in the
future.

Disparities in diabetes care in migrants should be studied further, particularly the causes
of disparities, how they affect complication risk, and how interventions can be designed to
effectively reduce complication risk in migrant patients. Due to the differences in health-
care delivery and migrant group composition between countries, studies from several
countries are needed to provide knowledge on as many migrant groups and healthcare
system contexts as possible. Disparities in monitoring, biomarker levels, and pharmaco-
logical treatment of T2D are likely the result of underlying cultural and lifestyle factors
in migrants that are poorly understood. A better understanding of these factors is
needed to design interventions that can effectively address migrants and their challenges
in a culturally appropriate and patient-centered way. Thus, future research should not
be limited to traditional, clinical aspects of T2D care surrounding these disparities, but
some questions are particularly relevant to this dissertation. Beyond combination ther-
apy and drug type, several factors contribute to optimal pharmacological treatment, but
have yet to be examined. Factors such as daily dosage of each GLD and adherence to
medication may hold potential for improving risk profiles in patients with T2D, and sub-
optimal care in these factors could also be more common in migrants than native Danes,
if the observed disparities in other aspects of care are a general indication. Furthermore,
while there is no evidence to the contrary, it is not clear if HbAlc, LDL-C, and GLP1RA
have the same impact on complication risk in migrants as in the (predominantly) white,
native European populations in which their effects have mainly been studied. In order
to prioritize future interventions and best inform intervention design, future studies are
needed to assess the risk-modifying effects of these disparities, as well as their causes.
Finally, the poor level of care in migrants from Somalia in Denmark is striking, and
merits further studies in other countries with large Somali minorities to assess if these
findings are applicable in a broader, international context.
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English summary

Background: Type 2 diabetes (T2D) is an increasing burden on healthcare services due
to changes in demography and lifestyle. Migrants are particularly vulnerable to T2D,
having a higher prevalence of the disease compared to native populations in western
Europe, with some evidence suggesting a higher risk of complications and mortality.
Evidence on disparities in care that may contribute to this excess risk in migrants is
sparse, but register-based studies are well-suited to explore this in a Danish context.
However, these studies are vulnerable to biases due to the lack of a validated method to
identify T2D cases in the general population.

Aims: This dissertation aimed to develop and validate a register-based classification
of type 1 diabetes (T1D) and T2D, and utilise it to explore specific areas of monitor-
ing, biomarker levels, and pharmacological treatment, where disparities in T2D care
between migrant groups and native Danes may contribute to excess complication risk in
migrants.

Methods: Three cross-sectional register-based studies were performed. Study I vali-
dated two register-based classifications of diabetes - the Open-Source Diabetes Classifier
(OSDC), and the Register of Selected Chronic Diseases (RSCD) - in a population of
survey respondents from Central Denmark Region (Health In Central Denmark), while
the two subsequent studies examined T2D prevalence and care in nationwide popula-
tions, using native Danes as the reference group. Study II computed relative risk (RR)
of prevalent T2D and non-fulfilment of eleven indicators corresponding to guideline-
recommendations. Study III computed RR of using glucose-lowering drug (GLD) com-
bination therapy, and RR of using each type of GLD.

Results: In study I, both register-based diabetes classifiers identified valid populations
of T1D and T2D in a general population (positive predictive values from 87.5% to
94.4%, negative predictive values above 98.9%), although sensitivity in the OSDC was
substantially higher compared to the RSCD in both T1D (77.3% vs. 70.0%) and in
T2D (94.4% vs. 90.5%). Neither algorithm was able to accurately classify diabetes
type in individuals with T1D onset after age 40, nor T2D onset before age 40. In
study II, prevalence of T2D was higher in all migrants excluding the Europe-group
(fully-adjusted RR from 0.96 [95% confidence interval: 0.94-0.99] (Europe group) to
4.04 [3.89-4.20] (Sri Lanka group)). Non-fulfilment of recommendations for care was
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common regardless of origin: in eight of the eleven indicators of care studied >25% of
native Danes did not meet guideline-recommendations. Apart from monitoring in the Sri
Lanka group, migrants were at similar or higher risk of non-fulfilment than native Danes
across all indicators of monitoring (crude RR from 0.64 [0.51-0.80] (hemoglobin-Alc
(HbA1lc) monitoring, Sri Lanka group) to 1.62 [1.36-1.95] (HbAlc monitoring, Somalia
group)), HbAlc control (crude RR from 1.27 [1.24-1.30] (Middle East group) to 1.46
[1.41-1.52] (Pakistan group)), and low-density lipoprotein cholesterol (LDL-C) control
(crude RR from 1.08 [1.03-1.14] (Former Yugoslavia group) to 1.78 [1.67-1.90] (Somalia
group)), while no overall disparities were observed for the presence of pharmacological
treatment (crude RR from 0.61 [0.46-0.80] (GLD, Sri Lanka group) to 1.67 [1.34-2.09]
(GLD, Somalia group)). In study III, migrants were less likely to use GLD combination
therapy than native Danes (fully adjusted RR from 0.77 [0.71-0.85] (Somalia group) to
1.00 [0.97-1.04] (Former Yugoslavia group)). Migrants were more likely to use oral GLD
types (fully adjusted RR (use of any oral GLD) from 0.99 [0.97-1.01] (Europe group) to
1.09 [1.06-1.11] (Sri Lanka group)), but less likely to use injection-based GLD types such
as insulins (fully adjusted RR from 0.66 [0.62-0.71] (Sri Lanka group) to 0.94 [0.89-0.99]
(Europe group)) and, especially, glucagon-like peptide-1 receptor agonists (GLP1RA)
(fully adjusted RR from 0.29 [0.22-0.39] (Somalia group) to 0.95 [0.89-1.01] (Europe

group)).

Conclusion and perspectives This dissertation was able to accurately identify popu-
lations of T1D and T2D in register data from the general Danish population. Diabetes
epidemiologists can rely on the OSDC and the RSCD to provide valid study populations
for Danish register-based research, but researchers should be aware of limitations in cases
with atypical age at onset and potential challenges due to evolving GLD indications in
the future. This dissertation found room for improvement in T2D care in Denmark, and
presented several disparities in T2D care between migrants and native Danes. These
may contribute excess risk of complication and mortality in migrants, especially among
migrants from Somalia, who received the poorest care of all groups overall. Overall,
the large disparity in use of GLP1RA between migrants and native Danes may provide
a target for future interventions to improve care and reduce complication risk among
migrants with T2D.
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Baggrund: Type 2 diabetes (T2D) er en stigende belastning pa sundhedsvaesenet pa
grund af sendringer i demografi og livsstil. Indvandrere er seerligt sarbare overfor T2D,
idet de har en hgjere forekomst af sygdommen i forhold til indfgdte befolkninger i Vesteu-
ropa, ligesom nogle undersggelser peger pa en hgjere risiko for diabetiske komplikationer
og dgd. Potentielle uligheder i behandlingen, der kan bidrage til den ggede risiko hos
indvandrere med T2D, er darligt belyst, men registerbaserede studier er velegnede til
at undersgge dette i en dansk sammenhaeng. Disse undersggelser er imidlertid sarbare,
idet der ikke foreligger nogen validerede metoder til at identificere T2D-tilfselde i den
generelle danske befolkning.

Formal: Denne afhandling havde til formal at udvikle og validere en registerbaseret
klassifikation af type 1 diabetes (T1D) og T2D, og anvende den til at undersgge specifikke
omrader i behandlingen af T2D - kontroller, biomarkgr-niveauer og medicinsk behandling
- hvor uligheder mellem indvandrergrupper og indfgdte danskere kan bidrage til gget
risiko for komplikationer hos indvandrere.

Metoder: Som led i afthandlingen blev tre tveersnitsstudier baseret pa register-data
gennemfgrt. Studie I validerede to registerbaserede klassifikationer af diabetes - Open-
Source Diabetes Classifier (OSDC) og Register for Udvalgte Kroniske Sygdomme (RUKS)
- blandt spgrgeskema-besvarelser fra personer i Region Midtjylland (Helbred i Midt),
mens de to efterfolgende studier undersggte forekomst og behandling af T2D i hele landet
og sammenlignede indvandrergrupper med indfgdte danskere. Studie II beregnede relativ
risiko (RR) for forekomst af T2D og for manglende opfyldelse af elleve indikatorer for be-
handlingskvalitet svarende til anbefalinger i geeldende kliniske retningslinjer. Studie ITI
beregnede RR for brug af kombinationsbehandling med blodsukker-nedssettende leegemi-
dler (GLD) og RR for brug af hver type GLD.

Resultater: 1 studie I identificerede begge registerbaserede diabetesklassifikationer
gyldige populationer af T1D og T2D i en bred befolkning (positive praediktive veerdier
fra 87,5% til 94,4%, negative preaediktive veerdier over 98,9%), dog med en vaesentlig
hgjere sensitivitet i OSDC sammenlignet med RUKS bade i T1D (77,3% vs. 70,0%)
og i T2D (94,4% vs. 90,5%). Ingen af algoritmerne var i stand til ngjagtigt at klassi-
ficere diabetestype hos personer med T1D debut efter 40-arsalderen eller T2D debut
for 40-arsalderen. I studie II var forekomsten af T2D hgjere i alle indvandrergrupper

118



Dansk resumé

undtagen Europa-gruppen (fuldt justeret RR fra 0,96 [95% konfidensinterval: 0,94-0,99]
(Europa-gruppen) til 4,04 [3,89-4,20] (Sri Lanka-gruppen)). Manglende opfyldelse af de
vejledende behandlingsanbefalinger var hyppig - uanset oprindelse: i otte ud af elleve
indikatorer opfyldte >25% af indfgdte danskere ikke anbefalingerne. Fraset rutinemees-
sig kontrolundersggelser i Sri Lanka-gruppen, havde indvandrergrupperne tilsvarende
eller hgjere risiko end indfgdte danskere for ikke at opfylde behandlingsanbefalinger pa
tveers af alle indikatorer for rutinemeessig kontrolundersggelser (rd& RR fra 0,64 [0,51-
0,80] (hzemoglobin-Alc (HbAlc-undersggelse, Sri Lanka-gruppen) til 1,62 [1,36-1,95]
(HbAlc-undersggelse, Somalia-gruppen)), blodsukkerniveau (ra RR fra 1,27 [1,24-1,30]
(Mellemgsten-gruppen) til 1,46 [1,41-1,52] (Pakistan-gruppen)) og kolesterolniveau (ra
RR fra 1,08 [1,03-1,14] (Eksjugoslavien-gruppen) til 1,78 [1,67-1,90] (Somalia-gruppen)),
mens der ikke sds nogen gennemgaende forskelle for tilstedeveerelse af medicinsk behan-
dling (ra RR fra 0,61 [0,46-0,80] (GLD, Sri Lanka-gruppen) til 1,67 [1,34-2,09] (GLD,
Somalia-gruppen)). I studie III var indvandrere mindre tilbgjelige til at f& GLD kombi-
nationsbehandling end indfgdte danskere (fuldt justeret RR fra 0,77 [0,71-0,85] (Somalia-
gruppen) til 1,00 [0,97-1,04] (Eksjugoslavien-gruppen)). Indvandrere var mere tilbgjelige
til at benytte orale GLD typer (fuldt justeret RR (brug af ethvert oralt GLD) fra 0,99
[0,97-1,01] (Europa-gruppen) til 1,09 [1,06-1,11] (Sri Lanka-gruppen)), men mindre tilbg-
jelige til at benytte injektionsbaserede GLD typer sa som insuliner (fuldt justeret RR
fra 0,66 [0,62-0,71] (Sri Lanka-gruppen) til 0,94 [0,89-0,99] (Europa-gruppen)) og isser
glucagon-like peptide-1 receptor agonister (GLP1RA) (fuldt justeret RR fra 0,29 [0,22-
0,39] (Somalia-gruppen) til 0,95 [0,89-1,01] (Europa-gruppen)).

Konklusion og perspektiver: Denne ph.d.-athandling kunne praecist identificere be-
folkninger med T1D og T2D i den brede danske befolkning ud fra registerdata. Diabetes-
forskere kan anvende OSDC og RUKS til at danne gyldige studiepopulationer ud fra de
danske registre, men bgr veere opmaerksomme pa deres begraensninger, herunder blandt
patienter med atypisk alder for sygdomsdebut samt potentielle udfordringer som fglge
af udviklingen i brugen af GLD i fremtiden. Afhandlingen fandt plads til forbedringer
i behandlingen af T2D i Danmark, og viste flere uligheder mellem indvandrere og ind-
fsdte danskere i behandlingen af T2D, som kan medfgre gget risiko for komplikationer og
dgd blandt indvandrere - szrligt blandt indvandrere fra Somalia, som havde den laveste
behandlingskvalitet af alle grupper. Den store forskel i brugen af GLP1RA mellem ind-
vandrere og indfgdte danskere kan muligvis veere et mal for fremtidige interventioner til
at gge behandlingskvaliteten og mindske komplikationsrisikoen blandt indvandrere med
T2D.
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A. Supplementary validation analyses

A.0.1. Validation of unspecified diabetes in the Health In Central Denmark
survey and in the National Health Survey.

Validation analyses performed in the HICD study population from study I:

Validation analyses performed among respondents in the National Health Survey 2017
(individuals reporting diabetes as a current disease were considered diabetes cases).
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A. Supplementary validation analyses

Table A.1.: Supplementary: Validation of uspecified diabetes in the HICD
study population

(a) The Open-Source Diabetes Classifier (OSDC)

OSDC Survey: +DM Survey: -DM Total N
OSDC: +DM 2,512 221 2,733
OSDC: -DM 121 26,537 26,658
Total N 2,633 26,758 29,391

Sensitivity ~ 0.954 (0.945, 0.962)
Specificity 0.992 (0.991, 0.993)
PPV 0.919 (0.908, 0.929)
NPV 0.995 (0.995, 0.996)

(b) The Register for Selected Chronic Diseases (RSCD)

RSCD Survey: +DM Survey: -DM Total N
RSCD: +DM 2,422 122 9,544
RSCD: -DM 211 26,636 26,847
Total N 2,633 26,758 29,391
Sensitivity 0.920 (0.909, 0.930)

Specificity 0.995 (0.995, 0.996)

PPV 0.952 (0.943, 0.960)

NPV 0.992 (0.991, 0.993)
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Table A.2.: Supplementary: Validation of uspecified diabetes in the National
Health Survey

(a) The Open-Source Diabetes Classifier (OSDC)

OSDC Survey: +DM Survey: -DM Total N
OSDC: +DM 1,630 258 1,888
OSDC: -DM 87 26,460 26,547
Total N 1,717 26,718 28,435
Sensitivity 0.95 (0.94, 0.96)

Specificity 0.99 (0.99, 0.99)

PPV 0.86 (0.85, 0.88)

NPV 1.00 (1.00, 1.00)

(b) The Register for Selected Chronic Diseases (RSCD)

RSCD Survey: +DM Survey: -DM Total N
RSCD: +DM 1,546 184 1,730
RSCD: -DM 171 26,534 26,705
Total N 1,717 26,718 28,435
Sensitivity 0.90 (0.89, 0.91)

Specificity 0.99 (0.99, 0.99)

PPV 0.89 (0.88, 0.91)

NPV 0.99 (0.99, 0.99)
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B. Full papers

B.1. Paper |

124



B.2. Paper II

B.2. Paper Il
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B. Full papers

B.3. Paper Il

126



C. Addenda and errata

This chapter contains an overview of:

o Addenda: contents added since the submitted version of the disseration (commit
db88939).

o FErrata: corrections to errors discovered since submission of the dissertation.

C.1. Addenda

e 5 May 2023:
— Study I paper published. List of studies updated with citation and link to
doi.
e 8 August 2023:

— Study III paper published. List of studies updated with citation and link to
doi.

C.2. Errata

o 2 May 2023:

— On lines 5-10, page 81, section 5.1.5., the following excerpt on the interpreta-
tion of Figure 5.4 states:

— “Before 2016, when HbAlc data was not available from all regions of Denmark,
a spike of inclusions is seen for women with T2D included at age 40 years.
This spike is absent in the subsequent years, but the distribution is slightly
skewed with a plateau in the age range 40-45 years. This is likely a residual
effect of women in this age range having been prematurely included in the
preceding years.”

x This statement misinterprets some elements of the figure, which are ad-
dressed below:
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C. Addenda and errata

* The density plots are smoothed, and spikes in single years are less visible
compared to a histogram of observed counts (due to statistical disclosure
requirements, this data could not be visualised using histograms). While
the spike in included OSDC T2D-cases among women age 40 is indeed
much lower in the years 2016-2018 than in the previous years, it is still
present.

* Most likely, the spike is caused by women with onset of T2D before the
age of 40 years during a period of time without HbAlc data. These
women may have initiated metformin treatment before HbAlc data be-
came available, and if they achieved stable euglycaemia using only met-
formin, they would not be be captured by the HbAlc inclusion criterion
after the HbAlc data became available. Thus, their inclusion into the co-
hort would be delayed until the censoring of metformin purchases ceases
at age 40 years, causing a spike at this age of inclusion. In the post-
2016 data, women living in the Southern Denmark Region (which did
not supply HbAlc data prior to 2015, compared to the other regions,
which supplied data from 2011 onwards) are likely the major source of
this spike.
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