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ABSTRACT

Finnish health care registers are frequently used for research, but little attention has
been paid on the validity of diagnoses in these registers, especially in the field of
rheumatology. This dissertation investigated the validity of rheumatoid arthritis
(RA) biobank diagnoses that were supplemented with data from the Finnish Care
Register for Health Care and the Drug Reimbursement Register. Additionally, this
dissertation evaluated the validity of hospital registry diagnoses of systemic sclerosis
(SSc) and polymyalgia rheumatica (PMR). The validity of the diagnoses was
evaluated retrospectively by a thorough manual review of all data in the medical
records from the follow-up period of patients from five university and central
hospitals in Finland. The goal was to understand the strengths and limitations of
Finnish registry data in the field of rheumatology and how to best use this data for
rheumatological research. Additionally, we examined the most common reasons and
risk factors for misdiagnosis, especially for PMR.

The validity of an RA diagnosis could be greatly improved by including data on
number of visits and medication reimbursement rights. By utilising this additional
data, validity was high, particularly for seropositive RA. On the contrary, the validity
of a single RA diagnosis was only moderate, especially for seronegative RA.

The registry diagnosis of SSc was moderately accurate, although the validity
clearly improved when the diagnosis was made in the rheumatology department. The
validity of a more specific diagnosis of limited cutaneous SSc, which is the most
common SSc type in Finland, was high even for diagnoses made in any departments.

Among patients diagnosed with PMR at a university hospital, a third of the
diagnoses were found to be incorrect following a more comprehensive assessment
and clinical follow-up. The risk of misdiagnosis was particularly high in patients
with atypical disease patterns, inadequate response to medication, and those not
meeting classification criteria. The most common conditions that mimicked PMR
were other types of inflammatory arthritis, noninflammatory musculoskeletal
conditions, infectious diseases and malignancy.

Combining data from different sources, especially information on special
reimbursement for medication, markedly improves the validity of registry diagnoses.
Careful consideration of differential diagnosis is essential when diagnosing PMR to
avoid misdiagnosis.

KEYWORDS: Rheumatoid arthritis, systemic sclerosis, polymyalgia rheumatica,
registry study, validity of a diagnosis, differential diagnosis, study design



TURUN YLIOPISTO

Laaketieteellinen tiedekunta

Sisatautioppi

JOHANNA PALTTA: Diagnostisia haasteita reumatologiassa —
rekisteritutkimusten validiteetin parantaminen

Vaitoskirja, 133 s.

Turun Kliininen tohtoriohjelma

Elokuu 2024

TIVISTELMA

Suomalaisia terveydenhuollon rekistereitd kaytetddn usein tutkimuksissa, mutta
rekisteridiagnoosien paikkansapitdvyyttd eli validiteettia on ylipddtddn selvitetty
melko vihin, ja tieto reumatologisten diagnoosien validiteetista on vield niukempaa.
Viitoskirjassa tarkastettiin yksityiskohtaisten seuranta-ajan sairaskertomustietojen
perusteella  biopankkien  hoitoilmoitusrekisteri- ja  lddkerekisteritiedoilla
tdydennettyjen nivelreumadiagnoosien sekd sairaalarekisterien systeemisen
skleroosin ja polymyalgia rheumatican diagnoosien validiteettia retrospektiivisesti.
Tavoitteena oli selvittdd suomalaisen rekisteriaineiston vahvuudet ja rajoitukset
reumatologian alalla, sekd miten titd aineistoa voidaan parhaiten hyodyntad
reumatologisissa tutkimuksissa. Liséksi tarkastelimme virheellisen diagnoosin
yleisimpié syité ja riskitekijoitd, erityisesti polymyalgia rheumatican osalta.

Nivelreumadiagnoosin validiteettia voitiin selvisti parantaa ottamalla huomioon
tiedot kédyntien madrdstd ja lddkkeiden erityiskorvattavuusoikeuksista. Naitd
lisdtietoja hyddyntdmalld diagnoosin validiteetti oli hyvi, erityisesti tutkittaessa
seropositiivista nivelreumaa. Yhdelld kdyntikerralla asetetun nivelreumadiagnoosin
validiteetti oli muuten ainoastaan kohtalainen, etenkin kun kyseessd oli
seronegatiivinen nivelreuma.

Systeemisen skleroosin rekisteridiagnoosien paikkansapitévyys oli kohtalaisen
korkea, ja validiteetti oli vield selvasti parempi, jos diagnoosi oli tehty reumatologian
yksikdssd. Suomessa yleisimmén systeemisen skleroosin alatyypin, eli rajoittuneen
systeemisen skleroosin, diagnoosit olivat luotettavia silloinkin, kun diagnoosi oli
tehty milld tahansa erikoisalalla.

Yliopistosairaalassa polymyalgia rheumatica —diagnoosin saaneista potilaista
kolmasosalla diagnoosi osoittautui kattavamman arvioinnin ja kliinisen seurannan
jélkeen virheelliseksi. Viirdn diagnoosin riski oli erityisen suuri potilailla, joilla
taudinkuva oli epatyypillinen, joilla vaste ladkitykseen oli riittdimiton ja joilla
luokittelukriteerit eivdt tdyttyneet. Yleisimpid alun perin polymyalgiaksi véérin
diagnosoituja sairauksia olivat muut niveltulehdussairaudet, ei-tulehdukselliset tuki-
ja litkuntaelinsairaudet, infektiosairaudet ja pahanlaatuiset sairaudet.

Rekisteridiagnoosien validiteettia voidaan huomattavasti parantaa yhdistimalla
tietoja eri ldhteistd, ja erityisesti tiedot ladkkeiden erityiskorvattavuusoikeuksista
ovat tirkeitd. Erotusdiagnoosien huolellinen tarkastelu on olennaista polymyalgia
rheumatican diagnosoinnissa, jotta valtytddn vaariltd diagnooseilta.

AVAINSANAT: Reumatologia, nivelreuma, systeeminen skleroosi, polymyalgia
rheumatica, rekisteritutkimus, diagnoosin validiteetti, erotusdiagnostiikka
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1 Introduction

Diagnosis is the foundation of medicine. It is a simple way to gather a lot of complex
information under one concept. The doctor needs a diagnosis to organise all the
patient’s symptoms and findings into a manageable unit, consult with their
colleagues more precisely, prescribe the right treatment and organise proper follow-
up. The patient needs a diagnosis to understand what is wrong with them, tell their
family about it, and get the financial support granted by the government in the form
of sick leave and medication reimbursements, for example. (Jutel 2009)

However, a diagnosis is not an unchanging entity, and may change over time
with new symptoms and findings emerging during follow-up. The progress of
medicine may also change the definitions of diagnoses because they are ultimately a
mutual agreement based on the current knowledge of the pathophysiology of
diseases (Conrad et al. 2010; Pietikdinen et al. 2017). Some diagnoses have a long
history, some old diagnoses have been superseded by subsequent developments in
medical knowledge, and new diagnoses emerge to define previously unknown
entities.

Historically, diseases have been categorised based mainly on the patient’s
symptoms and possible clinical status findings, but in the future, the classification of
diseases will rely more on the actual pathogenesis of a disease, creating new
diagnoses and changing the definitions of the previous ones (Petersen 2021; Konig
et al. 2017). A deeper understanding of the origins of diseases is also seen in the
development of precision medicine, with the potential to target the disease-causing
abnormalities in the body even more specifically (Guthridge et al. 2022).

The scientific community and health care industry also require accurate
diagnoses in order to create uniform patient cohorts. If the aim is to study the
pathogenesis, treatment or prognosis of diseases, it is important that the diagnosis is
clearly defined so that the research questions can be addressed for the right patients.
If the patients in the study do not actually have the presumed disease, the results of
the study will become inaccurate and unreliable.

In the field of rheumatology, many syndromes interconnect and overlap. Only a
few diagnostic criteria exist, and the diagnosis is almost never made based on a single
test, but rather as a diagnostic pattern of symptoms, findings, and laboratory or
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Introduction

imaging results. Many classification criteria are available, which are often used in
clinical practice to help with a diagnosis, but they have been developed for research
purposes rather than as diagnostic tools (Aggarwal et al. 2015; Porter et al. 2020).
The diversity of diagnostic processes creates challenges in assessing the reliability
of individual diagnoses in patient records.

The validity of register diagnoses in Finland has been previously studied in
certain disease groups, and it has been shown to vary from moderate to high with the
accuracy between 75% and 99% in common diagnoses, but lower in rare diseases
(Sund 2012; Vuori et al. 2019). Clearly fewer studies have been conducted on the
accuracy of diagnostic information in Finnish biobank patients (Haverinen et al.
2020; Vesterinen et al. 2020) and, to our knowledge, there are no validation studies
of rheumatological diagnoses in Finnish biobank patients or in the Finnish Care
Register for Health Care (CRHC).

Rheumatoid arthritis (RA) is a chronic autoimmune and inflammatory disorder
primarily targeting the joints of a patient. RA most often affects smaller joints of the
hands, wrists and feet, usually in a symmetric and polyarthritic pattern. Untreated
RA causes painful swelling and stiffness of the joints and can eventually cause
structural damage, bone erosion and joint deformity. The diagnosis of RA cannot be
confirmed by a single test; instead, a physician makes the diagnosis based on the
clinical presentation of the patient. Factors influencing this decision include the
amount and location of tender and swollen joints, duration of symptoms, possible
elevated inflammatory markers, possible presence of rheumatoid factor (RF) and
anti-citrullinated peptide antibodies (ACPA), and possible erosive changes in
radiograph images. (Sparks 2019; Scherer et al. 2020; Aletaha et al. 2018)

Systemic sclerosis (SSc) is a rare autoimmune disorder causing inflammation
and fibrotic scarring in the connective tissue of the skin, joints, internal organs and
blood vessels. There are different subsets of SSc and diagnosis is made by taking
into account comprehensive clinical examinations as well as imaging and laboratory
analyses. Common findings in SSc are thickening of the skin on the hands, lesions
in the fingertips, telangiectasis, abnormal findings in nail fold capillaries, Raynaud’s
phenomenon, pulmonary arterial hypertension or interstitial lung disease, and the
presence of disease-specific autoantibodies. The progression of SSc can range from
mild to life-threatening, and a timely diagnosis is important in order to prevent
permanent damage or even death. (Volkmann 2023; Denton et al. 2017)

Polymyalgia rheumatica (PMR) is a common inflammatory disease that causes
muscle pain and morning stiffness, especially in the neck, shoulders, upper arms,
and pelvic girdle. Other common symptoms include fatigue, weight loss, and fever.
PMR usually and almost exclusively affects patients over the age of 50, with
incidence increasing progressively with age. The diagnosis of PMR is based on
symptoms, laboratory evidence of an acute-phase reaction and possible imaging. The
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mainstay of PMR treatment is glucocorticoids, and a fast, sufficient response to
glucocorticoids is a characteristic of the disease and is sometimes used as a factor
confirming the diagnosis. The differential diagnostics of PMR is challenging
because many other common conditions may have similar presentation, and it is
essential for physicians to have a broad clinical view of possible mimics of PMR.
(Gonzalez-Gay et al. 2017; Buttgereit et al. 2016; Lundberg et al. 2022; Espigol-
Frigolé et al. 2023)

The goal of this dissertation was to understand the strengths and limitations of
Finnish registry data in the field of rheumatology and how to best utilise this data for
rheumatological research. For PMR, we also sought to determine the most common
diseases misdiagnosed as PMR and to define the most important reasons and risk
factors for misdiagnosis.

14



2 Review of the Literature

2.1 What is a diagnosis?

Making a diagnosis is one of the most important skills of a doctor and the basis of
modern medicine. The word diagnosis comes from the Greek words dia (through)
and gnosis (knowledge) (Dorland 2012). Diagnosis means either the determination
of the nature of a disease according to a certain classification scheme, or the process
of distinguishing one disease from another (Jutel 2009; Dorland 2012).

By making a diagnosis, the doctor gathers and organises a lot of complex
information under one concept. Relevant data is gathered from the patient’s lifelong
history starting with family history and possible predisposing factors and taking into
account the symptoms and ailments of the patient, findings from the clinical
examination, any abnormalities in blood tests, imaging or other examinations, results
of possible treatment trials, and many other things. All this is summed up into a
single concept for the doctor to focus on, possibly consult other specialists, and
search for additional information from literature and clinical guidelines. (Jutel 2009)

For a patient, it is important to identify their health problem. If no diagnosis can
be made for the patient’s symptoms, it can cause great uncertainty and lead to
physiological and psychological consequences for the patient (Kornelsen et al.
2016). With a diagnosis, the patient can receive information on what is wrong with
him or her, what are the treatment options and what can be expected in the future.
They can educate their family and friends about the disease. With a diagnosis, a
patient is able to connect with other patients and get important peer support in
support groups, patient organisations and even in social media. In a sense, getting a
diagnosis gives the patient the permission to be ill.

A diagnosis is also a matter of money. Many illnesses impair the patient’s
functional capacity and ability to work, cause absence from work and even disability,
thus affecting his or her livelihood. In addition, expenses related to medications,
other therapies, examinations and visits increase. These challenges threaten the
patient’s financial stability. The diagnosis provides an opportunity for the patient to
receive support from society and their employer. In Finland, the national health
insurance system grants all patients with certain diagnoses of chronic and severe
diseases an entitlement to special reimbursement for the costs of medications (Kela.
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Reimbursements for medicine expenses 2023). A diagnosis is also needed to be
eligible for long-term paid sick leave, rehabilitation, disability allowance, pension,
insurance reimbursement and other kinds of financial support (Kela. Life situations
2023).

A diagnosis is an administrative indicator used by a government to collect
information about citizens, and many registers and statistics classify people and
resource use based on diagnoses (THL. Statistics by topic 2023; Kela. Research and
statistics 2023). This information is used, among other things, to monitor the health
status of the population and to analyse changes in and possible causes of the
population's health status. Based on this information, measures to improve health
can be planned and implemented, and the limited resources of society can be
allocated as efficiently as possible.

With the development of medicine, it has become possible to treat a disease and
its causes, rather than just relieve the symptoms (Jessop et al. 2016; Koutsouris
2017). A correct diagnosis is needed to prescribe the right treatment and proper
follow-up. An incorrect diagnosis may lead to patients not getting the appropriate
help for their problems, the lack of proper treatment may cause pain and suffering or
even worsen the prognosis, and the wrong kind of treatment may cause more harm
than good. (Thammasitboon et al. 2013; Graber et al. 2005; Gunderson et al. 2020;
Kuhn 2002)

Advancements in medical science may change the definitions of diagnoses
because they are ultimately a mutual agreement on which set of symptoms and
findings are considered to be a particular disease. Cultural and societal factors can
also influence what is considered normal and abnormal symptoms, physical features
or behaviour. (Jutel 2009; Conrad et al. 2010; Pietikdinen et al. 2017; Aronowitz
2001)

Some diagnoses have a long history, with examples including gout, which was
first identified by the Egyptians in 2640 BC and more accurately described by
Hippocrates in the fifth century BC (Nuki & Simkin 2006). On the contrary, some
diagnoses, such as female hysteria, have been superseded by subsequent
developments in medical knowledge (Tasca et al. 2018). As medical science
develops, new diagnoses emerge to define previously unknown entities, and the
definitions of old diagnoses may change.

Historically, diseases have mainly been categorised based on the patient’s
symptoms and possible clinical findings, but in the future, the classification of
diseases will rely more on the aetiological and pathophysiological aspects of the
disease. In this new approach, the diagnosis aims to describe the root cause of the
disease instead of looking at the end results. This change in perspective leads to
shifting the existing boundaries of the diseases and creating new ones (Petersen
2021; Konig et al. 2017). The same trend of a deeper understanding of medical
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science is also seen in the development of precision medicine, which targets the
specific disease-causing abnormalities in the body (Guthridge et al. 2022).

Diagnosis is the basis for medical and pharmaceutical research and development
with an increasing aspiration for evidence-based medicine (Djulbegovic et al. 2017).
When designing a research study in order to study the pathogenesis, treatment or
prognosis of diseases, it is important to consider how to verify that the diagnosis is
correct so that the study questions can be applied to the appropriate patients and a
uniform research cohort can be obtained. If the patients in the study do not actually
have the presumed disease, the results of the study will become inaccurate and
unreliable.

2.2 Diagnostic process — making a diagnosis

A diagnosis is a formal statement by a doctor that defines a patient’s health problem
in one concept. Due to the autonomy of the doctor, the doctor can make a diagnosis
based on their own decision, but the decision is based on a pre-existing set of
categories agreed upon by the medical profession. (Jutel 2009)

Forming a diagnosis is like solving a puzzle — combining a lot of data from
different sources in order to create a uniform picture. The difficulty of diagnostics is
related to the fact that not all the pieces available belong to this puzzle, some pieces
are bigger than others, and some pieces are missing.

Solving a diagnostic puzzle and making a diagnosis is a process of gathering the
most relevant information about a patient's symptoms and conditions, outlining
possible differential diagnostic options and interpreting the best available
information to determine the final diagnosis. This process usually requires a
systematic approach as well as problem-solving and decision-making skills.
However, with a more experienced physician, the process may change from a simple
systematic review of differential diagnosis lists to a more automated process based
on pattern recognition. (Renko et al. 2010)

So where does the doctor get the pieces of the diagnostic puzzle? It is an
interactive process between the doctor, the patient, other health care professionals
and even the patient’s family. A big part of the diagnosis is based on the patient’s
history, so it is important for the doctor to gather a detailed history by letting the
patient tell their story and asking supplementary questions. The history is interpreted
and integrated with the results of a physical examination and different kinds of
investigations such as blood tests, imaging procedures, and sometimes biopsy
results. Sometimes this process leads directly to the final diagnosis, but often a
working diagnosis or a hypothesis is formed first, and the accuracy is assessed later
based on additional information collected during follow-up as well as results of a
possible drug treatment trial. Even if at some point the diagnosis seems certain, it
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can later become uncertain or even wrong if the follow-up reveals facts that are more
indicative of another diagnosis. (Summerton 2004; Balogh et al. 2015)

2.2.1 International Classification of Diseases

The World Health Organization (WHO), which is an agency of the United Nations
responsible for international public health, maintains an International Classification
of Diseases (ICD) (WHO. International Classification of Diseases 2023). ICD
contains a list of codes classifying different diseases, as well as various signs and
symptoms, abnormal findings, and causes of injuries and illnesses. ICD-10 is the
10th revision of this list and is the revision in use in Finland since 1996. ICD-11, the
11th and latest revision, officially came into effect on 1 January 2022 and is being
implemented in Finland during 2023-2026. The new ICD-11 diagnosis classification
has a different structure and is broader compared to the previous ICD-10
classification. With more detailed codes and by combining codes and terms, it is
possible to describe the patient's condition in more detail than before. ICD-11 is also
built to be used completely electronically. (Harrison et al. 2021)

222 Diagnostic criteria and classification criteria

Some diseases have diagnostic criteria, which are a set of signs, symptoms, and tests
for use in routine clinical care to make the diagnosis and guide the treatment of the
patient. For example, a patient has diabetes if their fasting blood glucose has been
more than 7 mmol/l in two separate measurements, or a patient has human
immunodeficiency virus (HIV) infection if a test for HIV is positive. In the field of
rheumatology, only a few diagnostic criteria exist, and the diagnosis is almost never
made based on a single test, but rather based on a diagnostic pattern of symptoms,
findings, and laboratory or imaging results. Many syndromes interconnect and
overlap, and two different diseases can have similar findings and test results.
Classification criteria are a set of disease characteristics that define a group of
patients that are a relatively homogeneous population having similar clinical disease
features (Felson et al. 1995; Johnson et al. 2007). Classification criteria are often
used in medical education to describe the disease in question and are also used
regularly in clinical practice to help make the diagnosis (June et al. 2014). The
fulfilment of classification criteria is often considered a requirement for a diagnosis.
This may be useful especially in the beginning of the rheumatologist’s career when
the clinical experience on the various features of the disease is still limited. But
classification criteria are not meant for diagnostic purposes (June et al. 2014). They
are meant to be used for research purposes to obtain well-defined and uniform patient
cohorts in studies. This way, the results of these studies can be put into the context
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of previous study results, and the results can be compared to the results of other
studies because it is likely that the studies have examined similar kinds of patients
who are suffering from the disease in question (Aggarwal et al. 2015; Porter et al.
2020; June et al. 2014).

Classification criteria are not designed to identify all the patients with the disease
because the disease characteristics can vary quite a lot among different patients. In
other words, classification criteria aim for high specificity in order to ensure that all
the diagnosed patients do have the disease, which often comes at the cost of lower
sensitivity, meaning not all patients with the disease meet the criteria. Diagnostic
criteria, however, is different because diagnostic criteria aim for high sensitivity but
with a lower specificity (Aggarwal et al. 2015; Porter et al. 2020; Felson et al. 1995;
Johnson et al. 2007). It is possible that a patient with a rheumatic disease does not
fulfil the classification criteria due to an early phase of the disease or an atypical
presentation.

Classification criteria used in rheumatology have been developed at different
times in various ways (Felson et al. 1995; Johnson et al. 2007). The criteria are often
based on a consensus of expert opinions. For example, the 2010 rheumatoid arthritis
classification criteria from the American College of Rheumatology (ACR) and the
European League Against Rheumatism (EULAR) were made in three phases. First,
factors from arthritis patients were identified that would prompt the physician to
initiate methotrexate treatment. Second, these factors and their relative weights, as
well other factors that might be clinically relevant, were refined using a series of
patient case scenarios. Finally, the most important factors were assigned points, and
the optimal cutoff point to a definite diagnosis of RA was decided (Aletaha et al.
2010).

In a review study from 2007, it was found that 50% of the criteria used in
rheumatology at the time were based on expert opinion rather than patient data, and
when patient data was used, the number of cases analysed ranged from 20 to 588 and
the number of controls from 50 to 787 (Johnson et al. 2007).

In the development of classification criteria, differential diagnostics is usually
done before the inclusion of patients into cohorts from which the classification
criteria are derived and patients who have been included in the disease cohort have
already been diagnosed (Funovits et al. 2010; Van Den Hoogen et al. 2013). The
classification criteria usually state that the criteria are not to be applied to patients
having some other disease that better explains their manifestations. If classification
criteria are applied to unselected patients for whom the differential diagnostics has
not been made, one patient can fulfil classification criteria for more than one disease.

Because the classification criteria are often made based on the preselected and
prediagnosed patient material in theumatology clinics, they may not work so well in
other patient populations such as primary health care patients. It is possible that
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symptoms and findings of many common ailments can be combined so that they
fulfil the classification criteria. (June et al. 2014)

The genetic background of the population can also affect how easily the criteria
are fulfilled (June et al. 2014). For example, in the Assessment of Spondyloarthritis
International Society (ASAS) classification criteria for axial spondyloarthritis
(axSpA) (Rudwaleit et al. 2009), human leukocyte antigen B27 (HLA-B27) positive
genotype has a significant impact. If a patient under 45 years with chronic back pain
is HLA-B27 positive, they fulfil the criteria with, for example, a good response to
nonsteroidal anti-inflammatory drugs (NSAIDs) and psoriasis with no need for
sacroiliitis in magnetic resonance imaging (MRI). In Finland, with 15% of the
population being HLA-B27 positive (Jaakkola et al. 2006), this is much easier to
fulfil than, for example, in Japan where HLA-B27 positivity is 0.4% (Kameda et al.
2021).

The advancement of medical science can also affect the diagnostics of diseases
by developing new tests and imaging modalities that will require updating the
classification criteria (June et al. 2014). For example, the diagnostics of rheumatoid
arthritis (RA) changed with the introduction of anti-citrullinated protein antibody
(ACPA), with its over 95% specificity and 70% sensitivity for RA (Schellekens et
al. 2000). After this change, the ACPA serology was included in the new
ACR/EULAR 2010 classification criteria for RA (Aletaha et al. 2010). Furthermore,
the boundaries of diagnostic criteria may also undergo modification over time, in
accordance with advancements in medical understanding of diseases and their
clinical manifestations and underlying pathological processes.

So why do physicians still use the classification criteria as though they are
diagnostic criteria instead of just developing diagnostic criteria? The answer lies in
the complexity of rheumatic conditions. It is difficult to create a set of criteria that
would be both sensitive and specific, account for the wide range of disease
phenotypes and be reliable in populations with different ethnic backgrounds. For
example, ACR has stated that it will only provide approval for classification criteria
and will no longer consider funding or endorsement of diagnostic criteria (Aggarwal
et al. 2015). It remains the responsibility and privilege of the rheumatologist to make
the decision on the diagnosis based on the diverse symptoms and findings of the
individual patient. The patient has the right to receive a diagnosis, and appropriate
treatment should not be denied if some classification criteria are not yet met. If the
more precise nature of the illness is not yet clear at the first appointment, an
unspecified diagnosis e.g. unclassified arthritis, can be established first and refined
later if follow-up reveals more detailed information.
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223 Diagnostic error

Diagnostic error, which causes the patient to get an incorrect diagnosis, is common.
It has been estimated that in the USA, most people will experience a diagnostic error
in their lifetime (Balogh et al. 2015) and that 10-15% of all diagnoses are erroneous
(Graber 2013). Not every diagnostic error is harmful to the patient, but in a
systematic review and meta-analysis on the prevalence of harmful diagnostic errors
in hospitalised adults, it was shown that a minimum of 0.7% of hospitalised adults
suffer harm due to a diagnostic error (Gunderson et al. 2020). In a review on autopsy
studies, it was estimated that in a hospital in the United States in 2000, 4% of the
patients who died in the hospital had a diagnostic error that might have contributed
to the patient’s death (Shojania et al. 2003).

Diagnostic errors can be classified into three distinct categories according to the
information that is obtained later. First, as a diagnosis that was unintentionally
delayed even if sufficient information was available earlier. Second, as entirely
wrong diagnosis, when another diagnosis was made before the correct one. Third, a
diagnosis may be missed entirely, with no diagnosis ever being made. (Graber et al.
2005).

Diagnostic error usually happens as a result of an unfortunate coincidence of
several factors, which can be divided into system-related errors, cognitive errors by
the physician and errors due to other reasons (Graber et al. 2005; Balogh et al. 2015).

Cognitive reasons are the biggest group of reasons for diagnostic error. In a study
by Graber et al. 2005, cognitive reasons were behind 74% of diagnostic errors.
Cognitive flaws come in many forms, but the most common are due to errors in
combining information from different sources. Data combining error can mean
failure to collect all the relevant data, failure to prioritise the data and set the data
into the right context, or to make conclusions that are not supported by the data. A
big problem of data integration is the premature closure, which means that after an
initial diagnosis is established, other reasonable diagnoses are no longer considered.
This problem can happen together with anchoring, which means that if the physician
has decided on the diagnosis, subsequent or contrasting information is not taken into
consideration. Graber et al. 2005 showed that faulty or inadequate knowledge was
an uncommon (4%) reason for diagnostic error, and it was often in the context of a
rare disease. (Kuhn 2002; Balogh et al. 2015).

System flaws are the second biggest cause (65%) of diagnostic error (Graber et
al. 2005). Most often these system-related reasons are due to organizational problems
like faulty policies and procedures, inefficient or unclear processes, unclear division
of responsibilities, teamwork difficulties, lack of communication and difficulties for
the patient to access health care. Technical failures and equipment problems are rare.
(Graber et al. 2005; Balogh et al. 2015)

21



Johanna Paltta

Not all errors are caused by the physician or the system. Some may be related to
the patient if they are uncooperative, unintentionally misleading, deceptive, or
simply do not recognise that they have a problem or seek help for it. Diagnostic
errors can happen even if there are no errors in the diagnostic process; for example,
the disease can present atypically or be in such an early stage that it cannot
realistically be detected at the time. (Thammasitboon et al. 2013; Graber et al. 2005;
Kuhn 2002; Balogh et al. 2015)

It should be kept in mind that uncertainty is always present in medicine and it
can be minimised, but not eliminated completely. Confirmatory examinations and
tests cannot be continued indefinitely considering the inconvenience and possible
harm caused to the patient, as well as the limited resources of the health care system.
All errors in diagnosis cannot be prevented, but it is important to be aware of their
existence.

2.3 What does validity mean?

The concept of validity refers to the degree of correspondence between a piece of
information and the truth, or how close this piece of information is to real world.
Validity can be classified into three principal categories: test validity, experimental
validity and diagnostic validity.

2.3.1 Test validity

Validity and reliability are both concepts used in scientific research to describe the
quality of the object in question. Validity refers to how well a method measures what
it is supposed to measure. Reliability refers to consistency, meaning that the result
does not change over time if the conditions remain the same. For example, a reliable
measurement is something that gives the same result every time an object is
measured if the object itself does not change. A reliable measurement can still have
poor validity, meaning that the results are consistent and reproducible but not
necessarily correct. Measurements with good validity usually have good reliability.
(Hazra et al. 2017)

Validity of a recorded diagnosis refers to the probability of the recorded
diagnosis being correct, which means it fits the generally accepted consensus on that
diagnosis. For example, the perception of RA is different today than it was years
ago, in particular in the light of the new classification criteria, and a diagnosis of RA
made in the past may be wrong according to current consensus. Validity is often
reported numerically either as a percentage (0—100%) or a proportion (0-1) of
diagnosed individuals who have the disease. This proportion is called a positive
predictive value (PPV). A negative predictive value (NPV) indicates how often a
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person who is not thought to have a particular disease actually does not have the
disease in question. (Hazra et al. 2017; Olliaro et al. 2021)

2.3.2 Experimental validity

Experimental validity describes the validity of the design of experimental research
study, and it covers statistical conclusion validity as well as internal and external
validity.

Statistical conclusion validity refers to the extent to which the conclusions about
the variables are accurate. It is based on the use of appropriate sampling, right
measurement techniques and the use of suitable statistical tests.

Internal validity refers to the extent to which evidence supports a claim about
cause and effect in a particular study. External validity refers to the extent to which
the results of a particular study are generalizable outside the specific circumstances
of the study, for example in a different population.

2.3.3 Diagnostic validity

Diagnostic validity describes the ability of a given test or set of diagnostic criteria to
distinguish between individuals who are afflicted with a particular disease and those
who are not, or who are afflicted with a different disease. If diagnostic criteria have
good diagnostic validity, the proportion of false positives and false negatives is low.
This means that only individuals with the disease in question fulfil the criteria, and
those with another disease or no disease at all will not fulfil the criteria.

24 Registry-based studies

Registry-based studies are studies that utilise data that is usually collected for other
purposes. Registry studies typically combine register data from different authorities
in a new way or complement the data with interview and survey data collected during
the study. (Ludvigsson et al. 2015; Edwards et al. 2012; Hafstrom et al. 2019; Soussi
et al. 2022)

There are many clear benefits to utilising registry data in studies. The data
already exist, often with long follow-up periods, which often make registry studies
quicker and cheaper to perform compared to studies recruiting patients from the
clinical practice (Anderson et al. 2020). It is possible to identify a large number of
patients from the registries, making it easier to identify statistically significant
differences. The ability to search for subjects from a large number of patients is
especially important when studying rare diseases or health events, or when there may
be a long period between exposure and a health event. Patients dropping out of the
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study during follow-up is also minimised in nationwide registries. Some studies such
as drug exposure during pregnancy would not be possible to do due to ethical
reasons. Real-world data from registries is more generalizable than data from clinical
studies with tightly selected patient cohorts. Registry data also minimises different
types of bias such as volunteer bias, selection bias, recall bias and the influence of
the diagnostic process determined by the study. It is also possible to improve data
quality by combining data from different registries. (Thygesen et al. 2014; Maret-
Ouda et al. 2017; Rubinger et al. 2023)

2.4.1 Problems and error sources of registry-based studies

Registry studies are not without problems. Some of the error sources are presented
in Table 1.

Table 1.  Error sources of registry studies.

Error sources of registry studies

Registry data not generated for study purposes
e Limited number of variables
e Varying quality and coverage, differences among professionals and
institutions
« Different or differently coded variables in different registries
e  Missing data
e  Lack of confounder information

Administrative or economic circumstances and guidelines
o Diagnosis recorded before it is medically confirmed
o Diagnoses influence the funding allocated to hospitals on the basis of
benchmarking data
o Raised threshold for hospitalization and resource constraints may cause
a disease to be diagnosed at a more advanced state

Large data sets
e  Statistically significant findings with no practical importance in real life
e Data dredging

Left truncation
Poor validity of diagnoses

2411 Data not generated for study purposes

The data in the registries are not generated by researchers to be used in registry
studies, but rather by other professionals, such as clinical practitioners, to be used in
patient care and for administrative purposes. This practice limits the number of
possible variables to be used, and there may be differences among professionals and
institutions in the generation of the data. The quality and coverage of the data can
vary between different institutions if the coding process and administrative
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guidelines are not the same, and validating the quality of registries can be difficult.
When combining multiple registries, the same variables may not be found in all
registries, and the variables may be coded differently. Because of these
discrepancies, combining registry data requires deeper knowledge of the different
variables in the registries, how and for what purpose the data was originally
generated, and whether interpretation of the variables is the same. A clinician
familiar with the routines of the clinic can have a very different view of the quality
and interpretation of variables than a statistician would. Cleaning and merging the
data also takes time and effort when combining data from different registries.
(Thygesen et al. 2014; Maret-Ouda et al. 2017)

In registry-based studies, handling of missing data may be difficult. Important
data might be unavailable or misclassified, and it may be hard to interpret the
meaning of missing data; for example, does the lack of a recorded positive test result
indicate a negative finding, or does it mean that the test was not performed at all?
Low coverage of registry data, with only a part of patients registered, can potentially
indicate a selective enrolment. Selective enrolment causes bias in the study
conclusions. In registry intervention or safety studies, adverse events may be
underreported compared to randomised controlled trials (RCT), because in RCTs the
patients are actively encouraged to report adverse events. Confounder information is
often missing from registries and is only available at irrelevant times or through
proxy data. For instance, a patient's socio-economic status may be determined by
registry data on level of education. (Thygesen et al. 2014; Rubinger et al. 2023)

24.1.2 The effect of economic and administrative factors on diagnoses

Nonmedical administrative or economic circumstances and guidelines may lead to a
diagnosis being recorded before it is medically confirmed. For example, a suspicion
of an illness is often set as a true diagnosis in hospital administrative records even if
the follow-up proves this suspicion wrong. This situation can happen because the
administrative information system requires a coded diagnosis from the physician on
every contact with the patient, and the physician may feel that a symptom code alone
is not sufficient. (Maret-Ouda et al. 2017)

The Diagnosis Related Group (DRG) system is a classification system where
treatments and patient cases are placed into groups that are similar medically and in
terms of costs based on diagnoses and other recorded information. In DRG, some
diagnoses are more expensive than others, and a patient with many diagnoses of
comorbidities is more expensive than a patient with no comorbidities. Many
countries use the DRG system in the pricing and invoicing of medical care services,
as well as to analyse and compare hospitals’ operational, financial and productivity
data — also known as benchmarking data. In Finland, this benchmarking data of
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public hospitals contain information by common Nordic DRG system (NordDRG
Full) patient groups (THL. Hospital Benchmarking 2023). In the Law on the
Financing of Welfare Areas, the funding of welfare areas was mainly determined by
need-based state funding, which in turn is partly based on the calculated DRG group
costs from the hospital productivity statistics (Finlex. Act on the funding of welfare
regions 2023; THL. Needs assessment of health and social services funding 2022).
Because of this funding formula, physicians are incentivised to record several
diagnoses of a patient’s chronic comorbidities to ensure future funding for the
hospital, even if they are not the reason for the visit. (Thygesen et al. 2014; Maret-
Ouda et al. 2017; Bocking et al. 2005)

Societal and financial factors can also affect the results of prevalence and
incidence studies. Economic problems or political efforts to increase outpatient care
may reduce patient occupancy in hospitals, thus raising the threshold for
hospitalization, and resource constraints can cause a disease to be diagnosed at a
more advanced stage. Both of these situations may lead to a decrease in prevalence
or incidence in some diseases. (Thygesen et al. 2014)

2413 Problems from large amount of data

In registry studies with large data sets, it is possible to get statistically significant
results from small differences that have no practical importance in real life. Due to
the lack of confounder information together with the significant statistical power of
big data sets, registry studies can be prone to over- or underestimation of the
observed association. (Thygesen et al. 2014; Maret-Ouda et al. 2017; Rubinger et al.
2023; Olsen 2011)

The availability of huge amounts of data in large registries may influence a
researcher into making different kinds of analyses from the data and then afterwards
choosing the study topic based on the results that yielded the largest statistical
impact, especially if the scientist’s financial stability or reputation are dependent on
frequent publication. However, this kind of data dredging is not a valid way to
perform science because the study design should always be based on a hypothesis
and not the other way around. However, it is useful for identifying hypotheses for
future studies through explorative research, as long as basic scientific principles are
followed. (Thygesen et al. 2014; Olsen 2011)

2414 Missing data

Missing data is a common problem in registry studies. In some cases, data may be
missing completely at random, which should not have a significant impact on the
results. However, data can also be missing not at random, in which case the missing
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values are related to some other unknown factor, potentially leading to bias in the
results. When assessing the validity and completeness of register data, it is important
to understand the type and extent of the missing data. Although the researcher cannot
know with certainty why data are missing, it is still worthwhile to attempt to ascertain
the reason for the missing data in order to determine how the missing data should be
handled in the study.

2415 Left truncation

The incidence and prevalence of diseases can also be difficult to differentiate at the
start of the registry period, when old cases that were diagnosed years before the start
of the register appear as new cases on the first year of the register — a phenomenon
called left truncation. Left truncation can cause overly high incidence rates and
overly low prevalence rates in the first years of the register, especially with diseases
that rarely require contact with the hospital.

24.1.6 The effect of poor validity of registry data

If a registry study is based on a register with a poor validity of diagnoses,
misclassification bias can cause the results of the study to become inaccurate and
unreliable, because patients are assigned to the wrong study category (Pham et al.
2019). In a study designed to determine the effectiveness of a treatment for a specific
disease, a potentially effective treatment may falsely appear to be ineffective if the
patients selected in the study do not actually suffer from the disease in question. In
incidence and prevalence studies, a large amount of false positive diagnoses in the
population falsely increases the incidence or prevalence. In studies investigating the
use of health care resources to treat a chronic disease, a large amount of false positive
diagnoses can make the results erroneously small because too many healthy
individuals were mixed in the study cohort. In studies investigating genetic
background or cytokine profile of a disease, relevant findings are lost in the
confusion caused by genetic and cytokine profiles of patients with erroneous
diagnoses. (Benchimol et al. 2011)

242 Investigating the validity of register data

Before starting a registry study, it is important to find out the validity of the diagnoses
of the subject under investigation in order to avoid the misclassification bias
resulting from incorrect diagnoses (Benchimol et al. 2011). An international
consortium has identified studies where medical records are reviewed to determine
the validity of hospital abstract data, as one of the ten most highly ranked priorities
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of methodological research (De Coster et al. 2006). The validity of register diagnoses
can be investigated many different ways, and some of these ways might be more
effective than others.

The completeness or validity of the register diagnoses can be assessed by
comparing the register data with another register that is believed to be more accurate
(Thygesen et al. 2014). One possible method for conducting this comparison would
be to compare claims data with hospital administrative registers (Katz et al. 1997;
Losina et al. 2003). This method is fast and inexpensive, but it is not the most
accurate because it does not consider potential problems like wrong or missing
diagnoses in the register the comparison is being made to. In some studies,
researchers have checked the validity by asking the diagnosed patients themselves
whether their diagnosis is true (MacLean et al. 2001; Callhoff et al. 2023). Naturally,
this does not confirm a true diagnosis, only the patient’s perception of it, but it finds
the most obvious recording errors. The completeness of the register can also be
approximated by comparing the number of found cases to expected numbers
calculated from rates in the same kind of register from another area that is
demographically similar (Thygesen et al. 2014).

When studying the validity of register diagnoses by comparing registers or by
asking the patients, the PPVs and percentages of correct diagnoses are generally
high. The sensitivity of diagnoses is higher because the probability of wrongly
recalling a diagnosis false is small, but the specificity is lower because the criteria
for what is considered true diagnosis are loosely defined.

A more specific but also more expensive and time-consuming way of validating
registry diagnoses is by evaluating patient records and assessing the correctness of
the diagnosis based on the information recorded (Thygesen et al. 2014). However,
the criteria that must be fulfilled in order for the diagnosis to be assessed as correct
may vary. For example, it may have been enough that the diagnosis was originally
set by a rheumatologist, or that the clinical picture of the patient’s condition suited
that of the disease in question based on the expert opinion of the researcher (Klein
etal. 2010; Ng et al. 2012; Waldenlind et al. 2014; Poulsen et al. 2017; Carroll et al.
2012; Hanly et al. 2015). The strictest criterion for a true diagnosis is that the
fulfilment of classification criteria for the disease and sufficient differential
diagnostics must be verified from the patient documents (Bili et al. 2011; Kim et al.
2011). This way the specificity of a diagnosis is high because it is unlikely that the
diagnoses stated as true are not correct, but it comes with the cost of lower sensitivity
because some disease cases may not fulfil the classification criteria simply due to
deficiencies in patient records, and classification criteria may also change over time.

Validating a lack of registry diagnosis by calculating the NPV, meaning a true
absence of a diagnosis, is harder and requires the evaluation of controls that do not
have a registered diagnosis.
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The aim of the planned research defines the method by which the validity of the
register diagnoses should be investigated. A study investigating the influence of
genetic factors on a disease requires high specificity from the diagnosis instead of
finding all the possible cases of the disease in question, whereas epidemiological
studies require high completeness and sensitivity in addition to good specificity.
(Thygesen et al. 2014)

2.5 Finnish health care registries

Finland has a comprehensive range of health and social welfare registries maintained
by different health care authorities such as The Finnish Institute for Health and
Welfare (Terveyden ja Hyvinvoinnin Laitos, THL) and the Social Insurance
Institution of Finland (Kansanelidkelaitos, KELA) (Gissler et al. 2004). The main
Finnish health care registers used and discussed in this dissertation are presented in
table 2.

Table 2. The main Finnish health care registers used and discussed in this dissertation.

Register Register
authority
THL NordDRG Full, Hospital benchmarking data

Care Register for Health Care (CRHC)
Register of Primary Health Care Visits
Care Register for Social Welfare

Quality registers, including The Finnish Rheumatology Quality Register
(FinRheuma)

Cancer Register

Implant Register

Finnish National Infectious Diseases Register
Medical Birth Register

Register of Congenital Malformations

Finnish National Vaccination Register and monitoring of the vaccination
programme

Kela Kanta Archiving Services

Kanta Prescription Centre and Prescription Archive
Drug Reimbursement Register
Drug Purchase Register

Statistics The Cause of Death Register

Finland

THL, The Finnish Institute for Health and Welfare (Terveyden ja Hyvinvoinnin Laitos); Kela, the
Social Insurance Institution of Finland (Kansanelakelaitos).
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THL is an independent, state-owned, research institute operating under the
Ministry of Social Affairs and Health (Sosiaali- ja terveysministerio, STM) (THL.
About THL 2023). Duties of THL are established by the Act on the National Institute
for Health and Welfare (Finlex. 2023). THL promotes the welfare, health and safety
of the population and serves as an authority that maintains a number of statistics and
registers in health care, including the CRHC (THL. Statistics on health care services
2023). THL's other registers contain information on a range of topics, including
statistics on the use and coverage of preventive services, primary health care visits,
the service needs of children, families and the elderly, disability services, cancers,
infectious diseases, visual impairment and other morbidity, accidents, implants,
substance abuse and addiction data, sexual and reproductive health, medical births,
congenital malformations, vaccinations, access to services and treatments, social and
health care resources and home care activities. These registers are used as part of
international statistical cooperation. THL also maintains nine quality registers of
national health care which were defined by STM decree. One of these registers is
The Finnish Rheumatology Quality Register (FinRheuma), which collects national
information on the treatment outcomes of rheumatic diseases in specialised medical
care (THL. The Finnish Rheumatology Quality Register 2023).

KELA is an independent social security institution of Finland, which has its own
administration and funding, and is supervised by the Finnish Parliament (Kela.
Kela’s organisation 2023). KELA maintains numerous social security registers,
including the Drug Reimbursement Register containing data on medicine
reimbursement entitlements and the Drug Purchase Register.

Statistics Finland is Finland's national statistical institute, collecting data from a
wide range of sources. Statistics Finland maintains a register of causes of death in
Finland. (Statistics Finland 2024)

A personal identification number was introduced in Finland in 1964, and all
Finnish citizens and permanent residents have this unique identification code. The
code is included in all administrative registers and can be used to combine data from
different registries. (Sund 2012)

The majority of the data produced by Finnish health care and social welfare
institutions during recent years is in electronic form. Finnish legislation, namely the
Act on the Electronic Processing of Client Data in Healthcare and Social Welfare
(the Client Data Act) (Finlex. Act on the Electronic Processing of Customer Data in
Social Welfare and Health Care 2021), requires all public health care and social
welfare services providers to enter patient and client data in national Kanta
Archiving Services, a database maintained by Kela (Kanta Services 2023). Kanta
Services are also mandatory for private sector health care and social welfare
providers if they have an information system that stores patient and client data.
Health care providers store medical records in the Kanta archives. This means that
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the Kanta archives contain information on the patient's diagnoses and visits, allergies
and other risks, laboratory results, vaccinations, procedures, medication data,
physiological measurements, imaging examinations recorded with a procedure code,
data on booked appointments as well as the plan for the patient's examinations,
treatment and possible rehabilitation. Patient data has been stored in Kanta Services
since 2014 and social welfare client data since 2018. The data, however, is seldom
in structured, easily useable form.

The Electronic Prescription Act, which entered into force on 1 January 2017,
makes it mandatory for all prescriptions in Finland to be processed electronically at
the national Prescription Centre and Prescription Archive, which are a part of Kanta
Archiving Services and are maintained by Kela. A paper prescription or telephone
prescription can only be used in exceptional cases, and even then, the pharmacy
supplying the medicine will convert the prescription into an electronic prescription
and save it in the Prescription Centre and Prescription Archive. (Finlex. Act on
electronic prescription 2023)

It is possible to obtain data from these health care registers for research purposes.
Permission to use the data can be requested from The Finnish Social and Health Data
Permit Authority (Findata) (Finnish Social and Health Data Permit Authority Findata
2023). The use of the data is strictly regulated and defined by the Act on the
Secondary Use of Health and Social Data (Finlex. Act on the secondary use of social
and health data 2019).

2.5.1 The Care Register for Health Care (CRHC)

The Care Register for Health Care (CRHC) is one of the most important of many
registries maintained by THL. CRHC collects information about the activities and
patients of health centres, hospitals and other institutions that provide inpatient,
outpatient or home-nursing care. The data is collected in CRHC for statistical,
research and planning purposes. (THL. Care Register for Health Care 2023)

CRHC is a continuation of the Finnish Hospital Discharge Register (FHDR) and
replaced it in 1994. CRHC contains nationwide data, connected through a personal
identification code, on all hospital inpatient discharges since 1969, specialised
outpatient care and day surgery visits to hospitals since 1998, and a count of patients
in inpatient care in health centres and hospitals on 31 December each year, when the
previous FHDR only included data regarding inpatient care. The diagnoses of these
contacts have been recorded using ICD-8 during 1969-1986, ICD-9 during 1987—
1995 and ICD-10 since 1996. (Sund 2012; THL. Statistics on health care services
2023)

In addition to the discharge diagnoses, the CRHC data contains numerous other
variables including service branch and speciality of the service provider,
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municipality of residence of the patient, and admission information such as the
referring institution, as well as detailed data on the treatment received and procedures
performed during inpatient stays or outpatient and day surgery visits. (THL. Care
Register for Health Care 2023)

25.2 The Drug Reimbursement Register and the Drug
Purchase Register in Finland

The Finnish national health insurance system entitles all patients with certain chronic
and severe diseases, such as RA, to special reimbursement for the cost of
medications. Information about these reimbursement entitlements and purchases of
the medications is recorded in registries maintained by KELA (Kela.
Reimbursements for medicine expenses 2023).

The KELA Drug Reimbursement Register includes data on reimbursement
entitlements for medicine, which includes the number of reimbursement entitlements
during the year and at the end of the year, and the number of entitlements that started
that year, the starting date expressed in months, as well as the number of entitlements
that ended due to death that year. These reimbursement entitlement statistics are
available starting in 1986. (Kela. Statistics on entitlements to reimbursement of
medicines 2023)

The reimbursement entitlements for medicine expenses are divided into three
reimbursement levels: diseases or disease groups with a basic rate of reimbursement
(40%), a lower special rate of reimbursement (65%), and a higher special rate of
reimbursement (100%) in year 2023. All the different diseases or disease groups in
these three levels have unique codes. For example, code 202 refers to diffuse
connective tissue diseases (CTDs), rheumatic arthritis and similar conditions, and a
patient granted this reimbursement right gets a 65% discount on the cost of medicine
approved in the code 202 category (Kela. Reimbursements for medicine expenses
2023). Most medicines are covered by basic rate of reimbursement if a doctor has
issued a prescription for them. For medicines with limited basic reimbursement and
medicines with lower or higher special rate of reimbursement, the right to
reimbursement must be applied for from Kela and these reimbursement rights are
recorded in the Drug Reimbursement Register. The Pharmaceuticals Pricing Board
(Hintalautakunta, Hila), operating in connection with the STM, decides whether a
medicine is to be reimbursed in a particular reimbursement category.

The Drug Reimbursement Register contains both the code of the disease group
and the diagnosis code with which the reimbursement was originally applied for and
granted, all connected through a patient’s personal identification number.
Regrettably, some diseases, such as CTDs, are coded in crude 3-character form,
which constrains the use in epidemiological research.
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The Drug Purchase Register is collected from pharmacies and based on
purchases of reimbursed medicine (Kela. Statistics on purchased medicines
reimbursed by health insurance 2023). The register includes information on the
reimbursed purchases, including the cost of the medication before reimbursement
and the amount of reimbursement. The purchased medicines are coded in the register
using the anatomical therapeutic chemical (ATC) code, an international
classification system for medicines maintained by the WHO (WHO. ATC Structure
and principles 2024).

253 Finnish biobanks

Biobanks are collections of biological samples of human origin and information on
the donor’s health data, collected with the donor’s permission (Paskal et al. 2018).
In biobank-based studies, data obtained from the collected biological samples are
combined with related data from electronic health records (Bycroft et al. 2018; Li et
al. 2020). Biobank-based research often relies on diagnostic information recorded in
health care registers (Li et al. 2020). To select patients for research cohorts, biobank
studies also rely on diagnostic information from medical records and registers
(Bycroft et al. 2018; Kurki et al. 2023; Sudlow et al. 2015; Rdmo et al. 2023; Mishra
et al. 2022; Vuorinen et al. 2021).

In Finland there are eleven nationally registered biobanks. These biobanks and
their catchment areas and target populations are listed in Table 3. Seven of them are
regional biobanks established by universities, health care districts and catchment
areas. Four biobanks are nationwide and collect samples from the whole of Finland.
The Biobank Act (688/2012) regulates all biobank activities (Finlex. Biobank Act
2012), and a register of Finnish biobanks is kept by the Finnish Medicines Agency
(Fimea) (Fimea. Biobanks 2023).

Patients treated in the biobank hospitals have the option to include all their
medical data in the biobank during any hospital visit. According to Finnish biobank
legislation, written consent is obtained from each patient before their data are
included (Finlex. Biobank Act 2012).

After the patient has given consent, a biobank blood sample is taken as part of
other laboratory tests related to treatment or follow-up. All available clinical data
from hospital electronic medical records are combined, including diagnoses recorded
during a patient's outpatient and inpatient visits, medical procedures performed,
medicines the patient is taking, and results of laboratory tests and imaging.
Information and samples may also be collected as part of separate biobank studies.
A biobank consent and blood sample can also be provided by healthy people with no
other contact with the hospital. Potential study patients can therefore be searched
from the biobank using a variety of criteria.
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Table 3.

Regional biobanks and their catchment areas

Regional and nationwide biobanks in Finland.

Auria Biobank, Turku

Borealis Biobank, Oulu

Central Finland Biobank, Jyvaskyla
Biobank of Eastern Finland, Kuopio

Finnish Clinical Biobank Tampere

Helsinki Biobank

Arctic Biobank, University of Oulu

The Wellbeing Services Counties of Southwest
Finland, Satakunta and Ostrobothnia.

The Wellbeing Services Counties of North
Ostrobothnia, Lapland, Kainuu and Central
Ostrobothnia.

In addition, infection screening samples
collected at maternity clinics across Finland
from 1983 to 2016 and early pregnancy
screening samples from 2017 to 2021.

The Wellbeing Services County of Central
Finland

The Wellbeing Services Counties of North
Savo, North Karelia and South Savo.

The Wellbeing Services Counties of
Pirkanmaa, South Ostrobothnia and Kanta-
Hame

Hospital District of Helsinki and Uusimaa
(HUS), The Wellbeing Services Counties of
South Karelia, Kymenlaakso and Paijat-Hame.

The Northern Finland Birth Cohorts from
provinces of Oulu and Lapland including two
longitudinal and prospective birth cohorts from
years 1966 and 1986 and from two cohorts on
aging populations with individuals born in 1935
and 1945. One-year military call-up sample
from provinces of Oulu and Lapland in the
autumn 2014.

Nationwide biobanks and their target populations

Blood Service Biobank
THL Biobank

The Finnish Hematology Registry and Clinical
Biobank

Terveystalo Biobank (run by a private health
care provider)

Blood donors in Finland

Several collections from national population
studies and disease-specific studies.

Patients with haematological diseases in
Finland

Patients of Terveystalo in Finland

THL, The Finnish Institute for Health and Welfare

254

Three country-wide and seven regional

The FinnGen study

(Terveyden ja Hyvinvoinnin Laitos).

biobanks in Finland participate in the

FinnGen study, which combines genome information with digital health care data.

The project was launched in 2017 and ha
500,000 biobank participants in Finland.

s collected genome and health data from
The FinnGen project aims to study the

genetic background of numerous diseases and ultimately aims to identify new
therapeutic targets and diagnostic possibilities. (Kurki et al. 2023; Finngen: an

expedition into genomics and medicine 20
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2.5.5 Validity of register diagnoses in Finland

The validity of register diagnoses in Finland has been previously studied in certain
disease groups like cardiovascular diseases, psychiatric diagnoses, injuries,
miscarriages, dementia and Alzheimer's disease (Sund 2012; Vuori et al. 2019; Helle
et al. 2022; Solomon et al. 2014), with reasonably good accuracy in the diagnoses.
In a meta-analysis by Sund et al. of 32 studies analysing the quality of diagnoses in
the Finnish Hospital Discharge Register, which was later replaced by the CRHC, the
validity of diagnoses in these registries was shown to vary between 75% and 99%
for common diagnoses, but for rare diseases, false-positive diagnoses were more
likely (Sund 2012). It should be noted that in several of these studies, the register
data was validated by comparing it with data from another register and not from
patient medical records (Sund 2012). There are also some diseases, like the division
between ST-elevation myocardial infarction and non-ST-elevation myocardial
infarction, in which the validity of the diagnosis has been shown to be poor, and
these diagnoses should not be used as research outcomes (Okkonen et al. 2020). Only
a few studies have been conducted on the accuracy of diagnostic information in
Finnish biobank patients. Diagnoses of psoriasis recorded in Finnish biobanks were
validated with a PPV of 88.0% (95% CI 82.7-92.2) (Haverinen et al. 2020). To our
knowledge, before our study, there were no previous validation studies of
rheumatologic diagnoses in Finnish biobank patients or in the CRHC register.
Further, no studies on the validity of RA diagnoses in health care registers have
been done in Finland in recent years. Three decades ago, Hakala et al. studied a
cohort of 220 subjects with drug reimbursement for chronic rheumatic diseases
extracted from the National Sickness Insurance Register. Of these patients, 56%
(109/193) fulfilled the ACR 1987 revised criteria for the classification of RA (Arnett
et al. 1988) and were 16 years or older at the disease onset, but 6% of these 109
patients had some disease other than RA. Of the 193 patients, 22% did not fulfil the
ACR 1987 criteria despite a clinician’s primary diagnosis of RA (Hakala et al. 1993).

2.6 Rheumatoid Arthritis

2.6.1 RA as a disease

Rheumatoid arthritis (RA) is the most common autoimmune inflammatory arthritis
in the world, affecting almost 1% of adults worldwide. The incidence and prevalence
of RA varies around the world and is more common in industrialised countries
(Finckh et al. 2022). In Northern Europe, the prevalence of RA has been 0.4-0.8%
and the annual incidence is 20—40/100,000. Following the year 2000, the incidence
of seropositive RA in Finland has remained around 29/100,000 for adults, while the
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incidence of seronegative RA has decreased from 18/10,000 between the years 2000
and 2004 to 14/100,000 between years 2010 and 2014, due to the introduction of
new classification criteria (Muilu et al. 2019). RA is two to three times more
common in females than in males (Gravallese et al. 2023).

Seropositive RA is an autoimmune disease that starts with predisposing genetic
factors and progresses over the years into an overt disease due to the influence of
external factors. Smoking is the single biggest risk factor, and obesity, low vitamin
D levels, low alcohol consumption, poor dental health, unhealthy diet, and use of
oral contraceptives also increase the risk. Several infections have been proposed as
aetiologic and contributing factors. (Sparks 2019; Scherer et al. 2020; Gravallese et
al. 2023)

RA most often affects the smaller joints of the hands, wrists and feet, usually in
a symmetric and polyarthritic pattern, but can occur in any joint. Current diagnostic
methods have somewhat changed the classic clinical picture of RA, and a recent
study from Finland showed that 25% of patients with newly diagnosed RA did not
have symmetric swelling at baseline (Weman et al. 2023). Untreated RA causes
painful swelling and stiffness of the joints and can eventually cause structural
damage, bone erosion and joint deformity. Inflammatory values c-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR) may be elevated. Rheumatoid factor
(RF) and anti-citrullinated peptide antibodies (ACPA), autoantibodies related to RA,
are often but not always positive, and RA is divided into seropositive RA and
seronegative RA based on the serological status of the patient. RA can cause
numerous but nowadays rare manifestations outside joints, such as interstitial lung
disease, pericarditis, pleuritis, vasculitis, secondary Sjogren syndrome and
amyloidosis. (Sparks 2019)

Currently, treatment of RA aims for remission. The mainstream treatment in
Finland is methotrexate in combination with other disease-modifying anti-rheumatic
drugs (DMARDs) (Duodecim. Rheumatoid Arthritis: Current Care Guidelines
2022). Biologic DMARDs (bDMARDS) or janus kinase (JAK) inhibitors are used if
remission or low disease activity is not reached with conventional DMARD:s.
NSAIDs and glucocorticoids, either intra-articularly or perorally, are used in the
beginning and during possible flare-ups of high disease activity. (Sparks 2019;
Scherer et al. 2020)

2.6.2 Diagnosing RA

Diagnosing RA is complex because there is no single test to confirm the diagnosis.
Diagnostic criteria do not exist, but there are some classification criteria that have
been developed primarily for research purposes to enable clinical studies to have
uniform cohorts. ACR 1987 and ACR/EULAR 2010 classification criteria for RA
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(Aletaha et al. 2010; Arnett et al. 1988) are the criteria used most often in clinical
settings to classify arthritis patients as having RA. A diagnosis of RA, however, is
ultimately an opinion of the rheumatologist (Aggarwal et al. 2015; Aletaha et al.
2010; Arnett et al. 1988). This opinion is based on a subjective assessment of a
combination of clinical signs and symptoms such as the duration of symptoms,
amount and location of tender and swollen joints, possible extra-articular
manifestations, imaging results, potentially elevated inflammatory markers as well
as the presence of RF or ACPA. The role of ACPA in the diagnosis of RA has been
highlighted by the new ACR/EULAR 2010 classification criteria. Relevant
differential diagnostics should be considered, and knowledge about the
epidemiology of the rheumatologist’s geographical area should be considered
(Aggarwal et al. 2015; Aletaha et al. 2018). Different imaging modalities are used in
the diagnosis of RA. US imaging and MRI can assess the presence and activity of
inflammation, synovitis, or tenosynovitis, as well as structural damage like erosions
in the joints and tendon injuries. Radiographic imaging can show erosions,
periarticular osteoporosis and joint space narrowing. (Baker et al. 2018; Tan et al.
2011)

Because of the complexity of diagnosing RA, individuals in registers with
diagnosis of especially seronegative RA may actually have another arthritis or even
non-rheumatic disease.

Seronegative RA is a heterogeneous disease entity that is challenging to
diagnose, and differential diagnostics between RA and other inflammatory
arthritides can be difficult. Many patients present with a competing diagnosis during
longer follow-up. In a register study by Paalanen et al., of the 9784 patients with
seronegative RA, 5.7% of the patients were diagnosed with either psoriatic arthritis,
nonradiographical axial spondyloarthritis, ankylosing spondylitis, or inflammatory
bowel disease-related arthritis during 15 years of follow-up (Paalanen et al. 2021).
In another study by Paalanen et al., 435 patients with a diagnosis of seronegative RA
were followed for up to 10 years in the department of rheumatology of the Central
Finland Central Hospital. During follow-up, 13 patients (3%) could be reclassified
as seropositive or erosive RA, 68 (16%) as polymyalgia rheumatica, 46 (11%)
psoriatic arthritis, 45 (10%) osteoarthritis, 38 (8.7%) spondyloarthritis, 15 (3.4%)
plausible reactive arthritis, 10 (2.3%) gout, 17 (3.9%) pseudogout, 6 (1.4%)
paraneoplastic arthritis, 6 (1.4%) juvenile idiopathic arthritis, 2 (0.5%)
haemochromatosis, 3 (0.7%) ankylosing spondylitis, 2 (0.5%) giant cell arteritis, and
8 other miscellaneous diagnoses. 140 patients (32%) could not be reclassified in any
one diagnosis and had features of transient arthritis or seronegative spondyloarthritis,
while 49 (11%) remained unspecified (Paalanen et al. 2019).
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26.3

The validity of RA diagnoses has specifically been examined in many studies, and
algorithms have been developed to identify patients with RA in the registers.
Requirements for a correct diagnosis in some of these previous studies are presented
in Table 4.

Validity of RA diagnoses

Table 4. Previous studies on the validity of RA diagnoses.
Study Year |Country |Study Validity Requirement for correct
population diagnosis
Singh et al. 2004 |USA Rheum. 66% A diagnosis of RA made by a
rheumatologist on 2 separate
occasions > 6 weeks apart
Bili et al. 2011 [USA Rheum. 97% Fulfilment of ACR -87
classification criteria
Widdifield et 2013 |Canada |Rheum. 55% RA documented in patient
| records, clinical diagnosis
al.
Waldenlind et | 2014 |Sweden |Rheum. 90% Fulfilment of ACR -87 or
ACR/EULAR classification
al. criteria or having a clinical
diagnosis of RA.
Carrara et al. 2015 |ltaly Rheum. 7% Clinical diagnosis or fulfilment
of classification criteria
Kim et al. 2011 |USA Rheum., Rheum. 67%, |A diagnosis of RA made by a
general general 56% | rheumatologist
Ng et al. 2012 |USA Rheum., Rheum. 40%, | Clinical diagnosis
general general 31%
Hanly et al. 2015 |Canada |Rheum., Rheum. 47%, | A diagnosis of RA made by a
general general 39% | rheumatologist
Poulsen et al. 2017 |Denmark | Rheum., Rheum. 96%, | Expert opinion
general general 79%
Thomas et al. |2008 |UK General 56 % Fulfilment of ACR -87 criteria
and clinical diagnosis
Carroll et al. 2012 |USA General 22-49% Clinical diagnosis
Callhoff et al. | 2023 |Germany | General 81% Confirmed by the patient
MacLean et al. | 2001 [USA General 92% Confirmed by the patient

Rheum., study patients from a department of rheumatology; General, study patients from any
department or primary health care; RA, rheumatoid arthritis; ACR, American College of
Rheumatology; EULAR, European League Against Rheumatism.

To the best of our knowledge, no studies on the validity of RA diagnoses in
health care registers in Finland have been done. In the other Nordic countries, the
structure, statistical methods and treatment practices of the health care system are
similar to those in Finland. In Sweden, Waldenlind et al. studied patients diagnosed
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with RA by a rheumatology clinic on at least two visits (Waldenlind et al. 2014).
Approximately 90% of these patients had a definite diagnosis of RA defined by the
fulfilment of ACR -87 or ACR/EULAR 2010 classification criteria or having a
clinical diagnosis of RA. Either of the two classification criteria were fulfilled in
94% of the seropositive patients. In Denmark, Poulsen et al. studied the validity of
the diagnoses of RA in the Danish Registry for Biologic Therapies in Rheumatology
(DANBIO), which is a register of inflammatory arthritis diseases, and in the Danish
National Patient Register (DNPR) (Poulsen et al. 2017). The inclusion criteria for
the patients were either a diagnosis of RA in the DANBIO register or a diagnosis of
RA in the DNPR register that was obtained during at least two visits at a
rheumatology clinic. A correct diagnosis of RA was determined by expert opinion.
In the DANBIO register, the accuracy of the diagnoses was 96%, and in the DNPR
register, it was slightly lower at 79%.

In other parts of Europe outside Nordic countries, RA diagnoses in data from a
large, German, statutory health insurance database has been studied by Callhoff et
al. The patients with a database diagnosis of RA on at least two visits were asked
whether they had RA. The diagnosis was confirmed by the patient in 81% of the
cases, 94% for seropositive RA and 76% for seronegative RA. A correct diagnosis
was more likely if the patient had elevated inflammatory markers (82%), had visited
the rheumatology department (85%) or used specific medication (89%) (Callhoff et
al. 2023).

Most of the previous studies on RA have validated diagnoses set at rheumatology
clinics, and a minority of the studies have included diagnoses set at any speciality or
primary health care appointments. The percentage of the correct RA diagnosis has
varied between 40%-97% in rheumatology clinic patients (Ng et al. 2012;
Waldenlind et al. 2014; Poulsen et al. 2017; Hanly et al. 2015; Bili et al. 2011; Kim
et al. 2011; Carrara et al. 2015; Widdifield et al. 2013; Chung et al. 2013; Singh et
al. 2004) and between 22%—56% in patients diagnosed in any speciality or in primary
health care (Ng et al. 2012; Carroll et al. 2012; Hanly et al. 2015; Kim et al. 2011;
Thomas et al. 2008; Chung et al. 2013).

In the aforementioned studies, many algorithms have been suggested to better
identify patients with RA from the registers. These algorithms have usually included
the number and the location of the diagnoses (for example, at a rheumatology clinic
or elsewhere), anti-rheumatic medications prescribed for the patient, and other
rheumatic diagnoses (MacLean et al. 2001; Callhoff et al. 2023; Ng et al. 2012;
Waldenlind et al. 2014; Carroll et al. 2012; Kim et al. 2011; Carrara et al. 2015;
Thomas et al. 2008; Widdifield et al. 2013; Chung et al. 2013; Singh et al. 2004;
Liao et al. 2010).
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2.7 Systemic Sclerosis

2.71 SSc as a disease

Systemic sclerosis (SSc), which is also called scleroderma, is a rare autoimmune
disorder affecting 0.01% of the people in the world (Denton et al. 2017). The
incidence of SSc varies between 0.77/100,000 in the Netherlands to 5.6/100,000 in
the United States (Zhong et al. 2019). The incidence in Finland during 2014-2018
was 2.8/100,000 in people over 16 years old (Kortelainen et al. 2024). SSc is three
to eight times more common in females than in males (de Angelis et al. 2022). Even
though SSc is rare, it has high morbidity, and mortality in SSc is the highest of all
rheumatic diseases (Volkmann et al. 2023; Calderon et al. 2021).

Aetiology and pathogenesis of SSc is complex and still partly unknown. The
onset of the disease is likely caused by a combination of genetic susceptibility and
several environmental factors. The early stage of the disease is characterised by
microvascular dysfunction and autoimmune phenomena. SSc causes inflammation
and fibrotic scarring in the connective tissues of the skin, joints, internal organs and
blood vessels, leading to several organ-based manifestations. (Denton et al. 2017)

The first symptom of SSc is often Raynaud’s phenomenon (RP), which is a sign
of digital vasculopathy. Vasculopathy can also cause ulceration, gangrene and even
autoamputation. The skin is nearly always affected, starting from the distal parts and
progressing proximally. Thickening and fibrosis of the skin can lead to joint
contractures. Other possible manifestations include calcinosis of the skin, arthritis,
interstitial lung disease (ILD), pulmonary arterial hypertension (PAH),
gastrointestinal tract manifestations, renal crisis and cardiac problems. (Volkmann
et al. 2023; Denton et al. 2017)

SSc is divided into different subcategories based on the extent of skin
involvement. Diffuse cutaneous systemic sclerosis (dcSSc) patients have proximal
skin involvement, and limited cutaneous systemic sclerosis (IcSSc) patients have
skin involvement in the limbs distal to the elbows or knees, with or without changes
in the skin of face and neck. Systemic sclerosis with no skin manifestations is called
SSc sine scleroderma (ssSSc). The disease can also occur as SSc overlap syndrome,
when there are features of both SSc and some other autoimmune disease like RA,
polymyositis, dermatomyositis, systemic lupus erythematosus (SLE) or Sjogren’s
syndrome, and criteria for both diseases are fulfilled. (Volkmann et al. 2023; Denton
etal. 2017)

Several autoantibodies are associated with SSc. Antinuclear antibody (ANA) is
elevated in up to 95% of the patients. Several autoantibodies are SSc-specific,
including anti-centromeric protein (CENP), anti-DNA topoisomerase 1 (ScL-70),
Anti-RNA polymerase 3, Anti-Ul ribonucleoprotein (RNP), anti-fibrillarin, and
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anti-Th/To -antibodies. These SSc-specific antibodies can be used in predicting
organ involvement and severity of the SSc. Inflammatory markers like CRP can be
elevated. (Volkmann et al. 2023; Denton et al. 2017)

The treatment of SSc is targeted according to the organ manifestations and major
complications and is often a collaborative effort by several specialties. Treatment
ranges from immunosuppressive medication, DMARDs and bDMARDs, to anti-
fibrotic agents, angiotensin-converting enzyme (ACE) -inhibitors, vasodilators,
endothelin receptor antagonists, phosphodiesterase isoenzyme 5 inhibitors,
prostaglandin and even to haematopoietic autologous stem-cell transplantation.
(Denton et al. 2017; Pope et al. 2023)

2.7.2 Diagnosing SSc

Early clinical signs of SSc can be symptoms that are common in the population, and
due to the rareness of SSc, diagnosis can often be delayed. No diagnostic criteria
exist for SSc, and the diagnosis is made by a rheumatologist considering clinical
signs and symptoms, as well as a wide range of imaging, function tests and
laboratory analyses like autoantibodies, inflammatory values and organ-specific
blood tests. At the time of diagnosis and later at certain intervals during follow-up,
the presence of possible organ manifestations should be specifically and
systematically screened (Volkmann et al. 2023).

Due to a wide range of possible affected organs, many different imaging
modalities are used in the diagnosis of SSc. Conventional radiograph images are
used to evaluate manifestations like acro-osteolysis, calcifications, and soft tissue
thinning. Computed tomography (CT) scan can reveal a dilated oesophagus,
pericardial effusion and pericardial fibrosis, and high-resolution computed
tomography (HRCT) of the lungs can reveal ILD. Ultrasound (US) can help to detect
synovitis and problems in tendons. US of the heart, echocardiography, is the most
frequently used initial method in assessing possible PAH. MR is a useful method to
evaluate musculoskeletal manifestations like synovitis, tendinitis and joint erosions.
MRI can evaluate morphology, function and vitality of cardiac muscle and reveal
heart manifestations like cardiac and pericardial fibrosis and myositis of the heart.
(Rutka et al. 2021)

Nailfold videocapillaroscopy (NVC) is a noninvasive technique to evaluate the
microvascular damage. The scleroderma pattern, including giant capillaries,
microhaemorrhages, capillary loss, and abnormal shapes of capillaries, can be seen
in the majority of SSc patients. (Smith et al. 2023)

Other examinations typically performed are oesophagogastroscopy and
colonoscopy to evaluate gastrointestinal manifestations, spirometry and diffusion
capacity of the lung for carbon monoxide to evaluate pulmonary function, modified
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Rodnan Skin Score (mRSS) to evaluate the extent of skin involvement, and right
heart catheterisation to confirm PAH. (Volkmann et al. 2023; Denton et al. 2017)

Several classification criteria have been developed for identifying patients with
a similar clinical entity for research cohorts (Van Den Hoogen et al. 2013; LeRoy et
al. 2001; Masi 1980). These classification criteria are presented in table 5. Even if
these classification criteria are not meant as diagnostic criteria, they are often used
in clinical practice to help diagnose SSc. The 2013 revised ACR/EULAR
classification criteria for SSc (Van Den Hoogen et al. 2013) and the 2001 LeRoy and
Medsger classification criteria for early SSc (LeRoy et al. 2001) are currently the
most commonly used criteria.

The patients with SSc usually fulfil the 2013 ACR/EULAR classification criteria
(Jordan et al. 2015; Aratijo et al. 2017), but nonfulfillment of these criteria should
not prevent the diagnosis of SSc, especially in the disease’s early stages where the
criteria are less sensitive. In a study by Araujo et al., 28% of the patients with early
SSc fulfilling the LeRoy and Medsger criteria, fulfilled the 2013 ACR/EULAR
criteria (Araujo et al. 2017).

As treatment options for SSc improve, it is increasingly important to diagnose
the disease in its early stages, before the manifestation of organ complications when
the treatments are most effective. The increase in and better availability of diagnostic
possibilities have made early diagnosis easier. For example, the increasing
availability of NVC has made it possible to better identify those patients with early
SSc and ensure that they receive proper follow-up (Aratjo et al. 2017). On the other
hand, if the diagnosis of SSc is made too easily due to not considering the
classification criteria, it may lead to heterogeneity of patient cohorts and make it
difficult to compare the data between countries.
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Table 5. Classification criteria for diagnosis of systemic sclerosis.

Criteria

Clinical and laboratory characteristics

Review of the Literature

Requirement for
diagnosis

ACR criteria, 1980

Revised
ACR/EULAR, 2013

LeRoy and Medsger
criteria for early
SSc, 2001

Major criteria:

Proximal scleroderma

Minor criteria:

Limi

Sclerodactyly

Digital pitting scars of fingertips or loss
of substance of the distal finger pad
Bibasilar pulmonary fibrosis

Skin thickening of the fingers of both
hands extending proximal to the
metacarpophalangeal joints (9 points)
Puffy fingers (2 points) or sclerodactyly
of the fingers (distal to MCP but
proximal to the PIPs) (4 points)

Digital tip ulcers (2 points) or fingertip
pitting scars (3 points)

Telangiectasia (2 points)

Abnormal nailfold capillaries (2 points)
Pulmonary arterial hypertension and/or
Interstitial lung disease (2 points)
Raynaud's phenomenon (3 points)
Scleroderma related antibodies (any of
anti-centromere, anti-topoisomerase |,
anti-RNA polymerase lll) (3 points)

ted SSc (ISSc):

One major or two or
more minor criteria
required for diagnosis

A total score of 9 or
more required for
definite diagnosis

Raynaud's phenomenon (objective documentation) plus SSc-type
nailfold capillary pattern or SSc selective autoantibodies

or

Raynaud's phenomenon (subjective only) plus SSc-type nailfold
capillary pattern and SSc selective antibodies

Limited cutaneous SSc (IcSSc):
Criteria for ISSc plus distal cutaneous changes
Diffuse cutaneous SSc:
Criteria for 1SSc plus proximal cutaneous changes
Diffuse fasciitis with eosinophilia:
Proximal cutaneous changes without criteria for ISSc or IcSSc

ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; SSc,

systemic sclerosis.

2.7.3 Validity of SSc diagnoses

Compared to RA, the validity of SSc diagnoses has been studied to a much lesser
extent. Some of the previous studies are presented in table 6. PPV of SSc diagnoses
recorded with an ICD-9 code 710.1 in the United States has varied between 63% and
76% (Bernatsky et al. 2011; Valenzuela et al. 2015). For SSc diagnoses recorded
with ICD-10 in Switzerland, the PPV has been found to be 61% (Ziswiler et al.
2007). More recently, the accuracy of ICD-10 codes of SSc patients in the French
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hospital database for inpatient stays during 2010 to 2017 was assessed by Chaves et
al. They found the diagnoses to be reliable with a PPV of 93% for SSc overall and
95% for IcSSc (Chaves et al. 2020). When studying prevalence and incidence of SSc
in Sweden, Andréasson et al. noticed that 5.3% of all the M34 diagnoses of
rheumatology clinic patients had been input incorrectly (Andréasson et al. 2014). To
the best of our knowledge, the validity of SSc ICD-10 diagnoses has not been studied
in recent years in a setting where the diagnoses were made in any speciality and in
both inpatient and outpatient visits. Because of the rarity of SSc, it is important that
these patients are appropriately identified from health care registers.

Table 6. Previous studies on the validity of SSc diagnoses.

Study Year |Country Study Validity Requirement for correct
population diagnosis
Ziswiler et al. | 2007 | Switzerland | Rheum. 61% Fulfilment of 1980 ACR
classification criteria
Bernatsky et 2011 |USA Rheum. 63% A diagnosis of SSc made by a
' rheumatologist
al.
Valenzuela |2015 |USA General 76% Fulfilment of one of the
following classification criteria:
etal. 1980 ACR, CREST or the
2013 revised ACR/EULAR.
2020 |France General 93% for SSc, | Fulfilment of 2013 revised
Chaves et al. )
95% for IcSSc | ACR/EULAR classification
criteria

Rheum., study patients from a department of rheumatology; General, study patients from any
department or primary health care; SSc systemic sclerosis; 1cSSc, limited cutaneous systemic
sclerosis; ACR, American College of Rheumatology; EULAR, European League Against
Rheumatism; CREST, Calcinosis, Raynaud’s phenomenon, Esophageal dysmotility, Sclerodactyly
and Telangiectasias.

2.8 Polymyalgia Rheumatica

2.8.1 PMR as a disease

Polymyalgia rheumatica (PMR) is a common inflammatory disease affecting
patients over the age of 50 almost exclusively with incidence increasing
progressively with age. PMR is one of the most common rheumatological conditions
in people over 50, and it affects females three times more than males. PMR is most
common in Scandinavian countries, where the incidence ranges between 41—
113/100,000 in people 50 years and older, which increases the clinical importance
of this disorder in Northern Europe. (Lundberg et al. 2022; Espigol-Frigolé et al.
2023)
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Like several other rheumatological conditions, PMR is likely caused by a
combination of genetic susceptibility, aging and environmental factors. Viral
infections and aging of the immune system have been proposed to be causative
agents. (Lundberg et al. 2022)

PMR is characterised by muscle pain and morning stiffness, especially in the
neck, shoulders, upper arms, and pelvic girdle, usually bilaterally. Other common
symptoms include fatigue, weight loss, depression and low-grade fever. Bilateral
synovitis of shoulders and hips can occur. Some patients have also distal
manifestations, like pain and swelling in wrists and knees. Up to 25% of the patients
can have peripheral synovitis, but unlike in RA, the synovitis is asymmetric and
nonerosive. The onset of symptoms is often sudden, but it can take a couple of weeks
to reach their maximum severity. (Lundberg et al. 2022; Espigol-Frigolé et al. 2023)

PMR is closely associated with giant cell arteritis (GCA), which is a vasculitis
that is most often located in the arteries of the head and scalp, especially the temporal
arteries. PMR and GCA can be considered to be different ends of the same disease
spectrum. PMR can precede or follow GCA, 50% of patients with GCA also have
symptoms of PMR, and 15-20% of patients with PMR have or will develop
vasculitis. It is believed that the pathogenic mechanisms of these two diseases are
common but ultimately target different tissues — synovial structures in PMR and
arterial structures in GCA. (Lundberg et al. 2022; Espigol-Frigolé et al. 2023;
Tomelleri et al. 2023)

US examination and MRI imaging can show subacromial or subdeltoid bursitis
and tendinitis in the long head of the biceps. Positron emission tomography (PET)
can show inflammation in interspinous bursa and adjacent to the ischial tuberosities.
If a PMR patient has subclinical GCA, PET may also show inflammation in the
arteries. Inflammatory values, CRP and ESR, are almost always elevated. (Lundberg
et al. 2022; Espigol-Frigolé et al. 2023)

The usual treatment of PMR is oral glucocorticoids, starting with a prednisolone
dose of approximately 12.5-25 mg per day and then tapering the dosage until
discontinuation around one to two years from diagnosis (Dejaco et al. 2015).
Usually, glucocorticoids give a rapid and full response to symptoms and
inflammatory values, and this response is considered diagnostic for PMR. A relapse
can happen during tapering or later after treatment is discontinued. In these cases,
DMARD treatment, usually methotrexate, has been used. the role of bDMARDs,
like tocilizumab or sarilumab, is increasing in the treatment of more resistant cases
and when the risk of serious side effects of glucocorticoids is high. (Espigol-Frigolé
et al. 2023)
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28.2 Diagnosing PMR

The diagnosis of PMR is mainly clinical and based on the pattern of symptoms and
status findings as well as laboratory evidence of an inflammatory acute-phase
reaction in a person over 50 years old. Imaging with US, MRI and PET is sometimes
used to make the diagnosis. (Lundberg et al. 2022; Espigol-Frigolé et al. 2023)

Several sets of classification criteria for PMR have been created for research
purposes (Bird et al. 1979; Jones et al. 1981; Chuang et al. 1982; Healey 1984;
Dasgubta et al. 2012). As in RA and SSc, the classification criteria are often used as
if they were diagnostic criteria. These criteria are presented in Table 7.

Even if these criteria have common elements like shoulder pain, morning
stiffness and elevated inflammatory values, they differ somewhat from each other
and thus cover slightly different disease patterns. The four older criteria are based on
anamnesis and abnormal inflammatory values, whereas the ACR/EULAR criteria
involve the use of US in the diagnosis. ACR/EULAR is also the first criteria made
by prospective longitudinal analysis, compared to the older criteria where a
retrospective chart review of patients already diagnosed with PMR had been
performed. In addition, the response to glucocorticoid treatment is not included in
the ACR/EULAR criteria due to the unspecific effect of glucocorticoids on many
different conditions and symptoms. (Espigol-Frigolé et al. 2023)

Diagnosing PMR can be difficult, as there is no gold standard to confirm the
diagnosis, and many symptoms and findings of PMR may be present in other
conditions. Therefore, it is essential to rule out other conditions with similar
presentation. Misdiagnosis can lead to unnecessary harm and risks caused by long-
term glucocorticoid treatment. Additionally, the real underlying undiagnosed disease
may be left untreated, and this may potentially result in irreversible complications
like loss of vision due to posterior ciliary or retinal arteritis. Conditions mimicking
PMR include a wide variety of disorders, including other inflammatory arthritides
like RA, polymyositis, and other myopathies, infections, malignancies,
musculoskeletal disorders due to repetitive strain or degeneration, endocrinological
diseases and chronic pain syndromes. (Lundberg et al. 2022; Gonzalez-Gay et al.
2000; Michet et al. 2008; Nothnagl et al. 2006)
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Table 7. Classification criteria for diagnosis of polymyalgia rheumatica
Criteria Clinical and laboratory characteristics Requirement for
diagnosis
Bird, 1979 e  Shoulder pain and/or stiffness bilaterally Three or more of these
e  Onset of iliness of < 2 weeks duration characteristics required
e Initial ESR 240mm/h for probable diagnosis
e  Morning stiffness duration >1 h
e Age > 65 years
e Depression and/or loss of weight
e  Upper arm tenderness bilaterally
Jones and e  Shoulder and pelvic girdle pain without All the characteristics
muscle weakness required for diagnosis
Hazleman, e Morning stiffness
1981 e Duration of at least 2 months unless treated
e ESR >30 mm/h or CRP >6 mg/l
e Absence of rheumatoid or inflammatory
arthritis or malignant disease
e Absence of objective signs of muscle disease
e Prompt and dramatic response to systemic
corticosteroids
Chuang and e Bilateral aching and stiffness = 1 month in two | All the characteristics
of the following: neck or torso, shoulders or required for diagnosis
Hunder, 1982 upper arms, hips or thighs
Age = 50 years
ESR >40 mm/h
Exclusion of other diagnosis, with the
exception of GCA
Healey, 1984 e Persistent pain >1 month in two of the Age of >50 years and at
following: neck, shoulders, pelvic girdle least three of these
Morning stiffness >1 h characteristics required
ESR >40 mm/h for diagnosis
Absence of other joint or musculoskeletal
diseases
e Rapid response to prednisolone
(20 mg/day)
ACR/EULAR, Morning stiffness >45 min (two points) Age 250 years, bilateral
Hip pain or limited range of motion (one shoulder aching,
2012 point) abnormal CRP and/or
e  Absence of RF or ACPA (two points) ESR and at least four
e  Absence of other joint involvement (one points (without

point)

If ultrasonography available, at least one
shoulder with subdeltoid bursitis, biceps
tenosynovitis or glenohumeral synovitis
(posterior or axillary); and at least one hip
with synovitis or trochanteric bursitis (one
point)

If ultrasonography available, both shoulders
with subdeltoid bursitis, biceps tenosynovitis
or glenohumeral synovitis (one point)

ultrasound) or at least
five points (with
ultrasound) required for
diagnosis

ESR, erythrocyte sedimentation rate; CRP, c-reactive protein; RA, rheumatoid arthritis; GCA, giant
cell arteritis; RF, rheumatoid factor; ACPA, anti-citrullinated protein antibody.
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2.8.3 Validity of PMR diagnoses

Compared to the prevalence of PMR, the validity of PMR diagnoses has been studied
relatively little. Some of the previous studies are presented in table 8. In a Swedish
study by Fors et al., the validity of PMR diagnoses set in primary health care between
2000 and 2013 has been shown to be 60% (Fors et al. 2019). In a hospital setting,
the persistence of PMR diagnoses has varied between 48% to 79% (Caporali et al.
2001; Falsetti et al. 2011; Bernatsky et al. 2011). In a follow-up of UK rheumatology
clinic patients with PMR diagnosed on the first visit, 5% of these diagnoses changed
into RA and 12% into GCA, and 83% stayed as PMR (Pease et al. 2005). In many
studies, the proportion of correct diagnoses has been found to be higher if the
diagnosis was made in the department of rheumatology compared to other
specialities in the hospital.

Table 8. Previous studies on the validity of PMR diagnoses.

Study Year |Country | Study population | Validity | Requirement for correct
diagnosis

Caporali et al. 2001 |ltaly Rheumatology and | 72% Fulfilment of Jones and

internal medicine Hazleman classification

criteria

Pease et al. 2005 |UK Rheumatology 83% Fulfilment of 2013 revised
ACR/EULAR classification
criteria

Falsetti et al. 2011 | ltaly Rheumatology 48% Fulfilment of Bird
classification criteria

Bernatsky et al. 2011 |USA Rheumatology 79% A diagnosis of PMR made

by a rheumatologist
2019 | Sweden | Primary health care | 60% Clinical diagnosis

Fors et al.

PMR, polymyalgia rheumatica; ACR, American College of Rheumatology; EULAR, European
League Against Rheumatism

In the UK, a prospective glucocorticoid treatment study followed 122
rheumatology clinic patients who were diagnosed with PMR during 2001 to 2003.
These patients all met the Jones and Hazleman classification criteria for PMR at the
time of diagnosis, and vigorous differential diagnostics had already been made. By
month 12, seven of the patients (6%) were considered unlikely to have had PMR,
even though the original diagnosis had been considered carefully (Hutchings et al.
2007).
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3 Aims

The aims of this dissertation were to study the validity of the diagnoses of three
rheumatological diseases (RA, SSc, PMR) in Finnish health care registers and the
factors contributing to the validity of these diagnoses in order to ensure the quality
of future register-based studies. For PMR, we also sought to find out the most
common diseases misdiagnosed as PMR and which factors predicted a change of
diagnosis during follow-up. We wanted to investigate the accuracy of the data in the
registers and how to best utilise the registry data. Improving validity is important in
all registry-based studies, and especially when examining the genetic basis of the
diseases, such as FinnGen and other biobank studies.

The specific aims of dissertation studies were:

1. To analyse the accuracy of Finnish biobank diagnoses of RA
supplemented with data recorded in the CRHC and in the Drug
Reimbursement Register.

2. To analyse the validity of the diagnoses of systemic sclerosis in two
Finnish university hospitals.

3. To analyse how often a competing diagnosis was found during a clinical
follow-up in patients diagnosed with polymyalgia rheumatica in a
Finnish university hospital. Additionally, the study aimed to determine
the most common conditions misdiagnosed as polymyalgia rheumatica,
and to investigate which factors predicted a change of diagnosis during
follow-up.
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4 Materials and Methods

4.1 The validity of rheumatoid arthritis diagnoses
in Finnish biobanks (Study I)

411 Study population

The patients included in this study were randomly selected from the electronic
patient records of five hospital biobanks in Finland listed in Table 9. The study
sample included 250 patients with a diagnosis of RA, divided into 125 patients
registered with ICD-10 codes M05.8 and MO05.9 for seropositive RA, and 125
patients registered with ICD-10 code M06.0 for seronegative RA. The control group
consisted of 250 age- and gender-matched controls, who had no diagnosis of RA
registered in the patient records of the participating hospitals. All five biobanks
selected an equal number of patients for the study: 25 patients with seropositive RA,
25 with seronegative RA and 50 controls.

Table 9. Biobanks participating in study I.

Biobank Location
Auria Biobank Turku
Borealis Biobank Oulu
Biobank of Eastern Finland Kuopio
Central Finland Biobank Jyvaskyla
Finnish Clinical Biobank Tampere Tampere

The biobank of each participating hospital performed the initial selection of
patients by random sampling from the electronic patient records of that hospital
using the predefined diagnosis codes. The patients selected for the study were
required to have the inclusion diagnosis registered in the electronic medical records
of the hospital on at least one visit to any speciality during 2007 to 2018. The
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diagnoses registered on hospital visits are transferred from the hospital records to the
CRHC, so it was assumed that the diagnoses in hospital records would correspond
to those in the CRHC. However, when the CRHC data on the number of visits with
the diagnosis were obtained, it was discovered that the data on diagnoses in CRHC
did not fully match the data in the hospital registry. At this stage, it was decided to
change the focus of the study by supplementing the biobank data from the hospital
records with CRHC data and analysing only those patients who had at least one visit
with a diagnosis of RA also recorded in the CRHC.

Figure 1 presents the inclusion and exclusion of patients in the study. Five
patients were excluded from the control group because they were later found to have
CRHC-registered visits with RA diagnosis at a hospital not participating in the study.
Three patients with diagnosed seropositive RA and two patients with diagnosed
seronegative RA were ultimately analysed as part of the control group because they
were later found to have no visits with these diagnoses in the CRHC despite the
diagnoses being recorded in local hospital patient records. A total of 12 patients, four
in the seropositive and eight in the seronegative group, were excluded from the final

Inclusion diagnosis in biobank: 3 : s d ue t‘.)
. insufficient electronic patient recor
seropos RA 125 patients .
. — data available:
seroneg RA 125 patients :
250 controls seropos RA 4/125 patients

seroneg RA 8/125 patients

Excluded from controls due

CRHC and

Social Insurance Institution of Finland ————» to visies with RA deinather

hospitals:
data added 5/250 controls

Analysed as controls due to RA
3 diagnosis not found in CRHC:

seropos RA 3/121 patients

seroneg RA 2/117 patients

Y Y

Final analysis:
seropos RA 118 patients
seroneg RA 115 patients

250 controls

Figure 1. Study flowchart with inclusion and exclusion of the patients. CRHC, Finnish Care
Register for Health Care; dg, diagnosis; RA, rheumatoid arthritis; seroneg, seronegative;
seropos, seropositive. Modified from Paltta et al., 2023 (1).
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analysis because the reviewer was not able to confirm the correctness of the
diagnosis due to insufficient electronic patient record data available for analysis in
the participating biobank hospital.

The initial diagnosis of RA was not required to be made during the study years
but could have been made earlier or in another hospital. The inclusion visit could
therefore be at any stage of RA or in connection with the treatment of another
medical condition. The reviewer collected the year of the initial diagnosis of RA
from the patient records. Length of follow-up was calculated as the time from initial
diagnosis to the last contact at the department of rheumatology.

4.1.2 Register data

For each patient and control, data was retrieved from the CRHC on the number of
visits registered with a diagnosis of either seropositive or seronegative RA. This data
retrieval was done after the initial selection of patients and controls from
participating biobanks. This sequence resulted in some people being assigned to the
control group even though they had been diagnosed with RA at another hospital, and
some people were assigned to the RA group even though there was no diagnosis of
RA in the CRHC.

When analysing the number of visits for patients with an inclusion diagnosis of
seropositive RA, only data on the number of visits with a diagnosis of seropositive
RA were used, and for patients with an inclusion diagnosis of seronegative RA, only
visits for seronegative RA were analysed. When all the patients with an inclusion
diagnosis of either seronegative or seropositive RA were analysed as a common
group of RA, data on both seropositive and seronegative RA visits were used.

From the Drug Reimbursement Register of KELA, we searched for information
on whether the patients and controls were entitled to special reimbursement of
medicine expenses. The specific entitlements searched for were entitlement to
reimbursement of the cost of DMARDs with code 202 for CTDs, RA, and
comparable diseases, and entitlement to reimbursement of the cost of bDMARDs
with the codes 281 or 313 for RA, juvenile idiopathic arthritis, psoriatic arthritis,
ankylosing spondylitis, and comparable diseases. We also checked whether these
reimbursement entitlements were originally granted with ICD-10 code MO5 for
seropositive RA, ICD-10 code M06 for seronegative RA, or for some other disease.

413 Clinical data

The clinical data were collected by a systematic review of the electronic medical
records of the biobank hospitals in the study. The review was performed by a
rheumatologist or an experienced resident in rheumatology participating in the study.
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Study data were collected and managed using REDCap electronic data capture tools,
hosted at the University of Turku (Harris et al. 2009; Harris et al. 2019).

The data were collected according to a predefined data form, and it included
symptoms of the patient, clinical findings, laboratory results, imaging findings, and
the medication used by the patient. The exact numeric values of RF and ACPA
laboratory results were recorded when available. For some patients, RF and ACPA
results were not available because the diagnosis had been made elsewhere or the
diagnosis was made before the start of electronic medical records, but the serological
status for these patients could be confirmed otherwise from the written medical
records. When evaluating the results of imaging studies, the radiologist's initial
opinion was relied upon. If this opinion was not available for older imaging studies,
the physician's text was relied upon if it specifically mentioned the results. Images
were not scored or systematically re-evaluated. The fulfilment of the ACR 1987 and
ACR/EULAR 2010 classification criteria for RA were evaluated for each patient. It
was also recorded whether the patient was visiting a department of rheumatology or
any other speciality when the diagnosis of RA was made.

4.1.3.1 Assessing the accuracy of RA diagnosis

The reviewer assessed the correctness of the RA diagnosis based on a thorough
review of the medical records and considering all the information collected during
the follow-up period. The reviewer confirmed a diagnosis of RA as true positive
based on their opinion of the clinical picture of the disease. It was assessed whether
the clinical follow-up was fully compatible with RA and whether the patient had
been treated with DMARDs for RA. Also taken into account was whether the patient
had been diagnosed with RA by a rheumatologist, a resident working at a department
of rheumatology, or an internist, or whether a rheumatologist had later confirmed a
diagnosis made elsewhere. The patient was not required to fulfil the ACR 1987 or
ACR/EULAR 2010 classification criteria for RA but meeting these criteria was
considered in making the decision on the diagnosis (Arnett et al. 1988; Aletaha et al.
2010).

Sometimes the diagnosis clearly deviated from the physician’s record and was
considered incorrectly input. Sometimes the follow-up revealed facts suggesting that
another disease better explained the patient's symptoms and findings, even if the
initial presentation had been consistent with rheumatoid arthritis.

For control patients, the absence of a diagnosis was categorised as a false
negative if there was evidence in the medical records that the patient had RA, even
though there was no ICD-10 code for RA recorded in the CRHC.
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4.2 The validity of systemic sclerosis diagnoses
in two university hospitals in Finland (Study II)

4.21 Study population

All patients with at least one inpatient or outpatient visit at any speciality with a
diagnosis of SSc during 2008-2018 in the discharge registers of two Finnish tertiary
referral centres, Turku and Oulu University Hospitals, were included in the study.
For a diagnosis of SSc, ICD-10 codes beginning with M34 were used. The study
sample included 412 patients. 27 patients were excluded from the final analysis due
to insufficient patient chart data available to confirm the diagnosis because the
original diagnosis had been made in another hospital district. Final analysis included
385 patients with a diagnosis of SSc. Of these 385 patients, 226 patients had a more
specific diagnosis of IcSSc with an ICD-10 code of M34.1. (Figure 2)

The initial diagnosis of SSc was allowed to be made before the first year of the
study or in another hospital. The inclusion visit could be at any stage of diagnosis or
treatment of SSc or in the context of a visit for another medical condition. The year
of the initial SSc diagnosis was collected from the patient records. Length of follow-
up was calculated as the time from diagnosis to the last contact at the department of
rheumatology.

The patients included in the study were searched from the electronic databases
of the participating hospitals. The search was conducted with data mining carried out
by the information services of participating hospitals.

412 patients with M34

» 27 excluded due to insufficient data

Y

385 patients with M34 »| 226 patients with M34.1

Figure 2. Study flowchart with inclusion and exclusion of patients. M34, ICD-10 code for systemic
sclerosis (SSc); M34.1, ICD-10 code for limited cutaneous SSc. Modified from Paltta et
al., 2023 (II).
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422 Clinical data

Thorough chart review was performed by a rheumatologist and an experienced
resident in internal medicine who collected the data on a predefined form. Study data
were collected and managed using REDCap electronic data capture tools, hosted at
the University of Turku (Harris et al. 2009; Harris et al. 2019).

Data was gathered on symptoms, clinical findings, NVC changes and other
imaging, investigations of specific organ manifestations, autoantibodies of SSc, and
other laboratory test results as well as comorbidities. The patient was considered to
have Raynaud’s phenomenon if the condition was documented in the medical
records as self-reported by the patient or witnessed by a physician. For each patient,
the number of visits with the inclusion diagnosis was recorded. It was also noted
whether the visit when the diagnosis was made was to the department of
rheumatology or to some other speciality.

4.2.2.1 Assessing the accuracy of SSc diagnosis

The reviewers evaluated the correctness of the SSc diagnosis, taking into account all
the patient record data available from the follow-up period. The requirements for a
correct final diagnosis of SSc and early SSc are shown in Table 10.

Table 10. Requirements for a correct final diagnosis of systemic sclerosis (SSc) and early SSc.

Final diagnosis Requirement

SSc Patient fulfilled the 2013 revised ACR/EULAR classification criteria
for SSc with a score of 9 or higher

Early SSc Patient fulfilled the 2001 LeRoy and Medsger classification criteria
for early SSc

SSc, systemic sclerosis; ACR, American College of Rheumatology; EULAR, European League
Against Rheumatism

The final diagnosis of SSc was further divided into dcSSc, 1cSSc, SSc overlap
syndrome, and ssSSc. A final diagnosis of ssSSc was used if the patient fulfilled the
ACR/EULAR criteria but there were no skin manifestations. A diagnosis of SSc was
considered incorrectly input if the [CD-10 code of SSc was clearly different from the
information and written diagnosis recorded by the physician.

55



Johanna Paltta

4.3 Differential diagnostics of polymyalgia
rheumatica in a university hospital in Finland
(Study II)

4.31 Study population

All patients with a new diagnosis of PMR recorded as a primary diagnosis with an
ICD-10 code M35.3 on at least one inpatient or outpatient visit at any speciality
during 2016-2019 were identified from the electronic hospital discharge register of
Turku University Hospital in Finland. The identification of the patients was carried
out by the information services of the hospital. The study did not include patients
with ICD-10 code M31.5 for GCA with PMR.

Turku University Hospital is in the Hospital District of southwest Finland and is
a tertiary referral centre for a catchment area of 480,000 people. The patients are
admitted to hospital wards or outpatient clinics either via the emergency department
or with a referral from other primary or specialist care units.

Figure 3 presents the inclusion and exclusion of patients in the study. The study
cohort included 455 patients. For 73 patients, the reviewers were not able to evaluate
the correctness of the diagnosis due to insufficient patient record data available, and
these patients were excluded from final analysis. For eight patients, the diagnosis
was considered incorrectly input in the hospital register, because it was a clear
deviation from the written information in the physician’s record, and these eight
patients were also excluded from the final analysis.

455 patients with M35.3

> 73 excluded due to insufficient data

Y

8 excluded due to being incorrectly inputted

A 4

374 patients with M35.3

Figure 3. Study flowchart with inclusion and exclusion of the patients. M35.3, ICD-10 code for
polymyalgia rheumatica (PMR). Modified from Paltta et al., 2023 (llI).
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4.3.2 Clinical data

The clinical data were collected by a systematic chart review by a rheumatologist
and a medical student having a Bachelor of Medicine, and a standardised protocol
was used in the collection process. Data were collected and managed using REDCap
electronic data capture tools, hosted at the University of Turku (Harris et al. 2009;
Harris et al. 2019).

Information on patients’ past and present comorbidities, current symptoms and
clinical findings, imaging and laboratory results and maximum dosage of
glucocorticoid used were collected. The number of hospital visits with the diagnosis
of PMR for a patient were recorded and whether the diagnosis of PMR had been
made at a department of rheumatology or in another speciality in the hospital.

When assessing the fulfilment of classification criteria, if an item was not marked
as positive in the patient charts, it was counted as negative. However, a negative test
result was required to confirm the absence of RF and/or ACPA. The evaluation of
ACR/EULAR classification criteria fulfilment was performed without using US,
because not all physicians in the Turku University Hospital used US routinely for
the evaluation of PMR during the years of the study, and it is possible that negative
findings were not reported. We considered typical symptoms for PMR to be pain,
tenderness and morning stiffness in the neck, shoulders, upper arms, hips and thighs.
The duration of morning stiffness was seldom recorded, so morning stiftness was
considered relevant if stated in the records.

In our study, we calculated the duration of symptoms from the start of the
symptoms to the inclusion visit with a first recorded PMR diagnosis in the hospital,
and the period from the inclusion visit to the last recorded contact in the hospital was
the duration of follow-up, even if the diagnosis had been made earlier in some other
health care unit.

4.3.21 Assessing the accuracy of PMR diagnosis

The validity of every PMR diagnosis was evaluated considering the full clinical
follow-up period. The length of this follow-up period had a median of 34 months. A
diagnosis of PMR was confirmed to be a true positive if the patient fulfilled at least
one set of the five classification criteria (Dasgupta et al. 2012; Bird et al. 1979; Jones
et al. 1981; Chuang et al. 1982; Healey 1984), if the thorough clinical follow-up was
consistent with PMR, and if the patients’ condition was not better explained by some
other diagnosis (Table 7). In the case that some other diagnosis was more likely to
explain the patient's condition considering the data from the follow-up period, the
diagnosis of PMR was not considered correct, even if the original diagnosis of PMR
seemed correct at the time and the classification criteria of PMR had been met. If
there was uncertainty about the patient's condition or if the reviewers’ opinions on
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the patient's diagnosis differed, the final decision on the diagnosis was made by the
senior rheumatologist. It was recorded how often the initial PMR diagnosis changed
after a more thorough diagnostic assessment and during the follow-up period. The
study also listed the most common final diagnoses that were initially misdiagnosed
as PMR.

4.4 Definitions of an incorrectly input diagnosis
and a misdiagnosis

In this dissertation, an incorrectly input diagnosis was defined as a registry diagnosis
that had been recorded incorrectly by mistake and was clearly different from the
written records of the physician.

A misdiagnosis was defined as a diagnosis that was not considered to be correct,
meaning that the data available fit another condition better.

4.5 Ethical considerations and study permissions

All the studies in this dissertation were retrospective and noninterventional, and the
patients in the studies were not contacted directly. Therefore, according to Finnish
legislation, patient consent or ethical committee approval was not needed. For Study
I, The Ethical Committee of Hospital District of Southwest Finland was still
consulted, and the committee did not find any possible ethical problems (Dnro
62/1804/2019).

The legal basis for processing personal data was public interest and scientific
research (EU General Data Protection Regulation 2016/679 (GDPR), Article 6(1)(e)
and Article 9(2)(j); Data Protection Act, Sections 4 and 6) (EUR-Lex. General Data
Protection Regulation 2016).

Permissions for Study I were obtained from the Social Insurance Institution of
Finland (no. 77/522/2019), the Finnish Institute for Health and Welfare (permission
no. THL/1233/5.05.00/2019), and the biobank and hospital district of every hospital
contributing to the study.

Permissions for Study II were obtained from The Hospital District of Southwest
Finland for Turku University Hospital and the Northern Ostrobothnia Hospital
District for Oulu University Hospital.

Permissions for Study III were obtained from The Hospital District of Southwest
Finland.
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4.6 Statistical methods

The results are expressed as medians with interquartile ranges (IQR) for continuous
variables and counts with percentages for categorical variables. When comparing
differences and calculating p values between different categories, the nonparametric
Mann—Whitney U test was used for continuous variables, and Pearson’s Chi-square
test for categorical variables. Differences were considered statistically significant
with two-sided p values <0.05. For all of the predictive statistics, exact 95%
confidence intervals (CIs) were calculated.

All statistical analyses were performed using R version 3.6.2 with The R base,
descr, dplyr, epiR, ggfortify, stats, stringr, survival, tidyr and ved packages. (The R
Project for Statistical Computing 2024)

4.6.1 Statistical methods — Study |

In this dissertation, PPV represents the proportion of individuals with a recorded
diagnosis who truly have the disease and NPV represents the proportion of
individuals with no recorded diagnosis who truly do not have the disease. The PPV
for a biobank diagnosis of RA supplemented with CRHC and Drug Reimbursement
Register data was calculated as a proportion of RA diagnoses confirmed by the
researchers out of all investigated registry diagnoses of RA. The NPV for no
diagnoses of RA in the registry was calculated as a proportion of people with no
signs of RA in patient charts out of all investigated controls with no registry
diagnoses of RA.

In this study, likelihood ratios were used to compare the probability of a person
with RA having a register diagnosis of RA as compared to someone without RA.
These are represented with positive likelihood ratio (PLR) for a registry diagnosis of
RA and negative likelihood ratio (NLR) for a lack of a registry diagnosis of RA. The
positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were calculated
using sensitivity and specificity. Sensitivity was calculated by dividing the number
of people who were considered to have RA and had a recorded RA diagnosis (true
positives) by the total number of people who were considered to have RA regardless
of whether they had a recorded diagnosis of RA or not. Specificity was calculated
by dividing the number of people who were considered to not have RA and had no
recorded RA diagnosis (true negatives) by the total number of people who were
considered to not have RA regardless of whether they had a recorded diagnosis of
RA or not. PLR was calculated as sensitivity divided by (1 - specificity) and NLR as
(1 - sensitivity) divided by specificity.

In this study, diagnostic accuracy represents the proportion of individuals
correctly classified as having or not having RA based on the presence or lack of RA
registry diagnosis. Diagnostic accuracy was calculated by dividing the total number
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of true positives and true negatives by the total number of all the patients and controls
analysed. It should be kept in mind, that diagnostic accuracy is affected by the
disease prevalence, and with the same sensitivity and specificity, diagnostic accuracy
of a registry diagnosis of RA increases if the RA prevalence decreases.

When available, the information about the patients’ positive ACPA test and the
right to reimbursement of medicine expenses was also taken into account. In order
to measure the agreement between the CRHC diagnosis of RA and the clinical
diagnosis of RA, the Cohen’s kappa was calculated.

All patients with a diagnosis of either seropositive or seronegative RA were
analysed together as one group. In addition, patients with a diagnosis of seropositive
RA and patients with a diagnosis of seronegative RA were also analysed as separate
groups.

4.6.2 Statistical methods — Study Il

The PPV for a registry diagnosis of SSc was calculated as a proportion of registry
diagnoses of SSc concurring with diagnoses of SSc confirmed by the researchers.

The PPV results were calculated separately for a registry diagnosis of SSc and
for a more specific diagnosis of 1cSSc. For both diagnoses, PPV results were
calculated separately for diagnoses made in any speciality and for diagnoses made
in a department of rheumatology. All the aforementioned PPV results were also
calculated in two ways, depending on whether a patient with early scleroderma was
considered to have a true scleroderma or not.

4.6.3 Statistical methods — Study Il

The PPV for a registry diagnosis of PMR was calculated as a proportion of registry
diagnoses of PMR concurring with diagnoses of PMR confirmed by the researchers.

A Kaplan-Meier time-to-event analysis was performed to investigate survival of
PMR diagnosis as a function of time, with 95% confidence intervals.

In order to investigate predictors of the change of PMR diagnosis during follow-
up, univariate and multivariable logistic regression analyses were performed. These
regression analyses consisted of six variables that were selected based on their
clinical relevance and because these variables are often included in different
classification criteria of PMR.
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5 Results

5.1 The validity of rheumatoid arthritis diagnoses
in Finnish biobanks (Study )

Figure 4 presents the patients included in the final analysis and the main results of
the study. A total of 233 patients diagnosed with RA were included in the final study
analysis. Out of these 233 patients, 118 had a diagnosis of seropositive RA and 115
patients had a diagnosis of seronegative RA. The final analysis also included 250
controls who had no diagnosis of RA recorded in CRHC.

Final analysis:
seropos RA 118 patients
seroneg RA 115 patients

250 controls

v v

Correct inclusion diagnosis: Other diagnosis:
seropos RA 89/118 seropos RA 29/118 (of which seronegative RA 9/29) False negative:
seroneg RA 82/115 seroneg RA 33/115 (of which seropositive RA 11/33) 1/250 controls
RA 191/233 RA 46/233

Figure 4. Number of patients in final analysis and results of the study. RA, rheumatoid arthritis;
seroneg, seronegative; seropos, seropositive. Modified from Paltta et al., 2023 (1).

The demographic and clinical characteristics of the study population are presented
in Table 11. The patients with seropositive RA were 46 years old at the time of
diagnosis, and the patients with seronegative RA were a few years older - 54 years.
The diagnosis had been made in a department of rheumatology for 90% of the
patients with RA, and a clear majority of the patients, 95%, had also been treated in
rheumatology department. DMARDs were being used to treat all patients with
seropositive RA and 95% of patients with seronegative RA, meaning that 97% of all
RA patients were on DMARDs. The cost of DMARDs was reimbursed for 95%
(219/230) of all RA patients, but only 66% (152/230) of the RA patients had been
granted this entitlement specifically for a diagnosis of RA, and for the 118 patients
with seropositive RA, only 52% (61/118) were granted the entitlement specifically
for seropositive RA. Out of patients with seropositive RA, 63% had radiographic
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changes suggestive of RA at the end of follow-up compared with 30% of patients
with seronegative RA. Development of radiographic changes of RA was therefore
more common in seropositive RA.

Table 11. Demographic and clinical characteristics of the study patients with RA.

N

with All RA Seropositive RA | Seronegative RA

data
Number of patients 233 233 118 115
Female (%) 233 160 (69%) 75 (64%) 85 (74%)
Year of diagnosis (range) | 222 | 2005 (1960-2018) | 2001 (1960—2018) | 2008 (1969-2018)
'[‘I‘g;]at diagnosis inyears | ;o4 | 50.0[40.0-59.0] | 46.0[36.0-56.0] | 54.0 [45.0-61.1]
Follow-up in years [IQR] 220 11.0 [4.3-22.0] 16.0 [4.5-30.0] 9.0 [4.0-16.0]
Diagnosed in rheumatology o ® ®
department (%) 188 169 (90%) 79 (91%) 90 (89%)
Treated in rheumatology o o o
department (%) 228 209 (95%) 103 (94%) 106 (95%)
Nr. of visits seropositive
RA [IQR] 233 5.0 [0.0-25.0] 20.0 [6.0-31.5] 0[0.0-3.0]
Nr. of visits seronegative
RA [IQR] 233 2.0[0.0-13.0] 0.0 [0.0-0.0] 11.0 [4.5-23.0]
Treated with DMARDs (%) | 221 215 (97%) 110 (100%) 105 (95%)
Reimbursement for
DMARDSs (inclusion 230 152 (66%) 61 (52%) 75 (66%)
diagnosis specific) (%)
Reimbursement for
DMARDS (%) 230 219 (95%) 111 (95%) 108 (96%)
EULAR classification
criteria positive at 136 79 (58%) 47 (72%) 32 (45%)
diagnosis (%)
ACR classification criteria o o D
positive at diagnosis (%) 128 78 (61%) 41 (67%) 37 (565%)
ACR or EULAR
classification criteria 128 95 (74%) 49 (80%) 46 (69%)
positive at diagnosis (%)
ACR or EULAR
classification criteria 195 164 (84%) 90 (89%) 74 (79%)
positive ever (%)
Highest RF ever [IQR] 189 13.0[6.0-73.0] | 75.5[16.5-205.0] 9.0 [0.0-13.5]
Highest ACPA ever [IQR] 166 | 1.45[0.0-126.0] | 129.0 [7.0-340.0] 0.8 [0.0-1.6]
ACPA positive ever (%) 166 63 (38%) 55 (75%) 8 (9%)
Erosions in radiographs 3 5 5
at diagnosis (%) 143 31 (22%) 19 (32%) 12 (14%)
Erosions in radiographs 210 98 (47%) 66 (63%) 32 (30%)

ever (%)

Continuous variables are expressed as medians with interquartile ranges, and categorical variables
are described as counts with percentages. ACPA, anti-citrullinated protein antibody; ACR,
American College of Rheumatology; DMARDSs, disease-modifying anti-rheumatic drugs; EULAR,
European League Against Rheumatism; RA, rheumatoid arthritis; RF, rheumatoid factor. Modified

from Paltta et al, 2023 (I).
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5.1.1 Patients with RA, seropositive and seronegative
diagnoses combined.

If a patient was diagnosed with either seropositive or seronegative RA on at least
one visit in the hospital, the PPV for this diagnosis of RA recorded in CRHC was
82% (191/233). The PPV depended on the number of visits on which an RA
diagnosis was recorded, and it increased with the number of visits. For at least two
visits the PPV was 85% (189/ 222), for at least five visits 89% (175/197), and for at
least 10 visits 90% (137/152) (Figure 5, Table 12).

Seropositive Seronegative
RA RA RA
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>
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o
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T 1 T 1
12 3 510 1 2 3 510 1 2 3 510

Minimum number of visits

Figure 5. Positive predictive value of rheumatoid arthritis (RA) diagnoses in the Finnish Care
Register for Health Care compared to chart review, based on minimum number of visits
with the diagnosis. Modified from Paltta et al., 2023 (1).

Although the PPV for a diagnosis of RA increased with the number of visits,
longer follow-up in years did not increase the PPV. For RA patients with a follow-
up period of at least one year, the PPV was 77% (159/207), for at least two years
follow-up the PPV was 77% (146/190), for at least five years 75% (120/161) and for
at least ten years 78% (93/120) (Figure 6).
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Table 12. Agreement between CRHC diagnosis of RA in biobank patients and diagnoses
according to chart review.

All RA

Seropositive RA

Seronegative RA

At least one visit in
CRHC with RA

PPV (95% CI)

NPV (95% CI)

PLR (95% Cl)

NLR (95% Cl)
Accuracy (95% CI)
Kappa (95% CI)

At least one visit in
CRHC and entitlement
for reimbursement of
DMARDSs with inclusion
diagnosis

PPV (95% CI)

NPV (95% CI)

PLR (95% CI)

NLR (95% ClI)
Accuracy (95% CI)
Kappa (95% CI)

At least one visit in
CRHC and positive
ACPA

PPV (95% Cl)

NPV (95% CI)

PLR (95% CI)

NLR (95% CI)
Accuracy (95% CI)
Kappa (95% CI)

82% (76%—87%)
100% (98%—100%)

0.01 (0.00-0.04)
0.91 (0.88-0.93)

(
(
6.89 (5.21-9.12)
(
(
0.82 (0.77-0.87)

89% (83%—94%)

100% (98%—100%)

16.44 (10.22-26.44)
0.01 (0.00-0.05)
0.96 (0.93-0.98)
0.91 (0.87-0.95)

98% (91%—100%)
100% (98%-100%)
246.03 (34.78-1740.19)
0.02 (0.00-0.11)
0.99 (0.98-1.00)
0.98 (0.95-1.01)

75% (67%—83%)

100% (98%-100%)
9.48 (6.71-13.39)
0.01 (0.00-0.09)
0.92 (0.89-0.94)
0.80 (0.73-0.87)

93% (84%—98%)
100% (98%-100%)
62.16 (23.50-164.43)
0.02 (0.00-0.12)
0.98 (0.96-0.99)
0.95 (0.90-0.99)

96% (87%—100%)
100% (98%—100%)
123.18 (30.96-490.03)

0.02 (0.00-0.13)
0.99 (0.97-1.00)
0.97 (0.93-1.00)

71% (62%—79%)

100% (98%-100%)
8.44 (6.12-11.64)
0.01 (0.00-0.10)
0.91 (0.87-0.93)
0.77 (0.69-0.84)

79% (68%—87%)

100% (98%—100%)

16.29 (10.12-26.22)
0.02 (0.00-0.12)
0.95 (0.92-0.97)
0.84 (0.77-0.91)

ACPA, anti-citrullinated protein antibody; CRHC, the Finnish Care Register for Health Care;
DMARDs, disease-modifying anti-rheumatic drugs; NLR, negative likelihood ratio; NPV, negative
predictive value; PLR, positive likelihood ratio; PPV, positive predictive value; RA, rheumatoid
arthritis. Modified from Paltta et al., 2023 (1).

64



Results

Seropositive Seronegative

RA RA RA
o 100+
3
> 80
o 1EIRE =1 r=r
> =] [#] RIgln NISIE
(O] N~ s
= 604
[&]
2
2 404
o
[))
2 204
(7]
T

04

| T 1 | I
123510 12 3510 1 2 3 5§10

Length of follow-up in years

Figure 6. Positive predictive value of rheumatoid arthritis (RA) diagnoses in the Finnish Care
Register for Health Care, based on length of follow-up in years. Previously unpublished.

For those patients who had been diagnosed in a department of rheumatology, the
PPV was 89% (150/169). The PPV rose slightly with the number of visits. For at
least two visits the PPV was 89% (149/167), for at least five visits 91% (138/152),
and for at least 10 visits 91% (102/112) (Figure 7).

Laboratory test results have been included in the patient selection criteria for
some biobank studies. In our study, we also analysed the effect of ACPA status of
the patient for the validity of the RA diagnosis. For ACPA-positive patients, the PPV
for a diagnosis of RA was 98% (62/63) (Table 12).

The fulfilment of the ACR 1987 and ACR/EULAR 2010 classification criteria
for RA was analysed for those patients who were categorised as having RA. There
was enough data for analysis for 173 out of 191 patients, and 92% (160/173) of these
patients fulfilled either one or both of these classification criteria.
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Figure 7. Positive predictive value of rheumatoid arthritis (RA) diagnoses in the Finnish Care

Register for Health Care for patients diagnosed in a department of rheumatology.
Previously unpublished.

51.2 Patients with seropositive RA

If a patient was diagnosed with seropositive RA on at least one visit to the hospital,
the PPV for this diagnosis of seropositive RA recorded in CRHC was 75% (89/118).
The PPV depended on the number of visits in which a seropositive RA diagnosis
was recorded, and it increased with the number of visits. For at least two visits the
PPV was 80% (88/110), for at least five visits 85% (82/96), and for at least 10 visits
91% (70/77) (Figure 6, Table 12).

For those seropositive RA patients who had been diagnosed in a department of
rheumatology, the PPV was 85% (67/79). The PPV rose with the number of visits.
The PPV was 87% (67/77) for at least two visits, 91% (62/68) for at least five visits,
and 91% (51/56) for at least 10 visits (Figure 7).

Among patients who had a diagnosis of seropositive RA and who were granted
entitlement for the reimbursement of DMARDs specifically for seropositive RA, the
PPV for at least one visit was 93% (57/61), for at least two visits 93% (57/61), for at
least five visits 96% (53/55), and for at least 10 visits 96% (44/46) (Figure 8, Table
12).
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Figure 8. Positive predictive value of rheumatoid arthritis (RA) diagnosis in patients with

reimbursement for disease-modifying antirheumatic drugs (specifically for inclusion
diagnosis). Modified from Paltta et al., 2023 (I).

Among patients who had a diagnosis of seropositive RA and who were granted
entitlement for reimbursement of DMARDs with a less specific reimbursement code
of 202, including CTDs, RA, and comparable diseases, the PPV for at least one visit
was 79% (88/111), for at least two visits 84% (87/104), for at least five visits 89%
(81/91), and for at least 10 visits 92% (69/75) (Figure 9).

Patients were considered ACPA-positive if ACPA was greater than the upper
limit of normal (ULN) and high ACPA-positive if ACPA was three or more times
the ULN. For ACPA-positive patients the PPV for seropositive RA diagnosis was
96% (53/55) (Table 12), and for high ACPA positive patients the PPV was 98%
(52/53). If a patient with a diagnosis of seropositive RA had RF greater than the
ULN, the PPV for seropositive RA diagnosis was 92% (58/63), and the PPV was
94% (49/52) if RF was three or more times the ULN.

The fulfilment of the ACR 1987 and ACR/EULAR 2010 classification criteria
for RA was also analysed for patients categorised as having seropositive RA, and
97% (83/86) of these patients fulfilled either one or both of these classification
criteria.
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Figure 9. Positive predictive value of RA diagnosis in patients with reimbursement for DMARDs

(reimbursement code 202, the Social Insurance Institution of Finland reimbursement
code for CTDs, RA and comparable diseases). Modified from Paltta et al., 2023 (I).

5.1.3 Patients with seronegative RA

If a patient was diagnosed with seronegative RA on at least one visit in the hospital,
the PPV for this diagnosis of seronegative RA recorded in CRHC was 71% (82/ 115).
The PPV rose with the number of visits: PPV 76% (81/106) for at least two visits,
PPV 84% (72/86) for at least five visits, and PPV 82% (49/60) for at least 10 visits
(Figure 6, Table 12).

For diagnoses made in a department of rheumatology, the PPV was 80% (72/90).
The PPV rose with the number of visits. For at least two visits the PPV was 82%
(71/87), for at least five visits 86% (63/73), and for at least 10 visits 84% (41/49)
(Figure 7).

Among patients who had a diagnosis of seronegative RA and were granted
entitlement for reimbursement of DMARDs specifically for seronegative RA, the
PPV for at least one visit was 79% (59/75), for at least two visits 82% (59/72), for at
least five visits 85% (53/62), and for at least 10 visits 86% (37/43) (Figure 8, Table
12).

Among seronegative RA patients who were granted entitlement for
reimbursement of DMARDs with a less specific reimbursement code of 202, which
includes CTDs, RA, and comparable diseases, the PPV values for these patients with
at least one, two, five, and 10 visits were 70% (76/108), 76% (76/100), 83% (67/81),
and 81% (47/58), respectively (Figure 9).

For patients categorised as having seronegative RA, 88% (61/69) of the patients
fulfilled either one or both of the ACR 1987 and ACR/EULAR 2010 classification
criteria.

68



Results

514 Control group

After a thorough review of the patient medical records, out of the 250 controls in
final analysis, only one was found to have information suggesting a diagnosis of RA
for the patient (NPV 100%, 249/250). This patient had been diagnosed with
seronegative RA in the local hospital, but this diagnosis was not recorded in the
CRHC database.

5.1.5 Incorrect diagnoses

An incorrect CRHC diagnosis of RA was found upon follow-up in 62 out of the 233
biobank patients in final analysis. In 20 of these 62 patients, the only diagnostic error
was seropositive RA being recorded as seronegative or vice versa. Out of these 62
patients, 42 were determined to have no RA at all, but they had a variety of other
medical conditions, rheumatological and unrelated, which are specified in Table 13.

A diagnosis was considered to be incorrectly input and not misdiagnosed if it
clearly deviated from the physician’s written record in the patient charts. All 29 of
the incorrect seropositive RA diagnoses and 67% (22/33) of the incorrect
seronegative RA diagnoses were incorrectly input. Rheumatology department
recordings accounted for 39% (20/51) of these incorrect entries, surgery department
recordings for 24% (12/51), physiotherapy department for 8% (4/51) and
miscellaneous departments accounted for the remaining 29% (15/51). Misdiagnoses
accounted for 18% (6/33) of the diagnoses of seronegative RA, and 15% (5/33) of
seronegative RA diagnoses changed during the follow-up period even if they had
seemed valid at the time the diagnosis was made (Figure 4).
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Table 13. Final diagnosis of the patients if other than RA and reason for the change of diagnosis.
Modified from Paltta et al, 2023 (I).

Number |Final diagnosis Reason for the change of

of diagnosis

patients

6 Juvenile idiopathic arthritis 6 incorrectly input

5 Gout (with arthrosis in one patient) 3 incorrectly input, 2 new data during

follow-up
5 Unspecified oligoarthritis 3 misdiagnoses, 2 incorrectly input
5 Unspecified polyarthritis (with arthrosis in one | 3 misdiagnoses, 2 incorrectly input,
patient)

3 Fibromyalgia and arthrosis 2 misdiagnoses, Incorrect input

3 Psoriatic arthritis 3 incorrectly input

2 Adult-onset Still disease 2 incorrectly input

2 Polymyalgia rheumatica 1 misdiagnosis and 1 incorrectly

input

1 Ankylosing spondylitis Incorrectly input

1 Arthropathy of Crohn disease Incorrectly input

1 Complex regional pain syndrome of the hand | Incorrectly input

1 Dermatopolymyositis and Sjogren’s syndrome | Incorrectly input

1 Erosive arthrosis Incorrectly input

1 Fibrotic dysplasia of the bone Incorrectly input

1 Idiopathic inflammation of the orbita Incorrectly input

1 Juvenile ankylosing spondylitis Incorrectly input

1 Mixed connective tissue disease Incorrectly input

1 Myalgia Misdiagnosis

1 Reactive arthritis Incorrectly input

1 Sjogren’s syndrome and arthrosis Incorrectly input

5.2 The validity of systemic sclerosis diagnoses

in two university hospitals in Finland (Study II)

Study population characteristics are presented in Table 14 and Figure 10. A total of
385 patients with a diagnosis of SSc (M34) were analysed, and a subanalysis was
made for 226 patients with a more specific diagnosis of IcSSc (M34.1). Most of the
patients were women: 79% of the patients with SSc and 86% of the patients with
lcSSc. The SSc patients were diagnosed at the median age of 53 years and 1cSSc
patients at 55 years, and follow-up time was a median of 5 years. Out of the SSc
patients, 91% had symptoms of Raynaud’s syndrome and 68% had changes in
videocapillaroscopy at the time of diagnosis. For the 1cSSc patients, these
percentages were a little higher with 94% of the patients having had Raynaud’s
symptoms and 75% of the patients having had videocapillaroscopy changes. 99% of
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the SSc patients and all the IcSSc patients were ANA positive, and 80.9% of the SSc
patients and 89% of the 1cSSc patients had specific autoantibodies of SSc. 82% of
the patients were ACR/EULAR classification criteria positive, and 12% fulfilled
only the LeRoy and Medsger criteria for early SSc.

Table 14. Demographic and clinical characteristics of the study patients.

M34 patients M34.1 patients
N Any N Rheumato- N Any N Rheumato-
department logy department logy
Number of patients 385 385 279 279 226 226 198 198
Female (%) 385 | 304 (79%) |279| 227 (81%) |226| 194 (86%) | 198 | 172 (87%)
. . 2011 2012 2012 2013
Year of diagnesis [IQR1 | 381 | 15005-2015] | 27° | [2007-2015] | ?° | [2006-2015] | '° | [2008-2015]
Age at diagnosis in
years [1QR] 381 | 53[43-65] |276| 54 [45-66] |226| 55[46-66] | 198 | 55[46-67]
Positive antinuclear o o o o
T 267 | 265(99%) |235| 235(100%) | 204 | 204 (100%) | 185 | 185 (100%)
Autoantibodies of 303 | 245(81%) |262| 215(82%) |219| 196 (89%) | 196 | 175 (89%)
SSc (%)
Videocapillaroscopy | ,4q | 155 (689%) | 218 | 156 (72%) | 179 | 134 (75%) | 161 | 126 (78%)
changes
Length of follow-up at
rheumatology 300 | 5.0 [3.0-11.0] | 261 | 5.0 [3.0-9.0] | 219 | 5.0 [3.0-11.0] | 197 | 5.0 [3.0-9.0]
department in years
[IQR]
Raynauds symptom at | 55| 75 19y | 262 | 239 (91%) |223| 210(94%) | 198 | 188 (95%)
diagnosis (%)
Smoking before o o N N
dingnosts (%) 253 | 98(39%) |219| 90(41%) |180| 71(39%) |162| 66 (41%)
ACR/EULAR
classification criteria | 308 | 253 (82%) |265| 217 (82%) |223| 180(81%) | 198 | 160 (81%)
positive (%)
Deceased during 384 | 94 (25%) |279| 70(25%) |226| 46(21%) |198| 41 (21%)

follow-up

M34, ICD-10 code for systemic sclerosis; M34.1, ICD-10 code for limited cutaneous systemic
sclerosis; ACR, American College of Rheumatology; EULAR, European League Against
Rheumatism; N, number with data; Autoantibodies of SSc: anti-centromere, anti-scl 70 and anti-
RNA polymerase Il antibodies. Modified from Paltta et al, 2023 (II).
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Figure 10. Final diagnoses for patients with an inclusion diagnosis of SSc or LcSSc. SSc, systemic
sclerosis; LcSSc, limited cutaneous systemic sclerosis; DcSSc, diffuse cutaneous
systemic sclerosis; M34, ICD-10 code for SSc; M34.1, ICD-10 code for LcSSc;
ACR/EULAR classification criteria for SSc; early SSc, patients meeting LeRoy and
Medsger classification criteria for early SSc. Modified from Paltta et al., 2023 (II).

Of the 385 patients with an inclusion diagnosis of SSc made in any department,
9.1% were classified as dcSSc, 53.0% as 1cSSc, 0.3% as SSc sine scleroderma, 3.4%
as SSc overlap syndrome, and 9.6% as early SSc. Some other diagnosis was found
in 17.4% of the patients, and in 7.3% the diagnosis clearly differed from the
physician’s written record and was classified as incorrectly input. Other diagnoses
that were the most frequent included systemic lupus erythematosus in 11% of the
patients with some other diagnosis, morphea of the skin in 9%, RA in 9%, graft-
versus-host disease of the skin in 7%, Sjogren’s syndrome in 7%, mixed connective
tissue disease in 7%, vasculitis in 7%, and polymyalgia rtheumatica in 4% of the
patients. The PPV for SSc diagnosis was 66% (95% CI 61%—70%), which increased
to 75% (95% CI 71%—-80%) if also early SSc was considered true SSc (Figure 10,
Figure 11).
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Figure 11. Percentages of the final diagnoses, divided by the inclusion diagnosis and by the
speciality where the diagnosis was recorded. SSc, systemic sclerosis; LcSSc, limited
cutaneous systemic sclerosis; DcSSc, diffuse cutaneous systemic sclerosis; M34, ICD-
10 code for SSc; M34.1, ICD-10 code for LcSSc. Previously unpublished.

From an analysis of the 279 patients who had been diagnosed with SSc in the
rheumatology department (Table 14), we found that 10.8% had dcSSc, 63.8% had
1cSSc, 0.4% had SSc sine scleroderma, 2.9% had SSc overlap syndrome, and 12.2%
had early SSc. 9.0% of the patients were considered to have another diagnosis, and
1.1% of the patients had an incorrectly input diagnosis. The PPV for SSc diagnosis
was 78% (95% CI 73%—-83%), and 90% (95% CI 86%—-93%) if early SSc was also
counted as SSc (Figure 10, Figure 11).

There were 226 patients diagnosed with lcSSc (ICD-10 code M34.1) (Table 14).
Of these patients, 0.4% had dcSSc, 76.1% had 1cSSc, 0.4% had SSc sine
scleroderma, 2.7% had SSc overlap syndrome, and 15.5% had early SSc.
Additionally, 4.0% of the patients had a different diagnosis, and in 0.9% of cases,
the diagnosis was input incorrectly. The PPV of a SSc diagnosis was 80% (95% CI
74%—85%), and when early SSc was included, the PPV increased to 95% (95% CI
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92%—-98%) (Figure 10, Figure 11). For rheumatology-diagnosed 1cSSc, the PPV was
81% (95% CI 75%—-86%), and with early SSc included, the PPV was 97% (95% CI
95%-99%).

For patients with specific autoantibodies of SSc, the PPV of a diagnosis of M34
was 83% (204/245) for at least one visit with this diagnosis, and 81% (158/196) for
M34.1. These PPV values were 97% (237/245) and 97% (191/196), respectively, if
early SSc was also considered true SSc.

When diagnoses made solely in a department of rheumatology for patients with
specific autoantibodies of SSc were analysed, PPV was 83% (179/215) for M34 and
81% (141/175) for M34.1. With early SSc also included in true SSc, PPV values
were 97% (209/215) for M34 and 98% (171/175) for M34.1.

5.3 Differential diagnostics of polymyalgia
rheumatica in a university hospital in Finland
(Study III)

The final analysis included 374 patients. Table 15 presents demographic and clinical
characteristics of the final study population. 57.2% of the study population were
female with a median age of 70 at diagnosis. The majority of patients, 79.0%, were
diagnosed at a department of rheumatology, and 81.0% were treated there. The
patients were followed for a median duration of 34.0 months (IQR 21.0-50.0).

Figure 12 depicts the main results of the study. Of the 374 patients, there were
245 (65.5) patients whose diagnosis of PMR was confirmed upon follow-up, while
for 129 patients (34.5%), the diagnosis of PMR was not supported.

The most frequent conditions initially misdiagnosed as PMR were inflammatory
arthritides 34.9% (45/129) and musculoskeletal disorders caused by repetitive strain
or degeneration 13.2% (17/129). Among other diagnoses, infection accounted for
9.3% (12/129), malignancy for 9.3% (12/129), giant cell vasculitis for 6.2% (8/129),
other vasculitis for 6.2% (8/129), other rheumatological disease for 5.4% (7/129),
fibromyalgia or other chronic pain syndromes for 3.9% (5/129), gout or other crystal
arthropathies for 1.6% (2/129), endocrinological disease for 1.6% (2/129) and other
or unknown diagnoses for 10.9% (14/129) (Figure 12).
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Table 15. Demographic and clinical characteristics of the study patients.

Results

. : . PMR
N with All AU dlag:?t:?ls diagnosis not p

data supporte supported

('f,/:‘)'"be’ of patients | 57, 374 245 (65.5) 129 (34.5)

Female (%) 374 214 (57.2) 139 (56.7) 75 (58.1) 0.794

Age at diagnosis, 70.0 [64.0— 71.0 [64.0— 69.0 [62.0—

years [IQR] 374 77.0] 78.0] 77.0] 0.286

Year of first 370 | 2017[2016— | 2017[2016- | 2017 [2016- | oo,

diagnosis [IQR] 2018] 2018] 2018] :

Diagnosed in

rheumatology 373 294 (79.0) 211 (86.0) 83(65.0) |<0.0001*

department (%)

Treated in

rheumatology 374 304 (81.0) 205 (84.0) 99 (77.0) 0.102

department (%)

Number of visits 374 6 [3-12] 7 [3-11] 6 [2-13] 0.489

[1QR]

Symptom duration, "

weoks [IQR] 282 |10.5[5.0-20.0] | 12.0[6.0-20.0] | 7.0 [4.0-16.0] | 0.016

('f,ke)"ated CRPOrESR | 459 334 (90.5) 230 (94.3) 104 (83.2) | <0.001*

Full symptom *

response to GCs (%) | 341 195 (57.2) 154 (66.4) 41(37.6) |<0.0001

Full inflammatory

value response to 325 190 (58.5) 152 (67.9) 38 (37.6) < 0.0001*

GCs (%)

Length of follow up, | o, | 340 [21.0- 33.0 [20.0— 36.0[23.0- | 4 0qqs

months [IQR] 50.0] 48.0] 54.0] :

Bird criteria + (%) 365 274 (75.0) 208 (84.9) 66 (55.0) | <0.0001*

Jones and Hazleman "

eriteria + (%) 365 99 (27.1) 88 (35.9) 11(9.2)  |<0.0001

Chuang and Hunder .

oriteria + (%) 365 113 (31.0) 91 (37.1) 22(18.3) | <0.001

Healey criteria + (%) | 365 248 (67.9) 198 (80.8) 50 (41.7)  |<0.0001*

ACRIEULAR criteria +| 365 | 509 (57.3) 170 (69.4) 39(325) |<0.0001*

(%)

Data are shown as count (percentage) for categorical variables and median (interquartile range) for
continuous variables. PMR, polymyalgia rheumatica; GC, glucocorticoids; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; ACR, American College of Rheumatology; EULAR, European
League Against Rheumatism; +, criteria fulfilled. *Statistically significant difference (p<0.05).
Modified from Paltta et al, 2023 (lII).
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Figure 12. Final diagnosis for patients with an inclusion diagnosis of polymyalgia rheumatica
(PMR). M35.3, ICD-10 code for PMR. Modified from Paltta et al., 2023 (lIl).

The most common group of inflammatory arthritides found in study patients was
RA with 69% (31/45) of the patients with inflammatory arthritides, and 32% (10/31)
of the patients with RA had seropositive RA. Unspecified arthritis was found in 20%
(9/45) of the patients with inflammatory arthritides and the remaining 11% (5/45) of
the patients were individual cases of systemic lupus erythematosus, psoriatic
arthritis, juvenile idiopathic arthritis, reactive arthritis and arthritis due to Crohn’s
disease.

Colon carcinomas were the largest group of malignancies with 33% (4/12) of the
patients, lymphomas accounted for 25% (3/12), and the remaining cases were
individual instances of other malignancies: breast, uterus, kidney, peritoneal
carcinosis, and chronic lymphocytic leukaemia. In patients with malignancies, for
75% (9/12) the symptoms were deemed paraneoplastic and not caused by the
malignancy itself. Four patients with paraneoplastic symptoms received active
treatment for their malignancy, and after treatment, they all became asymptomatic.
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The patients had experienced symptoms for a median of 10.5 weeks before their
first visit to the university hospital where they were diagnosed with PMR. If the
diagnosis changed during follow-up, within six months 76.6% (95/124) of the
diagnoses had changed, within one year 86.3% (107/124) and within two years of
follow-up 94.3% (117/124) of the diagnoses had changed (Figure 13). Malignancies
were discovered within a median time of 8.5 weeks (IQR 1.0-16.0) from the PMR
diagnosis.
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Figure 13. Kaplan-Meier survival curve for change of PMR diagnosis as a function of time, with
95% confidence intervals. Previously unpublished.

If the patient met the 2012 ACR/EULAR PMR classification criteria, the
diagnosis was deemed correct in 81.3% (170/209) of the patients compared to 45.5%
(75/165) if the criteria were not fulfilled (p<0.0001). 75.9% (208/274) of the patients
meeting 1979 Bird criteria, 88.9% (88/99) meeting 1981 Jones and Hazleman
criteria, 80.5% (91/113) meeting 1982 Chuang and Hunder criteria and 79.8%
(198/248) meeting 1984 Healey criteria had PMR as a final diagnosis (Figure 14).
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Figure 14. Percentage of patients accurately diagnosed with polymyalgia rheumatica (PMR), out
of all patients and divided by fulfilment of classification criteria. +, Classification criteria
fulfilled; -, classification criteria not fulfilled. Reprinted from the original publication Il
with permission from the copyright holders.

If the patient did not fulfil the 2012 ACR/EULAR PMR classification criteria,
9.7% (16/165) had a disease requiring a completely different treatment than PMR;
6.7% (11/165) of the patients had an infection, and 3.0% (5/165) had a malignancy.
Among the patients who did meet the classification criteria, infection was found in
only 0.5% (1/209) of the patients and malignancy in 3.3% (7/209), making a total of
3.8% (8/209) of the patients.

The PMR diagnoses persisted in 69% (230/334) of the patients with elevated
inflammatory values at diagnosis and in 40% (14/35) of the patients with normal
inflammatory values.

The accuracy of the PMR diagnosis was 65.5% (245/374) for patients diagnosed
in any department compared to 71.8% (211/294) for those diagnosed in the
rheumatology department. In contrast to our study on the validity of RA diagnoses
in Finnish biobank patients, the accuracy of the diagnosis of PMR did not improve
with the number of visits during which the diagnosis was made. The accuracy for
one visit was 65.5% (245/374), for two visits 67.2% (219/326), for five visits 68.4%
(158/231), and for 10 visits 66.1% (82/124) (Figure 15).
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Figure 15. Percentage of patients accurately diagnosed with polymyalgia rheumatica (PMR) at
different numbers of visits, by department in which the diagnosis was made. Previously
unpublished.

Compared to the patients whose diagnosis changed during follow-up, those
whose diagnosis remained unchanged had a longer duration of symptoms before
diagnosis (p=0.016), their CRP or ESR values were elevated more frequently
(p<0.001), and they had achieved a full response to symptoms (p<0.0001) and
inflammatory values (p<0.0001) with glucocorticoid treatment more frequently.
These patients with a confirmed diagnosis of PMR were also more frequently
diagnosed in the rheumatology department (p<0.0001) and had longer follow-up
periods (p=0.011) (Table 15).

The results of a multivariable logistic regression analysis indicate that a change
in the diagnosis of PMR was statistically significantly predicted by the absence of
morning stiffness (odds ratio (OR) of 1.75, 95% confidence interval (CI) 1.03-2.94),
the absence of any other typical PMR symptoms (OR 7.45, 95% CI 2.65-24.53), and
incomplete resolution of symptoms with glucocorticoid treatment (OR 3.01, 95% CI
1.83-5.00). When the patient presented with normal inflammatory values, OR for
the change of PMR diagnosis was 2.27 (95% CI 0.98-5.24). Gender or younger age
at diagnosis did not predict a change in the diagnosis. (Table 16).
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Table 16. Logistic regression analyses to predict the change in the diagnosis of polymyalgia

rheumatica (PMR) during follow-up.

Univariate analyses
OR (95% CI)

Multivariable analysis
OR (95% CI)

Female

Age at diagnosis < 65 years

Normal CRP and ESR values at diagnosis
No morning stiffness

Absence of typical symptoms of PMRt

Less than full symptom response to GC
treatment

0.94 (0.61-1.45)

1.42 (0.89-2.27)

3.32 (1.64-6.92)"

2.34 (1.51-3.69)*
(

12.12 (4.90-36.60)*

3.27 (2.05-5.29)*

1.06 (0.64-1.75)
1.38 (0.80-2.37)

2.27 (0.98-5.24)

1.75 (1.03-2.94)*
7.45 (2.65-24.53)"

3.01 (1.83-5.00)*

1 Patient had none of the typical symptoms: pain and tenderness in the neck, shoulder, upper arm,
hip and thigh areas. OR, odds ratio; Cl, confidence interval; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; GC, glucocorticoid. *Statistically significant finding. Modified from

Paltta et al, 2023 (lII).
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In registry studies, it is crucial to assess the quality and potential weaknesses of the
register data used to avoid sources of error. If a study relies on a register with a poor
diagnostic validity, the results of the study become inaccurate and unreliable. It is
also important to be familiar with the data's content to assess this accurately. A
clinician who is familiar with the daily routines of the clinic may have a different
perspective on how the data is produced and thus on data quality than a statistician
might. Although a single diagnosis may have poor validity, certain methods can
improve the quality of the study and the validity of its results.

6.1 Accuracy of diagnosis in a whole hospital
or in rheumatology department — The impact
of the diagnosing speciality

For the diseases studied in this dissertation, the proportion of correct registry
diagnoses was higher if only the diagnoses made in the department of rheumatology
were considered compared to the diagnoses made in all departments of the hospital.

Our study covered diagnoses recorded in any speciality for all the diseases in this
dissertation. The data on the speciality of the department where the diagnoses
occurred was collected in all studies. Thus, the results could be calculated not only
for the department of rheumatology alone but also for all specialties, thus improving
the generalizability of our results.

6.1.1 The impact of the diagnosing speciality on the validity
of RA diagnoses

Previous studies on the validity of RA diagnoses have typically validated only the
diagnoses made at rheumatology clinics. The diagnoses of RA set for rheumatology
clinic patients on a minimum of two visits have been studied in Sweden by
Waldenlind et al. 2014, and in Denmark in DANBIO and DNPR registers by Poulsen
etal. 2017. A definite diagnosis of RA was found in approximately 90% of the study
patients in Sweden, 96% in the DANBIO register, and slightly lower at 79% in the
DNPR register. In Minneapolis, Minnesota, the validity of RA diagnosis made in a
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rheumatology department was 55% in the Veterans Administration database (Singh
et al. 2004).

In our study, a definitive diagnosis of RA made in any speciality was found in
82% of patients with RA, a diagnosis of seronegative RA on 71% of patients with
recorded seronegative RA, and a diagnosis of seropositive RA on 75% of patients
with seropositive RA. For patients who were diagnosed in a department of
rheumatology, these same results were higher, with the accuracy of 89%, 80% and
85%, respectively.

6.1.2 The impact of the diagnosing speciality on the validity
of SSc diagnoses

To our knowledge, no comparison has been made in recent years of the accuracy of
ICD-10 diagnoses of SSc made in rheumatology department or in any speciality. SSc
diagnoses made in any speciality have been validated with the ICD-9 code 710.1 in
the United States (Valenzuela et al. 2015), and with the ICD-10 code in France
(Chaves et al. 2020), and the PPVs were 76% and 93%, respectively. Chaves et al.
also studied the PPV for lcSSc which was 95% (Chaves et al. 2020). Early SSc-
diagnoses were not considered true SSc in these studies.

Our study revealed that when the diagnosis of SSc was made in any speciality,
the PPV was 66% for a general SSc diagnosis and 80% for 1cSSc, the most common
subgroup of SSc in Finland. These results are slightly lower than the results of
Valenzuela et al. 2015 and Chaves et al. 2020. With the inclusion of early SSc as a
correct diagnosis of SSc in our study, the PPVs were 75% for SSc and 95% for lcSSc.
Most of the diagnoses in our study had been made in the rheumatology department;
for these diagnoses, the PPVs were higher than for those made in any speciality, 78%
for SSc and 81% for 1cSSc, and including early SSc, 90% and 97%, respectively.

6.1.3 The impact of the diagnosing speciality on the validity
of PMR diagnoses

In earlier studies, PMR diagnoses set in primary health care have been investigated
in Sweden, with the validity of 60% (Fors et al. 2019). Out of the PMR diagnoses
made by rheumatology departments, the correct diagnoses have previously
accounted for 79.1% in Alaska (Bernatsky et al. 2011) and from 69.0% to 94% in
the United Kingdom (Pease et al. 2005; Hutchings et al. 2007). In two studies in
Italy, the persistence of PMR diagnoses was 72% in rheumatology and internal
medicine clinics (Caporali et al. 2001), and 48% in a rtheumatology clinic (Falsetti
etal. 2011). In our study, the proportion of the PMR diagnoses persisting even after
the follow-up period was 66% for diagnoses made in any speciality and 72% for
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diagnoses made in rheumatology department which corresponds to the results of the
previous studies.

6.1.4 The impact of different levels of care
for rheumatological diseases on patient cohorts

It is natural that the accuracy of the diagnoses of rheumatological conditions is better
when the diagnosis is made by a rheumatologist. However, at least for certain
rheumatological diseases like PMR, milder cases rarely come to a rheumatological
consultation and therefore are not found in registries of rheumatology department
diagnoses. In Finland, a majority of the SSc patients visit a rheumatology department
at least during some part of the course of their disease, and a majority of the RA
patients are diagnosed and treated in rheumatology or internal medicine departments,
but patients with PMR only come in for a consultation if there is uncertainty in the
diagnosis or problems with treatment. For registry studies, the levels of care for
different diseases is something to be aware of. When planning for a study, it should
be considered whether it is more important to analyse just the patients with a certain
diagnosis or to find all the patients with the disease as comprehensively as possible.

6.2 Improving results by combining data
from different registries

Algorithms have been developed to better identify patients with specific
rheumatological conditions in registries. Most of these have investigated RA
(Carrara et al. 2015; Thomas et al. 2008; Widdifield et al. 2013; Liao et al. 2010),
and they have typically included the number of diagnoses and the locations where
they are made (in a department of rheumatology or in any department), prescribed
anti-rheumatic medications, and diagnoses of other rheumatic conditions. Our study
supports the idea that combining data from various registers can significantly
enhance the validity of registry diagnoses.

6.2.1 Number of visits with the diagnosis

Our study found a correlation between the validity of the diagnosis of RA and the
number of visits with this diagnosis. The results showed that the PPV was 82% for
an RA diagnosis recorded on at least one hospital visit. The validity of the diagnoses
was higher if the patient had the same diagnosis recorded on more than one visit,
with a PPV of 85% for at least two, 89% for at least five and 90% for at least ten
visits. A diagnosis based on multiple visits reduces the incidence of incorrectly input
diagnoses and refines the diagnosis with data collected at follow-up visits.
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Somewhat surprisingly, in contrast to RA, the increase in the number of visits
with a diagnosis of PMR had much less effect on the accuracy of PMR diagnoses.
The accuracy for at least one visit was 65.5%, for at least two visits 67.2%, for at
least five visits 68.4%, and for at least 10 visits 66.1%. This might be due to the fact
that at least in Finland, PMR is usually treated in primary health care, and only the
more complex cases are sent for a rheumatology consultation. This approach means
that patients may be followed up more frequently if there is a lack of response to
treatment or if the accuracy of the diagnosis is in doubt. These kinds of cases may
require extra visits due to differential diagnostics investigations. Moreover, a lengthy
follow-up to catch late-changing initial diagnoses of PMR is beneficial.

In the study on the validity of SSc diagnoses, we did not aim to investigate the
impact of the number of visits on SSc diagnoses, and thus did not collect data on the
number of visits the diagnosis was made on.

6.2.2 Entitlements to reimbursement of medicine expenses

With RA, there was also a correlation between the validity of the diagnosis and the
entitlement granted for special reimbursement for medication costs. The results of
our study showed that the PPV was 82% for an RA diagnosis. The validity of the
diagnoses was better with a PPV of 84% if the patient was entitled to special
reimbursement for the cost of DMARDs, and if the entitlement was granted
specifically for the inclusion diagnosis (RA, seropositive RA or seronegative RA),
the PPV was 89%.

In the studies on SSc and PMR, we did not collect data on entitlements to special
reimbursement for the cost of DMARDs or on medications other than
glucocorticoids used for PMR. In PMR, entitlements for reimbursement are rarely
applied because glucocorticoids are the most common treatment, they are
inexpensive, and the most common, low-dose glucocorticoid prednisolone, is no
longer reimbursable in Finland.

6.2.3 Laboratory data

Laboratory data may be available in some registry studies, as was the case in the
studies of this dissertation, and we evaluated the impact of different laboratory values
on the accuracy of the diagnoses.

6.2.3.1 Serological data

For RA, it was analysed whether serological data, specifically ACPA and RF, had
an impact on the validity of the diagnosis. Previously in Denmark, Tenstad et al.
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have investigated the use of ACPA or RF alone as a diagnostic test for RA and have
shown the PPV associated with high positive ACPA to be higher with 43% than the
PPV of 14% associated with high positive RF, when the high positivity was defined
as values three times that of ULN (Tenstad et al. 2020). The results of this
dissertation confirm these previous findings. The PPVs for seropositive RA
diagnosis were a bit higher for both positive (96%) and high positive (98%) ACPA
than for positive (92%) and high positive (94%) RF, respectively. The inclusion of
ACPA status data in the study analyses clearly increased the validity of the diagnosis;
the PPV of RA diagnosis in patients with recorded ACPA-positivity was excellent,
98%, when the PPV of RA diagnosis excluding serological data was 82%. It is
important to note that ACPA and RF are an important component of the
ACR/EULAR 2010 classification criteria for RA, and meeting the classification
criteria had a major impact on whether the disease was deemed to be RA.

The impact of serological findings in patients diagnosed with SSc on the validity
of SSc diagnosis was assessed using SSc-specific autoantibodies. Because nearly all
the study patients were ANA positive, it was not relevant to separately analyse the
effect of ANA positivity. The PPV for SSc diagnosis without data on specific
autoantibodies was 78% and 80% for patients with 1cSSc. For patients with specific
autoantibodies of SSc, PPV of a diagnosis of SSc was 83,% and 81% for 1cSSc. This
means, that the effect of specific autoantibodies of SSc on the validity of SSc
diagnoses was less pronounced than with RA. The reason for this is not known to us,
but it can be speculated that seropositivity is perceived as more significant in
diagnosing SSc than in diagnosing RA, meaning that it has been easier to diagnose
seronegative RA than SSc if the patient lacks antibodies of the disease in question.

6.2.3.2 Inflammatory values

We analysed the effect of inflammatory laboratory values at diagnosis, CRP and
ESR, on the persistence of PMR diagnosis. The results showed that these values were
elevated on 94.3% of patients with persistent PMR diagnosis compared to 83.2% of
patients with nonpersistent PMR diagnosis. This difference was statistically
significant (p<<0.001). During follow-up the diagnosis of PMR persisted in 69% of
patients with elevated inflammatory values at diagnosis, compared to 40% with
normal inflammatory values. In univariate logistic regression analysis, normal CRP
and ESR values at diagnosis were a statistically significant predictor of a change in
the diagnosis of PMR (OR 3.32, 95% CI 1.64—6.92). In the multivariate regression
analysis normal CRP and ESR values at diagnosis did not quite reach statistical
significance in predicting a change in PMR diagnosis (OR 2.27, 95% CI 0.98-5.24).
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6.3 Challenges in diagnostics — Incorrectly input
diagnoses and misdiagnoses

The meaning of validity of diagnoses can be considered from both the patient's
perspective and an external perspective. For example, from the perspective of
prevalence analysis, any false diagnosis is as bad as any other because they all distort
the data. But from the patient's point of view, only the false diagnoses that worsen
patient care either by delaying treatment or by causing the wrong treatment are
detrimental. Based on this difference, invalid diagnoses can be divided into
incorrectly input diagnoses and actual misdiagnoses.

6.3.1 Incorrectly input diagnoses

Incorrectly recorded diagnoses are often excluded from validation studies by some
form of prescreening of patients. In a Swedish study of patients in the rheumatology
department (Andréasson et al. 2014), 5.3% of all M34 diagnoses were incorrectly
input, which is slightly lower than the 7.3% found in our study of SSc diagnoses.

In the studies of this dissertation, incorrectly input diagnoses accounted for 1.8%
(8/455) of all diagnoses of PMR, 7.3% (28/385) of all diagnoses of SSc and 13.3%
(31/233) of all diagnoses of RA. 73.8% (31/42) of the incorrect diagnoses of RA and
100% (29/29) of the incorrect diagnoses of seropositive RA were incorrectly input
diagnoses. This means that incorrectly input diagnoses were a major problem
compared to a change of diagnosis during follow-up or a clear misdiagnosis.
Rheumatology departments were not immune to this problem; for example, 39.2%
(20/51) of all incorrectly input RA diagnoses were recorded in rheumatology
department. This number can be explained by the large number of visits in a
department of rheumatology.

Incorrectly input diagnoses may be due to simple typing errors, or the actual
recording of diagnoses may be done by administrative staff due to the requirements
of administrative data systems. It can also be speculated that at least some of these
errors are made when a patient is visiting a hospital with a completely unrelated
condition without a good diagnosis, and the easiest diagnosis to input for a
nonspecialist is “rheumatism”. This explanation is supported by the fact that a rare
diagnosis such as SSc is seldom incorrectly input.

6.3.2 Misdiagnoses

According to our study, of the registry diagnoses of RA, 18% (42/233) of the final
diagnoses were for conditions other than RA, and only 14% (6/42) of these incorrect
diagnoses were considered misdiagnoses, for a total of 3% (6/233) of all diagnoses
of RA. These six misdiagnoses were for patients that had a diagnosis of seronegative
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RA in a registry. This means that 18% (6/33) of the incorrect diagnoses of
seronegative RA were misdiagnoses. None of the recorded diagnoses of seropositive
RA were misdiagnoses.

For the registry diagnoses of SSc, 34% (132/385) were considered not to be SSc.
79% (104/132) of these incorrect diagnoses and 27% (104/385) of all diagnoses of
SSc were considered misdiagnoses. For 1cSSc, 95% (44/46) of the incorrect
diagnoses and 19% (44/226) of all IcSSc diagnoses were misdiagnoses.

6.3.2.1 How to determine limits of misdiagnoses?

It is sometimes difficult to determine the limits of misdiagnosis when we do not
have actual diagnostic criteria, but instead only classification criteria for studies. For
example, if a disease is at such an early stage of progression that it is only one point
short of meeting the classification criteria, can the diagnosis be called a
misdiagnosis? On the other hand, how mild does the disease or the risk of developing
the disease have to be before it is uncertain whether it is a disease at all that it
becomes a misdiagnosis?

With SSc as an example, a number of classification criteria have been developed
(Van Den Hoogen et al. 2013; LeRoy et al. 2001; Masi 1980) and these criteria are
often used in clinical practice as if they were diagnostic criteria, even though they
are not intended to be used that way. The effectiveness of the 2013 revision of the
ACR/EULAR classification criteria for SSc (Van Den Hoogen et al. 2013) has been
reviewed, and SSc patients usually meet these criteria (Jordan et al. 2015; Araujo et
al. 2017). But it is important to note that failure to meet the classification criteria
does not necessarily exclude a diagnosis of SSc, especially when the disease is in
carly stages.

In our study, rates of misdiagnoses were also calculated with early SSc
considered as true SSc. Using this method, 25% (95/385) of diagnoses of SSc were
other than SSc, and 71% (67/95) of the incorrect diagnoses were misdiagnoses,
making a total of misdiagnoses 17% (67/385) of all SSc diagnoses. For lcSSc, 82%
(9/11) of incorrect diagnoses and 4% (9/226) of all 1cSSc diagnoses were
misdiagnoses. These percentages are clearly smaller than when these early diseases
are considered misdiagnoses.

In diseases such as SSc, early diagnosis is important to prevent organ damage,
and advances in diagnostics give the possibility of earlier disease detection. For
example, the increasing availability of NVC (Aragjo et al. 2017) can improve
identification and follow-up of patients with early SSc. On the other hand,
overdiagnosis of SSc due to nonadherence to the classification criteria can lead to a
lack of homogeneity of study populations and make it difficult to compare data from
different countries.
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6.3.2.2 Using follow-up to establish the diagnosis

Ultimately, follow-up will show whether the early-stage disease develops into a full-
blown disease. It may also happen that the disease picture changes, either because
new symptoms and status findings emerge, or for some other reason a new
investigation is carried out, such as imaging or laboratory tests. These developments
can lead to changing the diagnosis even if the original diagnosis seemed valid at the
time.

Seronegative RA is one of the complex disease entities where another competing
diagnosis can often be made during clinical follow-up. Paalanen et al. studied
register data of patients with initially diagnosed seronegative RA, and during 15
years of follow-up, spondyloartrhropathy was diagnosed in 8.8% (Paalanen et al.
2021) of the patients. In another study by Paalanen et al., early arthritis patients
diagnosed with seronegative RA had an in-depth clinical follow-up period of 10
years, and a more specific or competing diagnosis could be suggested for the
majority of them (Paalanen et al. 2019). Only 2% developed erosions typical for RA.
According to our study, of the diagnoses of seronegative RA that were deemed
incorrect, 15% changed to some other more defined diagnosis based on data acquired
during follow-up.

6.3.2.3 All misdiagnoses are not equally harmful

Different levels of misdiagnoses exist, and some are more harmful than others. For
example, misdiagnosing psoriatic arthritis as another rheumatic disease is less
harmful than misdiagnosing an infection or malignancy as a rheumatic disease. In
our study of differential diagnostics of PMR, we examined the diagnoses that had
been primarily misdiagnosed as PMR. Making the diagnosis of PMR may be difficult
because there is no benchmark for the verification of the diagnosis, the diagnosis is
essentially clinical, and many symptoms and findings of PMR also occur in other
medical disorders. (Gonzalez-Gay et al. 2017; Buttgereit et al. 2016; Lundberg et al.
2022; Nothnagl et al. 2006)

In our study, when the diagnosis of PMR was considered to be wrong, the
conditions that best explained the patient’s situation were predominantly the same
as those reported earlier (Gonzalez-Gay et al. 2000; Michet et al. 2008). The most
common mimics of PMR were other inflammatory conditions of the joints,
accounting for 35% of the revised diagnoses, followed by degenerative and stress-
related musculoskeletal disorders at 13%. In our study, 9.3% of the patients with a
subsequent change of diagnosis had a malignancy, and their delay in diagnosis was
a median of two months. It is important to minimise a delay in diagnosis, especially
for malignancies, because a delay can worsen the prognosis for the patient.
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Those patients who had an atypical manifestation of PMR were more likely to
be misdiagnosed, according to the results of our study. In a multivariable logistic
regression analysis, patients who did not have characteristic pain in the shoulders
and pelvic girdle, stiffness in the morning, or a full response to glucocorticoids were
particularly at risk of a wrong diagnosis. The presence of atypical characteristics of
PMR is a red flag that should prompt a search for other diseases that mimic PMR,
such as malignant diseases and infections (Gonzalez-Gay et al. 2000). The use of
imaging, for example with PET-CT, can detect a possible underlying vasculitis of
large blood vessels, particularly in patients who have marked pelvic girdle
involvement, inflammatory pain in the lower back or diffuse pain in both lower limbs
(Prieto-Pefia et al. 2019).

The effectiveness of various PMR classification criteria in the identification of
patients at a higher risk of a wrong diagnosis was also investigated in our study.
When the patients met the PMR classification criteria of ACR/EULAR from 2012,
diagnosis was deemed accurate in 81.3% of cases and only 45.5% when they did not
meet these criteria. For a correct diagnosis of PMR in this study, patients had to fulfil
two requirements: meet at least one set of classification criteria and have no other
diagnosis that better explains the patient’s condition during follow-up. Meeting the
classification criteria suggests a more typical manifestation of PMR, and the PMR
diagnosis changed less frequently in these patients than in those with a less typical
manifestation. The classification criteria were frequently met even in those patients
who were subsequently reclassified as having a disease other than PMR. This
underlines the point that classification criteria are not the same as diagnostic criteria
(Aggarwal et al. 2015), and they should only be used in patients who have already
had alternative diagnoses ruled out with reasonable certainty.

6.4 Generalizability of the results of this
dissertation

The results of this dissertation are based on large, centralised hospitals in Finland.
The RA study (Study I) was conducted in four university hospitals and one large
central hospital, the SSc study (Study II) in two university hospitals and the PMR
study (Study III) in one university hospital. The findings are therefore most
applicable to patients who receive diagnosis and treatment in large, centralised
hospitals. The proportion of patients treated in hospitals at this level in Finland varies
among the diseases studied in the thesis. For SSc, most patients are evaluated in
central or university hospitals due to the rarity and severity of the disease, which
enhances the overall validity of the study findings. In the case of PMR, most patients
receive their diagnosis and treatment in primary care. Only those patients whose
diagnosis is uncertain or whose response to treatment is inadequate are referred to a
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rheumatologist. The patient population in a university hospital's department of
rheumatology is therefore more complex than the patients in primary care. For
instance, this could explain why a considerable number of patients in our study did
not have elevated inflammatory values. RA falls between these diseases, as the
majority of diagnoses are made by rheumatologists, but not quite as comprehensively
as for SSc.

6.5 Limitations and strengths of the studies

A limiting factor in the studies of this dissertation is the retrospective study design.
The data collection relied on medical records, which may not have contained all the
necessary information for every patient. It is possible that some patients did not meet
the classification criteria due to missing data. When we assessed the fulfilment of
the classification criteria, any item that was not explicitly marked as positive in the
medical records was considered negative. However, the PMR study required
documentation on the absence of RF and/or ACPA through a negative result on the
test in question. In some cases, the accuracy of the diagnosis could not be determined
due to a considerable amount of missing information. The number of these patients
was not very high, but 12 out of 250 RA patients, 27 out of 412 SSc patients and 73
out of 455 PMR patients had to be excluded from the final analysis. It was much
more common for patients to have multiple visits and for medical records to be
extensive and comprehensive, which in turn was a strength of the studies.

We did not have access to the medical records of health care facilities outside
the hospitals participating in the study. This limitation affected Study I, as some
patients initially defined as controls had to be excluded from the analysis altogether.
This was due to the discovery that they had visited another Finnish hospital with a
diagnosis of RA.

The complexity of diagnosing RA, SSc and PMR can also be seen as a limiting
factor. In the absence of clear diagnostic criteria for these diseases, it was ultimately
the decision of the reviewer whether the diagnosis recorded in the register was
correct or incorrect, and these results might have been strengthened by a
collaborative decision by multiple investigators. In the studies on SSc and PMR, this
decision was based on the fulfilment of classification criteria as a prerequisite for a
correct diagnosis. In the study on RA, meeting the classification criteria was not
mandatory to confirm the diagnosis. However, in the study, of the patients with
available data (about 55 percent of all) 88% of patients with seronegative RA and
97% of patients with seropositive RA met either or both of the ACR 1987 and
ACR/EULAR 2010 classification criteria (Arnett et al. 1988; Aletaha et al. 2010).
The multicentre design also strengthened the external validity of the RA study
results.
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In Study I, we analysed all patients with either seropositive or seronegative RA
as a single group. However, we also analysed these patients separately, with one
group diagnosed with seropositive RA and the other with seronegative RA. This
approach allows for easier comparison of our study’s results with those of previous
studies (Waldenlind et al. 2014; Poulsen et al. 2017; Singh et al. 2004) that did not
differentiate between serological subgroups of RA.

A clear strength of this dissertation are the long follow-up periods of the studies.
This is particularly evident in Study III, which focused on the differential diagnosis
of PMR. The follow-up period, with a median of 34 months, was significantly longer
compared to several previous studies on the subject (Caporali et al. 2011; Falsetti et
al. 2011; Hutchings et al. 2007), and of the changes in diagnosis, 13.7% occurred
after the one-year follow-up limit of these shorter studies.

No patients were prescreened in any of the studies of this dissertation, and the

recorded diagnosis of RA, SSc or PMR was the only criteria for inclusion. This
method makes our results more generalizable than in many previous studies with
prescreened patients.
In all studies of this dissertation, information was collected on the speciality in which
each diagnosis was made, allowing for results to be calculated for both rheumatology
department alone and also for all specialities. This approach also improves the
generalizability of the study findings.
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14 Summary/Conclusions

This dissertation investigated the validity of CRHC diagnoses of RA in biobank
patients and diagnoses of SSc and PMR in hospital discharge registers, as well as
how best to improve this validity by combining information from different sources.
We also looked at how often a PMR diagnosis was changed to another disease, what
these diseases misdiagnosed as PMR were, and which factors at the time of PMR
diagnosis indicate a high risk of misdiagnosis.

The validity of the CRHC diagnosis of RA in the patients of the Finnish biobanks
was moderate and could be considerably strengthened by the integration of
information from the Drug Reimbursement Register. The validity was especially
high in patients who were entitled to special reimbursement for the costs of medicine,
had multiple visits with a diagnosis of RA, who were seropositive for autoantibodies
of RA, and whose diagnosis was made in rheumatology department. Especially for
seronegative RA, the validity of a diagnosis from one visit was only moderate, which
is consistent with seronegative RA being a nonuniform disease entity.

In the two Finnish university hospitals studied, the hospital registry diagnoses of
SSc were accurate only if diagnosed in the rheumatology department. In the case of
1cSSc, the most common SSc type in Finland, the validity was high even if the
diagnosis was registered in any department. These findings strengthen the reliability
of registry studies based on SSc¢ diagnoses, especially those of 1cSSc.

Among patients diagnosed with PMR at a university hospital, a third of the
original hospital registry diagnoses were found to be incorrect following a more
comprehensive assessment and follow-up, with only a slightly better retention of
diagnoses made at a department of rheumatology. This study emphasised the
importance of considering differential diagnoses when making a PMR diagnosis and
explored factors predictive of a change in diagnosis during follow-up. The risk of
misdiagnosis was particularly high in patients with atypical disease patterns,
inadequate response to medication, and in those who did not meet classification
criteria. The most frequent mimics of PMR included other inflammatory arthritides,
noninflammatory musculoskeletal conditions, infective diseases and malignancy.

It is essential to know the limitations of health care registers and the means to
manage these limitations to best utilise the registry data and ensure the quality of
future register-based studies.
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