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Zusammenfassung 

 

Einleitung. Die Behandlung der chronisch-systemischen rheumatoiden Arthritis 

(RA) nach den etablierten Leitlinien mit engmaschigen Kontrollen führt in den 

meisten Fällen zu einem guten Behandlungserfolg. Es war für uns von Interesse 

anhand unserer eigenen Kohorte zu prüfen, ob die Veränderung und Anpassung 

des therapeutischen Verhaltens der Ärztinnen und Ärzte der letzten Jahre einen 

positiven Einfluss auf dieses Behandlungsergebnis zeigte. Auch sollte der Effekt 

der Einführung neuartiger biologischer Wirkstoffe auf die Krankheitsaktivität der 

RA untersucht werden. 

Methoden. Wir bezogen Daten von 103 RA-PatientInnen, die über mehr als zehn 

Jahre unter regelmäßiger und stringenter Kontrolle standen, aus dem klinischen 

Informationssystem RCQM und teilten sie in Gruppen je nach initialem 

Krankheitsaktivitätswert (DAS) oder Medikation auf. Anschließend führten wir eine 

retrospektive Regressionsanalyse durch, um die Krankheitsaktivität in der Kohorte 

über diesen Zeitraum zu betrachten. Zur statistischen Aufarbeitung wählten wir ein 

linear gemischtes Model aus.   

Ergebnisse. PatientInnen mit initial hoher oder moderater Krankheitsaktivität  

zeigten eine signifikante Reduktion der Aktivität um 2,4 bzw. 1,3 Punkte. Bei der 

Gruppe mit anfänglich niedriger Aktivität konnte ein anhaltend niedriger DAS-Wert 

um 3,2 erreicht werden. Wertet man die Gruppen nach Medikation aus, so erzielte 

die Kombination aus Biologika und synthetischer Wirkstoffe (z.B. MTX) ein um 0,3 

DAS-Punkte besseres Ergebnis als eine Monotherapie mit synthetischen 

Präparaten. 

Schlussfolgerung. Die statistisch signifikanten Ergebnisse zur Fragestellung des 

zeitabhängigen Krankheitsverlaufs lassen uns das Tight control bzw. Treat-to-

Target Konzept als förderlich für die Therapieergebnisse erachten. Die 

Behandlung mit biologischen Wirkstoffen oder einer Kombination mit solchen 

erschien uns ebenso effektiver. Dieser Effekt zeigte sich zwar nicht statistisch 

signifikant, der Trend war in der grafischen Aufbereitung jedoch erkennbar.  

Schlagwörter. Rheumatoide Arthritis, Therapieergebnisse, Regressionsanalyse, 

Biologika, klinisches Informationssystem  
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Abstract 

 

Background. In most cases treatment of the systemic and chronic inflammatory 

disease rheumatoid arthritis (RA) according to established tight control guidelines 

leads to a good outcome. It was of interest for us if we could prove that the 

changes and adaption of the physicians’ therapeutic behaviour in recent years had 

a positive impact on the therapy outcome in our cohort. Additionally, we wanted to 

evaluate the effect of newly introduced biologic agents on disease activity of RA-

patients in comparison to synthetic pharmaceuticals (sDMARDs), such as 

methotrexate. 

Methods. We extracted data of 103 rheumatoid arthritis patients who were under 

regular and stringent control over ten years from the clinical management software 

RCQM and divided this patient collective into groups according to their initial 

disease activity score (DAS) or medication. A retrospective analysis of the data 

was performed in order to examine the course of disease activity of these patients 

over the observed time. A linear mixed effects model was chosen for the statistical 

regression analysis.  

Results. Patients with an initially high or moderate disease activity showed a 

significant decrease of disease activity by 2.4 and 1.3 DAS points, respectively. 

The low disease activity group presented with a continuously low DAS around the 

3.2 mark. When looking at the specific medication of the patients, we could find 

that a combination therapy of biologic and synthetic agents (sDMARDs) indeed 

resulted in a better outcome than an sDMARDs-monotherapy and lowered the 

DAS stronger by 0.3 points. 

Conclusion. The statistically significant findings for disease activity over time 

allow us to support the tight control and Treat-to-Target concepts for RA-therapy. 

Furthermore, treatment with biologic agents or a combination with them can be 

seen as more effective. However, these results were not statistically significant, 

but a trend was visible from the graphical solution.  

Keywords. Rheumatoid arthritis, therapy outcome, regression analysis, biologic 

DMARDs, clinical information system   
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1 Introduction 

 

1.1 General Information  

1.1.1 Definition of rheumatoid arthritis 

Rheumatoid arthritis is an incurable autoimmune disease that is defined as 

systemic and chronic inflammation of the patient’s joints, particularly of the 

synovial layer. The primary cause for this chronic synovitis, which leads to an 

ongoing and often symmetrical destruction of multiple joints, is still unknown. The 

disease can also be accompanied by extra-articular manifestations, such as 

vasculitis, endocarditis or lung fibrosis. (1) 

1.1.2 Historical overview of rheumatoid arthritis 

The historical existence of rheumatoid arthritis before the 19th century has long 

been subject of debate. Definite prove for it is still missing, but recent 

paleopathological findings as well as many written and pictorial accounts of the 

disease that date back to pre-Christian Rome and India strongly suggest that RA 

was already present in those times. In ancient Greece Hippokrates (c. 460 – c. 

370 BC) reported on a disease that he found to usually start at the age of 35 and 

to gradually destruct the patient’s joints. Other pre-modern works of art and 

literature indicate the presence of the disease throughout the Middle Ages and the 

following centuries as well. This led various researchers to the conclusion that 

rheumatoid arthritis is not an exclusively modern disease. (2,3) 

It was the French doctor Augustin Jacob Landré-Beauvais (1772–1840) from the 

Salpêtrière Hospital in Paris who postulated the first widely accepted 

characterisation of rheumatoid arthritis in the year 1800. However, he considered 

RA to be a subform of gout found predominately in poor and female patients (3). 

Sir Alfred Baring Garrod (1819–1907) from the United Kingdom later separated 

gout from arthritic diseases by finding high levels of uric acid in the blood of gout 

but not of arthritis patients. One of his sons Sir Archibald Edward Garrod (1857–

1936), a member of the Royal Medical Society, continued the research on RA. It 

was him who eventually coined the term “rheumatoid arthritis” in his book “A 

Treatise on Rheumatism and Rheumatoid Arthritis” in 1890 (4).  
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The next major step in rheumatoid arthritis research was achieved by researchers 

Erik Waaler (1903–1997) from Norway and Harry M. Rose (1906–1986) from the 

United States of America, who independently discovered and described the 

antibody rheumatoid factor in 1940 and 1948, respectively (5,6). At the same time, 

both researchers and their teams developed a testing measure for rheumatoid 

factor, now known as the Waaler-Rose-Test. The test finally made it possible to 

differentiate rheumatoid arthritis from other arthritic diseases by blood-testing and 

was later modified and improved (7,8). 

Later research included, among others, newly developed genetic methods and 

focused on the decoding of the disease’s etiology and evolvement of treatment 

options. Today, while the disease and its pathophysiology are still not yet fully 

deciphered, knowledge about rheumatoid arthritis and its therapy has increased 

significantly.  

1.1.3 Serostatus and variations of rheumatoid arthritis 

Rheumatoid arthritis is a variable medical condition with a number of special 

forms. RA itself is divided in a so called seronegative and a seropositive variant 

based on whether the antibodies rheumatoid factor (RF) or anti-cyclic citrullinated 

peptide (ACPA) are present in the patient’s blood or not. The latter has a 

specificity of 95% for rheumatoid arthritis, which is generally higher than that of RF 

(9). This partition of the disease is important for the prognosis and the disease 

course, as seropositive patients are believed to usually suffer from a more severe 

form of RA. Newer studies, however, suggest that the disease might be 

underestimated in seronegative patients and therefore not treated sufficiently 

enough in these patients (10). Seroconversion from negative to positive and vice-

versa has been described (11). 

In this work I will deal with the most common variant of rheumatoid arthritis, which 

is referred to simply as adult rheumatoid arthritis. Beside this main form, other 

more rare forms of RA have been characterised based on characteristics, such as 

age of onset or typically accompanying symptoms. These other variations are  (1): 

 Juvenile rheumatoid arthritis 

 RA with secondary Sjögren’s syndrome 

 Felty’s syndrome 
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 Adult-onset Still’s disease 

 Late-onset rheumatoid arthritis 

 Caplan’s syndrome 

 RS3PE (remitting seronegative symmetric synovitis with pitting edema) 

1.1.4 Epidemiology of rheumatoid arthritis 

It has been established that rheumatoid arthritis is prevalent in all parts of the 

world with the average worldwide prevalence of the disease estimated at 0.5 to 

1.0% of the population (12,13). Patient numbers can vary within different regions, 

because socioeconomic factors, such as lifestyle and life expectancy might 

influence the prevalence of the disease (1). In the Sub-Saharan Africa region and 

among Caribbean immigrants in the United Kingdom, for example, the prevalence 

was lower than in other parts and populations of the world. However, the African 

numbers indicate an increase of RA-cases over the last 20 years (14,15).  

A recent meta analysis carried out by Australian researchers showed more exact 

numbers and concluded that the mean global prevalence of RA for the year 2010 

was 0.24% with an estimated 4.8 million adults affected worldwide (16). In the 

same study RA was ranked 42nd among the 291 most burdening global conditions. 

Numbers gathered by the German Society of Rheumatology, on the other hand, 

indicated a prevalence of 0.8% in Germany for the year 2014, which equalled 

550,000 adult patients (17). The Centre of Disease Control in the USA gathered 

numbers that would estimate the prevalence of rheumatoid arthritis among US-

citizens at 0.6% with approximately 1.5 million people affected by the disease (18). 

Generally speaking, these numbers and estimations can be regarded applicable to 

most Western countries.  

The incidence of rheumatoid arthritis is estimated at 25-30 new cases among men 

and 50-60 among women per 100,000 people per year, respectively. Looking at 

the entire population, this would result in a mean incidence of 20-40 new patients 

in 100,000 per year. These numbers are similar in the aforementioned 

epidemiologic studies. The statistics also highlight another epidemiologic fact of 

RA that women are up to three times more often affected by the disease than men 

(19), which is demonstrated in figure 1 based on the table provided by Ngo et al 

(20). Moreover, adult RA can occur in all age-groups with an onset peak at 30-60 
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years. Age has shown to be an important factor, with epidemiologic data indicating 

that patients who are older than 65 years show a prevalence of more than 10% in 

comparison to the 0.3% among the age-group below 35 years (19). An increased 

incidence of the disease can also be found in populations where risk factors, such 

as smoking and obesity, are more prevalent. 

Figure 1. International RA-prevalence data divided by gender (20) 

  

1.1.5 Pathogenesis of rheumatoid arthritis 

Despite ongoing research and new findings over the last few years, the exact 

etiology and pathogenesis of rheumatoid arthritis is still not fully discovered. 

Instead, several hypotheses have been formulated that are being considered and 

investigated as the primary cause of the disease (21,22). The most accepted 

hypothesis considers RA to be caused by genetic factors (23,24) that make the 

affected person more likely to develop RA. This hypothesis is based on the 

identification of specific genetic markers that were found predominately in RA-

patients and linked to a particularly severe course of the disease (25).  

These markers include the human leukocyte antigen (HLA) variants DRB1*0401, 

*0404, *0408 and *0101/2. HLA-DRB1 is a polymorph gene and part of the main 

histocompatibility complex (MHC). It is responsible for the activation of T-

lymphocytes. The mobilisation of these T-cells leads to a stimulation of B-

lymphocytes and macrophages, which causes them to distribute rheumatoid 
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factor, metalloproteinases, prostaglandins and other pro-inflammatory cytokines. 

T-cells therefore play a crucial role in the complex pathogenesis of the disease 

(26). 

To our current knowledge this marks the pathophysiological onset of the chronic 

disease (22). Patients who showed to be homozygotic for these HLA-variants were 

at higher risk of developing RA (27). We further believe that this cascade of HLA-

induced and increased cell-activity leading to chronic autoimmune destruction 

could be caused by a specific environmental trigger. One hypothesis is that the 

aforementioned genetic factors make patients vulnerable to some form of 

microbial inflammation, which would then lead to the typical reaction of the 

immune system (28,29). The exact environmental triggers have not been 

discovered yet, though. 

As mentioned before, many mediators contributing to the pathological cascade of 

RA have been identified, so far. The best-researched pro-inflammatory cytokines 

that have an important influence on the pathogenesis of rheumatoid arthritis are 

tumour necrosis factor alpha (TNFα) as well as interleukins 1 and 6 (30). These 

factors are responsible for the proliferation of fibroblast-like synoviocytes and the 

activation of the immune system specifically within the synovial fluid of the 

patient’s joints (22). As a result, the joint destructing pannus is formed, consisting 

of granulomatous and fibrovascular tissue. Most modern therapies for RA target 

this process by inhibiting one or more of these cytokines (1).  

Another important finding has been the identification of the “receptor activator of 

NF-κB ligand”, or in short RANKL, and its role in the pathogenesis of rheumatoid 

arthritis. The RANKL is responsible for the stimulation of osteoclasts and hence 

induces bone-erosion (31,32). Additionally, the counterpart of RANKL was found 

out to be a mediator called osteoprotegin and it became obvious that the balance 

between these two agents is deranged in RA. This cascade is now also a target 

for new pharmacological agents (33,34). 

1.1.6 Risk factors for rheumatoid arthritis 

Apart from age, gender and genetic factors, several environmental risk factors 

have been associated with rheumatoid arthritis. Smoking is to be named first. 

Epidemiologic data indicate a strong interdependence between the onset of 
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rheumatoid arthritis and smoking. A twin study conducted by Silman et al in 1996 

confirmed such interdependence (35). Another study carried out by the Karolinska 

Institute Stockholm in 2006 also concluded that smoking cigarettes can be directly 

linked to a higher incidence of the disease in patients who had distinctive HLA-

DRB genotypes (36). Smoking is therefore one of the best-examined risk factors 

for RA and can be regarded as the only such factor that has been verified.  

Other risk factors that are thought to negatively influence the onset and course of 

RA are intercurrent infections, obesity and coffee consumption (27,37). Moreover, 

hormone replacement therapy (38) and irregular menses (39) are associated with 

the onset of the disease. Maternal smoking and low socioeconomic status have 

been found to show an increase of RA-prevalence in children (40). On the other 

hand, antioxidant nutrition, physical activity, pregnancy, oral contraceptives and 

breastfeeding are believed to be positive or even protective influences (27,41–45). 

However, it is important to note that the studies which resulted in these findings 

could not deliver definite prove or were even partially conflictive. It is therefore not 

yet possible to precisely determine further environmental risk factors for 

rheumatoid arthritis. 

 

1.2 Clinical information  

1.2.1 Clinical picture and onset of rheumatoid arthritis 

Rheumatoid arthritis is a chronic disease that in most cases progresses steadily 

over the course of years. However, the beginning of RA can also be marked by a 

much more unusual form of acute onset. In this case, the first attack of the disease 

unfolds merely within a few days. Initially, the inflammation in both onset forms is 

located predominately in the joints of the patient’s hands or feet. While mostly 

these smaller joints show signs of the disease during the early stages of RA, it is 

also possible that the larger joints, such as the knees or elbows, are affected first. 

Moreover, RA usually affects more than five different joints during its initial onset, 

but disease courses where only one or fewer than five joints show signs of 

inflammation and destruction have also been described, highlighting the variability 

of rheumatoid arthritis once more. (46,47) 
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The symptoms that are caused by the underlying autoimmune synovitis of 

rheumatoid arthritis define most of the disease’s clinical picture. RA-patients 

usually present with joint stiffness for more than one hour and with painful or 

tender joints that also show a typical form of soft and fluctuating swelling. These 

major symptoms are strongest in the morning and can be persistent even during 

the night or time of rest, often leading to deprivation of sleep or insomnia. 

Approximately 20% of RA-patients show so-called rheumatoid nodules. These are 

small formations of fibrous and granulomatous tissue, often located alongside the 

tendons of the extensor muscles of the arms and hands. Rheumatoid nodules can 

be found almost exclusively in patients who are seropositive for the rheumatoid 

factor. The severity of the symptoms as well as the time frame of the continuous 

destruction of the joints varies strongly. (48,49) 

Other characteristics of RA are the symmetrical manifestation in the joints and 

sensitivity towards the application of cold from the outside (50,51). Additionally, the 

ongoing joint destruction leads to distinctive deformities of the affected joints, 

when untreated. The most visible and typical deformity for rheumatoid arthritis 

patients is the ulnar deviation of the fingers, caused by the destruction of the MCP-

joints, as shown in figure 2. However, deformities of the feet and larger joints can 

also occur and require treatment (52,53). In even more severe cases, the fingers 

and toes themselves can show malpositions, such as the swan neck or cross-over 

deformity (54). 

Figure 2. Ulnar deviation of the fingers throughout the stages of (untreated) RA  

 

Due to the fact that rheumatoid arthritis is a systemic disease, the inflammation not 

only affects the joints in form of synovitis, but can also occur in numerous other 

organ systems of the body. Other manifestations often develop in the later and 

more aggressive stages of RA. They can include vasculitis, pleuritis, conjunctivitis, 

lung fibrosis, endocarditis, myocarditis or secondary amyloidosis. These advanced 
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conditions can lead to serious complications, such as ischemic or thromboembolic 

events, arrhythmia, malnutrition, kidney failure, skin ulcers, neuropathy, 

paraesthesia or myelopathy, which itself can be caused by an instability in the 

columna vertebrae or by compression from rheumatoid nodules. The disease also 

affects the bone marrow, resulting in normochrome anaemia in combination with 

low serum-iron. Most importantly, almost all patients present with generalised 

osteoporosis that is caused by the hyperactivity of osteoclast cells and the 

increased absorption of bone tissue. (55–59) 

1.2.2 Diagnosis and diagnostics of rheumatoid arthritis 

The existence of multiple therapy options has made it obvious that it is important 

to diagnose rheumatoid arthritis already in its early stages, as new drugs are most 

effective when applied as soon as possible. However, the clinical variety and non-

specific early symptoms of RA, such as malaise, fever or weight loss, complicate 

the early diagnosis of the disease significantly. Moreover, the lack of secure 

diagnostic methods for RA in medical routine adds to this challenge. There is no 

blood test, imaging technique or other method that would allow a 100 per cent 

correct diagnosis, especially during the first years of disease progress. For the 

diagnosis of RA it is therefore necessary to gather a range of clinical information 

and observe the development and changes of symptoms over an extended period 

of time. These clinical findings should include the medical history, physical 

examination, blood tests, imaging and in certain cases even invasive methods. 

(1,60,61) 

I have described the most common clinical symptoms of rheumatoid arthritis 

earlier in this introduction. Additionally to these symptoms, RA can show a typical 

picture when examined with diagnostic imaging. An x-ray of the affected joints is 

performed in almost all cases and an example can be seen in figure 3. In the later 

disease course the x-ray can show signs of destruction (62), such as swelling, 

ankylosis, demineralisation, slimming of the articular space, bone cysts or even 

subluxation (63,64). In ultrasound examinations the articular capsule, tendons, 

ligaments and the possible existence of bone cysts can be evaluated, allowing the 

conclusion if synovitis is present or not (65–67). A more exact assessment of the 

joints can be achieved via an MRI-scan (68,69). MRI and to some extent also 

ultrasound (70) enable the detection of the disease even in earlier stages, contrary 
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to the conventional x-ray where usually only changes of later stages become 

apparent (71,72). 

Figure 3. Typical radiological picture of advanced RA  

 

In blood tests, on the other hand, various parameter deviations help to suspect 

systemic inflammation. This includes an increased erythrocyte sedimentation rate, 

increased levels of C-reactive protein, thrombocytosis, anaemia, low levels of 

serum-iron or an increase of the alpha-2 globulin fraction. Moreover, blood 

parameters that are more specific for rheumatic diseases exist, but even those do 

not allow a secure diagnosis and can only be used as a supporting measure in the 

diagnostic process. Apart from rheumatoid factor, which can be found in 

approximately 85% of the patients after two years of disease activity, more specific 

test parameters include antinuclear antibodies (ANA) or the aforementioned 

ACPA. (1,73,74) 

Eventually, I would also like to briefly mention the rare invasive techniques that 

can be used in diagnosing rheumatoid arthritis. There are two main methods 

available, including the so-called micro arthroendoscopy. The joints are hereby 

examined with an endoscope, which makes it possible to take tissue samples for 

histological assessment from inside the joint. A more simple technique is the 
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tapping of the joint with a biopsy needle (arthrocentesis). This allows synovial fluid 

and tissue to be obtained for microscopic examination. (1)    

1.2.3 Classification and differential diagnoses of rheumatoid arthritis 

The American College of Rheumatology (ACR) and the European League against 

Rheumatism (EULAR) have agreed on guidelines for the classification of 

rheumatoid arthritis patients. They defined those who are potentially affected by 

the disease as patients who present with symptoms of synovitis, such as morning 

stiffness, pain, etc. in at least one joint and not more feasibly explainable by 

another disease. For a more accessible approach the two organisations developed 

the simple scoring system I directly quote and present in table 1, which might help 

to assess the patients in question. The new system includes four major criteria and 

works by distributing points for the most common clinical parameters of RA. When 

the score’s cumulative amount of points is higher than five the underlying disease 

is likely to be rheumatoid arthritis. (75–77) 

Table 1. 2010 ACR/EULAR guidelines for classification of rheumatoid arthritis (76) 

Category Points 

A. Number of affected joints 

1 large joint 

2-10 large joints 

1-3 small joints (independent from involvement of large joints) 

4-10 small joints (independent from involvement of large joints) 

> 10 joints (with at least 1 small joint) 

B. Serology 

Negative RF and negative ACPA 

Low-positive RF or low-positive ACPA 

High-positive RF or high-positive ACPA 

C. Acute-phase parameters 

Normal CRP and normal ESR 

Abnormal CRP or abnormal ESR 

D. Duration of symptoms according to patient self-report 

< 6 weeks 

≥ 6 weeks 

 

0 

1 

2 

3 

5 

 

0 

2 

3 

 

0 

1 

 

0 

1 

≥6 points in total means classification as definite rheumatoid arthritis  

This classification system is supposed to simplify the differentiation of rheumatoid 

arthritis from other rheumatic diseases or articular arthrosis. Generally speaking, 

there is a wide range of differential diagnoses for RA, including but not limited to 

degenerative joint disease, fibromyalgia, systemic lupus erythematosus (SLE), 
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Sjögren syndrome, psoriasis arthritis, sarcoidosis, polychondritis, myelodysplastic 

syndrome, Lyme disease, osteoarthritis or paraneoplastic syndrome. RA can be 

distinguished from these other diseases often by a simple look at the medical 

history and the main symptoms of the patient. Degenerative joint diseases, for 

example, do not present with morning stiffness, which is therefore a distinctive 

feature of RA. Moreover, skin rashes, fever, photosensitivity, tophi, etc. are not 

typical symptoms of rheumatoid arthritis and instead linked to other diseases, such 

as SLE or gout. (78–80) 

1.2.4 Disease activity scores for rheumatoid arthritis 

Due to the chronicity of rheumatoid arthritis the disease requires constant 

observation and regular re-assessment of the patients, which poses an extensive 

process with frequent clinical examinations. The problem hereby is that, as 

mentioned before, we do not have a single clinical parameter that would allow us 

to evaluate the disease activity of RA over time. This led rheumatology 

researchers to work on practical scores that could be used in substitution. After 

several years of research on this matter the current gold standard of RA 

observation scores DAS28, standing simply for “disease activity score”, was 

formulated (81). Numerous other scores have been developed since then and they 

all have in common that they are standardised combinations of several 

parameters, which were validated to best depict the extent and change of disease 

activity (82). Apart from the DAS, I will also describe and further scrutinise the 

disease activity index (DAI), which is among the most common scores being used 

today.  

The DAS28 was developed in the late 1980s by a team of EULAR researchers 

from the Netherlands and eventually adopted as the standard score for measuring 

RA-activity (81). The number attached to “DAS” indicates the amount of joints 

evaluated by the physician in the examination and can vary from 3 to 68. It is 

important to note that the interpretation of the DAS value depends on that number 

of assessed joints, so the standard amount was set to 28 in order to allow an 

internationally standardised interpretation of the score (83). The formula for 

calculating the DAS with the ESR is “DAS28 = 0.28*√sw28 + 0.56*√t28 + 

0.70*ln(ESR) + 0.014*VAS” (81) and is hence rather complicated. It is therefore 

recommended to use a computer system or spreadsheet for its calculation.  



 

 12 

The variables that are assessed for the DAS28 are the number of swollen joints 

out of the 28 examined (sw28), the number of tender or painful joints (t28), the 

erythrocyte sedimentation rate (ESR) in mm per hour and the patient self-reported 

global health assessment on a visual analogue scale (VAS) from 0 (best) to 100 

(worst) in mm. There is a variant of the formula consisting of three parts where the 

VAS is not included, but the four-variable version is the more commonly used one. 

The 28 evaluated joints include the MCP, PIP and wrist joint as well as the 

shoulder, elbow and knee on both sides of the patient’s body. Additionally, it is 

possible to replace the ESR with C-reactive protein (CRP), which has the 

advantage that it is an acute phase parameter, indicating disease activity changes 

more quickly (84,85). The DAS28 (CRP) does have a slightly different calculation 

formula though. When counting in all parameters, a value range of 0.00 up to 

10.00 can be calculated for the DAS28. A perfect score of 0.00 is unlikely though , 

because both the ESR and CRP usually cannot amount to 0. 

The “disease activity index” (DAI) was developed as a simplified score (86). It is 

based on the same principle as the DAS and uses similar variables, but its 

assessment and calculation is easier. Among the DAI there is the differentiation 

between the simplified (sDAI) und the clinical index (cDAI). The sDAI comprises 

the parameters of swollen and tender joints like the DAS28, CRP-levels in mg per 

dl and the VAS, which is this time assessed by the patient and the doctor and 

ranges on a scale from 0 (best) to 10 (worst) in cm. These variables are simply 

added up to the eventual score, so there is no complicated formula. The sDAI’s 

value varies from 0.0 to 86.0. The cDAI works the same way, but does not include 

the CRP-level. It is therefore a purely clinical score that does not require a 

laboratory parameter and ranges from 0.0 to 76.0 (1). An interpretation scale for 

these three scores is summarised in table 2. 

Table 2. Interpretation table for DAS and DAI (87,88) 

Score Remission Low Moderate High 

DAS28 (ESR) 

sDAI 

cDAI 

< 2.6 

≤ 3.3 

≤ 2.8 

≥ 2.6 - < 3.2 

> 3.3 - ≤ 11.0 

> 2.8 - ≤ 10.0 

≥ 3.2 - ≤ 5.1 

> 11.0 - ≤ 26.0 

> 10.0 - ≤ 22.0 

> 5.1 

> 26.0 

> 22.0 

When considering the DAS28 (ESR), a significant improvement is defined as 

reduction by > 1.2 points at low and moderate and > 0.6 - ≤ 1.2 points at high 

disease activity.   
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1.2.5 Therapy principles for rheumatoid arthritis 

Treating rheumatoid arthritis follows the principle goal of detecting the disease as 

early as possible and bringing the systemic inflammation to a halt (remission). This 

is to relieve patients from the symptoms of the disease and achieve prevention of 

future complications, such as further joint destruction or organ damage (89,90). 

The basic idea is to improve the patient’s health, function and well-being. 

Currently, the approach to reach this goal as quickly as possible is a strike early 

and strike hard strategy, which is then followed by a long-term treatment plan with 

the purpose of continuously reducing the disease activity under medical 

surveillance. The patient is supposed to be involved in all decision-making, 

highlighting the patient-individual or patient-centred approach in RA-therapy, which 

has shown to have a positive effect on therapy outcome (91). These principles 

have been summarised as a tight control concept, which was followed loosely in 

the past. Eventually, the so-called Treat-to-Target was shaped and established as 

a basic guideline for RA-therapy (92). 

There is a variety of methods for the treatment of RA, the most important of which 

is the therapy with medication. Other options are mostly supporting measures to 

this pharmacotherapy, forming a whole concept of RA-treatment. One part of this 

concept is physical therapy (93–96), including cryotherapy, hydrotherapy, 

movement therapy, galvanisation and iontophoresis. This is supposed to help 

reduce pain and improve rehabilitation after surgical interventions. Surgical 

therapy itself comprises joint replacement, synovectomy, stabilisation of the 

cervical spine or other reconstructive measures (97–100). However, surgery is 

considered a last resort option and the numbers of RA-patients who require 

surgery is declining due to the improvements in non-surgical treatment (101). 

Moreover, for the completion of the concept occupational therapy can be included 

(102). This involves appliances that aid patients’ independence, such as purpose-

built cutlery, hygiene gadgets or fitted splints. Special training on movement 

techniques that reduce pain and joint destruction is also part of this kind of 

therapy.  

Pharmacotherapy is the main column of rheumatoid arthritis therapy. Its concept 

and the applied pharmaceuticals have improved significantly over the last 

decades, which led to a much better prognosis for the patients. However, these 
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new developments have also raised the complexity of RA-treatment and it is 

therefore highly recommended to refer RA-patients to specialised rheumatologic 

departments for further assessment and target-oriented care (1). This complexity 

becomes apparent when looking at the updated and extensive treatment 

guidelines from the American College of Rheumatology (103). Basically, the three 

main drug types of RA-pharmacotherapy are nonsteroidal anti-inflammatory drugs 

(NSAIDs) for pain-relief and inflammation management, corticosteroids for short-

term treatment of high disease activity and disease-modifying antirheumatic drugs 

(DMARDs), which will be explained more thoroughly in the next chapter, for long-

term baseline therapy. 

NSAIDs and corticosteroids are among the most commonly prescribed and best-

known drugs in medical routine and I will therefore not describe them in more 

detail concerning their pharmacological information. Their role in rheumatoid 

arthritis treatment is very important though. NSAIDs function as basic inflammation 

inhibitors and painkillers, but do not fight the cause of the disease (104). In case of 

severe and ongoing pain it is also possible to replace NSAIDs with stronger 

analgesics, as recommended by the World Health Organisation in its analgesic 

ladder (104). Corticosteroids are applied to either bridge until a DMARD-treatment 

becomes effective or treat acutely high disease activity (105). It is also possible to 

prescribe them in low doses for a long-term supporting therapy (106,107), but the 

side effects of a chronic corticosteroid therapy (e.g. increased risk for 

osteoporosis) should be considered when doing so (105). 

1.2.6 Disease-modifying antirheumatic drugs (DMARDs) 

DMARDs are a large group of rheumatic therapeutics comprising a number of 

drugs and various drug classes. This includes the immune system modulators 

methotrexate (MTX), leflunomide and sulfasalazine. Moreover, anti-malaria drugs 

like hydroxychloroquine or antibiotics are considered DMARDs in RA-therapy. In 

recent years, however, the better understanding of major pathophysiological 

processes in the disease’s onset and course have made it possible to develop 

new pharmacological agents that directly target and inhibit specific factors of the 

pathogenesis of rheumatoid arthritis. These drugs are able to modulate the 

disease activity much more effectively and are usually referred to as biologic 

response modifiers or “biologics” in short.  
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Disease-modifying antirheumatic drugs (DMARDs)  

Synthetic DMARDs 
(sDMARDs) 

Conventional 
synthetic 
DMARDs 

(csDMARDs) 

Targeted 
synthetic 
DMARDs 

(tsDMARDs) 

Biologic DMARDs  
(bDMARDs) 

Biologic 
originator 
DMARDs 

(boDMARDs) 

Biosimilar 
DMARDs 

(bsDMARDs) 

An elegant nomenclature and classification for these various categories of 

DMARDs has been proposed by Smolen et al and is summarised in figure 4. 

According to this new system, DMARDs are generally divided into synthetic (non-

biologic) and biologic agents. Among the synthetic DMARDs (sDMARDs) there is 

another categorisation into “old” conventional (methotrexate, leflunomide, etc.) and 

targeted synthetics (e.g. tofacitinib), which are agents that function as modulators 

in distinctive disease cascades similar to biologics but are produced synthetically. 

Biologics (bDMARDs) are also divided again into the well-known biologic 

originators (infliximab, adalimumab, etanercept, etc.) and biosimilars. The latter 

was proposed in order to categorise future pharmaceutical agents that are 

engineered from biologic originators with slight modifications, which is a currently 

ongoing development (108).   

Figure 4. Newly developed nomenclature for DMARDs (108) 

 

 

 

 

 

 

Biologics are a promising category of pharmaceuticals used in many fields of 

medicine today, e.g. in the treatment of various forms of cancer (109). These 

drugs are defined by the way they are manufactured, which is a complex process 

including recombinant DNA technology and using microorganisms (E. coli, yeast), 

animal cells (e.g. Chinese hamster ovary cells) or plants as production hosts (110–

112). The first developed biologics engineered in this way were human hormone 

substitutions, such as insulin. In the last decade biologics have become 

increasingly important in the treatment of rheumatoid arthritis as well. Today, we 

mostly use monoclonal antibodies in RA-therapy that have the tumour necrosis 

factor α (TNFα) as their dedicated therapeutic target. Other such bDMARDs 

include CD or interleukin inhibitors. Table 3 provides an overview of the biologics 

that are in use at the rheumatology department of the Medical University of Graz 

and that will be subject to further evaluation in this work.  
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Table 3. Biologic therapeutics used in rheumatoid arthritis treatment in Graz 

Name of agent Trade name Target 

Abatacept 

Adalimumab 

Certolizumab 

Etanercept 

Golimumab 

Infliximab 

Rituximab 

Tocilizumab 

Orencia® 

Humira® 

Cimzia® 

Enbrel® 

Simponi® 

Remicade® 

MabThera® 

RoActemra® 

CD80, CD86 

TNFα 

TNFα 

TNFα 

TNFα 

TNFα 

CD20 

Interleukin 6 

1.2.7 Tight control and Treat-to-Target concept 

Therapy of rheumatoid arthritis patients is complex and poses a continuous 

process. Over the years a tight control concept for RA-treatment has been 

established that aimed to reduce disease activity by shifting to a more patient-

centred and outpatient care approach, by intensifying the therapy and performing 

more frequent reassessments on the patient (113,114). This strategy showed 

good effects on the general course of the disease and was gradually implemented 

by most rheumatologists. However, the interpretation and application of the 

concept on each patient was mostly up to the individual physician. It is therefore 

not surprising that the desire for a standardised and simple-to-follow concept in 

RA-treatment was very high (92). In the late 2000s this led to the formation of an 

international and of a EULAR task force that both started to work on simplified 

guidelines and were able to publish their results in 2010 (115,116).  

A new guide for RA-therapy proposed by the international task force is called 

“Treat-to-Target” (T2T). It is based on and backed by expert opinions and 

empirical data collected in an extensive literary search (117,118). Work on the 

outlet and concept of T2T is still ongoing with the latest update having been 

released in 2014 (92). The basic idea of Treat-to-Target is to carry out the 

treatment of the patient in order to reach either the main target of disease 

remission (DAS28 < 2.6) or the alternative target of low disease activity (DAS28 ≥ 

2.6 and < 3.2). If the target was lost after initially reaching it or not reached at all, 

T2T requires the chosen therapy to be adapted. Patient reassessment is set 

according to the success of the applied treatment plan. Moreover, the concept 

consists of four main principles (A-D). Quoted directly from the latest T2T-update, 

these are: 
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A. “The treatment of rheumatoid arthritis must be based on a shared decision 

between patient and rheumatologist. 

B. The primary goal of treating patients with rheumatoid arthritis is to maximize 

long-term health-related quality of life through control of symptoms, 

prevention of structural damage, normalisation of function and participation 

in social and work-related activities. 

C. Abrogation of inflammation is the most important way to achieve these 

goals. 

D. Treatment to target by measuring disease activity and adjusting therapy 

accordingly optimises outcomes in rheumatoid arthritis.” (92) 

In accordance with these four points the team also gave out a set of ten key 

advises for the treatment of RA, for example recommendations on how to deal 

with a patient’s co-morbidities, how to assess disease activity with fitting measures 

or the frequency and form of documentation that is needed for the concept to fully 

show its effect (92). Additionally, the research team developed a simple algorithm 

to show the path from active RA to the target including constant and regular 

reassessments of the disease activity. Every step of the path should be taken only 

in agreement with the patient and modified to their specific needs. In figures 5 and 

6 these algorithms are depicted for the main and the alternative target, 

respectively, according to the task force’s proposal. Treat-to-Target is now widely 

accepted as an important and well-thought-out guide to the treatment of 

rheumatoid arthritis and is also subject to a constant process of improvement and 

evaluation by the influx of new evidence and findings from further research. 

Figure 5. Treat-to-Target algorithm for the main target (92) 

 



 

 18 

Figure 6. Treat-to-Target algorithm for the alternative target (92) 

 

Alternatively to Treat-to-Target, the EULAR task force developed a concept that is 

similar to T2T but a little bit more complex. These EULAR guidelines are also 

under continuous advancement with the latest update having been published in 

2013 (119). They include recommendations on the usage of DMARDs and break 

the therapy plan of RA down to three phases according to what kind of DMARDs 

should be applied. A comprehensive table of the concept can be found in the 

respective publication (116). Albeit being more extensive, the EULAR guidelines 

also comprise a set of key messages with three major statements (A-C). Directly 

from the 2013 update these are quoted as follows: 

A. “Treatment of RA patients should aim at the best care and must be based 

on a shared decision between the patient and the rheumatologist. 

B. Rheumatologists are the specialists who should primarily care for RA 

patients. 

C. RA incurs high individual, societal and medical costs, all of which should be 

considered in its management by the treating rheumatologist.” (119) 

 

1.3 Evaluation of therapy outcome 

1.3.1 Study premise 

At the rheumatology department of the Medical University of Graz a clinical 

computer software (RCQM) is utilised for the assessment and follow-up of 

rheumatoid arthritis and other rheumatology patients. The software has been in 

place at the institute for over ten years and for this work I was allowed to use its 
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extensive database, which included clinical patient information on the disease, 

such as disease activity scores and medication. Together with Professor 

Graninger, head of the department, I considered that with this data pool of a whole 

decade it would be interesting to study and evaluate several aspects of therapy 

outcome of RA-patients where more evidence and observations would be 

beneficial to the general scientific opinion in the rheumatology field.    

1.3.2 Main Objective 

For our study we chose one major objective that we wanted to explore in this work. 

The main question was to study the effects the therapeutic behaviour of the 

physicians had on the patient’s therapy outcome over the observed time, 

measured both with the DAS and cDAI. This includes evaluating the evolvement of 

the therapy guidelines in use (tight control, T2T) and the continuous process of 

their implementation by the physicians over the last ten years, as well as looking at 

the prescription behaviour of the doctors concerning the use of the various types 

of DMARDs for baseline therapy. We investigated if the department was able to 

achieve and maintain continuously low disease activity in RA-patients with the 

therapy options offered here. The hypothesis in that case was that we expected a 

significant disease improvement in the patients over the observed time span of ten 

years. We think that our decade-long observations may reveal interesting findings 

concerning the long-term effects in such patients.  

1.3.3 Side objectives 

Having this large database, we also added a few side questions. First, we will look 

at epidemiologic statistics regarding the overall number of rheumatoid arthritis 

patients who have visited the outpatient department and their characteristics, such 

as age, gender, etc. and compare our patient statistics with such data from fitting 

publications. Moreover, we will discuss the interdependence between the DAS and 

DAI disease activity measurements and see if our large data pool allows us to 

prove and therefore confirm the hypothesis that the cDAI correlates well to the 

DAS28 despite not including an inflammation parameter, which has been raised in 

previous publications (120).  

During the work on the main objective I found a small patient collective that was 

not only followed up over ten years but also received the same treatment 



 

 20 

throughout that time span. I thought it was therefore interesting to assess this 

group of patients further and see if there were differences in their therapy outcome 

depending on their medication. In this smaller calculation that is linked to the main 

objective I will thus compare two groups who received either a synthetic DMARD 

monotherapy or a combination therapy of such and a biologic. The hypothesis in 

this case was that the combined therapy of bDMARDs and sDMARDs has a 

positive influence on the overall therapy success and hence shows a significantly 

better outcome than an sDMARDs-monotherapy. In the process of answering all of 

these questions, I will also present the RCQM computer system in use for data 

management at the department and scrutinise its purpose and the documentation 

quality of the data.   

1.3.4 Adding our observations 

In order to work out all of these objectives and eventually be able to present and 

add the results from the observations to the scientific canon, I chose a 

retrospective data analysis study design, gathering the necessary data from the 

department’s computer systems and processing it further with fitting statistical 

measures and graphics. The data for the study includes patient information from 

the years 2004 up to the end of 2014. Approval by the ethics committee of the 

Medical University of Graz for the usage of this data was granted on 27 th March 

2015. In my work I will later cite an unpublished study performed by Professor 

Simonic from the Institute for Medical Informatics, Statistics and Documentation of 

the Medical University of Graz in 2007. The unpublished manuscript that will be 

referenced later was handed to me personally by Professor Simonic.  
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2 Methods and material 

 

2.1 Rheumatology Clinical Quality Management (RCQM)  

2.1.1 About RCQM 

I have already described the efforts that are necessary for a successful treatment 

of rheumatoid arthritis patients. This includes regular short-term medical 

examinations, tight control of disease activity, constant adaptation of therapy and 

the handling of a massive amount of information. The selection of suitable therapy 

for the RA-patient is thus a straining experience for both the physician and of 

course the patient. From there derived the natural desire to simplify this process. 

At the rheumatology department of the Medical University of Graz this led to the 

development and implementation of a comprehensive clinical information system 

with the intention of making it easier to manage the information flow and provide a 

standardised guide for patient assessment to the doctors. The new computer 

system was eventually called “Rheumatology Clinical Quality Management” or in 

short “RCQM”.  

The idea for RCQM was based on the “Swiss Clinical Quality Management” 

(SCQM) which had been successfully implemented in Switzerland already in the 

late 1990s. Run by the SCQM Foundation the registry started out exclusively for 

RA-patients, but has now become a nationwide stable in the management of all 

major rheumatic diseases in Switzerland (121). Efforts to build and finance a 

similar collective foundation for rheumatology patient management and research in 

Austria have been made, but have not yet resulted in the formation of such an 

institution.      

RCQM was introduced at the rheumatology department in 2004 and has been in 

use ever since. As it was developed with doctors, it offers a large variety of 

functions tailored precisely to the work of a rheumatologist. Moreover, RCQM can 

not only manage rheumatoid arthritis patients, but also other diseases, such as 

systemic lupus erythematosus or sarcoidosis. At the outpatient clinic every patient 

visit is documented in the system, including all measures that have been 

performed during that visit. It is important to note though that while RCQM 
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simplifies the assessment and information flow, it does not replace the actual 

physical examination and evaluation of the patient’s health status. It only offers 

support for the decision-making process, meaning the final and ultimate decision is 

always made by the physician. (122) 

After more than ten years of using the system, it has become a vital part in the 

daily clinical routine of the department. However, its long time of use also made it 

necessary to adapt and develop the system further. Therefore, the head of the 

department, Professor Graninger, decided to have RCQM remodelled and 

improved according to the large amount of experience gathered throughout the 

last ten years. This development of the new system is currently undergoing.    

2.1.2 Functions and interface of RCQM 

RCQM’s interface is entirely in German with an English version not yet planned. It 

was programmed on the FileMaker® Pro platform and is installed on every 

computer of the rheumatology department at the university hospital of Graz. 

Access to RCQM is password-protected and each user has individual login data. 

The system also offers an elaborate rights management where administrators can 

authorise different users to specific functions and information. I would now like to 

present the RCQM-features and show some screenshots with patient or doctor-

identifying information blurred out.  

Figure 7. RCQM front page 
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One of the basic and most important functions of RCQM is its detailed search 

engine. It is possible to search individual patients by their personal information or 

by many of their distinctive characteristics. The system also dedicates an 

individual ID-code to each patient and numbers the registered visits continuously, 

which makes it easier to search for older information. Moreover, the engine not 

only allows scanning individual patients but entire groups of patients based on the 

features the group has in common, such as diagnoses, age, gender, disease 

activity, medication, etc. The results from each scan are displayed as either a list 

of patients or a list of the patient-specific visits when having searched for a single 

person. I primarily used these search functions to collect the data I needed in this 

study. 

For the clinician the essential features that RCQM offers are the patient 

management functions. When clicking a patient’s profile an information centre is 

opened that provides an overview of the patient’s data. In figure 8 the basic patient 

table can be seen with information on the main and other diagnoses as well as 

disease activity at the latest visit, indicated by several different scores, and an 

extra column where the physician can scroll through and find additional notes 

taken during the last few visits. In the example screenshot the patient suffered 

from high disease activity (“hohe Krankheitsaktivität”) which is specifically 

highlighted in red. The notes for low or moderate activity are written in grey. This 

table also shows whether the activity scores have increased, decreased or stayed 

at the same level by the addition of little arrows next to the values that point either 

up or down accordingly. As mentioned before, all of that data was submitted to the 

system manually by the physicians during each visit. The disease activity scores, 

however, are calculated automatically by RCQM.  

Additionally, it is possible to get a more detailed presentation of the results of the 

examination that was performed on the patient. This page of the programme that 

is shown in figure 9 includes an enlarged graphic of the human body, which is 

used for the joint assessment during the physical examination. The left graphic 

functions for the marking of swollen joints and the right one is for indexing tender 

or painful joints. Affected joints are then labelled with a red “x”. Joints that are 

painted in darker grey are the ones that need to be examined for the DAS28. In 

the example, the patient had very low disease activity and did not show symptoms 
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in their joints. This is also highlighted by the oversight of activity parameters 

presented in the middle of the page and summarised by the low disease activity 

note (“niedrige Krankheitsaktivität”) below the scores 

A feature that offers a good overview of the disease development and changes 

over time is pictured in figure 10. RCQM can analyse all input data and produce an 

evaluation table that with only a short glimpse gives the physician the opportunity 

to interpret the long-term trend of the disease and see if there are certain patterns 

that demand therapy adaptation or other intervention. This feature is also quite 

flexible, as it allows selecting specific parameters that should be evaluated, 

eventually making it a helpful tool in decision support. The screenshot shows the 

same patient as before with continuously low disease activity. Depicted are the 

curves over time, representing parameters, such as DAS28, cDAI or the health 

assessment questionnaire (HAQ). Below the line chart there is also a second 

timeline block where the accompanying baseline (blue) or corticosteroids (orange) 

medication is outlined, which in this case would be Etanercept 25mg. A clinician 

can immediately see what kind of treatment the patient received and if there had 

been changes in disease activity depending on that medication. This is supposed 

to help the physician planning the next steps of the patient’s therapy.    

Figure 8. RCQM clinical patient information centre 
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Figure 9. RCQM detailed view of clinical parameters 

 

Figure 10. RCQM view of disease course and medication 
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These are the main features of the system, but it also has a variety of other 

functions. One of those is the option of writing, editing and reading medical reports 

and referral letters. RCQM offers a special input mask for such documents that 

later automatically exports the finished letter. Another tool is the medication 

database where it is possible to document the current pharmacotherapy divided 

into DMARDs, corticosteroids or NSAIDs. The medication can then be categorised 

as baseline therapy (up to three different drugs), pain medication or steroids and is 

displayed in the patient information centre, as can be seen in figure 10. Apart from 

the medication database, RCQM also incorporates databases for predefined 

diagnoses and other clinical information like the interpretation table of the disease 

activity scores.  

 

2.2 Data material  

2.2.1 Collecting the data 

I gathered all data that I used in this study exclusively from RCQM. I did not have 

to consult with the hospital own patient information system MEDOCS, as the data 

in both systems is synchronised and therefore identical. The gathering and usage 

of the data for the intended purpose was approved by the ethics committee of the 

Medical University of Graz in March 2015. I additionally signed a data privacy 

statement at the department for this specific study.  

The first batch of data I collected included all RA-patients that were continuously 

followed up by the rheumatology department over the last ten years. I will call this 

group the “observation group”. For this I thankfully received the list of patients who 

had been part of the retrospective data analysis study by Professor Simonic. This 

collective of 184 individual rheumatoid arthritis patients had been under regular 

observation at the outpatient clinic of the rheumatology department at least from 

2004/2005 to 2007. In March 2015 I manually extracted the data and checked 

every single record of this collective for each of its individual. 

For the secondary objectives I wanted to retrospectively evaluate the data of all 

RA-patients who had visited the department at one point in the last decade and 

were registered in RCQM. For a large search like this RCQM offered the 

aforementioned search engine, which allowed me to easily display such an 
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extensive list of patients. I searched the database several times with different 

variables, such as main diagnosis or diagnosis group, so that I could be sure to 

include all RA-patients from RCQM. The computer system also provides a 

practical data saving option that made it possible for me to extract and download 

these lists as Excel® files. This second data batch was gathered in June 2015.  

2.2.2 Screening the data 

After having collected all the necessary data material, I pseudonymised it by 

deleting personal identification of the patients from the list. However, each 

individual would still be identifiable by their ID in RCQM. The remaining 

information included IDs, date of birth, gender, disease activity scores, HAQ 

scores and medication for each visit that was assessed and saved in RCQM.  

The next step was merging the files I downloaded for the collective cohort into one 

comprehensive Excel® spreadsheet. I then searched through that large amount of 

data and deleted all duplicates that have resulted from the repeated data retrieval. 

Furthermore, it was necessary for me to thoroughly scan the data for 

documentation errors and mock patients or test dummies. In this case I had to 

eliminate six nonsensical or test data sets. Finally, this overall group of rheumatoid 

arthritis patients who had visited the outpatient clinic at least once from mid-2004 

to mid-2015 comprised 1,839 individual patients.  

It is important to note that there is a small gap in the graphs I will provide in the 

results section of this work. This gap covers three months at the beginning of 2010 

in which no documentation in RCQM could be performed due to a technical 

problem. However, this does not have a relevant impact on the study data. 

2.2.3 Preparing the data 

The data was arranged by RCQM in “long format” meaning that every visit was 

placed in a separate row with the general parameters arranged as the columns of 

the table. The visits were organised chronologically from earliest to latest visit date 

and sorted by the patient IDs from lowest to highest ID number. There was no 

further rearranging required, as this was the format I needed for the statistical 

calculations. However, to simplify the epidemiologic data evaluation I created a 

special table where each ID appeared only once with the accompanying patient-

specific epidemiologic information. I eventually added a new column to the tables 
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including sequential numbers so that I could easily reorder the data to its initial 

sorting at any point of time.   

In order to be able to use the data in this study, I had to additionally categorise it 

into different groups according to disease activity and baseline medication, which 

will be explained thoroughly later. I therefore added extra columns for these new 

categories and operated specific Excel® formulas to automatically assign each 

individual ID and its associated visits to these predefined subgroups. A major data-

modification I had to perform for this to be possible was the renaming of the drugs 

in the medication columns and the attachment of an extra column for their 

respective DMARD-types (biologic, methotrexate or other). As RCQM only gives 

out trade names and accompanies them with the prescribed dosages, I had to 

manually change each medication to its agent and then add what type it was. For 

this I created a spreadsheet of all the medication used for rheumatoid arthritis 

treatment and changed and categorised the medication columns accordingly.  

Other data processing included small changes, such as deleting the unnecessary 

columns for doctor’s ID and case ID and adding a column for the specific age of 

the patients at each visit, because this information was only presented in age 

groups covering two age decades. Further major processing of the data was not 

necessary. However, I had to make smaller changes during the course of the 

evaluations, which will be mentioned when applied. 

 

2.3 Statistical solutions  

2.3.1 Assigning groups 

As mentioned before, I defined one major group for this study and called it 

“observation group”. It included those rheumatoid arthritis patients who had been 

regularly observed over the last ten years, which resulted in 103 study individuals. 

The collective data, consisting of all RA-patients who had visited the outpatient 

department, served as the base for the evaluation of the secondary objectives and 

for supporting the findings of the main objective. This group of patients thus 

included also the subjects of the observation group. It was then reasonable to 

divide the observation group further into several subgroups according to the two 
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parameters I wanted to look at in this work, which are disease activity over time 

and therapy outcome in dependence of the different baseline therapies.  

I defined three subgroups that comprised smaller collectives arranged after the 

disease activity upon their first visit at the department. There is disease activity 

group 1 (Group1) which included 51 patients who had an initial DAS28 ESR of 

below 3.2 (low disease activity) at their first visit that was recorded in RCQM. 

Group2 included 32 patients with a DAS28 of 3.2 up to 5.1 (moderate disease 

activity) and Group3 was reserved for 20 patients with high disease activity 

indicated by a DAS28 of more than 5.1. These subgroups were additionally formed 

and observed with the cDAI-scale instead of the DAS28, in order to compare the 

two scores. The interpretation scale of the DAS can be found in table 2.  

For the smaller evaluation of the baseline therapies I divided the observation 

group into two subgroups. This time the patients were assigned to the groups 

according to the their therapies and included a collective who had continuously 

received a monotherapy of non-biologic DMARDs (sDMARDs) over the last ten 

years (GroupMT) and another group of patients with a combination therapy of 

sDMARDs and biologics (GroupCT). I also evaluated if there were differences 

between men and women for the main objective. Other than that I did not divide 

our cohorts any further. An overview of all subgroups is depicted in figure 11.    

2.3.2 Inclusion criteria and final sample sizes 

In this study I tried to keep the inclusion criteria simple. Therefore, I did not set any 

inclusion or exclusion criteria depending on age, gender or other socioeconomic 

factors. A recent study conducted by the SCQM Foundation suggests that, for 

example, the effect of biologic treatment might not be dependent on such factors 

or the heterogeneity of the patients (123). While I did not restrict the large 

collective cohort (n=1,839) further for the assessment of the basic epidemiologic 

and documentation data, I limited this patient group for the other statistical 

evaluations. The main criterion I chose was that only patients who had visited the 

department at least twice with an eligible DAS28 ESR reported in those visits, 

were taken into account for these additional statistics. This was supposed to make 

sure that the documented diagnosis was correct and that for each included patient 

a trend of their disease activity could be reproducible. These restrictions left this 

group with 1,166 individuals (n=1,166).  
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The observation group was restricted to all patients who had been regularly 

followed up over ten years from 2004/2005 to 2014 and had at least one visit with 

a reported DAS28 ESR in each year. However, I decided to include four patients 

who only missed this criterion very narrowly, because two of their appointment 

dates were set at the beginning and at the end of one year instead of two separate 

years during their ten year follow-up. 103 patients (n=103) were eventually eligible 

for the overall observation group and the disease activity over time evaluation.  

For the division by medication I limited the sDMARDs taken into account for the 

calculation to methotrexate, leflunomide and sulfasalazine. Furthermore, only 

patients who consistently received the same pharmacotherapy (sDMARD-

monotherapy or combination therapy) throughout the entire observation time of ten 

years were considered for these statistics so that therapy changes could not 

distort the results. After applying the criteria the two subgroups included 14 

patients (n=14) for the sDMARDs-monotherapy and 11 patients (n=11) for the 

combination therapy group. I considered a group for the biologic-monotherapy, but 

dismissed it because of the small sample size of only four patients. I summarised 

all criteria and groups for the observation group in figure 11. 

Figure 11. Assigned groups and inclusion criteria for the observation group 
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2.3.3 Solution for epidemiologic data and documentation 

Evaluating the epidemiologic aspects of the data was a relatively simple task, 

especially after I had prepared the necessary data for this process properly, which 

in regards to the high amounts of data was a time-consuming effort, nonetheless. 

The observations and results from this part of the work are basic descriptive 

statistics, so I used the function of the same name in the statistics software SPSS 

version 23 by IBM®. This function provides a few ways of processing the data for 

description. I chose the frequencies category and had the system calculate the 

various numbers and mean values presented in chapter 3 for the epidemiologic 

data. The associated graphs were also created in SPSS. All the provided tables 

were compiled by me.   

2.3.4 Solution for the correlation between DAS and DAI 

Another secondary aim of the work was to prove the hypothesis that the disease 

activity index (DAI) and the disease activity score (DAS), albeit calculated with 

different formulas, were highly correlated. This was achieved again with the help of 

SPSS. Before I could use the correlation functions offered by the software though, 

it was necessary to check if the four scores in question (DAS ESR, DAS CRP, 

cDAI and sDAI) were distributed normally, because this is the requirement for 

using the Pearson correlation analysis, which is the standard correlation analysis 

method offered by SPSS. If a normal distribution is not apparent, it would be 

possible to apply the rank correlation coefficient by Spearman instead (124).  

I looked at this by creating simple distribution curves for each variable where the 

distribution can be seen immediately. While the DAS ESR was normally 

distributed, the DAI parameters were not, which is most likely due to their linear 

scale. Also the DAS CRP did not show a correct normal distribution. I therefore 

used the aforementioned Spearman coefficient as the fitting method to check the 

hypothesis. It is also important to note that for this entire process I only looked at 

the data of visits where all four scores were assessed and reported in RCQM, 

deleting all data sets from the calculation that missed one or more scores. The 

graphs that I added to the results of this evaluation were created in Excel®. 

Moreover, I calculated the main objective of this study by using both the DAS ESR 

and cDAI separately to additionally see whether I could find any differences 

between the two scores or not.  
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2.3.5 Solution for the longitudinal data 

Dealing with the data for the main objective was a lot more complicated. I worked 

on this solution mostly with the help of the book “Applied longitudinal analysis” by 

Garrett M. Fitzmaurice (Wiley, 2011). In medical statistics there is often the 

differentiation between cross sectional and longitudinal data. The former refers to 

data that was measured for a cohort at a single point of time leaving out the aspect 

of development over time. In this work, however, I dealt with data that was 

assessed for many individuals at repeated point of times, thus including this factor 

of time for each patient. A data set like this is referred to as longitudinal data. Such 

observations of changes over time, both prospectively and retrospectively, have 

become an important base for studies in the medical field. This also led to the 

creation of new statistical methods, which were able to deal with this kind of 

longitudinal data better (125). 

In health science the problem with data like this is that for various reasons the 

repeated measures, in this study the patient visits, are often assessed irregularly 

at different points of time for each study subject. Longitudinal data like this which is 

incomplete and/or irregular thus requires complicated modelling so that it can be 

used in a statistical calculation. I would like to try to explain what that means. 

There are two factors in this calculation that need to be fitted into the model. That 

is the time dependence of the repeated measures, which in this case is simply the 

irregular time periods between the visits, and the fact that the disease activity 

trend was inconsistent during that time. Both of these aspects are interrelated and 

additionally the repeated measures are correlated within each study subject. The 

best way to deal with a data situation like this is to use the method of a linear 

mixed effects model (122,125). This model calculates these fixed effects and adds 

random effects into the statistical outcome. It can therefore handle the unbalanced 

nature of a longitudinal data set like the one I used for this study.  

The fixed effects in this model included the parameters that the individuals have in 

common. In this case that was the assigned groups (see chapter 2.3.1) and that 

the disease activity trend changed with time (time factor). The implementation of 

the time component for the irregularly assessed visits into the model, however, 

required additional modelling. It was necessary to express these trend patterns in 

form of polynomials or functions of time (122,125). That means that the disease 
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activity was simply multiplied by the observed time period in the model. The 

random effects are the variables that unbalance the data. I defined those in the 

model as the random intercepts and slopes. In simple terms, this means that the 

random effect was the different starting date and different initial DAS of each 

individual patient in the cohort. For the covariance pattern I chose the default 

model of variance components (VC), which is supposed to keep the random 

effects independent from the fixed effects (126). It is a complex model, but luckily 

the statistics software handles all of these effects and factors automatically.  

After having formulated the linear mixed effects model and considered it to be 

fitting for the data sets, I applied the model to the longitudinal data and used the 

Statistical Analysis Software (SAS) in its 9.2 version for this calculation. I could not 

utilise SPSS this time, because it did not offer a function to implement polynomials 

into the mixed effects model. Therefore, I had to write a suitable syntax code for 

the PROC MIXED task of SAS, as the software does not provide a user interface 

like SPSS. In the code I specified the DAS ESR or cDAI, respectively, as the 

dependable variable. The fixed effects were the dedicated groups and the time 

periods in form of the visit dates. The random effect was defined as the intercept. 

For SAS to calculate the individual course of each patient I had to state the subject 

variable to be the patient IDs. The statistical procedure I chose for the model was 

the Chi-squared test and for the results I wanted SAS to additionally offer 

information about the covariance and variance parameters. The final code can be 

seen in a simplified form in figure 12. 

Figure 12. Syntax code for the mixed effects model 

PROC MIXED DATA=work COVTEST; 

 CLASS ID group; 

 MODEL DAS=group time group*time/S CHISQ; 

 RANDOM Intercept/TYPE=VC SUBJECT=ID G V; 

In addition to the statistics, I created associated graphs, again with the help of 

SPSS. I used scatter plots, because box plots or other graphical methods did not 

deliver a good visual solution in regards to the data. I considered calculating mean 

disease activity scores for each observed year to be able to create better box 

plots, but eventually dismissed the idea, because the scatter plots offered a good 

visualisation of the interdependencies.  
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3 Results 

 

3.1 Epidemiologic data and documentation findings  

3.1.1 Results for the epidemiologic data 

The first epidemiologic question I wanted to answer was how many individual 

rheumatoid arthritis patients visited the outpatient clinic of the rheumatology 

department at least once during the time span of mid-2004 (implementation of 

RCQM) and June 2015 (point of time data was collected). As it can be seen in 

table 4, the total number of RA-patients came up to 1,839 individuals of which 

1,378 (74.9%) were women and 461 (25.1%) were men. Overall, the department 

registered 23,744 unique visits associated with rheumatoid arthritis during that 

time. The average number of visits per year was 2,158. I also looked at the 

average age of the patients and found that it was 59.3 years for the entire 

collective. Women were slightly older than men with 59.5 compared to 58.7 years. 

The numbers for the mean age (x Age) can also be found in table 4.  

Table 4. Number and mean age of patients from mid-2004 to June 2015  

 n % x Age 

Women 

Men 

-1,378 

461 

74.9 

25.1 

59.5 

58.7 

Total 1,839 100 59.3 

Eventually, I also evaluated how many rheumatoid arthritis patients were treated 

with biologic DMARDs at least once during their observation time in the outpatient 

department. I decided to only use those 1,166 patients who had visited the 

department twice for this calculation. The individual numbers per year included 

patients who received different treatments at various points throughout their 

therapy. This means that, for example, a patient who had been treated with a 

synthetic DMARD in 2005, but was later switched to a biologic in 2006 was 

included in the numbers of both of those years.  

A look at the data revealed that 419 unique patients received a bDMARD or 

combination at least once. That translates to 35.9% of the patient collective of 

1,166 patients. However, I decided to take a closer look at each year and evaluate 
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the trend of how many patients were prescribed such bDMARDs. In 2004 

approximately 23.7% of the RA-patients were treated with biologics. By the end of 

2014 that number was already at 43.8%. Table 5 summarises these findings. In 

order to quickly see if this prescription behaviour in combination with the new 

disease management concepts might have had an effect on the DAS ESR, I 

calculated the mean DAS-values for each observed year and contrasted them with 

the prescription percentages. In 2004 the x DAS equalled 3.67 while in 2014 the 

average DAS dropped to 3.03. The difference ΔDAS was eventually 0.64 points. In 

figure 13 and 14 you can see these trends.  

Table 5. DAS28 and % of patients treated with bDMARDs for 2004 versus 2014 

 n bDMARDs % x DAS 

2004 

2014 

304 

509 

72 

223 

23.7 

43.8 

3.67 

3.03 

ΔDAS 2004-2014 = 0.64 

Figure 13. % of RA-patients treated with bDMARDs per year from 2004 to 2014 

 
Figure 14. Mean DAS ESR per year from 2004 to 2014 
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3.1.2 Results for the documentation data 

For the secondary objective of evaluating the documentation in RCQM I took a 

look at how often certain parameters were documented for the patient visits. This 

included numbers for the DAS28 calculated with ESR and CRP, for the sDAI and 

cDAI as well as for the health assessment questionnaire (HAQ) and the 

medication. I found that the disease activity scores were documented averagely in 

60 to 70% of the visits with the cDAI coming in most reported at 72.4% and the 

sDAI lowest at 62.4%. The HAQ on the other hand was reported astoundingly low 

with only 31.8%. A baseline therapy was recorded in RCQM in 82% of the visits. 

Table 6 provides a quick overview of these numbers as percentages of the total 

visits. 

Table 6. % of documentation of all RA-patient visits 

 n % 

DAS ESR 

DAS CRP 

sDAI 

cDAI 

HAQ 

Therapy 

15,083 

16,084 

14,807 

17,193 

7,544 

19,462 

63.5 

67.7 

62.4 

72.4 

31.8 

82.0 

Total visit number: 23,744 

Additionally, I calculated these numbers for the observation group. It turned out 

that with this limited rheumatoid arthritis patient collective that was followed up 

over more than ten years the documentation was slightly higher for all parameters. 

Having been documented in 41.1% of the visits of this group, the HAQ was 

noticeably documented more frequently than for the group of all patients. Table 7 

shows the results for the observation group. 

Table 7. % of documentation of observation group visits 

 n % 

DAS ESR 

DAS CRP 

sDAI 

cDAI 

HAQ 

Therapy 

4,737 

4,873 

4,466 

5,214 

2,814 

6,085 

69.1 

71.0 

65.1 

76.0 

41.0 

88.7 

Total visit number: 6,859 
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It was also interesting to see if there was a trend in the documentation behaviour 

of the physicians over the observed ten years, so I decided again to evaluate that 

question by comparing the data at the beginning right after the implementation of 

RCQM (2004/2005) and at the end of the observed time period (2014/2015). It 

became apparent that with the exception of the HAQ the documentation of all 

parameters was higher in 2014/2015 than it was in 2004/2005. The documentation 

for the HAQ was low from the beginning but dropped even further. By the end of 

the observation time it was almost half of the value that it had been in 2004/2005. 

The biggest increases can be seen for the cDAI and DAS CRP. Numbers for the 

other scores have also increased significantly. The therapy documentation was 

again highest and came in at almost 90% in 2014/2015. I included all of these 

numbers into table 8 and figure 15 offers a bar chart for visualisation. 

Table 8. Documentation data of all RA-patients 2004/2005 versus 2014/2015 

 2004/2005 2014/2015 

 n % n % 

DAS ESR 

DAS CRP 

sDAI 

cDAI 

HAQ 

Therapy 

1,515 

1,555 

1,500 

1,795 

1,215 

2,274 

48.1 

49.4 

47.6 

57.0 

38.6 

72.2 

1,924 

2,078 

1,907 

2,354 

629 

2,703 

63.4 

68.5 

62.9 

77.6 

20.7 

89.1 

3,150 total visits for 2004/2005; 3,034 for 2014/2015 

Figure 15. % of documentation for all patients 2004/2005 versus 2014/2015 
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3.2 Correlation of DAS and DAI findings  

3.2.1 Checking for normal distribution 

Before I could calculate the correlation coefficients it was necessary to check if the 

variables I wanted to compare in these statistics were normally distributed. This is 

important in order to determine what method should be used for assessing the 

correlation, as explained in chapter 2.3.4 of this work. It is important to note that 

for this model I only considered visits where all four scores (DAS ESR, DAS CRP, 

sDAI and cDAI) were reported in RCQM. Eventually, I illustrated them as 

histograms with normal distribution lines and it became apparent that only the DA8 

ESR values were distributed normally. You can see the associated graphs in 

figure 16. 

Figure 16. Distribution curves of DAS ESR, DAS CRP, sDAI and cDAI 

 

 

0 

0.0 2.0 4.0 6.0 8.0 10.0 

F
re

q
u

e
n

c
y
 

DAS ESR 

0 

0.0 2.0 4.0 6.0 8.0 10.0 

DAS CRP 

0 

0 20 40 60 80 100 

F
re

q
u

e
n

c
y
 

sDAI 

0 

0 20 40 60 80 100 

cDAI 

n=13,462 n=13,462 

n=13,462 n=13,462 



 

 39 

3.2.2 Correlation coefficients between DAS and DAI 

Eventually, I applied the Spearman-Rho procedure to the data. The amount of 

observed parameters was 13,462 (n=13,462). In the results the coefficients 

showed strong and significant positive correlation between all disease activity 

scores. All variables had a correlation coefficient of approximately 0.9, which 

means that an estimated 90% of the values of one parameter correlated with the 

other. The strongest correlation was found between the sDAI and cDAI with almost 

99%. Interestingly, the lowest result was 86.9% for DAS ESR and cDAI, which is 

still very high though. The coefficients can be viewed in table 9 and the associated 

scatter plots in figure 17 and 18.   

Table 9. Results of the Spearman rank correlation between DAS and DAI 

 DAS ESR DAS CRP sDAI cDAI 

DAS ESR 
Spearman  coefficient 1.000 .895 .885 .869 

Sig. (2-tailed) . .000 .000 .000 

DAS CRP 
Spearman  coefficient .895 1.000 .926 .894 

Sig. (2-tailed) .000 . .000 .000 

sDAI 
Spearman  coefficient .885 .926 1.000 .986 

Sig. (2-tailed) .000 .000 . .000 

cDAI 
Spearman  coefficient .869 .894 .986 1.000 

Sig. (2-tailed) .000 .000 .000 . 

The coefficient ranks from -1 (strong negative) to 1 (strong positive correlation) 

Figure 17. Correlation graphs of cDAI to DAS ESR and DAS CRP 
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Figure 18. Correlation graphs of DAS ESR to DAS CRP and cDAI to sDAI 

 
 

3.3 Disease activity versus time findings  
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Table 10. Differences (Δ) of mean DAS 2004/2005 versus 2014 for Group1-3  

 n 2004/2005 2014 Δ 

Group1 

Group2 
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51 

32 

20 
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Figure 19. DAS ESR trend over time of Group1 (n=51) 

 

Figure 20. DAS ESR trend over time of Group2 (n=32) 

 

Figure 21. DAS ESR trend over time of Group3 (n=20) 
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For Group1 the DAS values remained at approximately the same level around the 

3.2 mark, indicating continuously low disease activity. Group2 and Group3, 

however, showed a visible decrease of disease activity over time. These findings 

correlate with the basic principles of therapy (tight control, Treat-to-Target) for 

each of these groups and the change in prescription behaviour of the physicians 

outlined before. Additionally, I would like to show the results for the statistical 

evaluation of the linear mixed effects model for the subgroups of the observation 

group. A total of 3,386 visits (n=3,386) were included with 1,650 for Group1, 1,065 

for Group2 and 671 for Group3. The variable “t” stands for the time component 

calculated into the model. In table 11 I summarised the statistical results. They can 

be interpreted that all subgroups had a significant decrease of disease activity. 

When considering Group1 to be the baseline, Group2 and Group3 showed a 

stronger decrease in comparison. The random effect (intercept) was also 

significant, implying that there was a wide variety of different disease courses over 

time in the patient collective.  

Table 11. Outcome of the linear mixed effects model for Group1-3 

Effect Estimated Parameter Standard Error p-Value 

Intercept F 

 

tGroup1 

tGroup2 

tGroup3 

 

Time t 

Residual 

-3.58079 

 

-0 

-0.00020 

-0.00052 

 

-0.00004 

-1.2825 

0.4801 

 

. 

0.000041 

0.000051 

 

0.000026 

0.03166 

<0.0001 

 

. 

<0.0001 

<0.0001 

 

<0.1298 

<0.0001 

n=3,386 visits; t = time component 

3.3.2 Disease activity over time by gender 

The data material of the department gave me the opportunity to evaluate if there 

were differences in the disease course of women and men and if so what those 

would look like. I therefore split the observation group by gender resulting in 21 

individuals for the male groups (Group1M-3M) and 82 for the female groups 

(Group1F-3F) and created scatter plots accordingly. These can be seen in figure 22 

and 23. The most striking difference that I found was that with men the disease 

activity does not decrease as much as with women after the initial therapy-induced 

bend. In the male moderate (Group2M) and high activity group (Group3M) the 



 

 43 

disease activity remained at the 3.0 mark after some time. In the low activity group 

(Group1M) the activity even increased noticeably at the end of the course.  

The women, on the other hand, showed the same patterns that the non-divided 

group had already shown as presented in the chapter before. The scatter plot for 

the female high disease activity group (Group3F) even shows the pattern of a 

negative correlation between the DAS and the time. The graphs indicate though 

that the sample sizes for the male groups may be too small to make decisive 

statements about them. This is visible as the intervals of the standard error are 

larger than in the female groups. However, the general trend of therapy success is 

also apparent when looking at the course of disease activity distinctively in men.  

Figure 22. DAS ESR trend over time of Group1F-3F (Women) 

 

Figure 23. DAS ESR trend over time of Group1M-3M (Men) 

 

I applied the linear mixed effects model to the separate gender groups as well and 

found that all the statistics for each of these groups were similar to the model for 

the overall observation group. All p-values were below 0.05, which means that the 

decrease of disease activity was significant when looking at women and men 

          Group1F (n=13)            Group2F (n=27)           Group3F (n=42)

   

           Group1M (n=7)           Group2M (n=5)          Group3M (n=9)
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independently. The intercept, however, showed a relatively weak significance of 

p=0.025 for the male group, which again highlights that the male sample was less 

variant than the female group’s sample. In this calculation a total of 719 visits were 

included for the male group (nM=719; nG1M=322; nG2M=157; nG3M=240) and 2,667 

for the female group (nF=2,667; nG1F=1,328; nG2F=908; nG3F=431). All the 

resulting numbers from these statistics are summarised in table 12. 

Table 12. Gender-specific outcome of the mixed effects model for Group1-3 

Effect Estimated Parameter Standard Error p-Value 

InterceptF 

InterceptM 

 

tGroup1F 

tGroup2F 

tGroup3F 

 

tGroup1M 

tGroup2M 

tGroup3M 

 

Time tF 

Time tM 

ResidualF 

ResidualM 

-3.9944 

-2.9341 

 

-0 

-0.00016 

-0.00054 

 

-0 

-0.00036 

-0.00057 

 

-0.00005 

-0.000033 

-1.2376 

-1.4481 

0.5206 

1.1974 

 

. 

0.000044 

0.000061 

 

. 

0.000110 

0.000101 

 

0.000028 

0.000065 

0.03443 

0.07770 

<0.0001 

<0.0247 

 

. 

<0.0001 

<0.0002 

 

. 

<0.0010 

<0.0001 

 

<0.0517 

<0.6058 

<0.0001 

<0.0001 

nF=2,667 visits; nM=719 visits; t = time component 

3.3.3 Disease activity over time of the collective cohort 

I decided to run the linear mixed effects model on the larger patient group, in order 

to check back if there were noticeable differences when looking at the collective 

cohort of 1,166 patients compared to the observation group. This was the only 

purpose this short evaluation should serve. I included all patients who had at least 

two visits with a documented DAS at the outpatient clinic from 2004/2005 to 2014 

into the calculation. This larger collective was split again into the three subgroups 

depending on the disease activity level upon the patient’s first reported visit. 

Overall, I found 14,816 visits of 1,166 individual patients that fell under these 

criteria and fitted them into the model. Broken down into the DAS-groups this 

accounts for 5,929 visits for the first group (486 patients), 4,928 for the second 

group (397 patients) and 3,959 for the third group (283 patients). The results can 

be found in table 13. The DAS-subgroups are labelled Group1E-3E there. 
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Table 13. Outcome of the mixed effects model for the collective cohort 

Effect Estimated Parameter Standard Error p-Value 

InterceptE F 

 

tGroup1E 

tGroup2E 

tGroup3E 

 

Time tE 

ResidualE 

-3.2343 

 

-0 

-0.00023 

-0.00052 

 

-0.00001 

-1.2728 

0.6149 

 

. 

0.000024 

0.000026 

 

0.000015 

0.01538 

<0.0001 

 

. 

<0.0001 

<0.0001 

 

<0.3989 

<0.0001 

n=14,816 visits; t = time component 

As expected, in comparison to the observation group this more extended group 

showed the same statistical significance for the decrease of disease activity. All p-

values measured below 0.0001 indicating a strong significance. I also looked at 

the numbers for women and men separately, but couldn’t find any noticeable 

differences to the observation group either. For the gender specific groups I will 

thus not provide another separate table. I also forgo graphs for the larger group, 

because I think they are not suitable for this highly imbalanced data set. 

3.3.4 cDAI observations for disease activity over time 

The results of the correlation statistics showed that in the cohort the DAS ESR and 

cDAI activity scores were highly correlated by approximately 87 per cent. It was 

therefore interesting to see if there were different results when applying the cDAI 

instead of the DAS ESR in the statistical and graphical solutions. Contrary to the 

DAS the cDAI does not include the inflammation parameters CRP or ESR in its 

calculation. I evaluated this question with exactly the same methods that I used for 

the DAS ESR models, including the division into subgroups. In table 14 I outlined 

the sample sizes and mean cDAI differences from 2004/2005 to 2014 for the three 

groups. Figure 24, 25 and 26 show the associated scatter plots that use the same 

colour pattern as before. The interpretation lines are adapted to the cDAI scale 

though.  

Table 14. Differences (Δ) of mean cDAI 2004/2005 versus 2014 for Group1-3  

 n 2004/2005 2014 Δ 

Group1 

Group2 

Group3 

51 

32 

20 

9.5 (±0.1) 

18.5 (±0.1) 

24.0 (±0.1) 

11.5 (±0.1) 

12.0 (±0.1) 

9.5 (±0.1) 

+2.0 

-6.5 

-14.5 
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Figure 24. cDAI trend over time of Group1 (n=51) 

 

Figure 25. cDAI trend over time of Group2 (n=32) 

 

Figure 26. cDAI trend over time of Group3 (n=20) 
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The general patterns and results that can be seen in the table and figures 

resemble those of the DAS ESR calculations. There are no major discrepancies 

noticeable between the separate results of the two scores. Small differences 

include that with the cDAI the disease activity is generally estimated slightly higher 

than with the DAS and that Group1 (low initial disease activity) does not show a 

decrease trend by the end of the observed time with the cDAI. However, I do not 

consider these findings to have a significant meaning. The numbers from the 

statistical evaluation can be found in table 15. They are higher than the DAS 

numbers, because of the more extended cDAI value scale. Moreover, higher 

documentation of the cDAI is the reason why the sample size in this model was 

larger. Other than that no irregularities could be found and all p-values were highly 

significant.  

Table 15. Mixed effects model results for the observation group with cDAI 

Effect Estimated Parameter Standard Error p-Value 

Intercept F 

 

tGroup1 

tGroup2 

tGroup3 

 

Time t 

Residual 

-11.5802 

 

-0 

-0.00139 

-0.00334 

 

-0.00010 

-81.9547 

3.5194 

 

. 

0.000303 

0.000366 

 

0.000189 

1.9023 

<0.0014 

 

. 

<0.0001 

<0.0001 

 

<0.5915 

<0.0001 

n=3,816 visits 

3.3.5 Disease activity over medication 

As a last side objective, I wanted to explore the hypothesis that a combination 

therapy of sDMARDs with biologics shows a better therapy outcome than the 

sDMARDs-monotherapy. I therefore scanned the observation group further and 

found 25 individuals who did not undergo a significant change in their medication 

plan throughout the observed time period of ten years. I divided these patients into 

two groups according to their therapy plan. GroupMT (n=14) consisted of patients 

who received a synthetic DMARDs monotherapy (MT). These sDMARDs included 

methotrexate, leflunomide and sulfasalazine. GroupCT (n=11), on the other hand, 

was comprised of patients with a combination therapy (CT). The bDMARDs that 

were included can be found under chapter 1.2.6 in table 3. I did not include 
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patients who were treated with other drugs and there was no further division of the 

groups according to initial DAS. 

In figure 27 you can see the curves of the disease activity trends for both groups. 

The dashed line ( ) represents the sDMARDs-monotherapy group (GroupMT) 

and the solid line ( ) stands for the combination therapy group (GroupCT). I 

also added again the three dotted lines to the charts that indicate the 5.1, 3.2 and 

2.6 DAS-marks for an easier interpretation of the disease activity. For the sake of 

simplicity I erased the data dots from the graphs and did not include the standard 

error intervals of the curves. For a more distinctive visualisation I additionally 

narrowed the DAS-scale on the y-axis down to only show the area of 2 to 6.      

Figure 27. DAS ESR trend over time of therapy-groups  

 

 

As it can be seen in the graph, both therapies reduced the disease activity 

noticeably. The mean DAS at the beginning of the observed period was 

approximately the same for both groups at 3.5 points. While the combination 

therapy was able to lower this value to 2.7, the synthetic monotherapy lowered it 

down to 3.0 DAS points. It is therefore apparent that in this patient collective the 

combination therapy reduced the mean DAS stronger than the sDMARDs-

monotherapy by 0.3 points. However, the statistical evaluation did not show that 

the decrease was more significant in the CT-group than in the MT-group. The 

small sample size might be a reason for this. All the numbers and statistical results 

for this observation are summarised in table 16 and 17.      

 GroupMT (n=14)  

 GroupCT (n=11) 
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Table 16. Differences (Δ) of mean DAS for therapy-groups over time 

 n 2004/2005 2014 Δ 

sDMARDs MT 

Combination 

14 

11 

3.5 (±0.2) 

3.5 (±0.2) 

3.0 (±0.2) 

2.7 (±0.2)  

-0.5 

-0.8 

Table 17. Mixed effects model results for therapy-groups over time 

Effect Estimated Parameter Standard Error p-Value 

Intercept F 

 

tsDMARDs MT 

tCombination 

 

Time t 

Residual 

-4.4201 

 

-0 

-0.00006 

 

-0.00007 

-0.8172 

0.9462 

 

. 

0.000070 

 

0.000051 

0.04791 

<0.0001 

 

. 

<0.3910 

 

<0.1816 

<0.0001 

n=609 visits; t = time component 
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4 Discussion 

 

4.1 Discussing epidemiology, documentation and correlation 

4.1.1 Evaluation of epidemiologic results 

Rheumatoid arthritis therapy is one the major parts of medical routine at the 

rheumatology outpatient department. In the year 2014 2,040 visits by 625 

individual rheumatoid arthritis patients were registered there. That would translate 

to approximately ten RA-patients coming to the outpatient clinic on a normal 

working day. It is interesting that the number of patient visits has not changed 

significantly over the last ten years; in 2005 the clinic saw 699 individual patients 

with 1,976 visits. A rise of the incidence of the disease, mostly caused by 

environmental factors, is suggested by several sources (18,127), though. I could 

not find signs of a noticeable increase of patients at the rheumatology department 

of the Medical University of Graz, but this might be, because patients are followed 

up increasingly often outside of the hospital at their general practitioners.   

As mentioned before, RA is a disease that predominately affects women. It is well-

established that the ratio between women and men in rheumatoid arthritis patients 

is 3:1 (12,128). Looking at the results in this work, I can say that for our 

department the patient collective matches this ratio almost exactly with 74.9% 

female and 25.1% male RA-patients who visited the outpatient clinic over the last 

ten years. It is not yet fully understood where this discrepancy comes from, but it 

might be linked to female hormones. Studies have shown that the gender gap 

among RA-patients is especially striking in the age group prior to the menopause 

(until 50 years of age) where the women-men ratio is 5:1 (128–130). After the age 

of 50 the incidence for both genders is much closer. Another possible factor that 

plays a role in this case might be that women generally seek more medical 

attention than men (131). In rheumatoid arthritis, however, we know that women 

suffer from more severe courses of the disease (132), which would naturally lead 

female RA-patients to consult with their doctors more often. On all accounts, with 

the data at hand I can clearly confirm that women are more often affected by RA 

than men.  
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Looking at the mean age of the patients, I found out that with approximately 60 

years it lay at the end of the suggested main age range of 30 to 60 years (1), 

indicating that the patient collective was generally older than the average. Women 

were slightly older than men by 0.8 years on average, which is not a large 

difference. RA is prevalent in all age groups with juvenile and late onset forms, 

which I could see in our data as well. Scientific findings suggest that the age of the 

patient, especially at the onset of rheumatoid arthritis, might have a strong 

influence on the course and severity of the disease (133,134). However, the 

studies I could find dealing with this question were from the early 1990s. I consider 

it therefore interesting for the future to evaluate our patient cohort more thoroughly 

in regards to age. The data would definitely allow such a study. 

An important epidemiologic aspect of the patients Professor Graninger and I 

wanted to evaluate was the number of patients who were treated with biologics 

(bDMARDs) in the department, because this would also deliver information about 

how the therapeutic behaviour of the physicians has changed during that time in 

terms of prescriptions. Biologics are new pharmaceutical agents that have become 

more popular in RA-therapy over the last few years due to their more targeted 

approach in the treatment of the disease. Observing the prescription trend in our 

patient data, the increase of the percentage of patients treated with bDMARDs 

was tremendous. In the year 2004 this percentage was 23.7% of all patients. By 

the year 2014 that number has already risen to 43.8%, which means that the 

amount of biologic prescriptions has almost doubled throughout the decade. 

Beneficial to that development was certainly that the national healthcare providers 

in Austria have become more cooperative in approving and financing these drugs. 

The majority of these bDMARDs-treated patients at the department were treated 

with a combination therapy consisting of at least one biologic and one synthetic 

DMARD, such as methotrexate or leflunomide. This is important, because recent 

data show that the combination therapy results in a better outcome, which will be 

discussed later on. From the data, I calculated that a biologic monotherapy was 

registered in 17.8% of all patient visits compared to 32.2% for the combination 

therapy. I concluded that the combination therapy in general had a higher approval 

in the department than the monotherapy. For comparison, in other centres 

approximately 30% of the patients received a monotherapy (135). 



 

 52 

4.1.2 Evaluation of documentation results 

Another purpose of this work was to see if the documentation in RCQM was 

carried out thoroughly and professionally. During the last ten years the team 

responsible for the outpatient clinic of the Medical University of Graz included the 

same four rheumatology specialists and one or two alternating residents who were 

in training. These doctors learned how to the use the software mostly by 

themselves.  

According to the data, a disease activity score was assessed and documented in 

RCQM at 60 to 70% of all reported visits of rheumatoid arthritis patients during the 

observed time period. I could not obtain such documentation numbers from other 

centres, but I believe that the missing 30 to 40% are made up by quick follow-up 

visits where a physical examination is not needed. These visits only serve the 

purpose of e.g. quickly assessing the patient’s reaction to a treatment change or 

notifying the patient of their blood test results. The data also revealed that such 

visits often occur right after a visit with actual activity documentation. This is also 

backed up by the data of the observation group where the documentation was 

generally more complete as a result of the more thorough monitoring of that group.  

The apparent discrepancy between the DAS ESR and DAS CRP documentation is 

also easily explainable. Testing the ESR usually takes longer than the CRP blood 

tests in the hospital’s laboratories. That is why the ESR results often come in later 

than the CRP levels of the patient and are then not reported into RCQM. The ESR 

is, however, documented in the hospital’s information system MEDOCS. A later 

transfer of the data to RCQM would be very time-consuming. It is therefore not 

practical and thus not performed at the department. The discrepancy is rather 

small though and the problem should be solved with the next version of RCQM, 

which is supposed to have automatic synchronisation with MEDOCS.   

More interesting is the very low documentation of the health assessment 

questionnaire (HAQ) in the department. In 2014/2015 it was reported in only 20% 

of all patient visits. This percentage almost halved in comparison to the time of the 

RCQM implementation where apparently the enthusiasm for the test was much 

higher. The HAQ itself is a well-thought-out tool to evaluate the restraints a patient 

experiences from the disease in daily life and would have also been helpful for 

supporting the findings in this work and for further investigating our objectives. A 
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reason for the low documentation of the HAQ might be the relatively high time and 

patient effort necessary for its completion.  

The three page questionnaire for RA consists of eight main parts with several 

subquestions concerning the restraints in daily life. Each answer is awarded points 

that are eventually added up for the final result of the test (136). It is thus not 

possible for the HAQ to be assessed during the doctor-patient visit due to time 

limitation. That is why the test is supposed to be filled out alone by the patients 

during their waiting time, but for many elderly patients this is too difficult without 

help. Moreover, while the test can give an overview of the patient’s quality of life, it 

has almost no clinical significance for the patient’s treatment plan, which is 

oriented mostly by the disease activity scores. This situation apparently led to the 

neglect of the test throughout the years and because of the general lack of time 

and capacities in the hospital routine this might not change in the near future. 

For the department it was also interesting to see if the documentation in RCQM 

has increased after its implementation. I therefore compared the numbers from the 

years 2004/2005 to 2014/2015 and the results showed that the documentation 

was indeed higher by the end of the time period. I already mentioned the numbers 

for the HAQ. For the disease activity scores and therapy the percentages were 

higher by 15 to 20 per cent points in 2014/2015 than they were at the beginning of 

the use of RCQM. This shows that the implementation of the software worked well 

and the physicians use it in their daily routine. I can confirm this also from my 

observations when I visited the outpatient department. All physicians there, 

regardless of their medical position, were well-trained in using the software and 

thoroughly documented all findings. The patient assessment was performed 

professionally and according to the standard of procedure in place at the 

department.  

My personal experience with RCQM was mostly positive. I think the system clearly 

makes the assessment of rheumatology patients easier and allows a better 

handling of all the information. Overall, it became apparent that the programme 

was developed by physicians. The interface is very intuitive for a medical software 

like this with a few exceptions of course, such as the missing synchronisation with 

MEDOCS or the complicated handling of printing documents with the software. 

These flaws should be tweaked with the next version of RCQM, though.  
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4.1.3 Evaluation of correlation between DAS and DAI results 

The two inflammation parameters erythrocyte sedimentation rate (ESR) and C-

reactive protein (CRP) can be assumed to correlate well with each other. That 

correlation can be variable and dependent on the disease and form of infection, 

leading to discordance between the two measures (137). Concerning rheumatoid 

arthritis it is established though that CRP-levels correlate highly with ESR 

(138,139). There is, however, an important difference between both parameters in 

RA-patients. CRP reflects acute phases of the disease better than ESR. On the 

other hand, ESR also mirrors the activity of immunoglobulins and rheumatoid 

factor and can therefore express disease activity more accurately (138). The 

correlation I calculated for our patient data between the DAS ESR and DAS CRP 

scores accounted to approximately 90%. This led me to the conclusion that with 

our data a high correlation between these two scores can be confirmed.  

Our goal, however, was to evaluate how the clinical disease activity index (cDAI) 

would perform in comparison to the gold standard of DAS ESR, considering that 

the cDAI does neither include the measurement of CRP nor the ESR. A study 

conducted in Hungary even suggested that because it does not take acute 

reactants into account the cDAI would outperform the DAS ESR in certain cases, 

especially during remission (140). Our data showed that 86.9% of the documented 

cDAI scores correlated with the reported DAS ESR, which is a very high 

percentage. Other recent studies suggest similarly high numbers (141,142). 

Despite these results, I found that the correlation between the cDAI and DAS ESR 

was the lowest of all activity scores but only by a few per cent. I considered this 

discrepancy not relevant enough to change my assumption on the matter and 

concluded that the correlation between the two scores is excellent, proving the 

hypothesis made before to be true. 

Additionally, I decided to evaluate the main objective with the DAS ESR as well as 

the cDAI and performed the statistical model for the disease versus time objective 

with both scores. The visualisation via scatter plots did not reveal significant 

differences. All disease activity patterns of the observed groups became equally 

apparent with both measurements. There was only the small difference that the 

cDAI slightly overestimated the disease activity in comparison to the DAS ESR, 

which would imply that the scale for the cDAI might be set too low. However, this 
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discrepancy was not significant, but it would be interesting to investigate it more 

thoroughly in the future. In the statistical evaluation the results from the cDAI 

calculations were equally significant in all groups. These findings let me conclude 

that using the cDAI is sufficient for assessing the disease activity of RA in daily 

clinical routine or a general practise. However, it is, of course, recommendable to 

(additionally) evaluate the DAS ESR when possible.     

4.2 Discussing change in disease activity and therapy outcome 

4.2.1 Evaluation of disease activity versus time results 

It was our main objective to scrutinise the disease activity of rheumatoid arthritis 

patients depending on the therapeutic behaviour of the physicians, including 

therapy concepts and prescriptions. This question was interesting to us, because 

of the rapid treatment advances of the last ten years. In the early 2000s, the tight 

control concept as well as the emergence of biologic agents started to shape a 

new approach to RA-therapy. The treatment of RA evolved to be more targeted 

and patient-centred, which was one of the reasons for the creation of RCQM. 

Throughout the years, the tight control concept became the standard for RA- 

therapy, eventually leading to the formulation of the simplified Treat-to-Target and 

EULAR guidelines I presented before. However, it should be noted that the new 

therapy concepts were not introduced universally at one point, but much rather 

came into effect gradually over the years. The data I used in this work covered 

precisely this decade and I would now like to look into the findings from the study. 

The most important goal of RA-therapy today is to maintain a low level of disease 

activity. This prevents joint destruction and allows patients to enjoy more 

functionality in their daily lives (143). These effects were not only proven by low 

disease activity scores (113,114), but also by showing how patients with 

continuously low RA-activity present with less detectable joint damage in 

radiologic imaging (144). We wanted to see if the department had been able to 

achieve this goal of RA-treatment with its long-time patients. In order to do so, I 

looked at the longitudinal disease activity of 103 patients over ten years and found 

that with the therapeutic behaviour in the department the mean DAS of the 

patients was indeed reduced. 
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In all observed groups the DAS ended up at the 3.2 mark or lower by the end of 

the observed time span. Under chapter 3.3.1 I summarised these results and 

showed the associated graphs. It became clear that the therapy concept in place 

at the department showed to be effective, especially with patients who suffered 

from a high initial disease activity. This high DAS group even experienced an 

impressive mean DAS decrease of 2.4 points during the last ten years and not a 

single one of these patients presented with a DAS higher than 5.1 by the end of 

the observed disease course. This pattern was also apparent in the moderate 

disease activity group but the decrease was not as strong. In the low disease 

activity group not much change was detectable and the patients’ mean DAS 

remained around the 3.2 mark throughout the observed time. It is therefore 

debatable if these patients might be treated not tightly enough. There is also the 

question if the effect of a more intense therapy with all its side effects and 

restraints benefit these patients and their function enough to make a tighter 

therapy justifiable. A more thorough look into this matter would be necessary to 

answer this. 

Overall, the trend patterns of disease activity I found in the observation group 

allowed me to conclude that the gradual implementation of the tight control therapy 

concept in combination with new pharmaceuticals, which I will discuss later, had a 

positive effect on the average disease activity and can therefore be regarded as a 

beneficial concept in RA-treatment. The hypothesis made in the introduction that 

the change in therapeutic behaviour of the physicians in the last decade boosted 

the therapy success can therefore be confirmed. 

Eventually, the data gave me the opportunity to break these results down by 

gender in order to see if I could find differences in the response of the disease to 

therapy between women and men. It is generally believed that women suffer from 

a more severe course of RA more often than men, which is not a result of women 

over-reporting symptoms (132,145). To provide a quick overview, I looked at our 

observation group and found that 51.1% of the female patients started with a high 

disease activity against 42.8% in the male group. When the moderate group is 

added, the numbers come up to approximately 84.1% of women and 66.7% of 

men falling under the moderate and high disease activity category. I noticed that 

women also indeed started with a higher mean DAS than men (6.0 against 5.2). 
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This data thus confirms the aforementioned statement, but it should be noted that 

this is of course only a simple approach to this question. 

I also observed the disease course for each gender group and saw that men 

showed a slightly diverging pattern from women. After the initial decrease of 

disease activity, which was the same for all patients, men presented stagnation or 

even increase over the following years. As an explanation for this I thought that 

men may show a weaker compliance after the treatment has resulted in positive 

effects, but this would be contrary to the fact that all of these patients turned up to 

regular check-ups. Another reason could be that some of the male patients 

refused to intensify their therapy according to tight control. I can also not exclude 

that the effect comes from the small sample size of the male group, albeit showing 

statistical significance though. In any way, to further investigate the effect it would 

be necessary to ask the patients directly about it. I consider the effect to be only 

very little though so that this is not an important matter for the immediate future. 

Apart from these specific gender diversities, I could not find any more noticeable 

differences between women and men in this evaluation.  

4.2.2 Evaluation of disease activity versus medication results 

With our data we initially planned to formulate a second main objective, in which 

we wanted to scrutinise the effects of biologics and the disease response to them. 

Unfortunately though, we were dealing with retrospective data where the patients 

underwent frequent therapy plan changes throughout their medical record, which 

is actually very positive in regards to the tight control and T2T concepts described 

before, but this confounder would impede a clear statement about the effects of 

biologics in RA-therapy. A prospective study design would therefore be required 

for an objective like this.  

However, I thought this was too interesting to just dismiss the idea. I therefore 

looked more closely into the data and found 25 patients out of the initial 103 who 

did not see a major therapy change over the observed ten years. This means that 

looking into the records their treatment had not been changed from a synthetic 

DMARD to a biologic monotherapy or combination therapy or vice-versa. They 

received the same therapy during this period. I was able to form two groups, one 

sDMARDs-monotherapy and one combination therapy group. A biologic 
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monotherapy group was dismissed, because I could only find four patients who 

would have been eligible to that group. 

It is generally assumed and acknowledged that biologics show a better outcome 

than methrotrexate, leflunomide and other such synthetic disease-modifying drugs. 

Study results from the Swiss SCQM study group back this assumption up 

(146,147). The data from Switzerland showed that patients treated with biologics 

had a lower DAS outcome and better HAQ scores. Moreover, it turned out that 

these patients presented with less joint damage in radiologic imaging. Another 

conclusion of the Swiss researchers was that the combination of biologics and 

sDMARDs leads to an even better outcome in comparison to a biologic or 

sDMARDs-monotherapy (148). This is also backed up by a variety of other 

studies, in which colleagues dealt with this subject (149–151).  

For our smaller group the line graph in chapter 3.3.5 alludes to a trend that 

biologic combination treatment reduces the DAS stronger than a monotherapy of 

sDMARDs. The combination lowered the DAS by 0.3 points further down than the 

monotherapy. I could not prove these observations to be statistically significant 

though, but I think that the visual pattern allows for making this conclusion. 

Additionally to that, as described in chapter 3.1.1, I looked at the larger cohort and 

contrasted its mean DAS development with the prescription rate of biologics. With 

these graphs it becomes apparent that the higher percentage of bDMARDs-

prescriptions might have a positive influence on lowering disease activity. While 

this rate almost doubled throughout ten years, the mean DAS decreased by an 

average 0.64 points.  

I consider these findings to be significant enough to conclude that biologics have a 

beneficial effect on reducing the disease activity in comparison to sDMARDs. Their 

prescription in combination with the tight control therapy concept is the preferable 

therapeutic behaviour, most notably in patients with higher disease activity. 

However, it is important to always weigh in the benefits and undesired side effects 

and restraints for the patients that come with a more intensified therapy. 

Eventually, the last hypothesis I proposed in the introduction about how biologics 

positively influence the outcome of RA-therapy, especially in combination with a 

synthetic DMARD, can also be considered true. 
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4.3 Key messages and conclusion 

During the course of this retrospective study we formulated and explored several 

questions concerning the clinical characteristics and therapy of rheumatoid 

arthritis. We tried to answer them by evaluating the data of the patients, which the 

department of rheumatology of the Medical University of Graz had collected over 

ten years. I would now like to express the summarised key findings from this study 

in regards to the treatment and course of RA: 

 The therapy concept in place at the department is effective in lowering 

disease activity and maintaining a low level over a longer period of time.  

 Gradually implementing the tight control and eventually Treat-to-Target 

concepts has improved therapy success significantly. These are therefore 

recommendable treatment concepts 

 Combining biologics with synthetic DMARDs improves therapy outcome 

better in comparison to an sDMARDs-monotherapy. 

 The clinical disease activity index (cDAI) functions well as an activity 

scoring measurement for RA in comparison to the gold standard of DAS28. 

These key messages are supposed to help understand rheumatoid arthritis and its 

therapy better and also demonstrate in which direction the development of the 

medical care for RA-patients is heading. Moreover, with this study we opened a 

data pool that allows us to research this matter further in the future. Based on the 

trends I was able to present in this work, I think it would be interesting to design a 

real-life or register study as a national effort in Austria on the effects of new 

biologic treatments in order to back up our retrospective findings. This would 

probably also lead to a re-evaluation of the HAQ and its importance for the 

department. Furthermore, I hope that all rheumatology centres in Austria will be 

able to establish a nationwide information system for rheumatology patients much 

like the one in place in Switzerland, because it would certainly lead to a simpler 

exchange of experience and ideas. In any way, there are many tasks to be fulfilled 

in rheumatoid arthritis research in the future.  
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