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1. Introduction

(with the scientific background and relevant literature)

Multiple sclerosis (MS) is a chronic demyelinating and degenerative disease of
the central nervous system with supposed autoimmune origin. Typically it is diagnosed
in adults aged 20-40 years, meaning that patients have to live with this condition for
decades and struggle with its challenges for example in employment, and family planning.
Even using modern, effective disease-modifying drugs (DMDs), primary or secondary
axonal degeneration may lead to irreversible physical, psychical and cognitive disability
with a negative impact on mobility, independence, quality of life and productivity of

patients.

In MS Barometer 2020 [1], published by European Multiple Sclerosis Platform, it
is reported that MS affects almost 1.2 million people in Europe. In this survey substantial
inequalities were confirmed even among European countries, for example regarding the
use of DMD treatment and rate of MS-patients with employment. According to numerous
recent studies, the prevalence of MS increases in every world region [2; 3] due to various
plausible factors discussed below. Thus, from 2013 to 2020 the estimated number of MS-
patients has increased from 2.3 million to 2.8 million, mirroring a rise in global prevalence
(29.3/100.000 in 2013 versus 43.9/100.000 in 2020), but significant differences are found
among regional rates of prevalence, incidence and sex-ratio of MS. The better knowledge
about regional epidemiologic features and trends also can help to understand the still
ambiguous role of various environmental and genetic factors in the pathomechanism of

the disease.

Long-term treatment and complex management of MS is a burden for the health
care system, social services and caregivers as well [3; 4; 5]. Given the rapidly evolving
scene of costly immunomodulatory drugs, optimal allocation of resources and planning
of health services require accurate data on the number and age-distribution of patients

affected by the disease.
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2. Objectives

Given the absence of nationwide MS-registry, in Hungary only regional studies
were conducted on the epidemiology of MS until 2020 [6-13]. Therefore, we aimed to
describe prevalence, incidence and age-distribution of patients living with MS in the
whole country. We have analyzed anonymized administrative data supplied by the
National Health Insurance Fund (NHIF). This method has its advantages, like that it
represents practically the total population, it is cost-effective and the registered data are
standardized. Its limitations include the risk of suboptimal data quality and lack of
detailed clinical information on subjects. However, we believe that at present date the
analysis of health claim data gives the best estimation of incidence and prevalence of MS

in Hungary.

Studies working with administrative data for nationwide estimations of
epidemiologic features of different diseases are more and more common (regarding MS,
see details in Discussion), but methodology for case ascertainment is variable, mostly
depending on the type, content and extent of available datasets. Therefore, even
previously published methods have to be adapted and preferably validated for the actually
researched databases. Indeed, we have first developed and validated a case definition of
»administrative MS-patient” — I present this work in the first part of this thesis in chapters
Methods and Results. Our methodology has been already published [14]. Applying this
administrative case definition on the NEUROHUN database and an independent database
of pharmacy dispension, we could estimate the number of incident and prevalent MS-
patients, as well as ratio of patients treated with immunomodulatory drugs and trends of
their changes between 2010-2015. These epidemiologic features also have been published
[14]. Finally, it made possible the analysis of sex- and age-distribution of people living
with MS in Hungary, and its changes during a decade. These results have been recently

published as well [15].

In this thesis I intend to give an insight and summary of this ongoing research
about epidemiology of MS in Hungary, using a new approach: analysis of health claim
data. The contain of this thesis is based on the two already published studies mentioned

above [14; 15].
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3. Methods

Briefly, our first step was establishing an administrative case definition of MS and
validating it on a cohort of consecutive patients of the Department of Neurology, Semmelweis
University, Budapest. After showing a high concordance between administrative and clinical
classification of non-MS and MS-patients, as well as excellent specificity and sensitivity, this
case definition was applied on the nationwide database and thus we could determine the
number of MS-patients yearly, and calculate prevalence and incidence of MS in Hungary each
year during the observational period. We have also analyzed the changes in age-distribution of
prevalent and incident patients during these years. An independent database of drug refills
between 2010-2016 was merged with the healthcare utilization database, with a linkage of
subjects by their unique pseudonymized number. It made possible the examination of drug

refilling history of administrative MS-patients.

3.1 Features of healthcare system of Hungary

In Hungary the total resident population (almost 10 million persons) receive health care
coverage through the country’s universal, single-payer state health insurance system. Each
individual is assigned at birth a unique nine-digit number (social security identifier) for
lifetime, and all public healthcare services include the registration and use of this number for
personal identification. Service providers are obliged to submit reports each month for
reimbursement purposes to the NHIF, which is responsible for archiving and processing of

these electronic data.

People living with MS can receive complex management in one of the cca. 35 MS-
centers of Hungary, and importantly, the prescription of MS-specific disease-modifying drugs
is exclusively authorized for neurologists affiliated to one of these centers. It has to be
mentioned here that NHIF restricts reimbursement of DMDs to clinically definite MS, therefore
in Hungary their prescription with financial support is not possible in clinically or

radiologically isolated syndrome.

3.2 Setting of database

We have studied the NEUROHUN database that captures data submitted to the NHIF

by healthcare providers with contract — including all public and contracted private hospitals
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and outpatient specialist services —, from 2004 to 2016. For each individual, the anonymized
database contains basic patient features (year of birth, gender, postal code of residence) and
data on all hospitalizations, all outpatient specialist care or diagnostic services used during the
observational period. Of note, it does not include reports of general practitioners, which are
submitted separately to the NHIF. If a person died during the observational period, the date of
death was provided by the Central Statistical Bureau of Hungary and linked to the subject.

For each submitted claim towards the NHIF the provider has to declare the date of care,
the specialty and institution of provider and at least one diagnosis using the 10th International
Classification of Diseases (ICD-10) codes. NEUROHUN database captures all primary (for
hospitalized inpatients and outpatients) and all secondary diagnoses (for hospitalized

inpatients) reported for each claim.

More specifically, the NHIF provided anonymized data on all individuals, who has
received at least once a neurological or cerebrovascular diagnostic code between 1st January
2004 and 31st December 2016 (for detailed list of queried diagnoses, see APPENDIX 1). This
database (called NEUROHUN version 1) contained healthcare consumption data of 4.29
million subjects. Of them, we have identified all subjects who were given at least once the
diagnostic code assigned for MS (G35) as primary or secondary diagnosis. It resulted an “MS-
database” of nearly 34,400 subjects.

An independent database of outpatient pharmacy refills was also provided by NHIF,
with a notable difference in the covered time interval: only from 1st January 2010 to 31st
December 2016. It contains the commercial name, the chemical name, the ATC code and the
amount of the prescribed drug, the ICD-10 code of the indication (limited to one single
diagnosis), the specialty of the prescribing physician and the date of refill. These data are linked

to the patient. The database does not cover over-the-counter medication use.

The protection of personal data was guaranteed, since the NHIF had centrally
anonymized the original social security identifiers before providing this database for research.
This encrypted identifier was used for record linkage between the clinical and pharmacy
databases. The studies were performed after the approval of the Ethics Committee of
Semmelweis University, Budapest (Approval No: SE TUKEB 88/2015), and data were handled

in accordance with personal data protection regulations.
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3.3 Criteria of administrative case definition

A unique code (G35) is assigned for multiple sclerosis in ICD-10, which is widely used
in clinical practice. In Hungary, it is the only code authorized to be indicated on prescriptions

of DMDs.

Marrie et al. were among the first authors who had published on validity of different
case-definitions of MS using regional administrative data [16]. As NEUROHUN database and
their database didnot cover exactly the same sources of informations (for example reports of
general practitioners), we had to adapt and modify their case definition. Our primary aim was
to have high specificity, so that the ,,administrative MS-patients” would be almost surely really
MS-patients. Therefore, even at the cost of probably excluding some ,,real MS-patients” we
have established a rather strict administrative case definition of MS. Thus, we considered an

individual as a person living with MS if he or she had fulfilled all of the following 3 criteria:

1) between 2004 and 2016 receiving the ICD-10 diagnostic code of MS (G35) at least 3
times meaning 3 separate medical contacts. The registration of G35 could have
happened either as inpatient or outpatient in any of the hospitals or any outpatient
services of the country. Of note, we have ignored when diagnosis had been given on
the occasion of laboratory, imaging, pathology or other diagnostic services used,
because in these cases the pre-coded diagnosis might be only a suspected one (that

justifies examination).

i1) at least one of the above mentioned >3 claims for MS was submitted by a neurologist,
ie. registered during hospitalization on a neurology ward or on an occasion of using

neurological outpatient care. This criterion was intended to confirm the diagnosis.

ii1) during the observational period, receiving G35 codes in at least 2 different calendar
years that can be consecutive or not. Hereby, we aimed to exclude those individuals

who had been examined for suspected MS which was finally ruled out.

Of those 34,400 persons who had at least once received the code of MS, we excluded
the occasions when G35 was given when laboratory, imaging, pathology or other diagnostic
services were used, see first criterion. Of the remaining 30,238 individuals only 48% (14,437)
fulfilled all the three administrative criteria and are therefore considered as MS-patients. The

numbers of people who fulfil 0 or 1 or 2 or 3 criteria are shown on Figure 1. It also
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demonstrates that 90% of subjects had been given a G35 diagnostic code at least once by a
neurologist. The other two criteria, ie. number of submitted G35 code (16.700 subjects) and in

2 separate calendar years (15.875 subjects) are true for the 48% and 46% of them, respectively.

Had received diagnosis code G35 at least once, excluding those given at diagnostic

ococcasions™
At least 2 calendar years G35 >3 times
145 subj 524 subj 137 subj
14,437
subj
769 subj 1602 subj
10,415 subj

2209 subj

confirmed by neurologist

Figure 1. The subjects in the ,,MS-database” with the number of people fulfilling 1, 2 and
3 criteria of the administrative MS-case definition.

* diagnostic occasion: G35 diagnosis code was submitted when laboratory, imaging,
pathology or other diagnostic services used, see first criterion

10
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3.4 Validation of administrative case definition with calculation of

sensitivity and specificity

Before using it for epidemiological estimations, we performed the validation of the
administrative case definition: we compared the concordance between administrative MS-

cases and clinical diagnosis in medical documentation held by our department.

We had randomly chosen two 2-month-long periods (from 1st May 2011 to 30th June
2011, and from 1st May 2014 to 30th June 2014) from the observational period of the database.
Using an automatized search in the integrated hospital healthcare IT system of our University
(MedSol) we identified all subjects who were managed during that four months at our
neurological department and were given an ICD-10 code of MS. We have included in the search
all inpatient and outpatient services of our department, except for diagnostic

(electrophysiology, ultrasound) and paramedical (physiotherapy, neuropsychology) services.

The second step was to find those anonymized individuals in the NEUROHUN database
whose claim was submitted by our neurological services during the time periods in question
and received a diagnostic code of G35. Then, we attempted to find a match of our patients
(whose neurological documentation is held by Semmelweis University, Budapest), with one
subject in the anonymized administrative database by their admission and discharge date, sex,

year of birth, and service provider code.

When successful match occured, the clinical diagnosis of each patient was verified by
reviewing their medical documents. A patient was considered as having MS when the
McDonald criteria of 2005 [17] were fulfilled until the end of the observational period (31th
December 2016). Using a later set of MS-diagnostic criteria (of 2010 [18] or 2017 [19]) might
have resulted a higher number of ,,true” MS-patients, but would have possibly interfered
retrospectively with the submitted code of diagnosis. When our medical documentation did not
contain enough clinical data or the results of the ancillary examinations for establishing
definitive diagnosis of MS, we considered the subject not having MS even if clinical data

suggested it or G35 code was registered.

The third phase was the application of our administrative MS case definition on all
subjects above so that we could see if their administrative and clinical diagnosis are concordant
or not. Using medical documentation as gold standard, we considered a patient ,,true positive”
when both clinical and administrative diagnoses were MS; ,,true negative” if administrative

criteria were not fulfilled and clinical diagnosis was other than MS or MS could not be

11
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confirmed; ,,false negative” if clinical diagnosis was MS but administrative case definition was
not fulfilled; and ,false positive” if final clinical diagnosis was other than MS but
administrative case definition was fulfilled. The sensitivity and positive predictive value of the

administrative case definition were defined with the help of the groups above.

On the other hand, the calculation of specificity of our case-definition needed a different
approach, given the low proportion of non-MS patients. This latter feature is explained by the
fact that we were examining those consecutive patients, who had received at least once the
diagnosis of G35 in a given period, and thus are at risk of having MS. We had planned to make
a second validation on 300 consecutive patients without the restriction of having or not having
received the code of G35, but it would have been impossible to state firmly on the absence of
MS in their case, as we do not have access to the medical documentation of other institutions
where they could have been followed for MS. Thus, in case of those patients, who appear in
the anonymous database with G35 code in one or two occasions, but not fulfilling our
administrative case definition and not seen in our department for this condition, we could not
decide if they are true positive or true negative cases. To solve this problem, we have applied
the administrative method used by Bezzini et al. [20] after making some necessary
modifications on it. For the test of specificity, we first created a new administrative cohort of
individuals (referred as ,,true negative reference”) who were presumably not affected by MS.
This cohort was derived from the full NEUROHUN database including 4.29 million subjects
and defined by: never undergone cranial nor spinal cord MRI, and never received prescription
of any drug with the code of G35 between 2004-2016. Then, we linked this ,,true negative
reference” cohort with those subjects who fulfilled our administrative case definition of MS
(14.437 individuals) and analyzed the number and proportion of overlapping subjects who are
considered as being false positive. Worth of note, that this method is not applicable for
calculation of sensitivity, because the number of false negative patients cannot be determined.
It is also important to mention that calculation of specificity and sensitivity was performed on

different populations due to the above discussed feasibility issues.

3.5 Search in pharmacy database

Pharmacy dispension data are available between 2010-2016. Two queries were
performed: first, all subjects were identified each year who have at least once received any
pharmacy refill prescribed with a diagnosis code of G35. A second search in the database

identified those subjects who had at least one pharmacy refill for any of the DMDs available

12
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in those years in Hungary: intramuscular interferon-beta-la (Avonex), subcutaneous
interferon-beta-1a (Rebif), interferon-beta-1b (Betaferon, Extavia) and glatiramer-acetate
(Copaxone), oral dimethyl-fumarate (Tecfidera), fingolimod (Gilenya) and teriflunomide
(Aubagio), intravenous natalizumab (Tysabri) and alemtuzumab (Lemtrada). Finally, with the
help of the same encrypted identifier, pharmacy refill records were linked to claims of medical

service providers.

3.6 Incidence, prevalence, age-distribution

The date of the first medical inpatient or outpatient contact when ICD-10 code G35 was
assigned as primary or secondary diagnosis was considered to be the date of establishing
diagnosis of MS. Patients were counted as incident cases for that year and prevalence was
calculated as incident cases added to prevalent cases from the previous year, after subtracting

patients who died during the year.

As a consequence of the setting of our database, those patients who had been diagnosed
with MS before 2004 would also — wrongly — appear as incident cases at the time of their first
medical encounter for MS between 2004-2016. In order to reduce this bias, we allowed a 6-
year ,,run-in” period when incidence data (and prevalence data derived from it) were not taken
into account for final analysis, and assumed that all people already living with MS before 2004
would use a medical service at least once during these years. Thus, incidence data beginning
from 2010 would be considered precise and include only ,,real” new patients and could be

compared with available pharmacy refill data.

It also has to be noticed, that our 3™ administrative criteria of MS requires claims in 2
separate calendar years. Therefore, those patients who first received G35 code in the last year
of observation (2016) administratively would not appear as MS patients, even if they turn to
be ,,real” MS patients in subsequent years. Thus, incidence rate is not applicable for 2016 and
might be underestimated in the last 2-3 years of the observational period, so for statistical

analysis of incidence and prevalence, we have used only data between 2010-2015.

When we estimated changes in average age of people living with MS and their age-
distribution, the correlation with pharmacy refill data was not used and we had supposed that
subtle changes would manifest during longer observation period. Therefore we were more
permissive with the ,,run-in” period and ignored only the first 3 years’ incidence data, so
calculations of trends of age of incident patients were made on data between 2007-2015. As

the number of prevalent subjects outnumber that of incident cases by 15-20-fold, and

13
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prevalence data are more reliable in our setting of database than incidence data, the age and

age-distribution of prevalent patients were analyzed for the whole observational period.

However, even with the possible methodological bias discussed above, we are
persuaded that our calculations are meaningful and important. To present the whole picture,
the number of incident and prevalent patients, crude incidence and prevalence rates of 2004-
2009 and 2016 are available as well in APPENDIX 2. and age-distribution of prevalent patients
will be also discussed below between 2004-2016.

We estimated the annual crude incidence and prevalence per 100,000 inhabitants (for
women, men and both sexes), with the help of corresponding data of the latest nationwide
census in 2011 [21] as denominators. Using the direct standardization method, these results
were also age-adjusted to the European Standard Population of 2013 [22; 23] in order to present

standardized incidence and prevalence rates.

3.7 Statistical analysis

When calculating confidence intervals for the prevalence and incidence rates we used
the gamma distribution [24; 25]. The significance of the trends of changes of incidence,
prevalence and DMD-utilisation rates was tested with linear regression. When analyzing
changes of average age of prevalent and incident MS-patients, we used multiple linear
regression modell to test what impact have the passing years and male/female gender in

interaction on these values.

In each modell, p-value was considered significant if <0.05. The goodness of fit of all
linear regression models was tested with the Shapiro-Wilks test of normality. The calculations
were conducted with the R programming language (version 3.6.2 and 4.0.2) using packages

“epitools” and “asht”.

14
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4. Results

4.1 Validation of administrative case definition

With a computed search in the hospital IT-system (MedSol) we have identified 42 cases
of inpatients (25 cases in 2011 May-June and 17 in 2014 May-June, altogether 40 individuals)
and 517 cases of outpatients (231 cases of 166 subjects in 2011 May-June and 286 cases of 204
subjects in 2014 May-June, representing 291 individuals) who had received at least once the
billing code of G35 in primary or secondary position. We found one inpatient in MedSol and
one subject in the NEUROHUN who could not been perfectly matched with any individuals of
the other database. We still suspect that these two are the same person, only the year of birth
was mistaped in MedSol, as all other parameters including dates of medical encounters are
matching. Of note, the subject in NEUROHUN is not fulfilling our case-definition of MS and
the medical documentation of the subject of MedSol reveals seronegative neuromyelitis optica
spectrum disease (NMOSD) as diagnosis. We excluded these patient(s) from validation

analysis.

As there is an overlapping between in- and outpatients, altogether we have identified
309 individuals who had received the billing code of G35, summarized in Table 1. (published
also in paper by Iljicsov et al [14]). The ratio of concordance between administrative and
medical diagnosis is as follows: 275 MS-patients (89%) correctly fulfil our case definition; 15
patients having other medical conditions correctly do not fulfil our case definition.
Interestingly, one of them had a second neurological attack in 2017 with fulfilling ,,McDonald
criteria 2005” and becoming MS-patient after observational period. One MS-patient did not
fulfil our third administrative criterion in NEUROHUN as he received the code G35 more than
3 times only in one single calendar year, which indicates that he discontinued medical follow-
up for his condition not only in our center but in the whole public health care. He can be
considered as “false-negative”. Eighteen subjects (5,8%) were identified who were
administratively classed as MS (“false-positive” cases) but medical documentation revealed an
other illness (usually after initially considered as MS) or examinations are not completed or
missing in the records that makes diagnosis of MS impossible to determine for us. Altogether,
the sensitivity of our administrative case definition (true positives / [false negatives + true
positives]) is 99%. Its positive predictive value (true positive / [true positive+false positive]) is

94%.

15
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Table 1. Summary of patients managed in our department and received G35 in any
diagnosis position during May-June 2011 and May-June 2014 — published originally in
[14].

ALL: medical documentation | medical documentation is not decisive or
309 patients states MS states another diagnosis
(percentage) (percentage)

275 (89%) 18 (5.8%)
(5 NMOSD, 1 neurodegeneration with brain
iron accumulation, 2 small vessel disease, 1
leukodystrophy, 2 not organic symptoms, 1
PSP, 1 polyneuropathy, 1 Pompe-disease, 1
unknown white matter disease with epilepsy,
3 patients not completing examinations)

1 (0.3%) 15 (4.9%)

(1 CIS who will be MS in 2017, 1 BPPV, 1
unilateral abducent nerve palsy, 1 Leber’s
optic neuropathy, 1 partial epilepsy, 2 not
organic symptoms, 1 cerebral vasculitis, 1

Bell's palsy, 1 myelitis transversa, 1 cervical

disc herniation, 1 paraesthesia of lower
limbs, and 3 patients not completing
examinations)

BPPV: benign paroxysmal positional vertigo;, MS: multiple sclerosis;, NMOSD: neuromyelitis
optica spectrum disease; PSP: progressive supranuclear palsy.

In this sample of 309 subjects — due to the criteria of the selection — the number of ,,true
and false negative” patients is certainly low (5%), therefore the calculation of specificity with
the help of these groups would have been misleading. Instead, we have created an
administrative ,,true negative reference cohort” as discussed above in Methods. The number of
individuals, who have never undergone cranial nor spinal MRI and have never had prescription
of any drugs for MS between 2004-2016 turned out to be 3,223,001. This cohort was then
linked to the cohort of administrative MS-patients: of 14437 subjects 1023 (7%) were
overlapping and thus regarded as false positive. Thus, the specificity of the case definition (true

negative / [true negative + false positive]) is >99%.

16
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4.2 Crude and standardized prevalence between 2010-2015

Altogether 14,437 people met our administrative case definition of MS between 2004
and 2016. As discussed above, when calculating prevalence and incidence, for methodological
reasons we allowed a 6-year-long “run in” period and not considered data until 2010 and those
of 2016. The number and gender distribution of incident and prevalent cases between 2010 and
2015 are shown in Table 2., as well as crude and adjusted prevalence rates for men, women
and in total. During that period, the annual crude prevalence of MS has increased continuously
from 109.3/100,000 to 130.8/100,000, mirroring a rise from 150.8/100,000 to 179.5/100,000
among women and from 63.3/100,000 to 76.8/100,000 among men. These growing trends were
significant (p-value of linear regression model <0.05 for all the three datasets). The ratio

between women and men living with MS remained invariably 2.6 during these years.

Using the EU2013 standard European population as reference, age adjusted
standardized prevalence of MS in Hungary has gradually increased from 105.2/100,000 (147.3
for women and 60.3/100,000 for men) in 2010 to 127.2/100,000 (175.6 for women and
74.7/100,000 for men) in 2015. These positive trends were significant (p-value <0.05).

17
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Table 2. Crude and age-adjusted standardized prevalence of MS in Hungary between

2010 and 2015. Data originally published in [14] but in other format.

Number [ Nr.of [ Woman [ Total | Crude | Crude Age- | Age-adjusted
of preva- /man crude | preval. | preval. | adjusted [ standardized
incident | lent ratio of | preval | among | among | standar- | prevalence,
cases cases preva- women [ men dized |women /men
(women | (women | lent (95% (95% (95% preval., (95% CI)
/ men) | /men) cases Cl) Cl) Cl) total
(95% CI)
2010 | 703 10859 2.6 109.3 150.8 63.3 105.2 147.3/60.3
(500/ | (7872/ (107.2- | (147.5- | (61.1- | (103.2-
203) 2987) 111.4) | 154.2) | 65.6) 107.3) |(144.0-150.6)
/(58.1-62.5)
2011 616 11338 2.6 114.1 157.2 66.4 109.9 153.3/63.4
(429/ | (8206/ (112.0- | (153.9- | (64.1- | (107.9-
187) 3132) 116.2) | 160.7) | 68.7) 112.0) |[(150.0-156.7)
/(61.1-65.7)
2012 | 653 11809 2.6 118.8 | 163.7 69.2 114.6 159.6/66.3
(446/ | (8543/ (116.7- | (160.2- | (66.9- | (112.5-
207) 3266) 121.0) | 167.2) 71.6) 116.7) |[(156.2-163.0)
/ (64.0-68.7)
2013 625 12234 2.6 123.1 169.7 71.6 119 165.6 / 68.9
(434/ | (8857/ (120.9- | (166.2- | (69.2- | (116.9-
191) 3377) 125.3) | 173.3) 74.0) 121.2) |(162.2-169.1)
/(66.5-71.3)
2014 | 592 12634 2.6 127.1 174.6 74.6 123.4 170.7/72.2
(389/ | 9113/ (124.9- | (171- | (72.2- | (121.2-
203) 3521) 129.4) | 178.2) 77.1) 125.6) |(167.2-174.3)
/(69.8-74.3)
2015 538 12993 2.6 130.8 | 179.5 76.8 127.2 175.6 / 74.7
(375/ | (9369/ (128.5- | (175.9- | (74.3- | (125.0- |((172.0-179.2)
163) 3624) 133.0) | 183.2) 79.4) 129.4) | /(72.2-77.2)
9 N.A. N.A. N.A. * * * * <0.001%*/
T;’ 3 2 S S <0.001*
S Tl F | ¢ | ¥

Crude prevalence: number of living patients/100,000 inhabitants. Age standardization was performed

using the 2013 European standard population and expressed as rate/100.000 population.

18




DOI:10.14753/SE.2022.2680

“p-value: p-value of trend significance test using linear regression. The p-value <0.05 was considered
significant and is marked with asterisks™

N.A.: not applicable; Nr: number; CI: confidence interval; preval: prevalence.

Gamma confidence intervals were created using R version 3.6.2 with package “epitools”. The method
for crude rates is based on Daly [24] and for standardized rates is based on Fay & Feuer [25].

4.3 Crude and standardized incidence between 2010-2015

On the other hand, the number of incident cases as well as crude total incidence has
declined (the latter from 7.1/100,000 in 2010 to 5.4/100,000 in 2015, p-value=0.018) with a
smaller rise in 2012. The Shapiro-Wilks test indicated that linear models for the total crude
incidence trend analysis may be inappropriate (p-value <0.05), thus results related to this model
should be interpreted with caution. The crude incidence for women has also diminished from
9.6/100,000 to 7.2/100,000, showing a negative significant trend (p-value <0.05) together with
the crude total incidence. The incidence among men has changed from 4.3/100,000 to

3.5/100,000, but the trend was not significant. Yearly data are shown in Table 3.

As for age adjusted standardized annual incidence of MS, it remained quite stable
among men between 2010 and 2014 (3.7-3.9/100,000) and slightly diminished only in 2015
(3.1/100,000), without showing a significant trend. For age-adjusted standardized incidence
among women we could observe a significant negative trend (p-value=0.0125) with a slow
decline from 9.5/100,000 in 2010 to 7.1/100,000 in 2015. The standardized incidence for both
sexes was 6.7/100,000 in 2010, then decreased in 2011, followed by a rise in 2012 and a gradual
diminution afterwards to reach 5.1/100,000, altogether representing a significant negative trend
(p-value=0.016). However, the Shapiro-Wilks test indicated that linear models for the total age-
adjusted standardized incidence trend analysis may be inappropriate (p<0.05), thus results

related to this model should be interpreted with caution.
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Table 3. Crude and age-adjusted standardized incidence of MS in Hungary. Data

originally published in [14] but in other format.

Number of | Woman/ [Total crude[ Crude Crude Age- Age-adjusted
incident |man ratio| incidence | incidence | incidence | adjusted stand.
cases of (95%CI) | among among stand. incidence,
(women/ | incident women men incidence, | women / men
men) cases (95% CI) | (95% CI) total (95% CI)
(95% CI)
2010 703 2.5 7.1 9.6 4.3 6.7 9.5/39
(500/203) (6.6-7.6) | (8.8-10.5) | (3.7-4.9) | (6.2-7.2) | (8.7-10.4)/
(3.4-4.4)
2011 616 23 6.2 8.2 4.0 5.9 8.1/3.7
(429/187) (5.7-6.7) | (7.5-9) | (3.4-4.6) | (5.4-6.4) (7.4-8.9) /
(3.2-4.3)
2012 653 23 6.6 8.6 4.4 6.2 8.5/3.9
(446/207) (6.1-7.1) | (7.8-9.4) | (3.8-5.0) | (5.7-6.7) (7.7-9.3) /
(3.4-4.5)
2013 625 23 6.3 8.3 4.0 6 8.2/3.7
(434/191) (5.8-6.8) | (7.6-9.1) | (3.5-4.7) | (5.5-6.5) (7.5-9)/
(3.2-4.3)
2014 592 1.9 6.0 7.5 4.3 5.7 7.4/3.9
(389/203) (5.5-6.5) | (6.7-8.2) | (3.7-4.9) | (5.2-6.2) (6.7-8.2) /
(3.4-4.5)
2015 538 23 5.4 7.2 3.5 5.1 7.1/3.1
(375/163) (5.0-5.9) | (6.5-8.0) | (2.9-4.0) | (4.7-5.6) (6.4-7.9)/
(2.7-3.7)
p- 0.012586* /
N.A. N.A. .018276*(0.011609*| 0.2582 .015974*
value® 0.018276*[0.011609*| 0.258283 [0.01597 0222197

Crude incidence: new patients/100,000 inhabitants/yvear. Age standardization was performed using the
2013 European standard population and standardized incidence is expressed as rate/100,000
population.

“p-value: p-value of trend significance test using linear regression. The p-value <0.05 was considered
significant and is marked with asterisks™

CI: confidence interval; stand: standardized.. Gamma confidence intervals were created using R
version 3.6.2 with package “asht”. The method for crude rates is based on Daly [24] and for
standardized rates is based on Fay & Feuer [25].
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4.4 Age distribution of MS patients between 2004-2016

We have examined the average age and age-distribution of prevalent and incident
patients in each calendar year. During the calculations of trends of changes, we have ignored
the first three years’ incidence results because of methodological reasons, as discussed above

in Methods.

We used multiple linear regression model to analyze the effect of calendar years and
gender in interaction on the age of prevalent patients, shown in Table 4. We found that each
year, female prevalent subjects are older compared to male patients, by 6 months on average
(this difference is significant with p-value = 0.002). Also, between 2004-2016 the average age
of male prevalent subjects increased by 0.22 year, ie. by 2.5 months by calendar year
(significant change, p-value <0.001), and the average age of female prevalent patients grew
even more rapidly, by 0.32 year per calendar year (the difference between the two genders is
significant with p-value <0.001). The Shapiro-Wilk test did not indicate problems with the
goodness of fit of the model (p=0,265).
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Table 4. Average age of prevalent and incident MS-patients between 2004-2016 —

originally published in Hungarian version in [15]

Average age of prevalent cases Average age of incident cases
Year (year) (year)
men women total men | women total
2004 44,29 45,05 44,84 44,29 | 45,05 44,84
2005 44,65 45,41 45,20 42,10 | 42,75 42,56
2006 45,00 45,69 45,50 41,98 | 41,13 41,37
2007 45,18 45,97 45,75 39,90 | 40,56 40,37
2008 45,51 46,24 46,04 40,15 39,31 39,54
2009 45,54 46,56 46,28 37,38 39,26 38,68
2010 45,66 46,78 46,47 36,68 37,63 37,35
2011 46,07 47,13 46,83 40,04 38,51 38,98
2012 46,08 47,46 47,05 36,24 38,02 37,46
2013 46,24 47,74 47,33 36,92 38,20 37,80
2014 46,45 48,06 47,61 37,44 37,68 37,60
2015 46,80 48,40 47,95 37,21 37,54 37,44
2016 47,39 49,17 48,68 NA NA NA
Increase: Decrease:
Men: <0,001* To ether:
Difference between Women Difference <0g001 .
p-value genders: compared to | between genders: (no di’fference
0,002* men: <0,001* 0,118 between
Together: enders)
<0.001% g

NA: not applicable. The p-value <0.05 was considered significant and is marked with
asterisks*

For trend calculations, incidence data of 2004-2006 (marked in ithalic) were not taken into
account for methodological reasons detailed in Methods.

Besides these linear trends, other changes of age-distribution can also be observed:
when divided into five-year age groups, an increase of prevalence rate is found in each group,
except for childhood intervals, see Figure 2. Age-specific prevalence rate used to be the highest
among persons aged 50-54 in 2005, while peak prevalence is reached in the group of 45-49
aged subjects in 2015. Our data also suggest that at the same time the most populous age groups
shift towards the younger intervals: after 2010, those below 44 years have the most subjects,
instead of 50-54 year-old prevalent patients seen between 2004-2009 (data not illustrated
separately).
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Figure 2. Prevalence rates in different age-groups in 2005 and in 2015

Note: prevalence rates of 2005 were calculated using population data of 2001 census, while
prevalence rates of 2015 were calculated using population data of 2011 census.

The density (relative frequency) of the female and male populations of all ages (in
years) between 2004-2016 is illustrated in Figure 3. It shows that at the same time, the
proportion of elder patients has grown as well: for example in 2004, the rate of 70-year-old
subjects was around 0.5%-0.5% among prevalent female and male patients, respectively, while
it increased to around 1%-1% by 2016. Also, while in 2004 we could identify 336 persons
living with MS above age of 65 years (5.7% of prevalent cases), later in 2010 they were 945
(8.7% of prevalent cases), and in 2015 their number was 1537, accounting for 11.8% of
prevalent patients in Hungary. This rise of proportion is significant (p-value of linear regression
model is <0.001).

Concerning the average age of incident patients, between 2007 and 2015 we have
observed a significant decrease of 4 months/year (p-value <0.001) without difference between

male and female subjects.
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Figure 3. Mean age and prevalence-density of MS-patients, per calendar year and sex -
originally published in Hungarian version in [15]

Explanation: X-axis: ages of prevalent patients in years, Y-axis: density (relative frequency)
of prevalent patients per calendar year and sex. The average age in years of male and female
prevalent patients per calendar year are indicated by solid and dotted lines, respectively.
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4.5 Drug dispension data between 2010-2015

Pharmacy dispension data are not containing over-the-counter drugs and were available
from 2010 to 2016, but since in the last year the number of incident (and probably also of
prevalent) patients is biased due to our administrative case definition, we merged and analyzed
only data between 2010-2015, see Table 5. During these years, the number of patients who
refilled any medication with an indication for MS — i.e. with a diagnosis code of G35 on the
prescription — has increased markedly (from 6162 to 7399). Of them, the number of those
individuals who do not fulfil our case definition of MS stays quite stable (around 800) in these
6 years. It should be noted that family doctors and any specialist can prescribe drugs with the
diagnosis code of G35, but some of these medicines are only reimbursed when prescribed by a
neurologist (disease modifying drugs) or a family doctor on the recommendation of a

neurologist.

We investigated for each year between 2010 and 2015 the number of those subjects
who have at least once refilled any of the 11 DMDs listed earlier (second coloumn of Table
5.). These drugs being specifically used for MS, these individuals were therefore considered as
MS patients by the prescribing neurologist. The number of DMD-treated patients has nearly
doubled from 2010 until 2015 (from 2089 to 3808). We also considered the number of
previously treatment-naive, newly DMD-treated patients: those who first refilled DMD in the
observed year (Table 5. fourth column). For methodological reasons detailed below Table 5.,
in 2010 all treated subject will appear as new so this number is not valid. In further years, after
a high number in 2011 we observe a drop in 2012 and 2013, followed by a rise in 2014. These
changes are paralell with the launch date of some DMDs on Hungarian market (natalizumab in

2010; fingolimod, dimethyl-fumarate and teriflunomide in 2014).
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Table 5. Yearly Drug Dispension Data — originally published in [14].

Nr of patients Nr of patients refilling | Nr of patients refilling | Ratio of
refilling ANY drug | any ofthe 11 DMD in | any DMD for the first MS
with G35 diagnosis | that year and fulfilling | time and fulfilling our | patients

in that year our case definition of | case definition of MS who
(those who fulfil MS / received
our case definition / / Nr of patients refilling | DMD
those who do not)* | Nr of patients refilling | any DMD for the first | that year
any of the 11 DMD and time and NOT
NOT fulfilling our case fulfilling our case
definition of MS* definition of MS
2010 6162 (5358/804) 2089 /23 2089 /23 0.19
2011 6326 (5535/791) 2746 / 34 828 /33 0.24
2012 6539 (5758/781) 2969 / 42 392/38 0.25
2013 6671 (5920/751) 3108 /52 3571748 0.25
2014 7130 (6314/816) 3482 /60 500/56 0.28
2015 7399 (6573/826) 3808 /70 466 / 63 0.29

*One patient can appear in more than one year.

“Drug dispension data are available only from 2010 therefore all patients will appear as ‘‘first
time refill” this year.

The proportion of DMD-treated MS-patients can be assessed each year by dividing the
number of subjects refilling DMD with that of prevalent MS-cases. This ratio significantly
increased between 2010 and 2015 from 0.19 to 0.29 (Table 5.), the p-value of trend analysis

with linear regression is 0.0051.
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5. Discussion

In my thesis I present the results of our work on the use of administrative data in the
investigation of the epidemiological features of MS in Hungary. First, we developed an
administrative case definition of MS, followed by a two-step validation based on a local cohort
of patients and an administrative cohort called ,,true negative reference”. Since our case
definition showed both high sensitivity and specificity, we used it afterwards for identifying

and counting MS-patients.

5.1 Use of administrative data in MS epidemiology

In the past decade, administrative data become widely used for scientific, health-
economic and healthcare planning purposes. The analysis of epidemiology of diseases and
comorbidities is relevant for all these three points of view. Regarding MS, the first works
aiming to determine an administrative MS case definition was carried out by Culpepper et al.
investigating the Veterans Health Administration databases in the USA in 2006 [26] and Marrie
et al. in Canada [16] using health insurance claims data in the province of Manitoba in 2010.
Marrie et al. established and validated the following MS case definition: >3 hospital, physician,
or prescription claims for MS. Since then, it was applied also to determine prevalence in other
Canadian regions [27; 28], and to investigate the epidemiology of comorbidities in MS [29;
30]. In 2015, an other Canadian researcher group developed a different administrative case
definition: one hospitalization or at least 5 physician billings for MS over 2 years [31]. These
two administrative definitions were validated on medical records and compared to each other
in a Canadian county in 2018 [32]. It was found that the Marrie-definition had a sensitivity of
99.5%, a specificity of 98.5%, a positive predictive value of 99.5% and a negative predictive
value of 97.5%, altogether presenting a better performance. Recently, the United States
Multiple Sclerosis Prevalence Workgroup — in which Culpepper and Marrie both participate —
published a summary [33] about the performance of different administrative algorithms for
identifying MS cases. Their recommendation for the administrative case definition is as
follows: >3 MS-related claims in any combination of inpatient, outpatient, or DMD use within

a 1 year time period.

Multiple European study groups published their work with administrative data in MS

epidemiology, however, the case definitions as well as the calculation and validation methods
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are rather heterogenous, largely depending on which healthcare databases are accessible for
research. For example, Bezzini et al. [20; 34; 35] from Tuscany used and validated the
administrative case definition of meeting at least one of the following 4 criteria: minimum one
hospital discharge record with MS diagnosis, or one active payment exemption for MS, or at
least 2 prescriptions for MS-specific drugs, or MS diagnosis in home and residential long-term
care data. The sensitivity of this definition was 98%, with a specificity of 99%. In their recent
paper, Roux et al. [36] studied French nationwide health administrative data between 2010-
2015 and used a somewhat similar case definition: at least one reimbursement for a DMD, or
an active status of “long-term disease” for MS, or at least one hospitalization with MS among
discharge diagnoses. Other examples of administrative MS-definitions include that of Salhofer-
Polanyi et al. [37] who analyzed Austrian healthcare data and defined as MS-patient those
subjects who had at least 1 prescription for DMD or at least one hospitalisation with discharge
diagnosis of MS during the 4-year-long observational period. Two independent studies were
driven in Bavaria: Hoer et al. considered a subject having MS if he or she had >1 ambulantory
claims for MS documented by neurologist or psychiatrist, or >1 prescription of DMD between
2005-2009 [38]. On the other hand, Daltrozzo et al. used a less strict MS case-definition:
diagnosis of MS coded at least in two separate quarterly periods between 2006-2015, given at
least once by a neurologist [39]. For comparison, the former method resulted a prevalence rate
of 175/100,000 in 2009 (18,176 patients), while the latter definition was fulfilled by 21,720

individuals, meaning a prevalence rate reaching 208.7/100,000 in the same year.

When developing our administrative case definition, we took as basis the works of
Marrie et al. [16] as their MS-definition had been validated, compared with another and used
in many studies. However, we had to perform some modifications on the ,,Marrie-definition”
as we did not have access to the records of family doctors, and the medication refill database
was not available for the entire period of the claim database. We aimed for a high specificity
even at the cost of possibly underestimate the number of MS-patients. That is the reason of the
temporal restriction among the criteria (G35 occurring in at least 2 calendar years): it was ment
to exclude when MS is only the suspected diagnosis of medical attendance and diagnostic
workup reveals another illness. ,,Real” MS-patients are likely to see any kind of physician for
their condition more than once during a couple of years, because even non-DMD-treated MS
patients are advised to see a neurologist once a year. Indeed, the above mentioned French study
[36] found that over 6 years of observation 75.1% of MS-patients had visited a neurologist at

least once a year.
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In order to minimize false positive MS-diagnosis, we also added the criterion that at
least once the coded diagnosis of MS should be given by a neurologist. This specific criterion
was true for the 90% of all subjects who ever received the code of G35 (see Figure 1.). We
may speculate that in case of the more than 10,000 persons who received the diagnosis of MS
from a neurologist but do not fulfil the other two criteria, MS was a suspected diagnosis or one
of some suspected diagnoses, but ancillary examinations later excluded or could not confirm

it. In the latter case some of them may turn out to have MS in years after 2016.

We validated our case definition via case certification with the help of medical records
held by our Department. Two 2-month-long time-intervals were randomly selected in our
University center. During these time-intervals we identified 309 individuals as possible MS-
patients based on the received billing code of G35 in primary or secondary position (Table 1).
When the administrative case-definition was appplied and then compared with the diagnosis
established in medical records (considered as gold standard), it was revealed that the
administrative definition performed correctly in 93.9% of the entire cohort of the 309 “MS-
suspect” subjects. The administrative MS-diagnosis turned out to be “false-positive” ie. falsely
fulfilled in 18 cases (5.8%): in 3 cases it was not possible to firmly determine the diagnosis of
MS (evaluation was not finished or the results were not available for our analysis) and 15
subjects had other medical condition (for details see Table 1.). Worth of note that of them, 5
patients suffered from NMOSD which both clinically and radiologically can mimic MS.
Further 2 subjects had been for years considered as having MS before this diagnosis was
revised. We have identified only 1 “false-negative” MS-case who did not fulfil the
administrative criterion of having claim for MS in 2 separate calendar years because of refusing
medical follow-up. Alltogether, the sensitivity of the administrative case-definition was 99%.
The specificity was tested with the help of an administrative “true negative” cohort as discussed

above and turned out to be >99%.

5.2 Prevalence of MS in Hungary

In Hungary, national MS patient registry is not functioning yet, although it was already
suggested [40] and some preparations have been started. Given this lack of the most responsible
source of epidemiological data, it is comprehensible that before 2020 only regional data were
published on epidemiology of MS [6-13]. These papers are summarized in chronological order
in Table 6. (see its original Hungarian version in [15]). Thus, our first aim was to estimate the

number of individuals diagnosed and living with MS in Hungary, ie. prevalence and incidence;
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secondly, to investigate the patterns of age distribution of patients; and thirdly, to assess the

ratio of DMD-treated subjects.

In MS Barometer 2020 [1] the Hungarian MS Society has reported that the estimated
population of people living with MS in Hungary was 8500, and in the review of Global Burden
of MS [2] this number was estimated to be between 5927 and 7480 in 2016. Both numbers
would implicate a lower prevalence than our studies resulted: based on administrative data we
found that crude prevalence was 130.8/100,000 in 2015 (179.5 and 76.8 per 100.000 for women
and men, respectively, see Table 2.) accounting for almost 13,000 patients in the country. This

prevalence rate is significantly higher than those reported beforehand (see Table 6.).

It is worth to compare our results with the other most recent work in this field. Based
on the patient registry of the university MS-center in Szeged, Biernacki et al. [13] reported that
standardized prevalence of MS was 101.8/100,000 (53.9 and 144.8/100.000 for men and
women, respectively) in 2019. This prevalence rate is lower than that of our study, but still
higher than the prevalence rate of 2013 estimated by the same group and based on the same
patient registry [12]. The difference between their regional and our administrative nationwide
data could be the explained by the use of different methods, implicating that for example
chronically disabled or bedridden patients may not visit regional university MS-center and thus
are not registered there (recruitment bias), which is plausible regarding the rather low average
EDSS score (2.8 points £2.44) and high percentage of DMD-treated subjects (74.28%) in their
center [13]. Other regional factors (number and availability of neurologists, ethnic and age

distribution of population) can also play a role.
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Table 6. Summary of published papers on the subject of epidemiology of multiple sclerosis in Hungary, in chronological order - originally

published in Hungarian version in [15]

Crude

Average age

Diagn. Geographi Date of Crude | preva- M:F ratio of of prev. Average age at .
Author L. Type preva- prev. . diagnosis of prev. Incidence
criteria -cally . prev. | lence ) patients .
ence M/F patients (year) patients (year)
Lehoczky N/A hospital in | extrapolated | 1961 20 N/A N/A N/A N/A N/A
[6] Budapest | to Hungary
Palfty [7] Bauer | university | Baranya | 31 aug 37 N/A 1:1.91 N/A N/A N/A
MS Center |  county 1981.
Palfty [8] Bauer | university Pécs 1 oct 57 N/A 1:1.4 N/A 30 N/A
MS Center 1982.
Guseo [9] Poser regional Fejér 31dec | 78,7 N/A 1:1.5 N/A male:32.5 1.92
MS Center | county 1992. female:25.9 (between
1957-91: 1-8)
Bencsik, Poser | university Szeged 31 dec 65 N/A 1:3 N/A 35 7
1998 [10] MS Center 1996.
Bencsik, Poser | university | Csongrad | 1 july 62 N/A 1:2.75 ben:55, ben:28, RR:28 In Szeged:
2001 [11] MS Center county 1999. RR:36 SP:30, PP:52 1997: 5
SP:59, PP:59 1998: 6
Zsiros [12] | McDonald | university | Csongrad 1 jan 89.8 | 46.6/ 1:3.08 N/A CIS:31.4, RR: 31.7 N/A
2010 MS Center | county 2013. 128.6 SP:35.4, PP: 47.3
Biernacki | McDonald | university | Csongrad ljan | 105.3 | 56.5/ 1:2.925 48.83 34.15 4.44
[13] 2017 | MS Center | county | 2019. 149.3 (+13.23) (+10.64)
Iljicsov admin. | nationwide | Hungary 2015 | 130.8 | 76.8/ 1:2.6 47.95 average age of 2015:5.4
[14; 15] def. hea.lthcare 179.5 incident cases: 37.44
service data

Admin.def.: administrative definition, ben: benign MS, CIS: clinically isolated syndrome, diagn.criteria: diagnostic criteria;, M: male, F: female;
N/A: not available data; PP: primary progressive MS; prev: prevalent; RR: relapsing-remitting MS; MS: multiple sclerosis; SP: secondary
progressive multiple sclerosis. Prevalence and incidence rates are displayed as /100.000 person.
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Hungary is part of the Central European region which used to be considered as a
medium risk area for MS. However, recent works reveal prevalence rates above 100/100,000
population, which is higher than past values. Those studies from Central Europe include an
Austrian calculation using administrative data [37], which found an average crude prevalence
at 158.9/100,000 in 2011-2013. In Poland, two researches investigating different geographical
sites based on regional MS-registries showed that standardized prevalence was 106.6/100,000
in 2014 in Central Poland [41] and 108.5/100,000 in 2013 [42] when data of two counties were
summarized. In Croatia, after merging 3 databases of public health care and that of the MS-
patient society, the crude prevalence was found to be 143.8/100,000 in 2015, much higher than
previously estimated [43]. Our results are in line with those moderately high prevalence rates
in Central Europe, even if direct comparison is hampered by the use of different methods and
sometimes lack of standardization. The highest prevalence rates (above 200/100,000)
worldwide are reported in Canada, the United Kingdom and Northern Europe [44-46].

Rising prevalence of MS is observed in several countries [47; 48] and also worldwide
as summarized in Atlas of MS 2020 [2]. It reported higher prevalence rates in 2020 compared
to 2013 in all WHO regions. Considering Europe, the average prevalence rate of
108.25/100,000 in 2013 increased to 142.81/100.000 in 2020. The reason of rising prevalence
is multifactorial. Improved ascertainment (for example due to better availability of neurologist
and diagnostic tools, also higher awareness of physicians and people in general), a possible rise
in incidence and development of methodologies to count MS-patients can all play role in it.
Furthermore, the earlier diagnosis [46; 49] (partly supported by modified diagnostic criteria
[17-19]) or possible earlier age at onset of the disease, and especially higher age of MS-patients
at death with improved survival [44; 50; 51] together result in longer disease duration and

therefore higher prevalence.

Our presented results are in line with the above discussed worldwide tendency: the
estimated prevalence of MS in Hungary increased severalfold and continuosly from 20/100,000
in 1961 to 130.8/100.000 in 2015 (see Table 6.). We could also demonstrate this rise of
prevalence during a 6-year-long observational period: between 2010-2015 both crude and
standardized prevalence showed significant elevation (in men, women and alltogether as well)
as illustrated in Table 2. It is not without example to see significant changes in prevalence
during only a couple of years, like Hoer in Bavaria found an increase during the timeframe of

5 years [38], Campbell in Australia during 8 years [52].
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Of note, our study reveals that the ratio of female and male prevalent cases remains 2.6
during the observational period, and the women/men ratio of incident cases varies between 1.9

and 2.5. These results are also in line with the calculations of other groups [27; 49; 53; 54].

5.3 Incidence of MS in Hungary

Previous regional studies revealed an incidence rate between 1.92-7/100,000 during the
past three decades, see Table 6. The analysis of our data showed results in that range as well:
the crude total incidence rate was between 7.1 and 5.4/100,000 from 2010 to 2015, presenting
a significant negative trend, in parallel with the changes of crude incidence rate in women
(between 9.6 and 7.2/100,000). Interestingly, the crude incidence rate in men remained stable
(3.5-4.3 /100,000) during these years. These results, especially trend analysis models should
be interpreted with caution as the Shapiro-Wilks test indicated it may be inappropriate
(p<0.05), and from one year to the next the difference in incident cases is only a couple of

dozen subjects.

International studies on the changes of incidence ratios are less unanimous than those
about prevalence of MS. Our results are in line with some publications where incidence rates
show a plateau or even a decrease in total population or among women: for example in different
counties of Canada by Marrie et al [ 16], Kingwell et al [27], and Rotstein et al [44], furthermore
in the United Kingdom by Mackenzie et al [45], in France by Gbaguidi et al [54], and in Italy
by Solaro et al [55]. Nevertheless, several studies reveal rise in incidence rates during the last
decades (for example in Norway [46], in Wales [56], in Iran [57]) and especially among women
(like in Denmark [58] and Finland [59]), the latter reaching rates higher than 10/100.000 in
Northern Europe.

These differences in trends of incidence rates are difficult to explain, but environmental,
socio-economic and genetic factors might play a role. Some researchers propose different
environmental or lifestyle factors to explain the growth of incidence rates with female
preponderance, including rise in occurence of obesity and cigarette consumption in women
[58], and diminished exposure to sunlight and secondary vitamin D deficiency [60]. Moreover,
a causality between the risk of MS and the age of women at first childbirth or number of
pregnancies was suspected in different studies [61; 62] but was not confirmed by others [63].
Also, the changes in coding policies, like giving diagnosis of clinically or radiologically
isolated syndrome instead of MS until the actual diagnostic criteria are not fulfilled may

contribute to the decline in incident administrative cases. Alltogether, the evident rise of MS
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prevalence is multifactorial, and is not everywhere and not only driven by significant rise of

incidence.

5.4 Age-distribution of MS patients in Hungary

We performed the analysis of age-distribution of prevalent MS-patients between 2004-
2016 and found that their average age slowly, but significantly increases year by year, reaching
47.95 years in 2015. This result is concordant with the regional calculations presented by
Biernacki et al [13], who published that in 2019 the average age of their prevalent cohort was
48.83. Average age of women subjects increases faster, and therefore the gap between the

average age of the two sexes grows (see Figure 3.).

At the same time, between 2005-2015 the prevalence rate considerably increased in
each age group above 18 years of age (Figure 2.). This phenomenon is also described for
example by Marrie et al. in Canada [16], Campbell et al. in Australia [52], and Murtonen et al
in Finland [48]. Peak prevalence rate used to be 162.6/100,000 in 2005, registered among
patients aged 50-54 years, while in 2015, peak prevalence rate was 276.9/100,000 observed
among subjects aged 45-49 years. Thus, the peak prevalence range shifted towards younger
cohorts, just like the most populous age groups. This age range of peak prevalence was also
found by other groups, like Bakirtzis et al in Greece [64],and Murtonen et al in Finland [48],
but other studies revealed peak prevalence rates among patients above 50 years of age (Laakso
et al in Finland [65], Marrie et al [16] and Rotstein et al [44] in Canada), or even 55 years of
age (Campbell et al in Australia [52], Grytten et al in Norway [66]) with a shift towards older

ages during the observed years.

As discussed above, a rise in longevity of MS-patients is observed worldwide, resulting
a higher prevalence of MS but also a growing proportion of elderly people living with MS.
Indeed, our data also show that persons over 65 years are increasingly represented among MS-
patients in Hungary: 11.8% in 2015 (see also Figure 3.). This rise is in line with the results of
other studies [16; 66]. Moreover, other works also suggest that age-adjusted incidence also
rises in this population [55; 58], probably in connection with the higher awareness of MS
among elderly and better tools for differential diagnosis. The worldwide growing number of
MS-patients above 60 years of age is rather neglected so far, but it rises many concerns about
their proper management, including unknown efficacy and safety of DMDs, frequent
comorbidities, accumulating disabilities, and need of social support, summarized for example

by Vaughn et al [67]. Concerning incident subjects, we estimated their average age between
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2007-2015 and found a significant decrease from 40.4 to 37.4 years without difference between
male and female values. This result is comparable to that of Biernacki et al [13] who described
that in Csongrad county the average age of prevalent patients at the time of MS-diagnosis
(which is an approximate of age of incident cases) was 34.1 in 2019. This decreasing trend of
age of incident patients is at least partly attributable to changing diagnostic criteria and

altogether shorter time from first symptoms until definite diagnosis [49; 66].

5.5 Drug dispension data

Since disease-modifying drugs are highly specific for treating MS and their prescription
is centralized and regulated in Hungary, our main interest was to analyze their dispension
statistics between 2010 and 2015. We also had speculated that the subjects refilling DMD are
highly probably MS-patients (mostly with relapsing-remitting and also some with secondary
progressive forms), and consequently they would also serve as a validation cohort of our
administrative definition. Indeed, of those patients who at least once refilled DMD, each year
the maximum proportion of those individuals who do not fulfil our administrative case
definition is as low as 2%. At the same time, a continuous rise of the number of DMD-treated
patients can be observed with nearly doubling in 5 years. This feature is partly explained by
the introduction of new DMDs in the Hungarian market (see above) and the growing number

of prevalent MS patients.

Our calculations show that the ratio of DMD-treated prevalent patients was relatively
low in 2010 (19%) and significantly increase to reach 29% in 2015. It still can be considered
low, but according to MS Barometer 2020 [1] and also pharmaceutical industry estimations
[68] considerable differences exist even among European countries: not only reimbursement,
but availability of DMDs are highly depending on the country. This is why the proportion of
DMD-treated patients could have been as high as 69% in Germany and as low as 13% in Poland
in 2013, but in 2018 major differences still existed [1]: treatment rates reach 90% in Lithuania,
Malta, and Switzerland, while are around 10% in Bosnia Herzegovina and Serbia.
Nevertheless, our data concerning 2015 rates are in line with some other publications: Kingwell
et al. [27] reported that 29% of MS patients had received at least once a prescription for a DMD
between 1991 and 2010 in British Columbia. According to data of Central Italy [20], 41% of
MS-patients received at least 2 prescriptions for DMD in 2011. These important differences
between countries regarding the proportion of DMD-treated MS patients are probably

multifactorial: national regulations on prescription play a role (for example in Hungary DMDs
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are not reimbursed in clinically isolated syndrome), and also genetic and environmental issues

could be responsible, for example for affecting the proportion of benign or primary progressive

MS.
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6. Conclusions

These results discussed above are not only the first to describe the nationwide
epidemiologic features of multiple sclerosis in Hungary, but emphasize a rather neglected
phenomenon: together with the growing number and prevalence of MS patients, the proportion
of elder patients increases. Once MS used to be regarded as a disease of young, but in the era
of various effective disease-modifying treatments and rising life-expectancy of the general
population as well, neurologists will have to face the challenge of the diagnosis and complex
management of elder MS-patients. Not only the neurologic and non-neurologic comorbidities
are more frequent among them (raising sometimes difficulties of differential diagnosis, like
small vessel diseases, and also of contraindications for DMDs), but the accumulation of
physical and cognitive disability as well. Moreover, as the widely used DMDs were not tested

in the elder population in pivotal trials, their efficacy and safety is unknown in this setting.

The strengths and possible limitations of our work are also assessed as follows. The
strengths of our study include the use of nationwide administrative healthcare data with a 13-
year-long observational period, allowing the assessment of temporal trends. We validated our
administrative MS case definition on the medical records of 309 consecutive subjects in our
neurological department. Furthermore, with the help of an independent database of pharmacy
refills we could re-assess the performance of this case definition, that showed an excellent
concordance, sensitivity and specificity, see above. The yearly analysis of age of incident and
prevalent subjects let us have an insight into the demographical changes of the population

living with MS in Hungary.

We have to consider some limitations of our study: the use of administrative health data
implicate that clinical details of patients are lacking, for example, there was no information on
which diagnostic criteria had been used when establishing and coding diagnosis of MS, neither
on clinical subtype, which could help to understand among others the relatively low proportion
of DMD-treated individuals. It is also important to keep in mind that the original purpose of

diagnosis coding is reimbursement and not scientific.

In our setting, we did not have access to data of health service claims reported by family
doctors, that would help to better estimate the proportion of benign and severely handicapped

MS-patients who are at higher risk for not meeting a neurologist during the 13 years of
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investigation and therefore their number may be underestimated. Indeed, the French study [36]
has revealed that 13% of subjects with MS had not been seen by neurologist during the 6-year-
long observational period, and these patients were older and had a longer disease duration. In
NEUROHUN database we found somewhat similar trends: of more than 30,000 individuals
ever receiving G35 diagnostic code, in approximately 90% of cases it was at least once given
— in our interpretation: confirmed — by a neurologist (see Figure 1.). But, in contrast to the
mentioned French study, we didnot considered the remaining 10% as MS-patients in further

analysis, as our primary aim was to minimize the risk of including people without MS.

Furthermore, the third criterion of our administrative case definition with temporal
conditions might seem too restrictive, but we assumed that the majority of MS-patients would
have some kind of medical encounter for their condition in at least 2 years of 13. However, we
are aware that it can underestimate the incident cases of the last years of the observation period,
as the two apparition of G35 required in two different calendar years are not necessarily
consecutives. This possible bias is also enhanced by the well-known fact that diagnostic delay

in MS can take years, even if recently this time-period shortens in many countries [49; 66].

Further investigation is needed to understand the decreasing trend of incidence. Indeed,
we plan to continue our examinations on longer observational period, as soon as raw data will
be available. Here it has to be mentioned that the most reliable epidemiologic calculations can
be obtained by the analysis of nationwide disease-specific regitries. Regarding MS, this kind
of registries are already in use for many years for example in Scandinavian countries [69; 70],
and the launch of a Hungarian National MS-registry was also suggested [40; 71] and planned
years ago, however, it is still not functioning in 2022. We believe that until a national MS-
registry is built up and is available for research, the analysis of nationwide healthcare data gives

the best estimation of the epidemiology of MS in Hungary.
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7. Summary

In this thesis I presented my work on the epidemiology of MS in Hungary based on
analysis of healthcare administrative data covering 13 years. Before, nationwide data were
lacking in our country about prevalence, incidence and age-distribution of MS, or proportion

of DMD-treated subjects, as only regional studies had been conducted.

First I have established and validated an administrative case-definition of MS, that is
proved to have excellent specificity and sensitivity. After applying it on the database of
healthcare claims, we could analyze the annual number and age of new and prevalent MS-
patients. These findings highlight that MS prevalence shows an increase and is notably higher
(crude prevalence being 130.8/100,000 in 2015) than previously reported in Hungary, while
crude incidence is relatively low (5.4/100.000 in 2015) and shows a decreasing tendency.
While the average age of incident subjects gradually lowers (ie. newly diagnosed patients are
younger), the average age of prevalent individuals rises, especially in women. It can be
attributable to increased longevity of people living with MS, and has an important

consequence: the growing number and proportion of elderly patients.

Concerning drug dispension analysis, the proportion of DMD-treated MS-patients
turned out to be rather low (29% in 2015) that may partly be due to special restrictions of their

prescription in Hungary.

The above discussed results fit well in the epidemiologic changes of MS described in
international and Hungarian scientific literature, that may help to clarify environmental and
genetic factors having role in patomechanism of MS. These data also have importance in
understanding and estimating the burden of the disease on patients, families, healthcare
providers, and society in order to plan future allocation of human and financial resources for

complex management of multiple sclerosis.
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Appendix 1.

List of diagnoses with corresponding ICD-10 codes that were used to set up the NEUROHUN

database

- neurological diseases (ICD-10 codes: G00-G99)

- cerebrovascular diseases (160-169)

- benign, uncertain or malignant neoplasms of the meninges and the central nervous
system (D32-33, D42-43, C69-72)

- unspecified neurological symptoms: headache (R51); pain, unspecified (R52);
malaise and fatigue (R53), syncope and collapse (R55); not classified convulsions

(R56)
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Appendix 2.

Table with number of incident and prevalent cases, crude prevalence and incidence

between 2004-2016

number of | number of | crude | crude | number | number of | crude | crude
living living preval. | preval. | of new | new patients | incid. | incid.
patients patients total | male/ | patients | (incid.) total | male /
(prevalence) | (prevalence) female | (incid.) male female
- male - female /female
33,8/ 1593/ 33.8/
2004 1593 4252 58.8 81.5 5845 4252 58.8 | 81.5
423/ 8.5/
2005 1994 5272 73.1 | 101.0 1421 | 401/1020 | 143 | 19.5
48.1/ 6.4/
2006 2270 5968 82.9 | 1143 1037 302/735 | 104 | 14.1
52.7/ 54/
2007 2487 6541 90.8 | 125.3 891 257/634 | 9.0 12.1
56.4/ 4.6/
2008 2662 7044 97.7 | 135.0 788 219/569 | 7.9 10.9
60.0/ 4.7/
2009 2829 7460 103.5 | 142.9 728 224/504 | 7.3 9.7
63.3/ 43/
2010 2987 7872 109.3 | 150.8 703 203/500 | 7.1 9.6
66.4/ 4.0/
2011 3132 8206 114.1 | 157.2 616 187/429 | 6.2 8.2
69.2/ 4.4/
2012 3266 8543 118.8 | 163.7 653 207 /446 | 6.6 8.5
71.6/ 4.0/
2013 3377 8857 123.1 | 169.7 625 191/434 | 6.3 8.3
74.6 / 4.3/
2014 3521 9113 127.1 | 174.6 592 203/389 | 6.0 7.5
76.8/ 3.5/
2015 3624 9369 130.7 | 179.5 538 163/375 | 54 7.2
2016*

*Health insurance claims data available between 2004-2016, but as MS-definition includes
apparition of G35 in >2 calendar years, last reliably interpretable year is 2015
Incid: incidence. Preval: prevalence
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