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ABSTRACT 

Background: Population-based clinical studies in neuromyelitis optica spectrum disorder 

(NMOSD) and epidemiological and clinical comparisons of White ethnicities are missing. In a large 

population-based international cohort, we extensively characterized aquaporin-4 antibody 

seropositive (AQP4-Ab+) NMOSD, and also compared the clinical, radiological and 

epidemiological features between two European populations residing in different areas.  

Methods: Between self-reported Danish and Hungarian ethnicities, we compared the population-

based clinical features, disability outcomes, and death of 134 AQP4-Ab+ NMOSD cases fulfilling 

the 2015 International Panel for NMO Diagnosis (IPND) criteria. For precise comparison of 

epidemiology, we conducted a population-based head-to-head comparative study of the age-

standardized prevalence (January 1, 2014) and incidence (2007-2013) of AQP4-Ab+ NMO/NMOSD 

among adults (≥16 years) in Denmark (4.6 million) and Hungary (6.4 million) by applying 2015 

IPND (NMOSD) criteria and 2006 Wingerchuk (NMO).  

Results: Danes were more likely to present with transverse myelitis and were more affected by spinal 

cord damage on long-term disability. Hungarians presented most often with optic neuritis, although 

visual outcome was similar in the groups. No differences were observed in sex, disease course, 

relapse rate, autoimmune comorbidity, mortality, brain MRI, and treatment strategies. The age-

standardized prevalence estimates of AQP4-Ab+ NMOSD (2015 IPND criteria) in Denmark vs. 

Hungary were 0.66 vs. 1.43 (/100,000) while incidence rates were 0.04 vs. 0.11 (/100,000 person-

years); similar differences were found based on the 2006 NMO criteria.  

Conclusions: This head-to-head comparative study indicates different disease characteristics and 

epidemiology among White populations in Europe, and substantiates the need for population-based 

genetic and environmental studies in NMOSD. 

 

 

 



1. INTRODUCTION 

 Neuromyelitis optica spectrum disorder (NMOSD) is a rare autoantibody-mediated CNS disease. 

Most patients have pathogenic antibodies against AQP4 water channels (AQP4-Ab).[1,2] Patients 

without AQP4-Ab constitute a heterogeneous group including also MOG antibody-associated 

disease (MOGAD) characterized by different features and prognosis.[3,4]  

 Previous non-population-based studies found link between race, ethnicity and clinical 

characteristics, prognosis of NMOSD as well as association to HLA haplotypes.[5–11] . Higher 

prevalence (from 0.7 to 10/100,000) and incidence (from 0.054 to 0.73/100,000 person-years) 

estimates were observed in Blacks and Asians and the lowest in White populations.[12–20]  

 No study conducted a population-based comparison of the disease characteristics among different 

ethnic groups and neither assessed possible geographic variation in the epidemiology of NMOSD 

among European populations.  

The crude prevalence and incidence of NMOSD in Denmark and Hungary have recently been 

published.[14,21] These studies were performed in parallel, utilizing comparable methods by 

overlapping study groups.  By also creating a clinical database during collection of epidemiological 

data in the two countries, we were able to conduct a head-to-head comparative study exploring 

differences in the population-based clinical and MRI features of AQP4-Ab+ NMOSD between 

Danish and Hungarian ethnic groups. Here, we also present the age-standardized estimates according 

to the WHO standard population: these offer more precise comparison of the two populations, and 

also compensate for the potentially different age structures. We limited the analyses to patients with 

AQP4-Ab+ NMOSD to avoid inclusion of potentially overlapping syndromes, such as MOGAD, 

double seronegative NMOSD, or MS.[3,4]  

 

2. METHODS 

2.1 Study design  



 This head-to-head comparative population-based cohort study was conducted in Denmark (DK) 

and Hungary (HU) by overlapping research groups between January 1, 2007 and December 31, 2014. 

Crude prevalence and incidence data have been published for the two countries, respectively.[14,21] 

Here, age-standardized estimates of prevalence and incidence of the AQP4-Ab+ NMOSD cases were 

calculated and compared. During the epidemiological studies in the two countries, clinical databases 

were created by similar designs (see 2.4 Data collection) and used for the current study.  

 All residents of both countries have free and equal access to government-financed health care. 

NMOSD treatment is centralized to hospitals with specialized MS clinics, and all these clinics in the 

studied geographic areas participated. Only adults (16 years and above) were included. The Danish 

cohort was nationwide (4.6 million), while the Hungarian involved a well-defined geographic area 

near two-thirds of Hungary (6.4 million).[14,21]  

2.2 Geographic and population 

 Denmark in Northern Europe (56° N, 9.5° E) has a 95% White population and 87% of Danish 

descent. A genetic study of the Danish population showed highly homogeneous genetic structure 

across the population with mild effects from its neighboring countries.[22]  

 Hungary in Central-East Europe (47° N, 19.5° E) has 96.5% White the population and minimum 

86% has Hungarian ethnicity. Hungarian ethnicity has a mixed genetic background with both Asian 

and European ancestry.[23,24]  

2.3 Sources and patient identification 

 All patients were identified and validated as previously described.[14,21] We utilized multiple 

corresponding sources in the two countries ensuring comparable study populations. In Denmark (1) 

the Danish National Patient Registry, (2) the Danish Multiple Sclerosis Registry, (3) laboratories 

providing AQP4-Ab test and (4) neurology departments were the sources [14]. In Hungary, (1) 

registries linked to the National Health Insurance Fund, (2) laboratories providing AQP4-Ab test and 

(3) neurology departments were utilized.[21] The laboratories provided data on all patients referred 



to AQP4-Ab test within the study period. These large groups were searched to identify possible 

NMOSD cases.  Expert panel of neurologists with experience in NMOSD in each country re-

evaluated these possible NMOSD cases defined as patients (1) who were diagnosed as NMOSD by 

a neurology department or (2) with at least one positive test for AQP4-Ab or (3) could meet the 2015 

IPND criteria. After excluding alternative diagnoses, the confirmed NMOSD diagnosis was 

established by the panels’ consensus decision. Thus, the encryption of patient identification and the 

anonymous blinded validation followed the same principles in both countries (Figure 1).[14,21] We 

controlled for double counting by name and birthday.  

2.4 Data collection 

 Data obtained in precise chronological order included demographics, clinical features, Expanded 

Disability Status Scale (EDSS), laboratory and radiological results from the medical records, PACS 

system and laboratory datasets.[14,21] All data were collected in the same standardized way in both 

countries by VP. Ethnicity data were based on self-identification. Mortality data were collected from 

medical records where death is notified and from pathology reports: in Denmark, the electronic 

medical records system automatically contains data on all death; in Hungary, the treating physicians 

have double-checked whether death was registered in the medical record. Visual disability was 

categorized as mild (6/12 and above), moderate (6/18-6/36) or severe (6/60 and below) in at least 

one eye. Motor disability was graded as able to walk without aids, with unilateral support, with 

bilateral support, or wheelchair bounded/bedridden (at least for 6 months). Bladder dysfunction was 

defined as no dysfunction, dysfunction but no need for permanent catheterization, and catheter users 

for at least 6 months. 

2.5 AQP4-antibody test 

 AQP4-Ab seropositivity was proven by cell-based assay in every Danish and Hungarian case 

using either the commercial cell-based assay (Euroimmun AG, Lubeck, Germany) or live cell-based 

assay  at John Radcliffe Hospital, Oxford, UK.[14,21,25]  



2.6 Statistical analysis 

 The comparison of clinical and MRI features included all AQP4-Ab+ patients with Danish and 

Hungarian ethnicity fulfilling 2015 IPND criteria. We contrasted the demographic data, relapse 

history, treatment, radiological findings, and long-term disability (visual, motor, bladder 

dysfunction). Mann–Whitney U test for continuous data and chi-squared or Fisher exact test for 

categorical data were applied when comparing the groups. Survival was analyzed with time since 

disease onset as time scale. Patients who did not reach the endpoint were censored at the date of last 

clinical visit. Survival was estimated by Kaplan-Meier curves and difference between the two ethnic 

groups by Cox proportional hazard model. The proportionality was validated by log-log plots. 

 Prevalence and incidence are defined by using both the 2015 and the 2006 criteria, respectively; 

they are also age-standardized by applying direct standardization to the WHO standard world 

population.[1,2] We calculated point prevalence as the number of patient with AQP4-Ab+ 

NMO/NMOSD alive per 100,000 persons on January 1, 2014 and incidence assuming Poisson 

distribution as the number of cases with symptom onset between January 1, 2007 and December 31, 

2013 divided by the number of person-years at risk (100,000 person-years) with 95% confidence 

intervals (95% CIs). The size of the two populations was extracted from the Hungarian Central 

Statistical Office and Statistics Denmark. 

 P-value <0.05 was considered statistically significant.  We used STATA statistical software 

Version 14.  

2.7 Ethical approvals 

 The study was approved by the Danish Data Protection Agency (J no. 1-16-02-658-15), the local 

ethical committee (Ethical Committee for The Region of Central Jutland, J no. 1-10-72-346-15) and 

the Office of the Chief Medical Officer and the Ministry of Human Resources in Hungary (7637-

8/2017/EUIG).  

 



3. Results 

3.1 Patient validation 

 We have identified 56 NMOSD patients in Denmark until December 31, 2014. Thirty-nine patient 

were AQP4-Ab+; and 35 out of these were AQP4-Ab+ and White NMOSD case. Similarly, 137 

NMOSD patients were diagnosed with NMOSD in the Hungarian study area. The number AQP4-

Ab+ cases were 114, while 99 patients were both AQP4-Ab+ and White.  

3.2 The population-based characteristics of AQP4-Ab+ NMOSD cohorts and their 

comparisons between Danish and Hungarian ethnicities 

3.2.1 Demographic and clinical features 

 A total of 134 AQP4-Ab+ White patients with NMOSD were included; 35 ethnic Danes and 99 

Hungarians. Basic features of the total cohort and ethnic subgroups are shown in Table 1. We have 

not found significant difference between the two ethnic groups regarding sex, percentage of patients 

fulfilling the 2006 Wingerchuk criteria for NMO, median time of follow-up, disease course, 

annualized relapse rate, median time to second attack and median age of disease onset. However, 

there were significantly more Danish patients with symptom onset at age of 50 years and above. 

Thirty-four percent of the patients had a co-existing autoimmune disease, without difference between 

the ethnic groups. The most common was systemic lupus erythematosus (n=11), followed by 

rheumatoid arthritis (n=10) and autoimmune thyroiditis (n=7). Myasthenia gravis was reported in one 

patient in each country.  

 We found statistically significant difference concerning the type of onset attack: isolated TM as 

onset attack was more common among Danes (DK: 60% vs. HU: 35%; p=0.009) while Hungarians 

were more likely to present with isolated ON (DK: 20% vs. 48%; p=0.005). In contrast to this, the 

frequency of isolated ON (DK: 46 [24%] vs. HU: 145 [31%]; p=0.078) and isolated TM (DK: 104 

[55%] vs. HU: 257 [55%]; p=0.99) during the whole follow-up showed no difference.  

3.2.2 Disability outcomes 



 Out of the 89 patients who suffered at least one ON attack, 73 patients experienced visual 

disability at the time of the last follow-up (Table 2). The visual outcome was not different between 

the Danish and Hungarian patients.  

 We analyzed the most severe Expanded Disability Status Scale (EDSS) scores, and the EDSS score at 

the last visit in all the 134 patients (Table 2). The median of the most severe EDSS scores were 

significantly higher among Danes compared to Hungarians (p=0.018), but no significant difference 

in the median of the last EDSS score was observed (p=0.17).  

 Motor outcome and bladder dysfunction was evaluated in all 119 patients who had at least one 

attack of TM. Fifty-six percent had no motor disability but 23% used wheelchair or were completely 

bedridden in the whole group. Only 32% had no bladder dysfunction. We found that significantly 

higher percentages of Danish patients used wheelchair or were bedridden, and needed permanent 

urinary catheter (Table 2).  

3.2.3 Mortality  

 During the follow-up, 23 patients (17%) died at a median age of 62 years after a median disease 

duration of 68 months (Table 2). There was no significant difference in the probability of death over the 

follow-up period (DK: 8 [23%] vs. HU: 23 [15%] HR 0.809; 95% CI 0.338 – 1.939; p=0.64). Death was 

due to NMOSD or likely related to NMOSD in 14 out of 23 patients: eight died of infection, five 

because of severe relapse, and one committed suicide due to fear of blindness related to NMOSD. 

3.2.4 Brain MRI 

 The first brain MRI at or after diagnosis was available in 96% of patients: 61% was performed 

within 3 months after the first attack. This was abnormal in 68% of the Danish and 55% of the 

Hungarian cases. Twenty-six percent had lesions typical for NMOSD. Follow-up brain MRIs were 

available in 96%: these were abnormal at least once in 79% of  Danish and 74% of Hungarian 

patients. The follow-up brain MRIs showed lesions typical for NMOSD in 38% of patients (Table 4). 

No statistically significant difference was detected between the two subgroups. 

3.2.5 Spinal cord MRI 



 The first spinal cord MRI at or after diagnosis was available in 97% of patients and was abnormal 

in 82%. Follow-up spinal cord MRIs were available at least once in 97% of the patients and were 

abnormal in 90% (Table 3). 

 Longitudinally extensive transverse myelitis (LETM) was present on the first spinal cord MRI at 

or after diagnosis in 72% of the patients and in 85% on the follow-up MRIs. Frequency of LETM on 

the first and follow-up MRIs was not different between the cohorts. However, LETM atrophy was 

significantly more common in the Danish population. Short TM was found on the first MRI in 7% 

patients without difference between populations. There was a single case with clinically silent spinal 

cord lesion.   

3.2.6 Treatment  

     The preventive treatment approach was comparable in the two countries (Table 4). Nineteen 

patients (DK: 8 vs. HU: 11) were initially treated with medications approved for MS. No difference 

was found in the time to first immunosuppressive treatment. The most frequently used first choice 

was azathioprine (AZT). Significantly more Hungarian patients were treated with a combination of 

AZT and prednisolone for more than 6 months (DK: 11% vs. HU 36%). The most widely used 

preventive treatment was still AZT at the time of the last follow-up. The number of treatment changes 

was not different.  

3.3 Head-to-head comparison of the epidemiology  

 The age-standardized prevalence of AQP4-Ab+ NMOSD was 0.66/100,000 person (95%CI: 0.46-

0.95) in Denmark as compared to 1.43/100,000 person (95%CI: 1.15-1.75) in Hungary. The age-

standardized incidence was 0.04/100,000 person-years (95%CI: 0.02-0.06) in Denmark and 

0.11/100,000 person-years (95%CI: 0.09-0.15) in Hungary.  

 We also found significantly higher age-standardized prevalence and incidence of AQP4-Ab+ 

NMO in Hungary versus Denmark when applying the 2006 Wingerchuk criteria (Table 5).   

 



4. DISCUSSION  

 This study explored the population-based clinical and MRI characteristics in a large number of 

AQP4-Ab+ NMOSD patients, and compared these data between two well-defined European ethnic 

groups for the first time. Previous studies estimated the crude prevalence and incidence of NMOSD 

in Denmark and Hungary.[14,21] In this current study, we present the age-standardized estimates 

according to the WHO standard population which allowed us the compare the two populations more 

precisely. The standardization compensates for the potentially different age structures in the two 

populations. The AQP4-Ab+ NMO/NMOSD cases in Denmark and Hungary were identified through 

uniform study design and overlapping research groups.[14,21]  Our results suggest differences both 

regarding clinical features and epidemiology of AQP4-Ab+ NMOSD in these two European 

populations.  

 The following factors support the novelty of this study: (I) population-based data provide more 

precise distribution of different clinical features; (II) the 2015 IPND criteria recognize a broad clinical 

spectrum of seropositive NMOSD; and (III) inclusion only of AQP4-Ab+ NMOSD in the cohort 

prevents potential influence of other NMOSD-like diseases.  

 AQP4-Ab+ NMOSD characteristics in this population-based setting of 134 Danish and Hungarian 

patients with similarly long follow-up showed marked female dominance (90%), frequent occurrence 

of autoimmune comorbidities, and overwhelming relapsing disease course corresponding to previous 

cohorts. [5,16,18,19,26,27] However, there were 18 monophasic cases of whom eight had no 

additional relapse for more than five years: seven of these patients were immunosuppressed since 

disease onset that may explain the monophasic course. Only a single patient had progressive course 

confirming the rarity of this course (0.5-2.0%).[2,28] Brain MRI findings were similar in the two 

countries and to a recent study.[29] Most of the lesions were non-specific, but a low percentage (7% 

and 9%) fulfilled Barkhof criteria of MS.[16,30] Of the patients with an abnormal first MRI, 26% 

had lesions typical for NMOSD. In general, patients had an increase in the number of brain MRI 

lesions over time, most notably in the optic nerve and the dorsal medulla. Earlier studies reported that 



51% to 89% of AQP4-Ab+ NMOSD patients had brain abnormalities, thus our results are in good 

accordance with earlier data.[16,30] LETM is one of the most typical MRI findings in NMOSD. First 

spinal cord MRI at or after diagnosis was abnormal in about 80% similar to another population-based 

study.[16] Up to 7-14% of the first spinal cord MRI at or after diagnosis in AQP4-Ab+ patients with 

TM do not meet the LETM criteria, what we also observed here.[31]  

 It was previously shown that White patients were more often presented with TM and were older 

at disease onset than Asians and Black.[5,9] Motor disability affected Whites more than Asians[5,9], 

while mortality was found highest among Blacks.[8] However, those data were not population-based 

and authors emphasized the need of population-based data.[5] The present population-based study 

found that patients with Danish ethnicity were more like to present with TM, were slightly older, and 

the proportion of late-onset (≥50 years) NMOSD was considerable higher; in contrast, Hungarians 

more often presented with ON. Late-onset NMOSD studies have shown that patients ≥50 years  of 

age had higher risk to develop TM at onset, while the younger patients were more likely to present 

with ON.[32] The Austrian study of AQP4-Ab+ NMO/NMOSD patients reported a high proportion 

of late-onset cases (56%) similarly to the Danish population.[19] Additional differences between 

Danish and Hungarian ethnicities may be related to the more pronounced spinal cord affection among 

Danes. The worst EDSS score was higher in Danish patients, and they were more often wheelchair-

bound or bedridden along with higher need for permanent catheterization at last visit, although the 

total number of TM attacks was not different from the Hungarian cohort. In addition, spinal cord 

MRIs revealed more frequent LETM atrophy among Danish compared to Hungarian patients. 

Although ON at onset was more common among Hungarians, we did not find differences in visual 

outcomes, and the frequency of ON during the observation period was the same in the two 

populations. The treatment approaches were comparable in the two countries and does not seem to 

explain such differences.  

 Besides clinical differences, the age-standardized prevalence and incidence of AQP4-Ab+ NMO 

(2006 Wingerchuk) and NMOSD (2015 IPND) were about twice in Hungary compared to Denmark. 



Environmental or genetic factors can be suspected to contribute to the observed differences. Data on 

possible environmental factors in NMOSD such as latitude, altitude, proximity to ocean, differences 

in diet, or behavior are scarce.[12,17,33] Besides environmental factors, genetic admixture may also 

contribute to the observed differences between Hungary versus Denmark, Sweden and Austria, the 

neighboring population of Hungary for 11 centuries [14,19,27]: the Hungarian population had resided 

in Northern-East Europe and Asia among Nordic, Oriental and Turkish tribes for centuries, until the 

population finally settled in Central Europe some 1100 years ago. Long interaction with the 

neighboring German and Slavic populations and partial occupation by the Ottoman Turks for 150 

years further contributed to the genetic heterogeneity.[23,24] Results of other epidemiological studies 

investigating different ethnicities living in the same geographic area may support the potential role 

of genetic factors in NMOSD (Table 6).[12,14,15,18,20,34] However, the few studies assessing the 

epidemiology of NMOSD in different ethnicities are based on small populations, except the one from 

Australia and New Zealand.[12–15,18,20,34] Genetic associations show ethnic and geographical 

differences: the DRB1*16:02 allele is associated with NMOSD in Asian and Southern Brazilian 

populations, the DQB1*04:02 allele in Europeans, and the DRB1*03:01 allele in Europeans and 

Afro-Caribbeans.[10,11,35,36] NMOSD risk also depends on ancestry associated with differential 

HLA alleles and haplotypes. [10]  

 A limitation of our study may be the retrospective study design that could result in a few 

incomplete data.  Ethnicity was self-identified. At the last population census in Hungary, 14% of the 

people did not give answer for ethnicity 

(http://www.ksh.hu/docs/hun/xftp/idoszaki/mikrocenzus2016/mikrocenzus_2016_12.pdf). 

Therefore, it was not possible to calculate prevalence and incidence estimates purely for Danish and 

Hungarian ethnicities. However, an equal proportion of Danish and Hungarian populations are 

considered ethnic Danes (87%) or ethnic Hungarians (86%) and an equal percentage of the NMOSD 

cases were ethnic Danes (89%) or Hungarians (87%). Therefore, contribution of ethnic minorities to 

the observed differences is very unlikely.  

http://www.ksh.hu/docs/hun/xftp/idoszaki/mikrocenzus2016/mikrocenzus_2016_12.pdf


 In conclusion, in this large population-based international cohort, we extensively characterized 

AQP4-Ab+ NMOSD. We provided the first comparison of the clinical and radiological features of 

AQP4-Ab+NMOSD in two White populations residing in different areas of Europe. Furthermore, we 

found different age-standardized prevalence and incidence of NMOSD. Besides potential 

environmental factors, recent studies in NMOSD support possible genetic factors behind the observed 

differences. These data support both demographic and phenotypic differences in European 

populations and emphasize the need for well-designed and population-based genetic and 

environmental studies in NMOSD. 
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Figure legends 

Figure 1. Flow chart. 

The flow chart presents the multiple sources and the two-steps case ascertainment subdivided into a 

selection and a validation phase.  Expert panels in Denmark (authors: ZI, TP, FS, JF, ES) and 

Hungary (authors: ZI, CR, AI, SK) confirmed all NMO/NMOSD cases.  

 

 

 

 

 



Table 1. Comparison of the clinical features of the Danish and Hungarian population-based 
AQP4-antibody seropositive NMOSD cohorts 

  
All  Danish  Hungarian  

p-value 
n=134 n=35 n=99 

Female sex, n (%) 121 (90) 31 (89) 90 (91) 0.74 

Female:male 9.0:1 8.9:1 9.1:1   

Fulfilled the 2006 
Wingerchuk criteria for 
NMO, n (%) 

71 (53) 20 (57)  51 (52) 0.57 

Time of follow-up 
(months) 90 (1-555) 90 (12-555) 90 (1-450) 0.49 

Coexisting autoimmune 
disease, n (%) 46 (34) 11 (31) 35 (35) 0.83 

Disease course n (%) n=134 n=35 n=99   

Monophasic 18 (13)a 6 (17) 12 (12) 0.56 

Relapsing 115 (86) 29 (83) 86 (87) 0.56 

Progressive 1 (0.7) 0 1 (1) 1.00 

Annualized relapse rate  0.81±1.5 0.55±0.4 0.91±1.8 0.57 

Months between 1st and 
2nd   attack 

n=110 n=28 n=82  

17 (1-339) 17 (1-339) 16.5 (1-242) 0.90 

Age at onset (years)      

Total 41 (6-83) 47 (12-76) 41 (6-83) 0.59 

       Male (n=13) 42 (14-83) 44 (14-74) 41 (16-83) 0.58 

       Female (n=121) 41 (6-76) 47 (12-76) 41 (6-73) 0.80 

Late-onset (≥50 years), n 
(%) 45 (34%) 17 (49%) 28 (28%) 0.03 

Onset attack type, n (%)     

Isolated ON 55 (41) 7 (20) 48 (48) 0.005 

      Isolated bilateral ON 8 (6) 1 (3) 7 (7) 0.68 

      Age of onset (years) 36 (6-70) 28 (14-58) 36 (6-70) 0.28 

Isolated TM 56 (42) 21 (60) 35 (35) 0.009 



      Age of onset (years) 47.5 (12-83) 57 (12-74) 45 (21-83) 0.63 

Area postrema and 
brainstem  9 (7) 3 (9) 6 (6) 0.69 

Symptomatic cerebral 
syndrome 

2 (1) 1 (3) 1 (1)  

Multifocal 12 (9) 3 (9) 9 (9) 1.00 

EDSS: Expanded Disability Status Scale, ON: optic neuritis, n: number, TM: transverse myelitis, 
SD: standard deviation. Mean±SD and median (range) are shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Comparison of the disability outcomes and mortality of the Danish and Hungarian 
population-based AQP4-antibody seropositive NMOSD cohorts 

  
All  Danish  Hungarian  

p-value 
n=134 n=35 n=99 

Visual outcome     

Patient with at least one   
ON, n (%) n=89 n=22 n=67  

Normal 16 (18) 3 (14) 13 (19) 0.75 

Mild 14 (14) 3 (14) 11 (16) 0.10 

Moderate 20 (20) 4 (18) 16 (24) 0.18 

Severe 39 (39) 12 (55) 27 (40) 0.32 

Motor outcome     

Patient with at least one 
TM, n (%) n=119 n=33 n=86  

Walking without aids 67 (56) 16 (48) 51 (59) 0.31 

Walking with stick 9 (8) 1 (3) 8 (9) 0.44 

Walker 16 (13) 4 (12) 12 (14) 1.00 

Wheelchair or bedridden 27 (23) 12 (36) 15 (17) 0.048 

Bladder dysfunction     

Patient with at least one 
TM, n (%) n=119 n=33 n=86  

No 43 (32) 11 (31) 32 (32) 0.83 

Yes, without catheter 39 (29) 7 (20) 32 (32) 0.12 

Yes, with catheter 37 (28) 15 (43) 22 (22) 0.047 

Patients who died n=134 n=35 n=99  

Dead, n (%) 23 (17) 8 (23) 15 (15) 0.31 

Disease duration (months) 68 (1-282) 81 (12-282) 66 (1-247) 0.43 

Age of death (years) 62 (39-83) 65 (39-83) 61.5 (43-78) 0.42 

Most severe EDSS 7.0 (2-10) 7.5 (2-10) 6.5 (2-10) 0.018 

Last EDSS score 4.5 (0-10) 6.0 (0-10) 4.5 (0-10) 0.17 



EDSS: Expanded Disability Status Scale, n: number. ON: optic neuritis, TM: transverse myelitis. 
Median (range) is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Comparison of MRI features of the Danish and Hungarian population-based AQP4-
antibody seropositive NMOSD cohorts, n (%) 

  All  Danish  Hungarian  
p-value 

n=134 n=35 n=99 

Brain MRI n=128 n=34 n=94  

Brain MRI at disease onset* 78 (61) 19 (56) 59 (63) 0.48 

Normal first brain MRI at or after 
diagnosis 53 (41) 11 (32) 42 (47) 0.16 

Abnormal first brain MRI at or 
after diagnosis 75 (59) 23 (68) 52 (53) 0.23 

Barkhof criteria fulfilled, first brain 
MRI at or after diagnosis 10 (8) 3 (9) 7 (7) 0.72 

All follow-up brain MRIs normal 31 (24) 7 (21) 24 (26) 0.64 

Typical NMOSD lesions, first 
brain MRI at or after diagnosis n=33 n=11 n=22  

Optic nerve 11 (33) 3 (27) 8 (36) 0.70 

Chiasma 2 (6) 0 2 (9) 0.54 

Dorsal medulla 7 (21) 0 7 (32) 0.06 

Periependymal surfaces in 
brainstem/cerebellum 13 (39) 6 (55) 7 (32) 0.27 

Large SC or deep WM lesions 3 (9) 2 (18) 1 (5) 0.25 

Hypothalamus, thalamus, 
periependymal surfaces of the third 
ventricle 

1 (3) 0 1 (5) 1.00 

Typical NMOSD lesions, follow-
up MRIs n=49 n=16 n=33  

Optic nerve 24 (49) 6 (38) 18 (55) 0.36 

Chiasma 6 (12) 3 (19) 3 (9) 0.37 

Dorsal medulla 15 (31) 4 (25) 11 (33) 0.74 

Periependymal surfaces in 
brainstem/cerebellum 17 (35) 7 (44) 10 (30) 0.52 

Large SC or deep WM lesions 3 (6) 2 (13) 1 (3) 0.24 



Hypothalamus, thalamus, 
periependymal surfaces of the third 
ventricle 

4 (8) 1 (6) 3 (9) 1.00 

Corpus callosum 3 (6) 1 (6) 2 (6) 1.00 

Spinal cord MRI n=130 n=34 n=96  

Spinal cord MRI at disease onset* 66 (51) 20 (59) 46 (48) 0.27 

Normal first spinal cord MRI at or 
after diagnosis 24 (18) 4 (12) 20 (21) 0.30 

Abnormal first spinal cord MRI at 
or after diagnosis 106 (82) 30 (88) 76 (79) 0.30 

Abnormal spinal cord MRI, follow-
up 117 (90) 33 (97) 84 (88) 0.18 

LETM first spinal cord MRI at or 
after diagnosis 94 (72) 27 (79) 68 (71) 0.50 

LETM length first spinal cord MRI 
at or after diagnosis 5.5 (4.0-9.5) 5.5 (3.5-9.0) 5.25 (4.75-10.0) 0.37 

LETM, follow-up 108 (83) 32 (94) 76 (79) 0.06 

LETM atrophy, follow-up 28 (22) 15 (44) 13 (14) <0.000 

Length of LETM atrophy, median 6 (4.5-10.5) 5 (6.0-11.0) 7 (3.75-10.75) 0.18 

Only short TM, first spinal cord 
MRI at or after diagnosis 9 (7) 3 (9) 6 (6) 0.70 

TM: transverse myelitis, LETM: longitudinally extensive transverse myelitis, MRI: magnetic 
resonance imaging; SC: subcortical, WM: white matter, n: number 

*within 3-months after the first attack 

 

 

 

 

 

 



Table 4. Treatments in the Danish and Hungarian population-based AQP4-antibody 
seropositive NMOSD cohorts, n (%) 

 
Danish 

n=35 

Hungarian 

n=99 
p-value 

Number of patients treated with approved MS 
treatment 7 (20) 11 (11) p=0.25 

First choice of treatment     

Interferon beta-1a 5 (14) 5 (5)  

Interferon beta-1b 2 (6) 3 (3)  

Glatiramer acetate 0 (0) 3 (3)  

Mitoxantrone 1(3) 0  

Prednisolone 4 (11) 11 (11)  

Azathioprine 15 (43) 32 (32)  

Azathioprine+prednisolone (more than 6 months) 4 (11) 36 (36)  

Rituximab 1 (3) 0   

Azathioprine+cyclosporine 1 (3) 0   

Intravenous immunoglobulin 0  1 (1)  

Treatment at the last follow-up    

Azathioprine 8 (23) 37 (37)  

Azathioprine+prednisolone (more than 6 months) 4 (11) 18 (18)  

Methotrexate 1 (3) 0  

Rituximab 3 (9) 4 (4)  

Ofatumumab 2 (6) 0  

Cyclosporine 1 (3) 1 (1)  

Azathioprine+cyclosporine 1(3) 0  

Eculizumab 1(3) 0  

Mycophenolate mofetil 0 3 (3)  

Prednisolone 0 2 (2)  

Azathioprine+rituximab 0 2 (2)  

Methotrexate+rituximab 0 1 (1)  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mycophenolate mofetil+rituximab 0 1 (1)  

Time to the first immunosuppressive treatment 
from disease onset (months) median, range 

17 (0-
467) 15 (0-382) p=0.62 

Number of treatment switches with different 
immunosuppressive treatments (%) 1 (1-5) 1 (1-5) p=0.65 

1 19 57  

2 5 21  

3 3 9  

4 2 2  

5 1 1  



Table 5. Comparison of the age-standardized prevalence and incidence of the AQP4-antibody 
seropositive NMOSD and NMO based on 2015 IPND and 2006 Wingerchuk criteria between 
Denmark and Hungary (prevalence: per 100,000; incidence: per 100,000 person-years) 

CI: confidence interval, IPND: The International Panel for NMO diagnosis   

    Denmark Hungary p-value 

AQP4-Ab+ 
NMOSD,  

2015 IPND criteria 

Number of prevalent cases 35 94   

Age-standardized 
prevalence  0.666 1.43 

0.0002 

(January 1, 2014) 95%CI 0.456-0.953 1.15 -1.75 

Number of incident cases 18 69   

Age-standardized incidence  0.0377 0.1146 
0.0000 

(2007 - 2013) 95%CI 0.0217-0.0641 0.0885-0.148 

AQP4-Ab+ NMO, 

2006 Wingerchuk 
criteria 

Number of prevalent cases 19 49   

Age-standardized 
prevalence  0.391 0.747 

0.0159 

(January 1, 2014) 95%CI  0.231-0.616 0.557 -0.996 

Number of incident cases 7 29   

Age-standardized incidence  0.0154 0.0527 
0.0044 

(2007 - 2013) 95%CI 0.0057-0.0338 0.035-0.075 



 

Table 6. Epidemiological studies of different ethnicities (prevalence: per 100,000; incidence: per 100,000 person-years) 

A, Head-to-head comparative studies of different ethnicities living in different geographic areas 

  Country/Ethnicity Population (million) Prevalence Incidence 

Flanagan et al., 
2016[13] 

- USA  

(Olmsted county) 
0.14 3.9 (0.8 - 7.1) 0.07 (0.00 - 0.21) 

Black - French 
Martinique 0.39 10 (6.8 - 13.2) 0.73 (0.45 - 1.01) 

Present study 
White - Hungary 

White - Denmark 

6.4 

4.6 

1.72 (1.41 - 2.70) 

1.06 (0.79 - 1.41) 

0.13 (0.10 - 0.17) 

0.06 (0.04 - 0.09) 

B, Head-to-head comparative studies of different ethnicities living in the same geographic area 

  Country  Population (million)  Prevalence Incidence 
 

Jacob et al., 2013[15] United Kingdom 
(Merseyside county) 1.14  

White: 0.66 (0.27 - 1.37) 
  

 non-White: 1.8 (0.05 - 10.04) 

Daniëlle van Pelt et al., 
2016[34] Netherlands 16.6   

White: 0.08 (ns) 

non-White: 0.19 (ns) 

Bukhari et al., 2017[12] Australia & New 
Zealand 27.7 

Asian: 1.57 (1.15 - 1.98)  
  

Other: 0.57 (0.50 - 0.65) 

Hor et al., 2018[18] 
Malaysia  

(Penang Island) 
0.70 

Chinese: 3.31 (1.76 – 5.67) 
  

Malays: 0.43 (0.01 – 2.38) 

0.65 White: 1.4 (0.7 - 2.7)  



 

O'Connell et al., 
2020[20] 

United Kingdom 
(Oxfordshire) 

African-Caribbean: 16.6 (2.0 - 
60.1) 

 


