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A 50-year follow-up of the incidence
of multiple sclerosis in Hordaland
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Abstract—Objective: To assess longitudinal follow-up of the incidence of multiple sclerosis (MS) through five decades and
estimate the prevalence rate in Hordaland County, Norway, on January 1, 2003. Methods: All patients with MS diagnosed
from 1953 to 2003 were identified in the patient records of the Department of Neurology, Haukeland University Hospital,
Bergen, Norway. The diagnostic criteria of Poser et al. were applied and only patients with definite and probable MS were
included. The study comprises 912 patients, and 666 patients with MS were living in Hordaland on January 1, 2003. The
annual incidence rates for the years 1953 to 2003 were calculated. Results: The total crude prevalence rate on January 1,
2003, was 150.8 per 100,000 population: 191.3 per 100,000 among women and 109.8 per 100,000 among men. The annual
incidence of MS increased from 1.8 per 100,000 in 1953 to 1957 to 6.0 per 100,000 in 1993 to 1997. Conclusions: Hordaland
County, Norway, has changed from a low-risk to a high-risk area for multiple sclerosis (MS) during the last 50 years.
During the last 25 years, the incidence of MS has been stable rather than increasing. Systematic longitudinal follow-up
studies are essential to calculate reliable prevalence and incidence rates in MS. The results suggest that both method-

ologic and environmental factors are essential in determining the distribution of MS.
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Few epidemiologic studies have focused on long-term
follow-up of multiple sclerosis (MS) prevalence and
incidence. Only three studies report substantial ob-
servations of 30 years or more: a 95-year follow-up
from Olmsted County, MN, USA,’ a 50-year
follow-up in Denmark,? and a 30-year survey from
Padova, Italy.? Long-term continuous registration of
MS is essential to provide reliable estimates of inci-
dence and prevalence.

MS is unevenly distributed in Norway. Early stud-
ies reported that MS was rare in the western and
northern parts and more common in the eastern and
central parts.*® Several subsequent reports at differ-
ent times confirm this uneven distribution of MS.
Reports of increasing prevalence rates, however, es-
tablish Norway as a moderate- to high-risk area,
with prevalence rates ranging from 73.0 to 163.3 per
100,000 population (figure 1).712

In Hordaland County in western Norway, previ-
ous studies reported incidence rates increasing from
0.2 per 100,000 in 1935 to 1948* to 0.67 per 100,000
in 1951 to 1965° and 4.7 per 100,000 in 1978 to
1982.13 The prevalence of MS increased from 20 per
100,000 in 1960 to 60 per 100,000 in 1983.'5

We sought to assess the trends in MS incidence
and prevalence in Hordaland County over a period of

five decades, based on the continuous registration of
MS from 1953 to 2003.

Methods. Hordaland County is geographically located in West-
ern Norway, between latitudes 59°30’ and 61°N (figure 1). The
county has a long coastline and numerous fjords and inland areas
with mountains and valleys. The climate is humid temperate, and
the mean annual temperature is +7.7 °C, ranging from average
2.6 °C in December to 14.5 °C in July. The main occupations are
industry, commerce and services, agriculture, and fisheries. The
total area is 16,634 km?2 The population in Hordaland was
317,384 on January 1, 1953, and 441,660 on January 1, 2003. The
main city is Bergen, but almost half the population lives in small
villages and rural areas. The coastline is sparsely populated com-
pared with inland. The migration rate ranges from 3.5 to 10.1%
(in the city of Bergen, which attracts students and people em-
ployed in services and commerce). Since 1973, the migration rate
has been stable, ranging from 3.6 to 4.9%.

Case ascertainment. Patients were identified from the patient
records of the Department of Neurology at Haukeland University
Hospital in Bergen. The department opened in 1953 and is the
only department of neurology in the county, being responsible for
the regional neurologic health care service. Neurologists in private
practice work in close collaboration with the hospital, and all
patients diagnosed with MS are referred to the hospital for MRI
and spinal fluid analysis. Data files from previous epidemiologic
studies in the county were also available.'®'>'7 In addition, we also
evaluated all the patient records of patients with optic neuritis at
the Department of Ophthalmology.

Statistics Norway and the National Population Registry pro-
vided information on the patients’ place of residence on the preva-
lence day and on the time of onset.
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Troms and Finnmark Counties 1993 (10)
73.0/100 000

Nordland County 1993 (11)
105.6/100 000

Msre and Romsdal County 1985 (9)
75.4/100 00O

Hordaland County 2003 (present study)
150.8/100 00O

Vestfold County 1983 (8)
86.4/100 000

Patients. Medical records from all patients with MS with clin-
ical onset from 1953 to 2003 or living in Hordaland County were
obtained and scrutinized for clinical and demographic informa-
tion. The data included gender, age, place of birth and time (year),
and place of residence at onset and diagnosis. Onset of disease
was defined as the year of the initial symptom(s). Time of diagno-
sis was defined as the year a neurologist made the diagnosis. The
clinical course at diagnosis was classified as relapsing-remitting
or primary progressive.'® The records from previous studies apply-
ing the diagnostic criteria of McAlpine'® were reassessed using the
diagnostic criteria of Poser et al.? Cases first diagnosed with MS
that later developed another clinical diagnosis were excluded.

The Regional Committee for Medical Research Ethics in West-
ern Norway and the Norwegian Data Inspectorate approved the
study.

Prevalence and incidence. The prevalence rate was defined as
the number of MS patients per 100,000 inhabitants living in
Hordaland County on January 1, 2003. The calculation included
patients with definite and probable MS. We also calculated the
age-specific prevalence by gender stratified in age groups.

The crude annual incidence rate of MS was defined as the
number of new cases with onset of disease per 100,000 inhabitants
per year. Only patients with onset when living in Hordaland
County during 1953 to 2003 were included in the incidence calcu-
lations. Incidence calculations were based on the year of onset of
MS. The average annual age-adjusted incidence rate was calcu-
lated for 5-year periods from 1953 to 2003 using the European
standard population? as reference.

Statistical analysis. We used the ¢ test to determine differ-
ences in mean age at onset grouped by diagnostic classification,
course of disease, or gender.

The incidence rates were calculated based on the number of
patients with onset during the year and the county population by
January 1 each year. We calculated 95% CIs based on the Poisson
distribution for describing the variation in the number of events
during a period of time. The trend test for the annual number of
patients was based on the assumption that the numbers of cases
each year show an independent Poisson distribution. The statisti-
cal software packages SPSS 11 (SPSS, Chicago, IL) and StatXact
5 (Cytel Software, Cambridge, MA) were used for the analysis.

Results. A total of 878 patients had onset of MS in
Hordaland between 1953 and 2003. Of these, 632 were still
alive and living in the county on the prevalence day. In-

Nord-Trendelag County 2000 (7)
163.6/100 000

Figure 1. Reported prevalence of multi-
ple sclerosis (MS) in Norway. The
counties studied for MS are hatched.

City of Oslo 1995 (12)
136.0/100 000

cluding 29 patients that had moved into the county and 5
with onset before 1953, a total of 666 patients were living
in Hordaland on January 1, 2003.

Definite MS was classified in 565 (84.8%) patients, and
101 (15.2%) were classified as probable MS. Relapsing—
remitting course was observed in 604 (90.7%), and 62
(9.3%) had primary progressive MS. The proportion of
women was 63.8%. Table 1 shows the material by diagnos-
tic classification, disease course, gender distribution, and
mean age at onset.

Records from 122 patients initially classified in previous
studies as possible MS according to McAlpine'® were reas-
sessed applying the diagnostic criteria of Poser et al.?°
Seventy-three (59%) of the 122 cases were classified as
either definite or probable MS. Forty-nine patients were
excluded. Twenty-nine of these were classified as having a

Table 1 Demographic and clinical data on the prevalence day,
January 1, 2003

Mean age
n % at onset, y P
Diagnostic classification
Definite MS 565 84.8 32.0 0.19
Probable MS 101 152 33.4
Course of disease at onset
Remitting—relapsing MS 604  90.7 31.4 <0.001
Primary progressive MS 62 9.3 40.4
Gender
Women 425 63.8 32.2 0.99
Men 241  36.2 32.2
Total 666 32.2

MS = multiple sclerosis.
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Table 2 Time delay from onset of disease until diagnosis in
5-year periods from 1953 to 2003

Year of onset Mean, y Median, y Range, y
1953-1957 9.8 7.0 0-35
1958-1962 9.9 5.0 1-38
1963-1967 6.8 5.5 0-27
1968-1972 6.9 4.0 0-33
1973-1977 7.0 4.5 0-27
1978-1982 4.9 3.0 0-21
1983-1987 3.3 2.0 0-16
1988-1992 2.5 1.0 0-13
1993-1997 1.9 1.0 0-7
1998-2002 0.9 0.5 04

monophasic disease without evidence of dissemination at
the time of follow-up, and 20 cases were classified as
non-MS.

The average time interval from the onset of the disease
to diagnosis declined from 9.8 years (mean) in 1953 to 1957
to 1.9 years in 1993 to 1997 (table 2).

Prevalence. The crude prevalence rate was 150.8 per
100,000 population (95% CI: 139.6 to 162.7) on January 1,
2003: 191.3 per 100,000 (95% CI: 173.5 to 210.3) among
women and 109.8 per 100,000 (95% CI: 96.4 to 124.6)
among men. The ratio between women and men in the
prevalence cohort was 1.7. The female excess in MS was
most prevalent in the age group 40 to 49 years (figure 2).

Incidence. The incidence rate increased (p < 0.0001)
from 1953 to 1998 for both men and women (table 3). The
age-adjusted annual incidence rate measured in 5-year in-
tervals increased from 1.8 per 100,000 in 1953 to 1957 to
6.0 in 1993 to 1997, peaking at 6.9 per 100,000 in 1978 to
1982. The increase in incidence among women in 1978
to 1982 was the main contributor to this peak. The ratio
between women and men in the incidence cohort was 1.3 to
1.9 the whole period, except for 1978 to 1982, peaking
at 2.4.
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Figure 2. Age-specific prevalence rates of multiple sclerosis
in Hordaland County by gender on January 1, 2003. Hori-
zontal axis: “age (years); vertical axis: prevalence of multi-
ple sclerosis per 100,000 population.
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Discussion. The MS incidence increased signifi-
cantly in Hordaland County, Norway, during the last
50 years. Previous studies of the same population
over the years have shown a gradually increasing
incidence from early 1950 to 1982.46.13.1517 After
1982, the annual incidence stabilized at about 6 per
100,000. Similar observations have been reported
from Mgre and Romsdal®?? and Nord-Trgndelag
Counties.” In contrast, reports from Vestfold,® Troms,
and Finnmark'® Counties show a fluctuating pattern
of incidence.

The crude prevalence rate in Hordaland County
on January 1, 2003, was 150.8 per 100,000 popula-
tion. Similar studies from Oslo County (136.0 per
100,000) in southeastern Norway'? and in Nord-
Trgndelag County (163.6 per 100,000) in central Nor-
way’ also report an increasing prevalence. Although
relatively lower, the prevalence rate (73.0 per
100,000) has also increased in the northernmost
counties of Troms and Finnmark.!® Similar high
prevalence rates have recently been reported in cen-
tral Finland (105 per 100,000),2*> Denmark (112 per
100,000),? and northern Sweden (154 per 100,000).2*
Thus, more recent and repeated surveys in the Nor-
dic countries frequently seem to document higher
prevalence rates, possibly because of a decreasing
risk of selection bias caused by better case finding
and more accurate diagnostic workup.?®

However, the characteristics of MS that may ham-
per accurate case ascertainment in MS are lack of a
specific diagnostic test, relatively low prevalence of
the disease, and the time delay of several years be-
tween onset and diagnosis. The decreasing incidence
rate during 1998 to 2002 (table 3) is related to the
use of the year of onset in the analysis; thus, pa-
tients diagnosed after this period were not included.
Accordingly, the time delay from onset to diagnosis
was underestimated (table 2). Crucial for comparing
incidence and prevalence at different time points are
also population characteristics such as the variation
in population size, age structure, survival, and mi-
gration patterns. We therefore applied the age-
adjusted incidence to counteract possible variation in
population characteristics. By adopting identical di-
agnostic classifications for the total Hordaland sam-
ple, we made the data comparable throughout the
whole observation period. This methodologic ap-
proach and the long-term follow-up probably explain
the modification of previous reported fluctuations in
incidence.'?

An obvious methodologic disadvantage of using
retrospective data is the problem of subjective recall
of the time of onset. Thus, the incidence figures
based on the year of onset method may be biased due
to migration between onset and diagnosis. However,
the calculation methods only marginally influence
the prevalence figures, as all recorded MS cases are
included. The year of diagnosis procedure used in
several studies,'>? in addition to being less biologi-
cally applicable, could also present biased incidence
estimates due to changes in diagnostic procedures.

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Table 3 Number of cases and crude and age-adjusted annual incidence rates per 100,000 population for MS with onset from 1953 to

2002 in 5-year periods by gender

Women Men Total
Average Incidence Incidence Incidence Age-adjusted
Years population Cases (95% CI) Cases (95% CI) Cases (95% CI) incidence
1953-1957 323,613 16 1.9(1.1-3.2) 12 1.5 (0.8-2.6) 28 1.7 (1.2-2.5) 1.8
1958-1962 338,687 26 3.0 (2.0-4.4) 17 2.0 (1.2-3.3) 43 2.5(1.8-3.4) 2.7
1963-1967 353,836 30 3.3(2.3-4.8) 19 2.2 (1.3-3.4) 49 2.8 (2.1-3.7) 3.1
1968-1972 368,469 45 4.8 (3.5-6.4) 35 3.9 (2.7-5.4) 80 4.3 (3.3-5.4) 4.9
1973-1977 384,433 66 6.8 (5.3-8.6) 33 3.5(2.4-4.9) 99 5.2 (4.2-6.3) 5.6
1978-1982 390,791 93 9.4 (7.6-11.6) 38 3.9 (2.8-5.4) 131 6.7 (5.6-8.0) 6.9
1983-1987 398,056 71 7.1(5.5-8.9) 55 5.9 (4.5-7.6) 126 6.3 (5.3-7.5) 6.6
1988-1992 409,438 83 8.0 (6.4-10.0) 47 4.6 (3.4-6.2) 130 6.4 (5.3-7.5) 6.2
1993-1997 422,283 79 7.4 (5.9-9.3) 48 4.6 (3.4-6.1) 127 6.0 (5.0-7.2) 6.0
1998-2002 435,167 36 3.3(2.3-4.6) 29 2.7(1.8-3.9) 65 3.0 (2.3-3.8) 3.0

p < 0.0001 for increasing trend from 1953 to 1998.

MS = multiple sclerosis.

The year-of-onset approach is most frequently used,
however, and hence most suited for comparing
results.

The time interval from onset to diagnosis gradu-
ally declined throughout the study period. This phe-
nomenon has been observed in several studies in
Norway,”?111215 guggesting that general health care
and neurologic services for the population improved
gradually over the years. However, the patients with
onset of disease toward the end of the observation
period necessarily have a shorter interval between
onset and diagnosis. Diagnostic awareness in the
public health service system should be considered
when evaluating the prevalence and incidence fig-
ures. Earlier diagnosis and changes in diagnostic cri-
teria may contribute to increased incidence and
prevalence rates.?® The proportion of people with
only minor symptoms and signs diagnosed with MS
may be increasing due to the increased awareness of
MS and the availability and easier access to MRI
and CSF analysis. Health care was relatively equita-
bly distributed during the whole period, and resi-
dents of Norway are universally covered by the
welfare system, thus having equal financial access to
diagnostic procedures and health care, giving this
study validity. The introduction of disease-modifying
drugs during the last decade has led to an even
higher diagnostic awareness focusing on early treat-
ment. We could not trace the rapid increase in inci-
dence corresponding to improved diagnosis due to
MRI as observed in central Finland,?* probably be-
cause of our year-of-onset approach. The elevated
diagnostic awareness might explain the stable in-
crease in incidence but is insufficient to determine
the gender-specific MS increase and the temporal
variability of the disease.

A marked increase in incidence similar to that
observed in Hordaland in 1978 to 1982 has previ-

ously been reported in western Norway, in Mgre and
Romsdal County in 1975 to 1979,2? and in Nord-
Trgndelag County in 1984 to 1988.7 In these three
studies, the incidence peak is mainly due to gender
variation. The peak in female incidence during 1978
to 1982 in our study was nonsignificant (overlapping
CI; table 3) and could be a result of natural fluctua-
tions. However, different trends between the sexes
have recently been observed in Finland.?” This ob-
served temporal similarity in incidence by gender in
three different counties in Norway points also to pos-
sible exogenous factors such as infections, as a con-
tributor to the marked increase. Our results support
the hypothesis of interactions between genetic back-
ground and environmental factors as a possible
cause of MS.

An upward trend in incidence followed by a stable
rate of MS during the 1970s was also reported in
Olmsted County, MN, a population with a great pro-
portion of people of Fennoscandinavian ancestry.!
Our data confirm this finding, showing a stable inci-
dence during the last 25 years. This stability indi-
cates the likelihood of a genetically susceptible
population exposed to exogenous factors that remain
stable over time. Thus, given a stable population at
risk both in genetic susceptibility and in exogenous
factors, the stable incidence during the last 25 years
could be explained by a ceiling effect; that is, diag-
nostics methods and case ascertainment are near
optimal. This hypothesis is compatible with expecta-
tions of no further increase in incidence.

We cannot rule out a possible influence by any
exogenous factors, although this is less likely. Such
an influence could have contributed to the increased
incidence until the 1970s. Any changes in exogenous
factors at that time point leading to reduced risk of
MS could contribute to further stabilization of the
incidence. Thus, we should then expect a decline in
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incidence, an observation not substantiated in our
study. A recent research report has challenged the
hypothesis of an association between common child-
hood infections such as measles, varicella, rubella,
mumps, and pertussis and an increased risk of MS.2®
However, recent research suggests that immuniza-
tion with recombinant hepatitis B is associated with
an increased risk of MS.? Our data may indicate
that exogenous factors vary over time and may affect
men and women differently. The hypothesis of dis-
persion of MS over the last 50 years in Sweden has
also taken into account the complex causation of MS
as the interplay of genetic predisposition and exoge-
nous factors.?® Further analytical studies need to
trace the hypotheses of infections, nutrition, and life-
style factors on an individual level, as suggested in
this article.
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