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Abstract

Multiple sclerosis (MS) is a chronic autoimmune condition primarily affecting women and often diagnosed during child-
bearing years. This study assessed the impact of the lookback period and calculation method on MS prevalence in three
healthcare data sources including women of childbearing age (from Italy, Norway and Wales) and three data sources
including pregnant women (from France, Finland and Spain). Women aged 15 to 49 years from 2005 to 2019 were
included, data from pregnant women were collected around the pregnancy period. MS cases were identified based on at
least one MS diagnosis or one dispensation for an MS-specific medication. All data sources provided inpatient diagnoses
and medication data; outpatient diagnoses were available in Norway and Finland, and primary care diagnoses in Norway,
Finland and Wales. We assessed MS case detection rate by lookback period, and compared three methods for estimating
yearly MS prevalence: period prevalence (PP), average point prevalence (APP) and person-time prevalence (PTP). The
estimated lookback periods to identify 95% of MS cases ranged from 6 to 9 years. APP and PTP provided lower preva-
lence estimates than PP, especially when the lookback to identify MS was short. In women of childbearing age, MS preva-
lence increased over time with all calculation methods and the highest MS prevalence was observed in Norway (PP of 402
per 100,000 in 2019). Finland showed the highest MS prevalence in pregnant women (PP of 218 per 100,000 in 2018).
This study highlights the importance of sufficient lookback and available data to accurately estimate MS prevalence.

Keywords Prevalence calculation methods - Lookback - Multiple sclerosis - Administrative healthcare data sources -
Women of childbearing age - Pregnant women

Background

Multiple sclerosis (MS) is a chronic autoimmune condition
affecting the central nervous system. It is characterized by
the destruction of myelin by the immune system. Women
are two to four times more likely to be affected than men,
with a diagnosis generally occurring during their childbear-
ing years [1-3]. The prevalence of MS has been steadily
increasing worldwide over the past few decades. Better
disease management, improved diagnostic techniques, and
more exhaustive case recording are the three main factors
explaining this increase in prevalence [4].
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In Europe, MS prevalence varies geographically, with
higher prevalence observed in northern regions [5—11].
Beyond geographical differences, methodological dis-
parities among studies also contribute to these variations.
Indeed, the data sources available and the criteria used to
identify the disease can significantly impact prevalence esti-
mates. Additionally, variations in lookback windows can
lead to substantial differences in prevalence estimates, high-
lighting the significant impact of design choices on preva-
lence estimation in healthcare databases [12].

In addition to the different methodologies used to iden-
tify the disease, the prevalence calculation method itself
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may also vary between studies, contributing to the hetero-
geneity of reported MS prevalences. Indeed, prevalence can
be assessed at a specific point in time (point prevalence)
or during a period of time (period prevalence) [12, 13].
While most epidemiological studies on MS report point
prevalence, some studies calculate prevalence over a year
[10]. When calculating point prevalence of a disease, the
selection of the time point is crucial if the prevalence of
the disease is associated with temporal changes (for exam-
ple selecting a date in winter may increase estimates of the
prevalence of depression). This can be overcome by aver-
aging point prevalence measures at regular intervals during
the specified period. Period prevalence can be calculated by
identifying all people with the specified diagnosis during the
specified period of time, which will also overcome the effect
of temporal changes. However, if there is a great movement
in and out of the study population, then the length of time
each person is in the study needs to be included in the preva-
lence calculations.

Within the ConcePTION project, we aim to explore the
use and safety of MS medications during pregnancy using
several European healthcare data sources. The first step is
to identify women with MS by comparing the prevalence
estimates from different algorithms to find the most accu-
rate one. However, calculating MS prevalence using differ-
ent data sources involves several methodological choices.
This study aims to explore the effect of the lookback period
on MS prevalence and to compare three methods to esti-
mate the prevalence of MS, among women of childbearing
age and pregnant women, in six European healthcare data
sources.

Methods
Study population

The study population consisted of women aged between 15
and 49 years (i.e. all women of childbearing age including
pregnant women), between 2005 and 2019 from six Euro-
pean data sources.

Data sources

The study was conducted using health care data sources
from six European countries: Finland, Haute-Garonne
(France), Emilia Romagna (Italy), Norway, Valencian
Region (Spain) and Wales (UK). Detailed information on
the data sources are given in online supplementary Table 1.
Briefly, in Finland and Norway, data are from administrative
health registries with national coverage including birth, pre-
scription, primary and specialized health care registries. The
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records from all registries are linkable at the individual level
by a unique national person identifier. In Haute-Garonne
(France), data are from the population-based EFEMERIS
cohort of pregnant women living in Haute-Garonne contain-
ing administrative health care data on pregnancy character-
istics, outcomes and child health. In Emilia Romagna (Italy)
and Valencian Region (Spain), data originate from regional
administrative health databases and registries. They include
diagnoses from hospital and specialist care contacts (only
for the Italian data source) and drug dispensing data. In
Wales (UK), data are linked in the SAIL databank [14, 15];
for this study, hospital admissions data (national coverage)
was linked with primary care data, including all prescrip-
tions issued in primary care. Some 85% of Wales’ primary
care practices contribute data to SAIL.

The Italian, Norwegian, and Wales data sources pro-
vided data on women of childbearing age, with complete
data coverage during the study period. The Spanish, Finn-
ish, and French data sources provided data only on pregnant
women. In Finland, diagnosis data from patient registries
was available continuously during the study period, but pre-
scription data was only available from three months prior to
pregnancy until three months after the end of pregnancy. In
Spain, diagnosis and prescription data was available con-
tinuously from 2013 to 2019. In France, the prescription
data was available from 2.5 months prior to Last Menstrual
Period (LMP) until the end of pregnancy and maternal diag-
nostic data (from inpatient data) was available only during
the pregnancy.

Study period

The study period ran from 1st January 2005 to 31st Decem-
ber 2019. The number of women included, the exact study
periods and the median follow-up for each data source are
listed in Table 1. Data may be incomplete in some databases
owing to the time and nature of data collection (online sup-
plementary Table 1). The Welsh data source included his-
torical data from 1 January 1998 to 31 December 2004 for
women resident in Wales in the study period.

For each data source including women of childbearing
age, the cohort entry date was the latest of the four follow-
ing dates: the date they joined the data source, the date of
their 15th birthday, 1st of Jan of the earliest year of data
available in the data source or January 1st, 2005. The cohort
exit date was the earliest of the four following dates: the
date they left the data source, the date of death, the date of
their 50th birthday or December 31st, 2019.

For the data sources including only pregnant women, we
restricted data collection to 3 months before to 3 months
after pregnancy to be homogeneous between these data
sources: for Spain and Finland, the cohort entry date was



Methods of estimating prevalence of multiple sclerosis in six European healthcare data sources: a contribution...

Table 1 Study population and
study period in the six data
sources

! In Wales, additional his-
torical data were available from
01/01/1998 for women in the
study population

2IQR: Interquartile range

3 From 2.5 months before preg-
nancy to end of pregnancy for
the French data source

NA=Non-available

Country/Region Study population  Study period Number Median
of women follow-up in
included years (IQR?)
Italy/Emilia Romagna Women of 01/01/2009 1,371,568 9.1 (4.5-11)
childbearing age -31/12/2019
Norway/ National (15-49) 01/01/2008 1,612,782 10.5 (5.5-11)
-31/12/2019
UK/Sample of Wales population 01/01/2005 729,751 19.7
(70%) -31/12/2019" (14.5-22)
Finland/ National Pregnant women 01/01/2005 482,968 2.5(1.34.8)
aged 1549 (data  -31/12/2018
Spain/Valencian Region from 3 months 01/01/2013 189,380 1.3(1.2-1.3)
before LMP to 3 -31/12/2019
France/Haute-Garonne months after end of 1012005 103,330 1(1-3)

pregnancy”) -31/12/2019

3 months before the 1st day of LMP of the first pregnancy
and the cohort exit date was 3 months after the end of the
last pregnancy; in the French data source, the cohort entry
date was 2.5 months before LMP of the first pregnancy and
the cohort exit date was the end of the last pregnancy. In
these data sources, follow-up could contain several obser-
vation periods corresponding to the different pregnancies,
separated by periods with no data available.

Inclusion criteria

For the data sources including women of childbearing age
(i.e. Italian, Norwegian, and Wales data sources), only
women who had complete coverage for at least 365 con-
secutive days in the study period were eligible.

For the data sources only including pregnant women (i.e.
Spanish, Finnish, and French data sources), all complete
pregnancy periods lying within the study period for women
aged between 15 and 49 years-old during the entire preg-
nancy period were included in the study. In the Spanish data
source, the ConcePTION pregnancy algorithm was used to
identify pregnancy episodes, establish the pregnancy type of
end and to estimate the pregnancy start date (corresponding
to the LMP date) and pregnancy end date [16].

MS identification

Based on the results of our study comparing different algo-
rithms to identify MS (article in print: DOI https://doi.org
/10.1007/s10654-025-01264-3), MS cases were identified
based on the presence of at least one MS-diagnosis or at
least one dispensation (or prescription in Wales) for MS-
specific Disease modifying therapies (DMT) during the
study period and using the historical data from Wales. This
algorithm most closely aligned with published prevalence
in the countries in our study, and was used and validated
in previous studies [7, 17-21]. Codes for MS diagnosis are

listed in online Supplementary Table 2 and codes for MS-
specific DMT are listed in online Supplementary Table 3.

Statistical analyses according to type of data
source

Analyses conducted in data sources contributing
with women of childbearing age

Effect of the lookback length on MS period prevalence

This analysis was conducted among women of childbear-
ing age with more than ten years of lookback as of the
31st December 2019. The number of women with MS was
assessed using lookback periods of 1, 2, 3, 5, 8 years, or
the entire lookback period. The detection rate of MS cases
according the lookback period was then calculated by divid-
ing the number of MS cases identified using lookback peri-
ods of 1, 2, 3, 5, or 8 years, compared to those detected
using the entire lookback period (10 years or more), in each
data source. Using RStudio, logistic regressions were per-
formed and MS cases detection rate was predicted and plot-
ted for lookback periods ranging from 1 to 22 years, in each
data source.

MS prevalence calculation methods

Yearly MS prevalence per 100,000 women of childbearing
age was assessed over the entire study period using 3 dif-
ferent calculation methods: period prevalence (PP), average
point prevalence (APP), person-time prevalence (PTP). Fig-
ure | illustrates prevalence calculation over different peri-
ods, using these 3 methods. 95% Confidence interval (95%
CI) were calculated using the Wilson score method. Results
were plotted by year and by calculation method, for each
data source.
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Average Point | o 15 (0 x 7+ 1/4 x 5)/12 0,22
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Person-time 0.14 Numerator = 168 days 0.21
Prevalence ’ Denominator=1,190 days ’

Observable time

Fig. 1 Example of prevalence calculation with three different methods
among Women of childbearing age (WOCA) per year. Period preva-
lence is the ratio of the number of women with the disease to the num-
ber of women in the study. Average point prevalence is the average of

PP was calculated as follows: the numerator included all
women observed for at least one day during each year of
interest and identified with MS before the end of the year of
interest and the denominator included all women observed
for at least one day during the year of interest. The unit was
the woman of childbearing age. Additionally, the annual
PP corrected for the lack of lookback available in the early
years of the data source have been estimated, using the pre-
dicted detection rate of MS cases for lookback periods rang-
ing from 1 to 22 years. We multiplied the observed PP value
by the inverse of the predicted detection rate according to
the years of lookback.

APP involved calculating a point prevalence on the 1st
day of each month during the year of interest; the preva-
lence during the year of interest was the average of all
these points. The point prevalence was calculated as fol-
lows: number of women in the study and identified with MS
before or on the 1st day of the month divided by the number
of women in the study on the 1st day of that month. The unit
of analysis was the woman in the data source population.
PTP consisted in dividing the number of person-days with
MS during the year of interest, by the number of person-
days observable in the year of interest.

Analyses conducted in data sources contributing with
pregnant women

The three methods to calculate MS prevalence were also

computed within the data sources contributing with pregnant
women, characterized by short and discontinuous follow-up
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Calculation details Value Calculation details
Numerator = 1 020 Numerator = 1
Denominator=5 ’ Denominator=5
(1/4x4 +1/5x8)/12 0,13 (1/5x8+0x4)/12
Numerator = 365 days 0.14 Numerator = 227 days

Denominator=1,720 days Denominator=1,612 days

B Observable time with disease ' Point prevalence

monthly point prevalences calculated on the first day of each month.
Person-time prevalence is the ratio of the number of sick days to the
total number of person-days in the study

periods. MS prevalence per 100,000 pregnant women was
assessed by year between 2005 and 2019 using the 3 dif-
ferent calculation methods described above: PP, APP, PTP.
95% CI were calculated using the Wilson score method.

Software and common data model

All Data Access Providers (DAPs) extracted an instance
from their data source that was large enough to support the
study design, and mapped them into the ConcePTION Com-
mon Data Model (CDM), thus obtaining an instance of the
ConcePTION CDM [22]. This enabled the use of standard-
ized analytics and tools across the network. However, the
queries to be executed in distributed analyses still needed
to be adapted to the diversity of the data source, including
whether the data source could include all women or only
pregnant women, the specific coding system, and the spe-
cific settings where diagnoses are recorded.

The script was developed using R. A script in SAS was
developed to cross-check the outputs of the script within the
French data source (EFEMERIS).

The DAPs executed the study code locally on their
CDM instance. The result of the script was interpreted and
if any inconsistencies were found the script was revised.
After reviewing the aggregated results, DAPs approved
their upload to the remote Research Environment hosted
by the anDREa Consortium, that includes the ConceP-
TION partner University Medical Center Utrecht. This
environment, compliant with local General Data Protection
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Regulation implementations, could be accessed by the prin-
cipal investigator.

The results from each of the contributing data sources
were then combined in tables and figures for this paper.
Non-empty cell counts <5 were shared in masked format.

Results
Characteristics of the study population

The number of women included in the study in each data
source, and the median follow-up are provided in Table 1.
The flowcharts are available in the online supplementary
Fig. 1.

The number of women of childbearing age included in
the study was 1,612,782 in Norway, 1,371,568 in Emilia
Romagna, and 729,751 in Wales. The median follow-up
(and interquartile range), including the period with histori-
cal data before entry in the study, was 19.7 years (14.5-22)
in Wales, 10.5 years (5.5-12) in Norway, and 9.1 years (4.5—
11) in Emilia Romagna.

The number of pregnant women included in the study
was 482,968 in Finland, 103,330 in Haute-Garonne,
189,380 in the Valencian Region. The median follow-up

0.8

0.6

MS cases detection rate

0 5 10

(and interquartile range) for pregnant women was 2.5 years
(1.3-4.8) in Finland, 1.0 year (1.0-3.0) in Haute-Garonne
and 1.3 years (1.2-1.3) in the Valencian Region, corre-
sponding to a median of 1 pregnancy in Haute-Garonne and
Valencian Region and two pregnancies in Finland.

Effect of the lookback length on the detection of MS
cases among women of childbearing age

Among the women of childbearing age in the study between
the 1st January 2010 to the 31st December 2019, 4,544,
2,477, and 934 MS cases were identified respectively in
Norway, Emilia Romagna and Wales. When using only
the last year of follow-up (2019) to identify MS cases, the
detection rates of MS cases were respectively 83%, 64% and
44% in Norway, Emilia Romagna and Wales, in comparison
with the number of cases detected using the entire lookback
period (Fig. 2). The estimated lookback length required to
identify 95% of MS cases was 6 years in Norway, 8 years
in Emilia Romagna, and 9 years in Wales (Fig. 2). Detailed
results are available in online supplementary Tables 4 and 5.

15 20

Years of lookback used to identify MS cases

Country Emilia Romagna (ltaly)
Fig. 2 Logistic regression of MS cases detection rate according to the
lookback period used to identify MS cases, in comparison with MS
cases identified using the entire lookback among women of childbear-
ing age observed from the 1st January 2010 to the 31st December

Norway

Wales (UK) =+ 95% MS cases Detection Rate

2019, in 3 healthcare data sources. Points represent observed values,
and curves are the predicted values based on the logistic regression
model

@ Springer
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MS prevalence by type of prevalence, and corrected
prevalence by year among women of childbearing
age

MS Prevalence according to the method of calculation, as
well as MS PP corrected for the length of lookback avail-
able, stratified by year, within Norway, Emilia Romagna
and Wales, is presented in Fig. 3. Detailed results are avail-
able in online supplementary Tables 6 to 8. In the three data
sources, MS prevalence increased during the study period
with all methods of calculation.

In Emilia Romagna, a total number of 3,985 women of
childbearing age were identified with MS over the period
2009-2019. The highest prevalence was recorded in 2019,
with a PP of 312 (95% CI: 301-324) per 100,000 women,
an APP of 299 (95% CI: 288-311) per 100,000 women,
and a PTP of 298 (95% CI: 297-298) per 100,000 women.
In 2009, PP was 31% and 25% higher than APP and PTP
respectively, and this difference decreased until 2013. From
2013 to 2019, PP was approximately 4% and 5% higher
than APP and PTP respectively. PP corrected for the length
of lookback available also increased from 2009 to 2019,
from 200 to 318 per 100,000 women.

In Norway, a total number of 7,351 women of childbear-
ing age were identified with MS over the period 2008-2019.
In 2008, PP was 42% and 34% higher than APP and PTP
respectively, and this difference decreased with time; from
2012 to 2019, PP was approximately 5% and 7% higher
than APP and PTP respectively. In 2019, PP was 402 (95%
CI: 391-413), APP was 385 (95% CI: 374-396) and PTP
was 377 (95% CI: 377-378). PP corrected for the length of
lookback available also increased from 2008 to 2019, from
273 to 405 per 100,000 women.

In Wales, a total of 1,833 women of childbearing age
were identified with MS over the period 2005-2019. In
2019, PP was 216 (95% CI: 203-229), APP was 205 (95%
CI: 193-218) and PTP was 205 (95% CI: 205-206). PP was
approximately 4% higher than APP and PTP from 2005 to
2019. PP corrected for the length of lookback available also
increased from 2005 to 2019, from 143 to 216 per 100,000
women.

MS prevalence by type of prevalence and by year
among pregnant women

MS prevalence according to the three method of calculation
and stratified by year from 2010 to 2019 among pregnant
women is presented in Fig. 4. Detailed results are available
in online supplementary Tables 9 to 11.

In Finland, MS was identified in a total number of 1,140
pregnant women over the period 2010-2018. We observed
an increase of MS prevalence from 2010 to 2015, and a
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slight decrease from 2015 to 2017, with the three calculation
methods. In 2015, the study population included 129,394
women of whom 288 were MS cases, corresponding to a PP
0f 223 (95% CI: 198-250) per 100,000, an APP of 196 (95%
CI: 166-230) per 100,000 pregnant women, and a PTP of
194 (95% CI: 193-196) per 100,000 pregnant women. On
average over the period 2010-2018, PP was 9% higher than
the APP and 11% higher than PTP, and APP was slightly
higher (approximately 1%) than PTP.

In the Valencian Region, MS was identified in a total
number of 220 pregnant women over the period 2013—
2019. MS prevalence increased between 2014 and 2019
with the three calculation methods. The highest prevalence
was recorded in 2019, with a PP of 141 (95% CI: 106-187)
per 100,000 women, an APP of 119 (95% CI: 74-197) per
100,000 women, and a PTP of 111 (95% CI: 108-113) per
100,000 women. Compared to APP and PTP, PP was more
than 2 times higher in 2014, approximately increased by
40% between 2015 and 2018, and by 20% in 2019. APP and
PTP were similar.

In Haute-Garonne, MS was identified in a total number of
105 pregnant women over the period 2010-2019. Less than
5 cases were reported in 2018 and 2019, the prevalence was
therefore not calculated in those years. The highest number
of MS cases (29 cases) was observed in 2015, correspond-
ing to a PP of 127 (95% CI: 88-182) per 100,000 women,
an APP of 95 (95% CI: 53—-171) per 100,000 women, and a
PTP of 95(95% CI: 92-98) per 100,000 women. On aver-
age over the period 2010-2019, PP was approximately 1.4
times higher than the APP and PTP. The APP and PTP were
similar.

Discussion
Main findings

Among women of childbearing age, the estimated lookback
periods required to identify 95% of MS cases were 6 years
for Norway, 8 years for Italy and 9 years for Wales. In addi-
tion, we observed an increase of MS prevalence over time,
irrespective of the type of prevalence calculation method
used. This increase was still observed after correcting for
the lack of lookback available in the earlier years of the
study. PP was significantly higher than both APP and PTP
at the start of the study, but the differences progressively
decreased over time.

In data sources with pregnant women, an increase in MS
prevalence was observed in the Valencian Region, and until
2015 in the Finnish data source, whereas no clear increase
of MS prevalence was observed in the French data source.
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PP was higher than both APP and PTP for the whole study
period.

Impact of lookback length on MS prevalence trends

In data sources with women of childbearing age, we
observed a positive association between the length of the
lookback period used to identify MS cases and MS preva-
lence, in line with the study of Rassen et al. [12]. When
using a one-year lookback to identify MS cases compared
to the entire follow-up, 83% of the cases were identified in
Norway, 64% in Emilia Romagna, and 44% in Wales. These
differences are probably largely due to the characteristics of
the data source. Indeed, the Norwegian data source was a
linkage of several national registries containing a wide range
of data, including inpatient, outpatient and primary care
data, explaining the high proportion of MS cases retrieved
over a limited period of time. By contrast, in the Italian data
source where the available data was more limited, and to
a greater extent, in the Wales data source, a longer period
was needed to identify the disease. In Wales, we attribute
this to practitioners recording a diagnosis only once, rather
than repeating entries for life-long conditions; also, hospital
admission for MS is not routine, and due to funding con-
straints and concerns regarding serious adverse drug reac-
tions, prescription of DMTs is particularly conservative [23,
24]. Consistently, the estimated lookback periods required
to detect 95% of MS cases was 6 years for Norway, 8 years
for Emilia Romagna, and 9 years for Wales.

The observed increase in MS prevalence among women
of childbearing age in our data aligns with the global rise
in MS prevalence in the last decades reported in the litera-
ture [4]. The rise in prevalence observed over time was still
observed with the period prevalence corrected for the lack
of lookback available in the early years, suggesting that this
trend is not an artifact caused by lack of look back in the
early years of the data.

How to explain differences between the three types
of prevalence calculation?

The PP was much higher than the APP and the PTP in the
first year of the study in Emilia Romagna (2009) and Nor-
way (2008). In these data sources, this difference decreased
over time, but the PP remained higher than the other two
types of prevalence until the end of the study. This important
difference observed at the start of the study can be explained
by the short lookback available at this stage. Indeed, for the
APP calculation, the first point prevalence was calculated on
the first day of the study. On this day, it was nearly impos-
sible to identify prevalent women with MS, unless they had
a prescription for MS-specific medication or a diagnosis of

MS (MS identification components) reported on that par-
ticular day. The point prevalence on that day was therefore
zero or very low. The next point prevalence was calculated
a month after, meaning that only women having a pre-
scription for MS-specific medication or a diagnosis of MS
within this month were able to be identified as MS cases,
and counted in this second point prevalence. Over the entire
year, the length of time available to identify prevalent MS
cases increased, making the point prevalence increasingly
accurate. However, as these prevalence values were aver-
aged over the year, the final APP over the first year reflected
the initial underestimation of MS cases. Similarly, PTP,
which accounts for the person-time of women identified
as MS cases relative to the total person-time from women
followed during the study period, was initially low due to
the limited length of follow-up. Indeed, among women with
MS, the person-time was accounted with MS only after MS
identification. Therefore, as for the APP, the period preced-
ing the identification of MS was considered disease-free in
PTP calculation. As this disease-free period is likely due to
the delay in identifying the disease following entry in the
study rather than to a true disease-free period, APP and PTP
would underestimate the prevalence of MS at the start of the
study. By contrast, identifying the disease late in the year
had no impact on the PP which accounted for the number of
MS cases identified over the year relative to the number of
women in the study during the year. Consistently, in Wales,
where a 7-year lookback period before the start of the study
was available, PP did not differ as much from APP and PTP
as in Emilia Romagna and Norway.

The increasing prevalence over time is associated with an
increased number of MS cases each year. These new cases
can correspond to women with MS entering the study or to
women who were already in the study but are newly identi-
fied with the disease. In both cases, the disease-free period
prior to the disease identification in these individuals prob-
ably contribute to the constant higher PP compared to the
APP and PTP, even at the end of the study.

Since MS is most often diagnosed between the ages
of 20 and 40, and the women of childbearing age in our
study were included from the age of 15 with long follow-
ups, we can assume that a large proportion of the disease
identification dates closely correspond to the timing of the
MS diagnosis [25]. In these cases, considering the period
before MS identification as disease-free seems more accu-
rate. By including this disease-free period in the calculation,
APP and PTP appear to be the most accurate methods. Con-
versely, not considering the time before MS identification as
disease-free period could lead to an overestimation of MS
prevalence when using PP. However, it should be acknowl-
edged that the time lag between the actual onset of MS and
its formal diagnosis, and between the diagnosis of MS and
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the start of DMT treatment, contribute to the imprecision
of prevalence calculations, particularly when prevalence
is estimated over short periods. Specifically, the process
of diagnosing MS, which typically involves multiple steps
such as consultations with a neurologist, brain magnetic res-
onance imaging exams, lumbar punctures, and blood tests
often spans several months [26-28].

Interestingly, APP and PTP were closely aligned across
all data sources, indicating that the precision differences
between these methods had a minor impact on the results.
This result was expected because women included in the
study have been followed for several years, and once the
disease has been identified, they remain ill until the end
of their follow-up. Consequently, daily variations are very
small, meaning that the day-by-day accuracy provided by
PTP is already largely captured by APP.

Pregnant women display different patterns of MS
prevalence

Unlike data sources involving women of childbearing age,
those with pregnant women provided data only around
the pregnancy period. Consequently, pregnant women had
much shorter follow-up periods, significantly limiting the
time available for disease identification. During pregnancy,
disease activity has been shown to decrease and some MS
treatment are not recommended, also reducing the chances
to detect the disease during this period [29, 30]. This might
have led to an underestimation of MS cases throughout the
study period, though this effect may have varied across data
sources. Although the postpartum period presents a high
risk of relapse or onset of the disease [31], the three months
of data available after delivery in the Spanish and Finnish
data sources might not be sufficient to detect the onset of a
new disease. However, if these women have a subsequent
pregnancy, we could detect the disease during this new
pregnancy.

Moreover, the shorter follow-up period coupled with the
fact that women with MS may be unlikely to start a preg-
nancy shortly after diagnosis reduces the chances that the
disease identification date closely approximates the actual
diagnosis date. Pregnant women identified with MS during
the pregnancy period were therefore most likely diagnosed
before the identification date, so the period preceding the
date of disease identification by the algorithm is probably
not a real disease-free period. We can assume that the over-
estimation caused by not accounting for the disease-free
period with the PP method is low in this population. By
contrast, considering this period as disease-free, as with the
PTP and APP methods, could lead to an underestimation of
MS prevalence. Therefore, in this population of pregnant
women having short follow-ups, MS prevalence is probably

@ Springer

underestimated due to the short follow-up to detect the
disease, and this underestimation could be amplified with
PTP and APP methods as these methods consider the period
before MS identification as disease-free. However, this
underestimation may vary according to the data source,
depending on how observations related to the disease are
recorded.

Strengths and limitations
Strengths

The main strength of this study is the use of diverse data
sources from multiple healthcare systems and populations
with good geographic spread in Europe, improving the
robustness and reliability of our findings. The consistent
trends we observed between the data sources, despite the
differences between their data, attest to the reliability of our
approach, and supports the generalization to other data sets.
The large sample sizes and long follow-ups in some of the
data sources further strengthen the reliability of our findings.
Also, the inclusion of all available data within each source
to identify MS, particularly the comprehensive use of inpa-
tient, outpatient, and medication records where accessible,
further strengthens the accuracy of our approach.

Another strength is the comprehensive nature of our
analysis, which considers different prevalence calculation
methods (period prevalence, average point prevalence, and
person-time prevalence). This study provided new insights
into the impact of the method used to assess prevalence.

Additionally, we analysed the effect of the length of the
lookback in populations with sufficient follow-up, which
enabled us to understand the extent to which the length of
the lookback period influences the detection of cases and
further the estimation of the prevalence. This detailed analy-
sis provides valuable insights into the temporal aspects of
MS identification and prevalence estimation across Europe.

Limitations

A limitation of this study is the identification method for
MS, which has not been manually validated using individ-
ual clinical records in the data sources used. The disease
was identified based on either a diagnosis or the dispens-
ing or prescription of MS-specific medication, which could
lead to false positive cases and an overestimation of MS
prevalence. However, since all three types of prevalence
are similarly affected, this limitation should not impact
our comparative analysis. In addition, a similar method
was validated in Italian studies, and used in several studies
which aimed to explore MS prevalence [7, 17-21]. Finally,
our identification method, while not restrictive, had the



Methods of estimating prevalence of multiple sclerosis in six European healthcare data sources: a contribution...

advantage of being highly sensitive, thereby maximizing
the retrieval of true MS cases.

Another limitation stems from the heterogeneity in the
identifying data available across data sources. Indeed, all
the data sources provided diagnoses from inpatient care,
but only some of them were able to provide diagnoses from
primary care or outpatient care. For example, only the Nor-
wegian and Finnish data source provided outpatient data
directly, usually referring to diagnoses made by specialists.
Since patients with MS are usually followed by neurolo-
gists, this could explain, at least in part, the higher preva-
lence estimates in the Norwegian and Finnish data source.
The lower prevalence in other data sources, especially those
with pregnant women only, would then stem from a higher
proportion of false negatives, and thus an underestimation
of prevalence. However, the higher prevalence of MS in
Finland and Norway was expected due to the known higher
MS prevalence in the Nordic region [11].

Conclusion

This study provides valuable insights into the method-
ological nuances involved in estimating the prevalence of
a chronic disease, specifically Multiple Sclerosis (MS),
among women of childbearing age and pregnant women
across diverse European healthcare databases. Our results
suggest that 6 to 9 years of lookback is needed to identify
95% of MS cases, depending on the amount of data avail-
able to identify the disease. Prevalence calculation meth-
ods accounting for temporal variations returned lower
prevalence estimates compared to method including all
identified MS cases and study participants over the period
(period prevalence). Although temporally sensitive meth-
ods are more precise, they may underestimate prevalence in
populations with short follow-up periods, such as pregnant
women, and/or limited data. The true prevalence is likely to
fall between the estimates provided by methods that account
for temporal variations and those from period prevalence. It
will be closer to the estimates from methods accounting for
temporal variations in data sources with long follow-ups,
and closer to period prevalence estimates when the follow-
ups are short or data is only available during pregnancy. In
2019, within the data sources with women of childbear-
ing age, person-days prevalence lay between 205 and 377
per 100,000 women, respectively in Wales and Norway. In
2018, within the data sources with pregnant women, period
prevalence lay between 111 and 218 per 100,000, respec-
tively in Valencian Region (Spain) and Finland. More gen-
erally, careful consideration of lookback duration and data
availability is essential for accurate prevalence estimation.
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