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Abstract

Background Multiple sclerosis (MS) is a chronic disease associated with increased healthcare utilisation and productivity
losses.

Objective The objective of this study was to explore the progression of healthcare costs and productivity losses before and
after diagnosis of MS in comparison to that of a population-based matched reference group.

Methods We conducted a nationwide, Swedish register-based cohort study of working-aged people with MS diagnosed in
2010-12 (n = 1988) and population-based matched references without MS (n = 7981). Nine years of observation spanned
from 4 years prior (Y_,) to 4 years (Y ,) after the year of diagnosis (Y). Differences in annual all-cause healthcare costs
(inpatient and specialised outpatient healthcare as well as pharmacy-dispensed prescribed drugs) and costs of productivity
loss (days with sickness absence and disability pension) were estimated between the people with MS and references using ¢
tests with 95% confidence intervals. The average excess costs of MS were estimated using generalised estimating equation
models.

Results People with multiple sclerosis had higher costs before the diagnosis of MS and also thereafter. The mean differences
in healthcare costs and productivity losses between the people with MS and matched references in Y_, were 216 EUR (95%
confidence interval 58-374) and 1540 EUR (95% confidence interval 848—2233), with larger cost excesses observed in later
study years. Summarising the 9 study years, people with MS had fivefold higher excess healthcare costs than references, and
more than twice as high productivity losses.

Conclusions Excess healthcare costs and productivity losses occur already before the diagnosis of MS and increase with
time. The excess costs findings before diagnosis could suggest that an earlier diagnosis might lead to reduced excess costs
of MS over time.

Plain Language Summary

Multiple sclerosis (MS) is a neurological disease that can affect many parts of everyday life, including work. We studied the
extra costs related to MS. Extra costs were defined as the difference in costs between people with MS and the general popula-
tion in Sweden. To do this, we compared the costs of working-aged individuals with MS from 4 years before to 4 years after
the year of MS diagnosis with those of individuals without MS. For each year, we measured the healthcare consumption and
days absent owing to sickness absence or a disability pension. We found that people with MS had larger costs already before
the diagnosis of MS. For all types of costs we studied, there were extra costs. The extra costs became larger with time and
had a steep increase around the year of MS diagnosis. When we summarised the costs from all 9 years, people with MS had
five times higher annual costs related to healthcare consumption than those without MS. There were also twice as high costs
for lost production from days absent with sickness absence or a disability pension. While our data from national registers had
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objective measurements of the included costs, it did not include information on the costs for drugs administered in healthcare,
rehabilitation or informal care from family members. We studied the costs of all people diagnosed with MS in 2010-12 in
Sweden, related their disease trajectory with their costs, as well as compared their costs with the costs of a group from the
general population. Our results of the extra costs of MS prior to diagnosis could suggest an unmet need. Earlier diagnosis
and quickly starting treatment may lead to lower extra costs of MS over time.

Key Points for Decision Makers

People with multiple sclerosis (MS) have higher health-
care costs and productivity losses compared with the
general population in Sweden

The excess costs of MS, in terms of healthcare costs and
productivity losses, begin prior to diagnosis of MS and
increase with time

The productivity losses for people with MS were the
largest costs in terms of absolute costs; however, people
with MS had a larger relative excess for healthcare costs
in comparison with those costs of the matched references

1 Introduction

Multiple sclerosis (MS) is a neurological disease often diag-
nosed when of working age [1-3] and is associated with
increasing levels of both cognitive and physical disability
along the clinical course [2, 4]. Sweden has an especially
high prevalence at 189 per 100,000 [3, 5]. Although this
prevalence estimate is relatively low compared with other
chronic diseases, MS poses a significant socioeconomic
burden to society. An increasing number of disease-modi-
fying therapies (DMTs) to reduce disease activity and slow
progression [2] are available in Sweden [6]. Updated pop-
ulation-based cost-of-illness (COI) estimates reflecting the
recent advances in MS healthcare and potential changes to
the work capacity of people with MS (PwMS) are therefore
needed [7—10]. These estimates, in terms of healthcare costs
and productivity losses, may assist in planning and resource
allocation decisions [11].

Knowledge is limited of the progression of COI and
the factors driving costs, both before and after being diag-
nosed with MS [12, 13]. Most recent studies consider costs
among prevalent groups of PWMS with cross-sectional
study designs [7, 10, 14, 15]. Yet, costs may be incurred
already before the diagnosis of MS because of early signs
and symptoms [16, 17]. Consequently, higher resource use
among PwMS than among references has previously been
observed prior to the diagnosis of MS [12, 13, 18, 19], and
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even around onset [17, 20]. How these higher resource use
patterns translate into excess cost progression of MS is
largely unknown regarding the pattern of cost progression
and the magnitude of the excess [12]. Excess cost compari-
sons are especially important when studying a chronic and
systemic disease such as MS, as there may be wider costs for
resource use without direct attribution to the disease [12, 14,
21]. The excess costs of MS in Sweden in comparison with
references have been investigated in one study with prevalent
MS cohorts indicating a cost excess for MS [14]. However,
the excess cost progression among newly diagnosed PwMS
in Sweden remains unknown, necessitating assessment with
an incidence-based cohort to map the excess costs to the
clinical course prior to clinical diagnosis. Accordingly, we
aimed to explore the progression of healthcare costs and
productivity losses before and after diagnosis of MS in Swe-
den in comparison to that of a population-based matched
reference group.

2 Methods

This nationwide, register-based longitudinal cohort study
was conducted by the authors at the medical university
Karolinska Institutet, Stockholm, Sweden, with the analy-
ses performed in the Spring/Summer of 2020. We investi-
gated the annual costs for 9 years among PwMS and their
matched reference peers, with a relative time scale from 4
years before (Y_,) to 4 years after (Y,,) the year of MS
diagnosis (Y). The study period spanned 2006—16, with
baseline referring to the match date (31 December Y _s).
Individual-level Swedish register data were linked, using
unique personal identity numbers, to build the study popula-
tion and inform annual resource utilisation.

2.1 Swedish Setting

Sweden has healthcare and social insurances with univer-
sal coverage for residents. Healthcare is predominantly
financed from tax revenues with government-imposed
caps for patient copayments within a 12-month period
for healthcare visits and progressively discounted copay-
ments for prescribed drugs [22, 23]. Healthcare utilisation
is reported to the National Board of Health and Welfare
that maintains nationwide registers, including the National
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Patient Register (NPR) [24, 25] recording all inpatient and
specialised outpatient healthcare visits, the Swedish Pre-
scribed Drug Register [26] for prescribed drugs dispensed
at pharmacies, and the Cause of Death Register recording
the dates of all deaths.

The Social Insurance Agency compensates lost income
related to reduced work capacity due to disease or injury.
All residents with work-related income can claim sickness
absence if their work capacity is reduced because of a
disease or injury [27]. A disability pension can be granted
to those with long-term or permanently reduced work
capacity, without any requirements of previous income
[27]. Both sickness absence and a disability pension can
be granted full time or part time (100, 75, 50, or 25%)
of ordinary working hours [27]. The Micro Data for the
Analysis of Social Insurance (MiDAS) register contains
information on individuals’ full-time or part-time sickness
absence and disability pension days [28].

2.2 Study Population

Newly diagnosed PwWMS of working ages and population-
based matched references formed the study population
(Fig. 1). The PwMS were newly diagnosed individuals,
defined as having the first MS diagnosis code ever regis-
tered as a main or side diagnosis in the NPR within 2010-12.
Accordingly, these individuals did not have MS codes (Inter-
national Classification of Disease and Health Related Prob-
lems (ICD)-8/9 340, or ICD-10 G35) prior to these years. In
the next step, linking to the Longitudinal Integration Data-
base for Health Insurance and Labour Market Studies (LISA)
[29, 30], which provided sociodemographic and residency
information, only individuals who were aged 1955 years at
baseline (31 December Y_s) were included. Exclusions were
then applied to these working-aged PwMS identified from
register data to strengthen assumptions that the MS code in
the NPR represented a newly set diagnosis and to confirm

Population of Sweden

First ever registered MS code in the
NPR in 2010-2012 among individuals
aged 23-59
n=2465

v

Reside in Sweden from Y-5 to YO
n=2315

Newly L
diagnosed

with MS Not in the SMSReg earlier than a
year of the NPR diagnosis date
n=2215

v
Either at least 1 additional visit for

Confirmation MS in the NPR or an MS diagnosis in

3‘::":0“5’:5 the SMSReg
BRCSIS n=2024
PWMS
n=2024

—» n=36 censored during follow-up

Not in the PwWMS group

v

Not already selected as a reference

w
 /

No record for MS in the NPR or
SMSReg

v
Reside in Sweden from Y-5 to YO

Pool of potential references eligible
for matching

v

Exact matching on:
s : Sex, age, type of living area, and
i " country of birth
n= 8096

Fw’?" n=115 censored during follow-up

PwWMS included in main analyses

n=1988

Study population

v

Population-based matched
references included in main
analyses
n=7981

Fig. 1 Flow chart for identifying the study population of 1988 peo-
ple with MS (PwMS) and 7981 population-based matched references
without multiple sclerosis (MS) included in the statistical analyses.
Censoring was based on death as per the Cause of Death Register,
emigration as per Longitudinal Integration Database for Health Insur-

ance and Labor Market Studies (LISA), or a matched reference hav-
ing sickness absence or disability pension due to MS in the Micro
Data for the Analysis of Social Insurance (MiDAS) register. NPR
National Patient Register, SMSReg Swedish Multiple Sclerosis Reg-
istry
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the diagnosis of MS. The Swedish Multiple Sclerosis Reg-
istry was also used in these steps [31].

After forming the PWMS group, each individual with MS
was matched with four reference individuals without MS
to form the matched reference group. Potential references
from LISA eligible for matching were randomly selected to
represent the general population in Sweden. Exact matching,
without replacement, was based on sex (women/men), age
(year), type of living area (Stockholm [including Sodertilje],
other large cities, medium-sized towns, rural areas), and
country of birth (Sweden; yes/no) at baseline. This resulted
in a group of references that was identical to the PWMS in
each combination of strata of the matching variables.

2.3 Study Outcomes

Annual all-cause costs were calculated from the societal
perspective. Cost estimations were prevalence based [11],
including all costs incurred within the calendar year.

Healthcare costs, productivity losses, and total costs were
estimated for each study year. Resource use was measured
for each cost component and then the costs were calculated
as a multiplication of the resource use count and unit cost.
The unit costs for the cost calculations are summarised in
Table 1.

Healthcare costs comprised the costs for inpatient and
specialised outpatient healthcare visits and for prescribed
drugs. Annual costs for inpatient and specialised outpatient
visits, respectively, were derived from the diagnosis-related
group (DRG) code classifying the visit in the NPR and
patient copayments in the form of patient fees. The DRG
code for each visit was translated to a cost with the retro-
spective weight assigned to the DRG [32]. Weights were
multiplied by the relevant year’s national average unit cost
per 1.0 DRG and then summed per person. Inpatient health-
care costs were assigned to the discharge year. Patient copay-
ments were then added to the respective cost [22]. Annual
drug costs for all prescribed drugs dispensed from pharma-
cies were summed from the costs recorded in the Swedish
Prescribed Drug Register. Drug costs were specific to the
quantity of and the substance (as per Anatomical Thera-
peutic Chemical Classification System code) dispensed and
comprised the patient copayment and remaining portion paid
by the county. Annual healthcare costs per person were cal-
culated by summing the inpatient, specialised outpatient and
drug cost components.

Productivity losses were estimated using the human capi-
tal approach [11], assuming full employment. As per the
established methodology for counting productivity losses
in COI studies, we did not measure the costs of the transfer
payments from the benefits [11, 33, 34]. Rather, the net days
of sickness absence and disability pension were used to infer
the days of lost production (e.g., 2 gross days absent at 50%
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= 1 net day of absence). For each year, the net months of
lost production were counted and then were multiplied with
the sum of average gross monthly salary across all sectors
[35] and the employers’ social security contribution [33, 36].
Only periods of sickness absence > 14 days were included to
avoid introducing bias between employed and unemployed
due to differences in when the Social Insurance Agency
begins to pay for sickness absence by employment status
[27]. Annual productivity losses per person were calcu-
lated by summing the production losses from both sickness
absence and disability pension. In cases where the net days
of sickness absence and disability pension exceeded the days
in the year, the combined total was capped at the number of
possible days in the year when calculating total productiv-
ity losses. Accordingly, there is a slight overestimation in
the disaggregated productivity losses from sickness absence
days (range 0.3—1.7% of the cohort per calendar year).

Annual total societal costs per person were the sum of
healthcare costs and productivity losses. All costs were
inflated to 2019 Swedish prices [37]. Results are presented
in Euros (EUR), calculated with the 2019 exchange rate of
10.5891 [38].

2.4 Statistical Analyses

The study population was described with frequencies and
proportions. Chi? tests were used to test for differences in
proportions between all PwWMS and the matched references.

Descriptive statistics for the annual costs per person were
calculated for all of the PWMS and references, allowing for
zero costs. For each study year, the mean costs of the PwWMS
and references were compared with two-tailed Student’s ¢
tests assuming equal variance and reported as mean differ-
ences with 95% confidence intervals (CIs).

Adjusted cost comparisons between PwWMS and refer-
ences were performed using generalised estimating equa-
tion (GEE) models [39]. Generalised estimating equations
estimate the population average response with repeated data
[39], and are an extension of generalised linear models, a
standard method for analysing cost data [40, 41]. Models
were constructed separately for total costs, healthcare costs
and productivity losses, specifying Poisson distribution, a
log link function and an autoregressive correlation matrix to
account for the within-individual correlation of the annually
repeated cost measurements [42]. Costs can be considered
to follow a count distribution when they are generated by
counting the individuals’ resource use before multiplying
the recorded volume of use with the corresponding unit cost
[40]. We studied the excess costs for all PwMS rather than
costs amongst resource users. Accordingly, resource use was
counted for all within the study population, allowing for zero
costs. Therefore, a gamma distribution could not be used as
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Table 1 Summary of the unit costs® used in the cost calculations and their source

Unit and the source to identify the resource use Year Valuein  Explanation of and source for the unit cost
2019 EUR

Healthcare costs

NPR
Average inpatient and outpatient cost per 1.0 DRG 2006 4872 Retrospective DRG weights for inpatient and specialised outpatient
2007 4800 somatic care from the Swedish Association of Local Authorities
2008 4912 and Regions [32] inflated to 2919 values using the annual HICP
for healthcare for Sweden available from Eurostat [37]
2009 4950
2010 4823
2011 4806
2012 4762
2013 4919
2014 5103
2015 5334
2016 5480
Copayment for an inpatient stay (cost per day) 2019 9 A cost of SEK 100 per day was the copayment for most of the coun-
ties (Swedish Association of Local Authorities and Regions [22]).
No maximum annual copayment ceiling was applied
Copayment for a specialised outpatient healthcare 2019 26 A cost of SEK 273 per visit was assumed. This was the mean copay-
visit (cost per visit)® ment in 2019 for visits across the counties to a specialist doctor
in outpatient settings (Swedish Association of Local Authorities
and Regions [22]). The annual maximum copayment amount for
outpatient care was set to a ceiling of SEK 1143 per year, which
was the mean value across the counties in 2019 (Swedish Associa-
tion of Local Authorities and Regions [22]), assuming no primary
healthcare visit copayments contributed towards the annual copay-
ment ceiling
Productivity losses
MiDAS
Monthly salary including the employer contributions 2006 3632 The average monthly salary for all sectors was retrieved from
2007 3658 Statistics Sweden [35]. Salaries were multiplied with the employer
2008 3851 contributions, available from the Syvedish Tax Authority [36]. The
final salary was inflated to 2019 prices using the annual HICP [37]
2009 3917
2010 3869
2011 3914
2012 3913
2013 3936
2014 4003
2015 4056
2016 4226

DRG diagnosis-related group, EUR Euro, HICP Harmonised Indices of Consumer Prices, MiDAS Micro Data for the Analysis of Social Insur-
ance register, NPR National Patient Register, SEK Swedish Krona

“The annual exchange rate for 2019 from SEK to EUR from Eurostat that was used was 10.589 [38]. Prior to converting to Euros, all unit costs
were inflated to 2019 Swedish prices using the annual HICP for healthcare available from Eurostat [37]

Copayment ceilings of a 12-month period were assumed to start on the 1st of January for each study year

these individuals with zero costs for a particular cost com- e Model 2a: Model la covariates as well as the cohort

ponent would then be dropped. (2010, 2011, 2012) and matching variables (sex, age,
Three main effect models were built to assess the associa- type of living area, country of birth).

tion between MS and costs: e Model 3a: Model 2a covariates and additional sociode-

mographic characteristics: educational level (university/

e Model la: MS and study year. college, yes/no); family composition dichotomised as
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married/cohabiting (yes/no) and living with children (age
< 18 years) (yes/no); and type of work [43] (manager,
office work, manual labour, unclassified work, not in paid
work).

Additionally, an interaction term was included (Models
1-3b) between MS (yes/no) and study year (Y_,~Y ) to
identify time trends in the excess cost progression among
PwMS compared with references. The matching variables
were in the models because additional covariates were
included in the analyses of this matched cohort [44].

The model results were reported exponentiated as inci-
dence rate ratios with 95% Cls from the robust standard
errors and p values [42]. The incidence rate ratios can be
interpreted as population average multipliers indicating the
excess cost due to MS [45, 46]. Last, adjusted annual mean
costs with 95% CIs were estimated using Model 2b.

A sensitivity analysis (Model 4a) was conducted to
further investigate the contribution of comorbidity to the
excess costs of MS beyond the indirect adjustments through
comparison with the matched reference group. To do this,
comorbidity (0; 1-2; 3—4; 5+ comorbidity categories) was
added to Model 2a. The modified RxRisk Comorbidity
Index [47, 48] was constructed for Y_,, with drug informa-
tion (excluding MS DMTs) from the Swedish Prescribed
Drug Register and supplemented with information from the
Swedish Cancer Register (included in the register, yes/no)
to reduce underestimation of cancers. Anxiety/depression
(yes/no) and pain (yes/no) were identified from the index.

Statistical analyses were performed using SAS Version
9.4 except for costing data management using STATA Ver-
sion 15. The Regional Ethical Review Board of Stockholm,
Sweden approved the project.

3 Results

The included study population comprised 1988 PwMS and
7981 population-based matched references. The matching
procedure resulted in 2024 PwMS and 8096 references.
However, individuals were subsequently excluded if they
died, emigrated within Y_;—Y_,, or if being a matched refer-
ence with sickness absence or disability pension for MS (n
= 36 PwWMS and n = 115 references excluded). The 98.5%
(PwMS: 98.2%; references: 98.6%) of the identified study
population that had complete follow-up were included in
the analyses. The characteristics of PwMS and matched ref-
erences included in the analyses are presented in Table 2.
There were no statistical differences between the PwMS
and matched references regarding the matching variables
after the subsequent exclusions, nor for most of the other
measured sociodemographic characteristics. Differences
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between the PwWMS and the references were observed regard-
ing comorbidity.

The annual numbers and proportions with costs and the
mean costs for all are presented in Table 3 with the mean
healthcare costs and productivity losses plotted in the Elec-
tronic Supplementary Material (ESM). Healthcare costs
among PwMS steeply increased in the years around diagno-
sis of MS and peaked in Y ;. Afterwards, there was a slight
decreasing trend in the annual mean per person healthcare
costs, with high proportions of PwMS having healthcare
costs (> 98% per year). Productivity losses were higher
than healthcare costs. The mean annual productivity losses
among PwWMS increased over the study period, with a sharp
increase in Y,

The cost components as a proportion of the total costs are
presented in the ESM. The distributions among the refer-
ences were stable, whereas among PwMS the relative con-
tribution of component costs differed across study years. The
three components that consumed the most resources among
PwMS before diagnosis of MS were sickness absence, dis-
ability pension and inpatient healthcare costs, while sickness
absence, disability pension and drug costs were the largest
cost components after diagnosis of MS. Healthcare costs
among the PwWMS went from 14% of the total costsin Y_, to
31% in Y 4. Productivity losses contributed 63—86% of the
total costs in all years for PwMS and 81-86% for references.

An excess in both healthcare costs and productivity losses
was observed already before the diagnosis of MS when com-
paring the costs among PwMS with those of the matched
references. The mean differences in Y_, indicated an excess
cost per person with MS of 216 EUR (95% CI 58-374) for
healthcare costs and 1540 EUR (95% CI 848-2233) for pro-
ductivity losses (Table 3). Thereafter, the magnitudes of the
mean differences increased.

Reporting the excess cost estimates for MS from Model
2a, PWMS had on average 5.25 times higher healthcare costs
(95% CI 4.97-5.55) and 2.38-times higher productivity
losses (95% CI 2.24-2.54) throughout the study compared
with matched references (see ESM). After including comor-
bidity, the excess cost estimates for MS for both healthcare
costs and productivity losses attenuated slightly from those
in Model 2a to 5.06 (95% CI 4.79-5.34) and 2.25 (95% CI
2.12-2.39), respectively.

The estimates from the three models including the inter-
action term were consistent with each other and showed that
MS was associated with increasingly greater excess costs
(total, healthcare and productivity losses) with time (see
ESM). Significant excess costs among the PwWMS compared
with references were observed from Y_, with Y_, as the ref-
erence year, with the largest cost excesses for MS observed
for Ypand Y .

The adjusted mean annual healthcare costs and produc-
tivity losses among the PwMS and references are plotted in
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Table 2 Characteristics of the people with multiple sclerosis (PwMS) in total and by year of diagnosis, and of the population-based matched

references
PwMS Matched refer-
ences )
2010 cohort 2011 cohort 2012 cohort All PwMS n=7981 p value®
n=611 n="706 n=0671 n = 1988
n (%) n (%) n (%) n (%) n (%)
Sociodemographic characteristics®
Sex® 0.806
Women 424 69.4 488 69.1 451 67.2 1363 68.6 5449 68.3
Men 187 30.6 218 30.9 220 32.8 625 31.4 2532 31.7
Type of living area®
Stockholm 106 174 137 19.4 134 20.0 377 19.0 1509 18.9 0.993
Other large cities 102 16.7 115 16.3 131 19.5 348 17.5 1382 17.3
Medium-sized towns 215 352 266 37.7 203 30.3 684 34.4 2741 34.3
Small towns/rural areas 188 30.8 188 26.6 203 30.3 579 29.1 2349 29.4
Country of birth®
Outside Sweden 68 11.1 68 9.6 83 12.4 219 11.0 872 10.9 0.908
Sweden 543 88.9 638 90.4 588 87.6 1769 89.0 7109 89.1
Age (years)® 0.906
19-24 99 16.2 105 14.9 126 18.8 330 16.6 1301 16.3
25-34 188 30.8 213 30.2 192 28.6 593 29.8 2357 29.5
3544 188 30.8 223 31.6 206 30.7 617 31.0 2463 30.9
45-55 136 22.3 165 23.4 147 219 448 22.5 1860 233
Educational level 0.497
No college/university 392 64.2 437 61.9 440 65.6 1269 63.8 5029 63.0
College or university 219 35.8 269 38.1 231 344 719 36.2 2952 37.0
Cohabiting/married 0.190
No 327 53.5 371 52.6 333 49.6 1031 51.9 4008 50.2
Yes 284 46.5 335 475 338 50.4 957 48.1 3973 49.8
Children living at home 0.002
No 363 59.4 397 56.2 366 54.6 1126 56.6 4205 527
Yes 248 40.6 309 43.8 305 455 862 434 3776 473
Type of work 0.026
Manager 14 2.3 25 35 12 1.8 51 2.6 304 3.8
Office work 190 31.1 243 34.4 236 352 669 337 2805 352
Manual labour and customer service 276 45.2 298 42.2 292 43.5 866 43.6 3373 423
Unspecified work 57 9.3 54 7.7 61 9.1 172 8.7 606 7.6
Not in paid work 74 12.1 86 12.2 70 10.4 230 11.6 893 11.2
Comorbidity in Y_,
Depression/anxiety® 0.048
No 543 88.9 619 87.7 589 87.8 1751 88.1 7152 89.6
Yes 68 11.1 87 12.3 82 12.2 237 11.9 829 10.4
Pain’ <.0001
No 491 80.4 556 78.8 516 76.9 1563 78.6 6599 82.7
Yes 120 19.6 150 21.3 155 23.1 425 21.4 1382 17.3
Comorbidity categories® 0.002
0 169 27.7 196 27.8 196 29.2 561 28.2 2533 31.7
12 333 54.5 371 52.6 350 522 1054 53.0 4082 51.2
34 73 12.0 89 12.6 92 13.7 254 12.8 1010 12.7
5+ 36 59 50 7.1 33 49 119 6.0 356 4.5
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Table 2 (continued)

ATC Anatomical Therapeutic Chemical Classification System, DMT disease-modifying therapy, MS multiple sclerosis, SPDR Swedish Pre-
scribed Drug Register

ap-value calculated with Pearson’s Chi? tests. Differences in proportions were tested between all PWMS and the matched references without MS,
p <0.05

bSociodemographic characteristics measured at baseline (match date 31 December Y ). Individuals with missing values were placed in the low-
est category

“Variables used in matching 1:4, with age matched in exact years. Subsequent exclusions because of death or emigration, and for sickness
absence or disability pension due to MS among the matched references, mean that the numbers presented no longer sum exactly to a 1:4 ratio

dComorbidity and drug information with regard to the entire calendar year of the first (Y_,) study year

¢ Anxiety/depression was identified from the respective RxRisk Comorbidity index categories according to the SPDR by ATC codes: NOSBAO1-
NO5BAS56; NOSBEO1; NO6AAOI-NO6AG02; NO6AX01-NO6AX11; NO6AX13-NO6AX26; and NO6AX12

Pain drugs were identified from the respective RxRisk Comorbidity index categories according to the SPDR by ATC codes: MO1ABO1-
MO1AXO01; and NO2AA01-N0O2AX99

£Comorbidity is according to a modified RxRisk Comorbidity index constructed by ATC codes from the SPDR or whether in the Swedish
Cancer Register, excluding MS DMTs (ATC codes: LO3AB07; LO3AB08; LO3AB13; LO3AX13; LO4AA31; LO4AA23; LO4AA27; LO4AA34;

LO1XCO02; LO4ACO1; and NO7XX09). Comorbidity refers to the number of condition categories within the calendar year

Fig. 2. The adjusted mean healthcare costs for PwWMS were
1083 EUR (95% CI 919-1276) in Y_,, 8847 EUR (95%
CI 8147-9609) in Y, and 8360 EUR (95% CI 7682-9098)
in Y, (data not presented). The adjusted mean productiv-
ity losses for PwWMS were 6815 EUR (95% CI 5956-7801)
inY_,, 17,668 EUR (95% CI 15,906-19,629) in Y, and
19,032 EUR (95% CI117,167-21,104) in Y .

4 Discussion

In this register-based longitudinal cohort study, annual
healthcare costs and productivity losses among working-
aged PWMS from 4 years before to 4 years after the MS
diagnosis year were compared with those of a population-
based matched reference group. Excess costs of MS due to
healthcare utilisation and production loss were observed
already several years before the diagnosis year and increased
over the 9-year study period. The productivity losses of
PwMS were the largest cost in absolute terms. Yet, the rela-
tive excess costs for healthcare of PwWMS were higher than
the excess productivity losses.

Our excess MS cost estimates were generally in line
with previous studies. In particular, the excess healthcare
costs in the years after the MS diagnosis are of similar
magnitude to findings from a Swedish study with preva-
lent MS cohorts (mean annual excess in healthcare costs
were EUR 7277-9748 and productivity losses were EUR
18,249-20,139) [14]. We also observed differences across
all studied cost components. Excess healthcare costs have
also been observed among prevalent PwWMS in the USA
for every studied healthcare cost component in a 12-month
period, including inpatient services, radiology, visits and
drugs [21]. With longer observation from the diagnosis of
MS, it is likely that our estimates increase to closer reflect
estimates from prevalence-based MS cohorts as the COI of
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MS is associated with disability level [7, 15, 49, 50] and
time since diagnosis [51].

Multiple sclerosis was associated with higher costs
already before receiving the clinical diagnosis. The excess
costs already prior to MS diagnosis could represent diagnos-
tic delays between MS symptom onset and clinical diagnosis
[7, 16—-18]. To the best of our knowledge, this is the first
study considering excess cost progression before MS diag-
nosis in Sweden. A cost excess has been observed up to 8
years pre-diagnosis in a Danish study spanning 1998-2006
[12]. While the annual mean total societal excess cost per
person of MS for all study years of EUR 13,901 [12] poten-
tially reflects the limited DMT availability in those years,
we observed similar excess cost progression trends. Specifi-
cally, that excess healthcare costs spike around MS diagnosis
and excess productivity losses more steadily increase along
the clinical course [12]. Furthermore, 63.9% of PwMS in
Sweden have previously been observed to follow a similar
healthcare cost trend to ours after the diagnosis of MS [52].
While our focus was on the excess between PWMS and ref-
erences, previous COI studies suggest that the cost excess
of MS likely differs among PwMS [52], for example, by sex
[10], disability [15] or phenotype [53].

The observed spike in excess healthcare costs around
diagnosis of MS, with a more than sevenfold excess cost
among PwMS the year after MS diagnosis, is conceivably
related to healthcare need arising from disease activity that
resulted in the diagnosis and subsequent initiation of DMTs
[13]. The sustained excess healthcare costs post-diagnosis
are likely a combination of more PwWMS requiring ongoing
healthcare and DMTs [18, 54], and perhaps more complex
and expensive care. Drug costs were increasingly important
drivers of the excess costs of MS, likely owing to MS DMT
initiation, as in previous findings among PwMS with low
disability levels [50] and relapsing-remitting MS [53]. Simi-
lar to our observations of excess specialised outpatient costs,
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(A) Total Costs
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Fig.2 Adjusted annual mean a total societal cost of illness, b health-
care costs and ¢ productivity losses per person with 95% confidence
intervals for the people with multiple sclerosis (PWMS) [n = 1988]
compared with the population-based matched references without mul-
tiple sclerosis (MS) [n = 7981] from Y_, to Y 4. Costs are presented

a Canadian study observed excess physician (specialised out-
patient and primary healthcare) visits already 5 years before
the diagnosis of MS, with a peak in the year of diagnosis and
elevated annual visits thereafter in comparison with both
pre-diagnosis levels and the matched reference group [18].
The healthcare cost component trends are also consistent
with findings from newly diagnosed PwMS in 2008-11 in
the Netherlands, where hospital (inpatient and specialised

A\ Adis

Year +1

Year +1

pm——

Year +1
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e PWMS

=& Matched References

Year+2 Year+3 Year+4

Year+2 Year+3 Year+4

in Euros (EUR) in 2019 values. Adjusted results were calculated with
generalised estimating equation models with the following specifica-
tion: log link, Poisson distribution and autoregressive correlations.
Model 2b is presented where cost = MS + year + MS*year + cohort
+ the matching variables (age, sex, living area and birth country)

outpatient healthcare) costs were observed to peak in the
year of MS diagnosis compared with 2 years before, while
drug costs peaked in the year after [13]. Furthermore, hospi-
tal costs 3 years after were observed to be 67% of the costs in
the year of MS diagnosis [13]. We observed a similar peak,
the corresponding percentages for the PwMS in our study
are 59.6% for inpatient costs and 72.8% for outpatient costs.
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Multiple sclerosis involves a substantial socioeconomic
burden from productivity losses due to the age of onset and
the disease’s relapsing and chronic nature [12, 55]. We
add that the excess costs from productivity losses among
PwMS are over twice as high early in the clinical course
than among matched references. Productivity losses are high
when occurring, with more skewness among references than
PwMS in the proportions with days of lost production [56].
The excess productivity losses will likely further increase
with time from the diagnosis of MS, owing to the clini-
cal course affecting the functional ability and work capac-
ity among a greater proportion of PwWMS and to a greater
degree, as well as more permanent reductions of work capac-
ity [4, 19].

Our findings of excess productivity losses pre-diagnosis
suggest there may be an unmet need of PwMS. The observed
progression of productivity losses was consistent with trends
of higher annual net days of sickness absence and disability
pension among PwMS in Sweden than among references
already prior to diagnosis of MS [19, 57, 58]. The productiv-
ity losses pre-diagnosis suggest that the PwMS may experi-
ence early symptoms, such as fatigue, that even affect their
work capacity [16, 59]. The diagnoses for these days of sick-
ness absence and disability pension may be for diagnoses
related to MS or represent other morbidities [58]. Individu-
als lacking an MS diagnosis and consequently not having
MS DMTs potentially have worsening MS and larger excess
costs. Our study period captures the increasing availability
of DMTs, early initiation of which may be associated with
maintaining work capacity and a reduced risk of sickness
absence or disability pension [8, 9]. However, the long-term
associations of these DMTs with work capacity or productiv-
ity losses remain largely unknown despite improving clinical
outcomes [60]. Nonetheless, the costs of early DMT initia-
tion may potentially be offset by other cost savings [61].

4.1 Methodological Considerations

A key strength of the study is the use of microdata from
nationwide registers to identify the study population and
inform real-world annual resource use, rather than annual-
ising costs from self-reported information with short recall
periods from a sample [11, 18, 50, 62]. Some bias may have
been introduced in requiring 9 years of complete observa-
tion. Complete observation was needed in both assuming
the MS ICD code represented a newly set diagnosis and in
excluding individuals with incomplete observation, as a
result of death or emigration in the 4 years post-diagnosis, to
prevent biased parameter estimates in the GEE models [63].

Population-based matched references were used to esti-
mate the cost excess of MS [62]. Therefore, costs related
to comorbidity and wider problems related to MS were
considered. Costs may be underestimated especially in

register-based studies if only considering costs coded with
MS as the main diagnosis [14]. It is not always obvious
which disease costs relate to, as some comorbidity is inde-
pendent of MS and yet others may be a result of MS [64].
Furthermore, comorbidity may alter the MS clinical course,
as observed with depression [65], and consequently further
MS-specific healthcare may be needed. The reference group
and use of excess costs also adjusted for aging and wider
societal changes over time [57]. Accordingly, our compari-
son of all-cause costs among PwMS with those of references
captures the excess cost attributable to MS.

Multiple sclerosis is associated with substantial costs out-
side of healthcare [49, 50], thus the application of a societal
perspective is especially important [49]. Productivity losses
were estimated from high-quality data of sickness absence
and the disability pension with the widely used human
capital approach [11]. Friction cost methods may have led
to lower cost estimates; however, friction periods were
unknown and would assume that the available replacement
was not already actively producing [11]. Our productivity
losses are underestimated, with days of sickness absence
only paid by employers (periods < 14 days) not captured
in the data.

Retrospective DRG weights based on the nationwide
average resource use of visits with that DRG classification
were used to cost healthcare visits instead of micro-costing
[66]. Using DRG weights may have underestimated the cost
of visits due to diagnoses other than MS among PwMS, for
example, PwWMS may have required more resources than
average because of MS and not all DRGs incorporate com-
plication grades.

The main limitation of our study is the lack of informa-
tion in the nationwide registers for other cost components.
For example, we were unable to estimate costs related to
informal care, sickness presenteeism, primary healthcare,
rehabilitation and adaptation/investments. Additionally,
information on drugs administered within healthcare was
unavailable, including some DMTs. The inclusion of which
would have been advantageous given the increasing inter-
est in early initiation of high-efficacy DMTs [67] and their
importance as cost drivers [15, 50]. Our productivity losses
and healthcare costs should be interpreted with these con-
siderations in mind.

The cost estimates may not be generalisable to other
countries considering the differences in healthcare and social
security systems that may influence consumption, unit prices
and attitudes for use [49, 50, 68]. However, the costs are
representative for newly diagnosed PwMS of working ages
in Sweden 2010-12. The treatment landscape continues to
change for PWMS, including new DMTs with varying prices.
Accordingly, future studies will be required to update our
cost estimates and these studies could also include cost pro-
files by first initiated DMT.
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5 Conclusions

Newly diagnosed PwMS of working ages in Sweden
incur significantly higher healthcare costs, over five times
higher, and more than twice as high productivity losses
compared with matched references in the country. These
excess costs, which could be attributable to the presence
of MS, begin already prior to the diagnosis of MS and
continue to increase thereafter. Higher healthcare costs
and productivity losses compared with matched references
could indicate a high unmet need of PwMS before receiv-
ing the clinical diagnosis of the disease. Therefore, ear-
lier diagnosis with immediate initiation of appropriate MS
therapy aiming to tackle disease progression and reduce
symptoms manifested because of the presence of the dis-
ease might lead to a reduced excess cost of MS over time.
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