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Abstract
Background and Objective  Understanding the socioeconomic burden of multiple sclerosis (MS) is essential to inform poli-
cymakers and payers. Real-world studies have associated increasing costs and worsening quality of life (QoL) with disability 
progression. This study aims to further evaluate the impact of cognition, fatigue, upper and lower limb function (ULF, LLF) 
impairments, and disease progression per Expanded Disability Status Scale (EDSS) level, on costs and QoL.
Methods  This was a cross-sectional cohort study including 20,988 patients from the German NeuroTransData MS registry 
from 2009 to 2019. QoL analyses were based on EQ-5D-5L. Cost analyses included indirect/direct medical and non-medical 
costs. Eight subgroups, ranging from 439 to 1812 patients were created based on presence of measures for disease progres-
sion (EDSS), cognition (Symbol Digit Modalities Test [SDMT]), fatigue (Modified Fatigue Impact 5-Item Scale [MFIS-5]), 
ULF (Nine-Hole Peg Test [9HPT]), and LLF (Timed 25-Foot Walk [T25FW]). Multivariable linear regression assessed the 
independent effect of each test’s score on QoL and costs, while adjusting for EDSS and 12 other confounders.
Results  Lower QoL was associated with decreasing cognition (p < 0.001), worsening ULF (p = 0.025), and increasing 
fatigue (p < 0.0001); however, the negative impact of LLF worsening on QoL was not statistically significant (p = 0.54). 
Higher costs were associated with decreasing cognition (p < 0.001), worsening of ULF (p = 0.0058) and LLF (p = 0.049), 
and increasing fatigue (p < 0.0001). Each 1-scale-step worsening function of SDMT, MFIS-5, 9HPT, and T25FW scores 
resulted in €170, €790, €330, and €520 higher costs, respectively. Modeling disability progression based on SDMT, MFIS-5, 
9HPT, and T25FW scores as an interaction with EDSS strata found associations with lower QoL and higher costs at variable 
EDSS ranges.
Conclusions  Disease progression in MS measured by 9HPT, SDMT, and MFIS-5 had a significant negative impact on QoL 
and broad socioeconomic costs independent of EDSS. T25FW had a significant negative association with costs. Cognition, 
fatigue, ULF, and LLF have stronger impact on costs and QoL in patients with higher EDSS scores. Additional determinants 
of MS disability status, including SDMT, MFIS-5, 9HPT, and T25FW, should be considered for assessing cost effectiveness 
of novel therapeutics for MS.

1  Introduction

Multiple sclerosis (MS) is one of the most widespread neu-
rologic disorders amongst young adults, estimated to affect 
2.8 million people in 2020 worldwide [1]. MS symptoms 
vary widely from depression, exhaustion, problems with 
vision, cognition, bowel and bladder, and muscle stiffness; 
to causing significant mobility issues that require a walk-
ing aid or wheelchair; and in worst cases, confinement to 
a bed [2]. Moreover, progression of disability, independent 
of relapse, needs particular attention as a significant driver 
in the course of the patient’s impairment [3]. MS disability 
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severity is typically measured using the Expanded Disabil-
ity Status Scale (EDSS), the basis of common endpoints in 
MS randomized clinical trials [4, 5]. The greater availabil-
ity and spectrum of disease-modifying therapies (DMTs) 
over the past decade has enabled an overall better control 
of relapse activity and EDSS-assessed disease progression 
[6]. However, treating MS remains challenging because of 
the multisystem nature and diversity of symptoms, causing 
a relevant impact on quality of life (QoL), mobility, and 
individual autonomy [2].

Progress in the effectiveness of DMTs may result in soci-
etally relevant cost savings as MS has significant burden 
on individuals, their families, and also to the wider society 
[1, 7]. The socioeconomic costs of MS go beyond medical 
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Key Points for Decision Makers 

The incorporation of diverse measures of multiple 
sclerosis (MS) disease progression into models assessing 
quality of life (QoL) and costs associated with disability 
status allows for a more accurate evaluation of the cost 
effectiveness of disease-modifying therapies for the 
treatment of MS.

This study evaluated the impact of cognition, fatigue, 
upper and lower limb function (ULF, LLF) impairments, 
and disease progression per Expanded Disability Status 
Scale (EDSS) levels, on costs and QoL.

Decreasing cognition, worsening of ULF/LLF, and 
increasing fatigue negatively impact QoL and costs in 
patients with MS independent of EDSS; greater impact 
was found in MS patients with higher EDSS scores.

These findings support the importance of additional 
determinants of MS disability status, including Symbol 
Digit Modalities Test, Modified Fatigue Impact 5-Item 
Scale, Nine-Hole Peg Test, and Timed 25-Foot Walk, 
along with EDSS, when assessing the economic burden 
of MS.

This research may inform health policy decisions on 
cost-effectiveness analyses of novel therapeutics for MS 
when considering the QoL and economic burden associ-
ated with disease progression.

costs (e.g., hospitalization). Studies have demonstrated that 
increased disease severity leads to non-medical and indirect 
expenditures, such as care provided by family and profes-
sionals, becoming more significant [8–12]. Furthermore, 
workforce participation rates decline as an individual’s dis-
ability increases; initially there is an increase in short-term 
job absence costs, and over time there is a shift towards costs 
associated with long-term work absence [8, 9, 11, 13].

Despite methodological limitations, EDSS remains the 
most widespread clinical assessment of disability [13, 14], 
although it does not accurately measure crucial features of 
progression such as cognition or fatigue [14, 15], and might 
have limited sensitivity for capturing upper limb function 
(ULF) and lower limb function (LLF) impairment [16]. 
Many MS symptoms are therefore not routinely captured 
by standard clinical investigation, and their consequences 
are often neglected in assessments of the clinical and socio-
economic burden that MS imposes on people and society.

Indeed, cognition and fatigue have been highlighted as 
potentially significant contributing factors to patient QoL, 
economic burden, and employment status in MS [17–21]. 
However, previous studies assessing the economic burden of 

MS have been limited by small sample sizes, lack of control 
for confounders, and a limited ability to disentangle the vari-
ous factors that could affect economic burden independently 
of EDSS scores.

Previously, we evaluated the broader impact of MS dis-
ease progression on societal costs and QoL per EDSS level, 
regardless of MS phenotype and treatment (per Dillon et al.) 
[22]; using multivariable modeling, QoL worsened and 
healthcare costs were shown to increase with each 0.5 step in 
EDSS. The objective of this study was to evaluate costs and 
QoL changes associated with disability status as defined by 
EDSS and the additional impact of cognitive status, fatigue, 
ULF, and LLF.

2 � Methods

2.1 � Study Design and Population

This retrospective, cross-sectional cohort study of peo-
ple with MS (PwMS) used routinely collected data from 
the NeuroTransData (NTD) MS registry [23]. Data from 
all PwMS who met the following criteria were eligible 
for inclusion: MS diagnosis by neurologist; full informa-
tion availability on age, sex, living status, and education. 
PwMS who were prescribed an off-label DMT (n = 206) 
were excluded from the study.

Two cohorts were evaluated in this study: (i) the QoL 
cohort (Fig. 1a) included data from PwMS with visits 
to NTD clinics between 2009 and 2019. Eligible visits 
must have included EDSS and EQ-5D-5L assessments 
measured on the same day (first visit with an assessment 
was defined as the index date); (ii) costs cohort (Fig. 1b) 
included PwMS with visits at NTD clinics from January 
1, 2016 to December 31, 2019 during which EDSS was 
assessed (index date). Another visit during the year prior 
to the index date with assessment of EDSS was recorded 
to ensure adequate capture of patient characteristics and 
socioeconomic costs in the year prior to the index date.

For both cohorts, PwMS may be eligible for the study 
at multiple time points, and for each individual, the most 
recent eligible time point was selected as the index date 
for patient inclusion. Additionally, for both cohorts one 
of the following tests must have been measured within 3 
months before or after the index date: the Symbol Digit 
Modalities Test (SDMT), a psychomotor assessment 
of both motor and processing speed [24]; the Modified 
Fatigue Impact 5-Item Scale (MFIS-5), a questionnaire 
for assessing fatigue in clinical and research practice [25]; 
the Nine-Hole Peg Test (9HPT), a quantitative assessment 
used to measure arm and hand function (i.e., ULF) [26]; 
and the Timed 25-Foot Walk (T25FW) test, a quantita-
tive mobility and leg function performance test (i.e., LLF) 
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[27]. Based on the presence of a measure of the SDMT, 
MFIS-5, 9HPT, and/or T25FW (later referred to as second-
ary scores), we created four separate subgroups for each 
cohort. Within each subgroup, the additional impact of 
cognition, fatigue, ULF, and LLF beyond that of EDSS on 
QoL and socioeconomic costs was evaluated in multivari-
able linear regression models.

2.2 � Data Source and Setting

Patient inclusion with informed consent is completed in 
the respective NTD practice as part of routine clinical care. 
After consent is obtained from each patient, demographics, 
clinical data, and patient-reported outcomes are captured 
during outpatient visits in NTD offices using the web-based 
NTD registry platform [28]. All data are pseudonymized 
and pooled. The Institute for Medical Information Process-
ing, Biometry and Epidemiology (Institut für Medizinische 
Informationsverarbeitung, Biometrie und Epidemiologie) at 
the Ludwig Maximilian University in Munich, Germany, 
manages codes and acts as an external trust center. An 
advanced qualified data management and data quality system 
ensures high data quality [29]. Patients explicitly agreed to 
any secondary use of their data.

2.3 � Outcome Measures

Evaluation of QoL and costs was carried out as per Dillon 
et al. [22]. To evaluate QoL, utilities were estimated from 
the EQ-5D-5L scores recorded in the NTD database using 
the German value set published in Ludwig et al. [30]. For 
societal costs, analyses were conducted from the societal 
perspective including direct medical and non-medical costs, 
and indirect costs (i.e., all costs to all parties). Data from the 
NTD registry were used to characterize patients’ healthcare 
resource utilization (HCRU), such as requirements for for-
mal care (e.g., inpatient care, consultations, brain MRI, and 
medications), informal care, investments required to cope 
with disability, and impacts on working career. Data from 
the index date visit and at least one other visit in the prior 
12 months were used to describe HCRU and generate an 
annualized cost. The HCRU categories were derived from 
previous studies [9] and records of healthcare visits, inves-
tigations, treatments, need for equipment, care, etc. were 
used to quantify HCRU/costs. The costs related to these fac-
tors were obtained from the authors from previous research 
studies [8, 9] that utilized publicly available information, 
such as average costs for hospital stays, consultations, etc., 
which we adjusted to 2019 values using the consumer price 
index. Additional searches of public information were 
conducted as needed to gather sample costs, including the 
prices of assistive devices from up to 10 product websites. 

Productivity losses were assessed using the human-capital 
method, utilizing the national German cost of labor. The 
costs of care were estimated based on binary (yes/no) indi-
cators of whether specific types of care were required, such 
as daycare, family care, short-term inpatient stays, outpa-
tient care, and community-based domestic assistance. Due 
to the lack of data on the number of care hours provided, the 
average cost of informal care (family care) per EDSS level 
was estimated based on previous studies. Investment costs 
were determined based on product lifespan with periodic 
maintenance included, and these costs, along with data from 
product specifications, were gathered. Some products had 
unclear costs and lifespans; for instance, ‘house modifica-
tion’ costs could range from less than €1000 (for ramps) to 
over €20,000 (for complete flat adaptations). To standardize, 
we used the average costs per flat in Germany to establish 
a flat barrier fee (excluding expenses for tub lifts and stair 
escalators, which were considered as separate items).

2.4 � Statistical Analysis

Multivariable linear regression analysis was employed to 
assess the independent effect of scores for SDMT, MFIS-5, 
9HPT, and T25FW separately on QoL/utility and HCRU/
costs, while adjusting for EDSS (categorical 1.0 increments) 
and other key confounders, including demographics (age, 
sex, living status, educational attainment) and MS disease 
characteristics (time since diagnosis, time since manifesta-
tion, MS subtype, time since last 12-week confirmed dis-
ability progression event, time since last relapse, number of 
relapses in previous year, current DMT, and time since last 
DMT change).

Primary analyses consisted of eight linear regression 
models, containing a random effect modeling the impact of 
medical centers. We assessed potential multicollinearity by 
estimating the generalized variance inflation factor (VIF) for 
all independent variables [31]. Excessive multicollinearity 
would reduce the robustness of estimates for independent 
impact of SDMT, MFIS-5, 9HPT, and T25FW scores rela-
tive to the EDSS. A conservative threshold of 2.5 was used 
to evaluate multicollinearity, although VIF >5 is a generally 
accepted indicator for severe collinearity [32–34].

Our secondary analyses evaluated potential non-linear 
relationships between secondary scores (SDMT, MFIS-
5, 9HPT, and T25FW), and QoL and costs dependent on 
EDSS. Firstly, distribution of these variables within EDSS 
strata were plotted visually using partial regression plots. 
The EDSS strata (EDSS 0.0, EDSS 1.0–1.5, EDSS 2.0–2.5, 
EDSS 3.0–3.5, EDSS 4.0–4.5, EDSS 5.0+) were informed 
by previous studies and identified on the basis of the sam-
ple sizes available (Table 1) [8, 9]. These EDSS strata cor-
respond to clinically relevant classifications of disability 
levels, in particular for EDSS scores ≥5.0, allowing the 
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grouping of patients who were partially ambulatory or non-
ambulatory with significant loss of autonomy and major 
dependency.

Subsequently, the secondary scores were modeled as an 
interaction with EDSS strata in eight further multivariable 
mixed linear regression models in order to estimate the non-
linear association of the secondary scores on QoL and costs. 
A data-dependent normalization strategy was employed to 
account for the variation in secondary scores dependent on 
EDSS strata. Within each strata, we established the corre-
sponding z scores based on the means and standard devia-
tions for each of the secondary scores. Subsequently, z scores 
were capped to the range (−1.96, +1.96) per strata, and the 
division was undone by multiplication with the original 
standard deviation per strata. This strategy ensured that the 
analysis was not driven by extreme outliers (often observed 
for 9HPT and T25FW) and defines a typical range for each 
secondary score per EDSS strata where linear relationships 
are most likely. Scores for MFIS-5 were not ‘normalized’ 
due to their categorical nature.

3 � Results

3.1 � Study Cohorts

The NTD registry included a population of 20,988 MS 
patients from 2009 to 2019, of which an initial sample of 
12,889 PwMS were eligible for the QoL analyses (Fig. 1a). 
Then, four subgroups were created with full covariate infor-
mation available plus secondary scores: 1812 for SDMT, 
1603 for MFIS-5, 439 for 9HPT, and 609 for T25FW. For 
the cost analyses, the initial NTD registry population was 
smaller (n = 14,507) due to a more limited analysis window 
(2016–2019) and the eligible costs cohort included 12,221 
PwMS (Fig. 1b). Costs cohort subgroups with full covari-
ate information available included 1315 for SDMT, 762 for 
MFIS-5, 572 for 9HPT, and 567 for T25FW. Demographics 
and baseline characteristics of each QoL and costs cohort 

per secondary scores are summarized in Table 2. The aver-
age secondary scores by EDSS strata for the QoL and costs 
cohorts are described in Supplementary Tables 1 and 2, 
respectively (see electronic supplementary material [ESM]), 
showing shifts in secondary scores per EDSS group, which 
suggested that an interaction with EDSS strata was needed 
as the dynamic range varied.

3.2 � Quality of Life

In the four separate multivariable models (primary analy-
ses), worsening function per secondary score except for 
T25FW had a statistically significant negative association 
with QoL and utility scores (Table 3). Multicollinearity did 
not have significant influence on parameter estimates of sec-
ondary scores since the VIF never exceeded 1.33 (data not 
shown). Each one unit decrease in SDMT, reflecting lower 
cognition, was associated with a 0.13% decrease in util-
ity. Each 1-point increase on the MFIS-5, reflecting higher 
fatigue, was associated with a 2.3% decrease in utility. Each 
1-second increase in 9HPT, reflecting worsening ULF, was 
associated with a 0.29% decrease in utility.

However, non-linear relationships were evident and fur-
ther modeling of secondary scores as an EDSS strata inter-
action was performed (secondary analyses, Fig. 2). In these 
analyses, poorer SDMT score, reflecting decreasing cogni-
tion, at EDSS 2.0–2.5 and EDSS 4.0–4.5 demonstrated a 
significant association with lower QoL. Increasing fatigue, 
reflected in increasing MFIS-5, demonstrated a significant 
association with lower QoL across each EDSS category. 
Worsening ULF, reflected in longer 9HPT times, was sig-
nificantly associated with lower QoL at EDSS 2.0–3.5, with 
non-significant decrements to QoL observed at lower EDSS 
(<2) also observed and a possible ceiling effect at higher 
EDSS (4+) as the impact of 9HPT attenuated towards the 
null. A longer T25FW time displayed trends of lower QoL 
with non-zero coefficients at lower EDSS (<4), which atten-
uated towards the null at higher EDSS (4+). Forest plots 
have been constructed for the graphic representation of the 
summarized estimated results between the coefficient values 
and EDSS (Fig. 3).

3.3 � Costs

In the four separate multivariable models (primary analyses), 
worsening function per secondary score (i.e., SDMT, MFIS-
5, 9HPT, T25FW) had a significantly negative association 
with overall societal costs (Table 3). Multicollinearity did 
not influence parameter estimates of secondary scores since 
the highest VIF estimated was 1.39 (data not shown). Each 
1-point decrease in SDMT, reflecting lower cognition, was 
associated with €170 higher costs. Each 1-point increase on 
the MFIS-5, reflecting higher fatigue, was associated with 

Fig. 1   Study population overview flowcharts for a QoL/utility and b 
HCRU/costs. aSPMS patients (e.g., on interferon) are not excluded 
even though interferon does not have a label for SPMS. bFull covari-
ate list: Age, sex, living status, educational attainment, time since 
diagnosis, time since manifestation, MS subtype, time since last 
relapse, number of relapses in previous year, time since last con-
firmed disability progression, current DMT, and time since last DMT 
change. 9HPT Nine-Hole Peg Test, DMT disease-modifying therapy, 
EDSS Expanded Disability Status Scale, EQ-5D-5L European Quality 
of Life 5-Dimensions Questionnaire-Five Levels, HCRU​ healthcare 
resource utilization, MFIS-5 Modified Fatigue Impact 5-Item Scale, 
MS multiple sclerosis, NTD NeuroTransData, QoL quality of life, 
SDMT Symbol Digit Modalities Test, SPMS secondary progressive 
multiple sclerosis, T25FW Timed 25-Foot Walk

◂
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€790 higher costs. Additionally, each 1-second increase in 
9HPT, reflecting worsening ULF, was associated with €330 
higher costs. Whereas each 1-second increase in T25FW, 

reflecting worsening LLF, was associated with €520 higher 
costs.

Table 1   Clinical descriptions of EDSS strata used for analysis [4]

EDSS Expanded Disability Status Scale, FS functional system

EDSS score EDSS level descriptor Evaluation

0.0 Normal neurologic function
1.0–1.5 No disability Minimal signs in ≥1 FS (Grade 1, excluding Cerebral Grade 1)
2.0–2.5 Minimal disability Minimal disability in ≤2 FS (two FS Grade 2, others 0 or 1)
3.0–3.5 Mild-moderate disability Fully ambulatory but with moderate disability in up to one FS Grade 3 and one or two FS 

Grade 2; or two FS Grade 3; or five FS Grade 2 (others 0 or 1)
4.0–4.5 Moderate disability Fully ambulatory without aid, characterized by relatively severe disability usually consisting 

of up to one FS Grade 4 (others 0 or 1) or combinations of lesser grades exceeding limits 
of previous steps. Able to walk without aid or rest for between 300–500 m

≥5.0 Disability affects full daily activities Disability ranges from ambulatory without aid or rest for ≤200 m (usual FS equivalents are 
one Grade 5 alone, others 0 or 1; or combinations of lesser grades usually exceeding speci-
fications for Step 4.0) and above as per EDSS scores >5 (including requiring a walking aid 
or wheelchair etc.)

Table 2   Population demographics and baseline characteristics for each secondary score for the QoL (Panel A) and the costs analyses (Panel B)

9HPT Nine-Hole Peg Test, DMT disease-modifying therapy, EDSS Expanded Disability Status Scale, MFIS-5 Modified Fatigue Impact 5-Item 
Scale, QoL quality of life, RRMS relapsing–remitting multiple sclerosis, SD standard deviation, SDMT Symbol Digit Modalities Test, T25FW 
Timed 25-Foot Walk

Panel A—QoL cohort

Covariate Overall population 
2009–2019
(N = 20,988)

SDMT
(N = 1812)

MFIS-5
(N = 1603)

9HPT
(N = 439)

T25FW
(N = 609)

Female 15,123 (72.0%) 1298 (71.6%) 1127 (70.3%) 306 (69.7%) 419 (68.8%)
Living alone 3336 (15.9%) 322 (17.8%) 293 (18.3%) 82 (18.7%) 114 (18.7%)
Mean age (SD) 46.67 (12.91) 43.24 (11.14) 45.71 (12.15) 44.04 (10.99) 45.52 (11.05)
Mean age at diagnosis (SD) 35.15 (11.08) 34.20 (10.15) 35.41 (10.54) 33.96 (9.88) 34.89 (10.54)
Mean age at first manifestation (SD) 32.98 (10.81) 32.18 (10.04) 33.15 (10.40) 31.93 (9.64) 32.64 (10.36)
Mean EDSS (SD) 2.75 (2.26) 2.30 (1.64) 2.69 (2.06) 2.66 (1.91) 3.07 (1.93)
RRMS 16,792 (80.0%) 1751 (96.6%) 1381 (86.2%) 388 (88.4%) 500 (82.1%)
Relapse in last 3 months 1064 (5.1%) 186 (10.3%) 131 (8.2%) 31 (7.1%) 50 (8.2%)
Currently on DMT 12,625 (60.1%) 1593 (87.9%) 1214 (75.7%) 358 (81.5%) 466 (76.5%)

Panel B—Societal costs cohort

Covariate Overall population 
2016–2019
(N = 14,507)

SDMT
(N = 1315)

MFIS-5
(N = 762)

9HPT
(N = 572)

T25FW
(N = 567)

Female 10,407 (71.7%) 945 (71.9%) 516 (67.7%) 422 (73.8%) 417 (73.5%)
Living alone 2557 (17.6%) 245 (18.6%) 138 (18.1%) 109 (19.1%) 110 (19.4%)
Mean age (SD) 47.36 (12.76) 44.10 (11.13) 47.43 (12.48) 46.95 (11.04) 46.98 (11.01)
Mean age at diagnosis (SD) 34.94 (10.92) 34.13 (10.10) 36.12 (10.78) 34.17 (9.46) 34.41 (9.76)
Mean age at first manifestation (SD) 32.84 (10.67) 32.13 (9.92) 33.74 (10.58) 32.06 (9.24) 32.35 (9.56)
Mean EDSS (SD) 2.67 (2.16) 2.42 (1.68) 2.72 (1.99) 2.67 (1.91) 2.68 (1.86)
RRMS 12,049 (83.1%) 1238 (94.1%) 674 (88.5%) 482 (84.3%) 477 (84.1%)
Relapse in last 3 months 566 (3.9%) 126 (9.6%) 42 (5.5%) 22 (3.8%) 25 (4.4%)
Currently on DMT 9796 (67.5%) 1167 (88.7%) 603 (79.1%) 465 (81.3%) 457 (80.6%)
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Non-linear relationships were evident and further mod-
eling of secondary scores as an interaction with EDSS 
strata was performed (secondary analyses, Fig. 4). In these 
analyses, decreasing SDMT, reflecting lower cognition, at 
EDSS 2.0–4.5 demonstrated significant associations with 
higher costs. At lower EDSS (<2), the impact of SDMT 
on costs was attenuated and was inconsistent with other 
strata at high EDSS (5+). Increasing fatigue, reflected by an 
increase in MFIS-5 scores, at EDSS 2.0–4.5 demonstrated 
a significant association with higher costs, which appeared 
to attenuate at lower (<2) and higher (5+) EDSS. Worsen-
ing ULF, reflected in longer 9HPT times, was significantly 
associated with higher costs at EDSS 2.0–2.5 and EDSS 
4.0–4.5 with an inconsistent impact across remaining EDSS 
strata. Worsening LLF, captured as higher T25FW values, 
displayed trends of associations with higher costs, with larg-
est impacts at EDSS 2.0–2.5 and EDSS 4.0–4.5. Forest plots 
have been constructed for the graphic representation of the 
summarized estimated results between the coefficient values 
and EDSS (Fig. 5).

Table 3   Multivariable models for QoL and costs without EDSS inter-
actions between secondary scores and EDSS strata

Full covariate list: Age, sex, living status, educational attainment, 
time since diagnosis, time since manifestation, MS subtype, time 
since last relapse, number of relapses in previous year, time since last 
confirmed disability progression, current DMT, and time since last 
DMT change
9HPT Nine-Hole Peg Test, DMT disease-modifying therapy, EDSS 
Expanded Disability Status Scale, HCRU​ healthcare resource utili-
zation, MFIS-5 Modified Fatigue Impact 5-Item Scale, MS multiple 
sclerosis, QoL quality of life, SDMT Symbol Digit Modalities Test, 
T25FW Timed 25-Foot Walk

Secondary measures Coefficients (p value)

QoL/utility
 Model 1 SDMT 0.0013 (< 0.001)
 Model 2 MFIS-5 −0.023 (< 0.0001)
 Model 3 9HPT −0.0029 (0.025)
 Model 4 T25FW −0.0011 (0.54)

HCRU/costs
 Model 1 SDMT −170 (< 0.001)
 Model 2 MFIS-5 790 (< 0.0001)
 Model 3 9HPT 330 (0.0058)
 Model 4 T25FW 520 (0.049)

Fig. 2   Distributions of a SDMT, b MFIS-5, c 9HPT, and d T25FW 
scores for the QoL population, separated by EDSS strata. 9HPT 
Nine-Hole Peg Test, EDSS Expanded Disability Status Scale, MFIS-

5 Modified Fatigue Impact 5-Item Scale, QoL quality of life, SDMT 
Symbol Digit Modalities Test, T25FW Timed 25-Foot Walk
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4 � Summary of Findings

The multivariable models demonstrated that worsening function 
per secondary score (i.e., SDMT, MFIS-5, 9HPT, T25FW) had a 
significant negative association with HCRU and costs. Modeling 
of secondary scores as an interaction with EDSS strata demon-
strated significant associations between secondary scores and 
higher costs at variable EDSS ranges.

5 � Discussion

This retrospective study of PwMS within the German NTD 
MS registry demonstrated significant and negative impacts 
of MS disability status on QoL and socioeconomic costs 
beyond those measured by the EDSS, including cognitive 
status, fatigue, ULF, and LLF (with the single exception of 
T25FW on QoL). The influence of these factors on QoL and 
costs were observed to be non-linear across strata of EDSS. 
The directional impact of declining cognition, increasing 
fatigue, worsening ULF and LLF on decreased QoL and 
increased socioeconomic costs might be anticipated. How-
ever, the relationships appeared to be stronger at lower EDSS 
levels, perhaps due to patients adapting to their disability 
at higher EDSS levels. Similar findings have been reported 
elsewhere, albeit in smaller samples with limited control of 
confounding variables; in particular, multiple studies did not 
adjust for EDSS as a covariate in their respective models. 

These studies have concluded that impairment in upper 
extremity motor function contributed to an impairment 
in the physical domain of QoL [35], while walking abil-
ity, EDSS, and cognitive performance were independently 
associated with employment status, and have an impact on 
societal costs [36].

In our study, decreasing cognition measured by SDMT 
was associated with a lower QoL and higher costs. Apply-
ing thresholds that reflect clinically meaningful change 
(lower cognition), at the population level [37], we found 
that each 4-point decrease in SDMT was associated with 
an approximate 0.52% decrease in utility. Several studies 
reported that SDMT has a relationship with QoL in cohorts 
with median EDSS of 1.5 [38], 2.5 [39], and 3.5 [40], as 
well as in middle-aged cohorts [41, 42]. However, cognition 
has also been found to have no effect on QoL in an older 
population with median EDSS of 4.75 [43]. This latter study 
aligns with the absence of an impact of cognition on QoL 
for patients with EDSS ≥5.0 seen in the secondary analyses 
of our study. In models using an interaction term between 
SDMT and EDSS strata, decreasing cognition had a nega-
tive impact on QoL at EDSS ranging from 0.0 to 4.5, but 
not at EDSS 5.0 and above. Although the association with 
QoL at EDSS 0.0, 1.0–1.5, and 3.0–3.5 were non-significant, 
the coefficients were consistent at the lower EDSS levels. 
Our study extends findings of the previous studies [38–43] 
using a broader spectrum of MS across age and disability, 
combined with the larger sample size, allowing not only for 

Fig. 3   Forest plots for a cognition (SDMT), b fatigue (MFIS-5), c 
upper limb (9HPT), and d lower limb function (T25FW) outcome 
measures to QoL/utility within strata of EDSS. 9HPT Nine-Hole Peg 

Test, CI confidence interval, EDSS Expanded Disability Status Scale, 
MFIS-5 Modified Fatigue Impact 5-Item Scale, QoL quality of life, 
SDMT Symbol Digit Modalities Test, T25FW Timed 25-Foot Walk



Cost and Quality of Life of Disability Progression in Multiple Sclerosis Beyond EDSS

the global assessment of impact of cognition of QoL across 
all levels of EDSS but also within EDSS levels.

A systematic review of studies investigating objective 
cognitive performance and unemployment in MS found a 
relationship between employment status and cognition in 
MS, in particular information processing speed assessed by 
SDMT [44]. Another study exploring the impact of cogni-
tive deficits on employment in PwMS and its contribution to 
the economic burden of MS, reported that cognitive perfor-
mance, assessed by the Audio Recorded Cognitive Screen 
and SDMT, was negatively correlated with economic bur-
den in MS, but independent of EDSS scores [45]. In this 
study we found an increase in costs of €680 when applying 
a 4-point clinically meaningful change in SDMT, and in sec-
ondary analyses the increase in costs was most relevant at 
EDSS 2.0–4.5. Overall, these findings suggest that cognitive 
deficits are a major contributor to unemployment, supporting 
the assumption that cognitive impairment may contribute 
to the overall economic burden of MS, particularly as the 
disease progresses over time. Our study adds to previous 
research by using a broader range of cost categories rather 
than restricting to a specific category such as costs due to 
unemployment. Future research in this area could focus on 

the longitudinal relationships of cognitive decline starting 
from time of diagnosis.

Fatigue is often reported as the most frequent and disa-
bling symptom among PwMS and has a significant impact 
on the psychologic and social consequences affecting 
patients’ daily life [46]. In the current study, fatigue was 
significantly associated with QoL and costs in primary anal-
yses, and of the battery of tests utilized in the present study, 
fatigue most consistently impacted QoL and socioeconomic 
costs across the EDSS strata in secondary analyses. In par-
ticular, a greater impact of fatigue on QoL was observed at 
upper EDSS levels. Algorithms to convert Fatigue Severity 
Scale scores to health state utility values have been devel-
oped for use in the estimation of quality-adjusted life-years 
(QALYs), which are a policy-relevant measure for use in 
cost-effectiveness analyses [47]. Our results using larger 
diverse cohorts of MS patients confirm previous findings, 
indicating that fatigue as a consequence of MS progression 
contributes significantly to decreased QoL [21, 39, 47–59] 
and increased societal costs [60–62], and that measures of 
fatigue are therefore likely to lend themselves to QALY cost-
effectiveness analyses [47].

In the current study, worsening ULF had a significant 
association with decreasing QoL and increasing costs, and 

Fig. 4   Distributions of a SDMT, b MFIS-5, c 9HPT, and d T25FW 
scores for the costs population, separated by EDSS strata. 9HPT 
Nine-Hole Peg Test, EDSS Expanded Disability Status Scale, MFIS-5 

Modified Fatigue Impact 5-Item Scale, SDMT Symbol Digit Modali-
ties Test, T25FW Timed 25-Foot Walk
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in secondary analyses had the largest decrements on QoL 
and costs at EDSS 2.0–4.5. By contrast, worsening LLF 
based on T25FW was only associated with higher costs in 
primary analyses, and in secondary analyses displayed non-
significant trends of lower QoL at EDSS 0–3.5 and higher 
costs at EDSS 2.0–4.5. Our finding of varying relationships 
with QoL occurring across EDSS strata is reflected in other 
studies, where a stronger connection between the 9HPT 
and QoL, than T25FW and QoL was seen [63], while in an 
older population, no link was found between the T25FW 
and QoL in patients with EDSS score >5 [26]. The latter 
finding may possibly be due to ambulation having a less 
significant impact on patients’ lives than other aspects of 
disease progression at later stages of MS and may be espe-
cially true once patients require a wheelchair. With regard to 
costs, prior studies have also observed increasing 9HPT and 
T25FW scores were correlated with increasing annualized 
direct [64] and indirect costs [65] associated with MS; how-
ever, EDSS was not included in the indirect-cost model [65].

To our knowledge, this study is the first to use routinely 
collected data from outpatient neurology clinics to describe 
the costs and QoL associated with disability status (as 
defined by EDSS) and to evaluate the additional impact of 
cognition, fatigue, ULF, and LLF on costs and QoL.

Strengths of this study include the assessment of EDSS 
by the patient’s treating neurologist, the large sample size 
from a real-world setting, although the sample size across 
each cohort was not homogeneous and was limited for 9HPT 

and T25FW tests. We also controlled for EDSS and a large 
number of confounding factors such as education, which are 
often absent in other studies. Additionally, fatigue was meas-
ured in this study using a standardized questionnaire, the 
MFIS-5, while prior studies relied on visual analog scales 
to evaluate fatigue [55].

There were limitations to our study, which include those 
previously described in Dillon et al. [22], such as potential 
underestimation of costs or the use of outdated cost estimates, 
and the binary nature of data collected on whether informal 
care was utilized (yes/no). Due to our cross-sectional study 
design, clinically relevant score changes within PwMS over 
time were not analyzed.

Our findings may be limited in their generalizability due to 
the significant attrition between study populations. The SDMT, 
MFIS-5, 9HPT, and T25FW are not standard assessments; 
therefore, the eligibility criteria requiring these tests may have 
led to a selected population compared with the general MS 
population within the NTD; although differences in patient 
characteristics within each cohort were minimal (Table 2), 
apart from having a higher propensity for relapses in the past 
3 months and being on a DMT (which could be explained by 
a higher clinical need for additional measurements for patients 
with disease activity and treated with a DMT). Additionally, 
the model structures used were not adjusted for each additional 
secondary score and at higher EDSS levels the availability of 
secondary scores was sparse, thus limiting statistical power 
and precision in the estimates.

Fig. 5   Forest plots for a cognition (SDMT), b fatigue (MFIS-5), c 
upper limb (9HPT), and d lower limb function (T25FW) outcome 
measures to HCRU/costs within strata of EDSS. 9HPT Nine-Hole 
Peg Test, CI confidence interval, EDSS Expanded Disability Sta-

tus Scale, HCRU​ healthcare resource utilization, MFIS-5 Modified 
Fatigue Impact 5-Item Scale, SDMT Symbol Digit Modalities Test, 
T25FW Timed 25-Foot Walk
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Statistical power was further limited by the use of interac-
tion terms needed to estimate coefficients per EDSS strata, 
potentially resulting in type II errors. However, it should also 
be noted that some of the inconsistencies in observations may 
arise from how the secondary scores were defined. The two 
aspects to be considered include validity of the instrument 
and overlap of domains in EQ-5D-5L also measuring similar 
concepts (i.e., mobility and self-care covered by the T25FW 
and 9HPT assessments, respectively). Sample size limitations 
for the T25FW and 9HPT cohorts also impacted the statisti-
cal power for those analyses; however, the sample sizes used 
in this analysis are, overall, large for a real-world data study.

Cut-off values were not used to dichotomize the secondary 
scores, although clinically relevant changes do exist for these 
assessments; however, these require longitudinal measure-
ments to define, which was not possible in the current study. 
The non-linear trends observed in the relationship between 
secondary scores and outcomes stratified by EDSS, as shown 
in Supplementary Figures 1 and 2 (see ESM), suggest that 
our secondary analyses modeling interactions of secondary 
scores with EDSS strata may be more appropriate. However, 
in line with the literature, we reported our primary model 
without modeling the interaction. Finally, the non-linear trends 
observed in our data may also suggest an avenue for future 
research such as measuring secondary scores longitudinally to 
account for changes in patient secondary scores and dichoto-
mizing using clinically validated thresholds.

6 � Conclusions

The EDSS may not fully measure MS disability concepts of 
cognition, fatigue, ULF, and milder impacts of LLF at lower 
EDSS scores, which are determinants of QoL and socio-
economic costs in PwMS [14, 15]. Additional measures of 
MS disability status, including SDMT, MFIS-5, 9HPT, and 
T25FW, had a significant negative impact on the QoL of 
PwMS and broad socioeconomic costs when accounting for 
EDSS. Recently, additional measures of MS disease progres-
sion including fatigue and ULF were judged in a technol-
ogy appraisal as insufficiently robust to be incorporated into 
cost-effectiveness models for a DMT in the form of disutil-
ity [66]. The findings from the current analyses support the 
incorporation of other measures such as cognition, fatigue, 
LLF, and ULF alongside EDSS in models assessing utilities 
and costs associated with disability status in future economic 
evaluations of DMTs for the treatment of MS. Overall, 
these findings may inform health policy decisions in cost-
effectiveness analyses of novel therapeutics for MS when 
considering additional disutility and costs associated with 
disease progression in PwMS. Health economists, national 
health authorities, health insurances, and Health Technol-
ogy Assessment bodies should consider other determinants 

of disability status in MS including SDMT, MFIS-5, 9HPT, 
and T25FW, along with EDSS, when assessing economic 
burden.
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