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Abstract

Background Although the economic burden of multiple sclerosis (MS) in high-income countries (HICs) has been extensively
studied, information on the costs of MS in low- and middle-income countries (LMICs) remains scarce. Moreover, no review
synthesizing and assessing the costs of MS in LMICs has yet been undertaken.

Objective Our objective was to systematically identify and review the cost of illness (COI) of MS in LMICs to critically appraise
the methodologies used, compare cost estimates across countries and by level of disease severity, and examine cost drivers.
Methods We conducted a systematic literature search for original studies in English, French, and Dutch containing prevalence
or incidence-based cost data of MS in LMICs. The search was conducted in MEDLINE (Ovid), PubMed, Embase (Ovid),
Cochrane Library, National Health Service Economic Evaluation Database (NHS EED), Econlit, and CINAHL (EBSCO) on
July 2020 without restrictions on publication date. Recommended and validated methods were used for data extraction and
analysis to make the results of the COI studies comparable. Costs were adjusted to $US, year 2019 values, using the World
Bank purchasing power parity and inflated using the consumer price index.

Results A total of 14 studies were identified, all of which were conducted in upper-middle-income economies. Eight studies used a
bottom-up approach for costing, and six used a top-down approach. Four studies used a societal perspective. The total annual cost
per patient ranged between $US463 and 58,616. Costs varied across studies and countries, mainly because of differences regard-
ing the inclusion of costs of disease-modifying therapies (DMTs), the range of cost items included, the methodological choices
such as approaches used to estimate healthcare resource consumption, and the inclusion of informal care and productivity losses.
Characteristics and methodologies of the included studies varied considerably, especially regarding the perspective adopted, cost
data specification, and reporting of costs per severity levels. The total costs increased with greater disease severity. The cost ratios
between different levels of MS severity within studies were relatively stable; costs were around 1-1.5 times higher for moderate
versus mild MS and about two times higher for severe versus mild MS. MS drug costs were the main cost driver for less severe
MS, whereas the proportion of direct non-medical costs and indirect costs increased with greater disease severity.

Conclusion MS places a huge economic burden on healthcare systems and societies in LMICs. Methodological differences
and substantial variations in terms of absolute costs were found between studies, which made comparison of studies chal-
lenging. However, the cost ratios across different levels of MS severity were similar, making comparisons between studies
by disease severity feasible. Cost drivers were mainly DMTs and relapse treatments, and this was consistent across studies.
Yet, the distribution of cost components varied with disease severity.

1 Introduction

Multiple sclerosis (MS) is an inflammatory and demyelinat-
ing disease of the central nervous system that affects 2.8
million people worldwide and has a prevalence of 36 per
100,000 people [1]. It is the leading cause of non-traumatic
disability in young adults [2] and has an average incidence

Extended author information available on the last page of the article

of two females for each male [1]. The prevalence of MS
varies considerably within regions. San Marino and Ger-
many have the highest prevalence in the world (337 and 303
per 100,000, respectively), followed by the USA (288 per
100,000). Reported MS prevalence rates are considerably
lower in low- and middle-income countries (LMICs) than
in high-income countries (HICs), but these numbers remain
uncertain because of the lack of data [1]. For example, the
scarce outdated data indicated an estimation of 1.39 per
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Key Points for Decision Makers

Multiple sclerosis (MS) imposes a significant economic
burden in low- and middle-income countries (LMICs).
The total costs of the disease increase with disease sever-
ity. Costs of MS drugs dominate in less severe disease,
whereas the proportion of direct non-medical costs and
indirect costs increases with disease severity.

Substantial variations in MS costs were found between
studies in LMICs, which made comparison of studies
challenging. However, the cost ratios across different lev-
els of MS severity were similar. Therefore, future cost-
of-illness (COI) studies of MS in LMICs should include
all MS-related cost categories and report on cost per
disease severity level as MS costs significantly depend
on Expanded Disability Status Scale categories.

COI studies should clearly define the perspective and
data sources used. Methodologies adopted to estimate
healthcare resource consumption, informal care and pro-
ductivity losses should be well-defined and in alignment
with the country’s own healthcare system and specifica-
tions as a marker of the reliability of the COI estimate.

100,000 in Shanghai in 2004 and of 54.5 per 100,000 in
Iran in 2013 [3].

MS is characterized by the loss of motor and sensory
functions because of the degeneration of myelin and sub-
sequent loss of the nerves’ ability to conduct electrical
impulses to and from the brain [4, 5]. Consequently, MS
can cause an array of symptoms, including upper and lower
extremity disabilities, visual disturbances, balance and coor-
dination problems, spasticity, altered sensation, abnormal
speech, swallowing disorders, fatigue, bladder and bowel
problems, sexual dysfunction, and cognitive and emotional
disturbances [4, 6, 7]. These symptoms introduce signifi-
cant disruptions that negatively affect patients’ quality of
life, interfere with their productivity [8], and place societal
costs on healthcare systems, caregivers, patients, and their
families [9].

Although the clinical course of the disease is highly vari-
able, MS can be categorized into two types based on phe-
notype: relapsing-remitting MS (RRMS) and progressive
MS. RRMS, which accounts for 80-85% of initial diagno-
ses of MS, is characterized by new or recurrent neurologic
symptoms (relapses) and stable periods without disease
progression (remissions). Relapses are followed by periods
of partial or complete recovery. Progressive MS includes
secondary progressive MS, with or without relapses, and
primary progressive MS [10]. MS progression varies from
person to person, and the Expanded Disability Status Scale
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(EDSS) is used to measure the degree of impairment in neu-
rologic functions [11]. Available data indicate that health
resource consumption and quality of life differ across EDSS
levels [12, 13].

Cost-of-illness (COI) studies are descriptive analyses
assessing the economic burden of a particular health prob-
lem over a defined period of time [14]. COI studies inform
planning of healthcare services, evaluation of policy options,
and prioritization of research [15]; they also provide use-
ful information to foster policy debate [16]. COI estimates
for MS from numerous countries have been published in
recent years, reporting substantial costs per patient [17-20].
In line with the increasing number of COI studies and their
importance, several literature reviews on the topic high-
lighted the high economic burden of MS. However, these
reviews were published before 2010 [16, 21-24], focused
on specific geographical areas [25, 26], were restricted to
specific treatments or drugs [27, 28], or were limited to one
category of costs, such as intangible costs [29] or informal
care [30]. Systematic reviews published after 2010 included
studies from HICs [31-35]. Only one systematic review of
MS costs in Latin America, published in 2013 [26], included
studies from LMICs, such as Brazil and Colombia. Although
the burden of MS in HICs has been extensively assessed,
information on the epidemiology and economic burden in
LMICs remains scarce [36, 37]. Specifically, exploring the
COI of MS in LMICs is urgent, as the Atlas of MS, third edi-
tion [1], showed that MS registries are increasing in these
economies, reflecting a high prevalence of MS. Despite this,
no previous systematic review has compiled evidence on the
COI of MS in LMICs. Therefore, this study aims to system-
atically review the evidence on the COI of MS in LMICs
to critically appraise the methodologies used, compare cost
estimates between countries and by level of disease severity,
and examine relevant cost drivers.

2 Methods

A systematic review was conducted following the standard
methods for conducting and reporting systematic reviews
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses [PRISMA] statement) [38]. The protocol
of the review was registered a priori with the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42019130059).

2.1 Data Search

We conducted a systematic search of MEDLINE (Ovid),
PubMed, Embase (Ovid), Cochrane Library, National Health
Service Economic Evaluation Database (NHS EED), Econ-
Lit, and CINAHL (EBSCO) to retrieve studies on the COI
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of MS in LMICs. Records published up to 26 July 2020 were
searched without restrictions on publication year. To broaden
the sensitivity of our search strategy, both a free-keyword
search and controlled vocabulary were used, such as medical
subject headings, for each of the databases searched. Three
key concepts were considered: multiple sclerosis, cost of
illness, AND low- and middle-income countries. For the lat-
ter concept, we used the Cochrane filter 2012 (https://epoc.
cochrane.org/lmic-filters) and adapted it to the 2019-2020
World Bank classification, which categorizes LMICs as
low-income, middle-income, and upper middle-income
economies. The search strategy was validated by a medical
information specialist. An example of the MEDLINE (Ovid)
search strategy is available in the electronic supplementary
material.

2.2 Searching Other Sources

The search was complemented with backward and forward
reference searching. For forward reference searching, we
searched the Web of Science database for records citing
articles that were included in our review. For backward ref-
erence searching, we checked the reference lists of included
studies.

2.3 Eligibility Criteria

We included original studies published in English, French,
and Dutch in peer-reviewed journals containing informa-
tion on prevalence- or incidence-based cost data for adult
patients with MS, from LMICs according to the 2019-2020
World Bank classification [39]. We excluded editorials, case
reports, case series, reviews, and studies reporting on intan-
gible cost data, children and adolescents, or any type of MS
interventions or economic evaluations.

2.4 Selection of Studies

Two reviewers (JD and RR) selected the studies after con-
ducting a calibration exercise by testing eligibility conditions
to ensure inter-reviewer screening consistency and quality.
First, they looked blindly and in parallel for potentially eligi-
ble studies by screening the titles and abstracts of the records
retrieved by the search. Then, they independently retrieved
and evaluated the full texts of references deemed eligible. A
screening tool was developed and used for full-text screen-
ing. Disagreements were resolved through discussion with
other reviewers (MH, IK, and SE).

2.5 Data Extraction

Two pairs of authors (JD/RR and JD/IK) independently and
in duplicate extracted relevant data from the included studies

using a data extraction sheet developed by the five authors
and pretested using a calibration exercise before the actual
data extraction. Disagreement between reviewers was solved
by discussion among all authors to reach consensus. We
extracted data on the study characteristics, analytical frame-
work (e.g., bottom-up [BU] vs. top-down [TD] approach),
methodology used, most frequently reported cost categories,
total annual cost per patient, and annual cost per patient by
severity level and cost ratios.

2.6 Data Analysis

The reviewers performed a qualitative synthesis of the data
extracted from the included studies. The nature of the data
extracted meant a quantitative synthesis was not possible.
It has been reported that the economic burden of MS
includes three cost categories: direct medical, direct non-
medical, and indirect. Direct medical costs include inpatient
care, outpatient care, drugs, diagnostics, surgical interven-
tions, and physician services. Direct non-medical costs
include home and automobile modifications, informal care
provided by family and friends, costs of patients’ travel to
access healthcare, and most home- and community-based
services. Indirect costs are losses of production due to short-
or long-term sickness absence, disability pension, early
retirement because of health problems, and premature death
[9]. Direct medical costs, direct non-medical costs, and indi-
rect costs were reported as included in the studies. The most
frequently reported cost categories in MS COI studies were
extracted using a checklist compiled by the authors based
on reported MS cost units in previous COI [17-19] and sys-
tematic reviews [31, 34]. The percentage of reported cost
categories was calculated as a ratio of the most frequently
reported cost categories in COI studies of MS. Cost com-
ponents across MS severity levels were presented by EDSS
categories [11]. EDSS scores range from 0 (= normal neuro-
logical functioning) to 10 (= death due to MS). EDSS levels
as reported by included studies were classified into three
conditions based on EDSS score, with scores of 0—3 indicat-
ing mild MS, 4-6.5 indicating moderate, and 7-9 indicating
severe. To compare study results and cost components per
patient overall and by severity of MS, cost estimations per
year were converted to $US using World Bank purchasing
power parity [40] and inflated to year 2019 values using
the consumer price index [41]. For studies presenting costs
for less than 1 year, transformations were made to estimate
1-year costs, assuming no seasonal variations in resource
use. Regarding studies presenting costs for more than 1 year,
costs were annualized by assuming that costs and healthcare
resource consumption were equal during the years of study.
For studies only presenting total costs per patient by EDSS
classification, the weighted yearly average costs per patient
were calculated. When presenting the results, studies were

A\ Adis


https://epoc.cochrane.org/lmic-filters
https://epoc.cochrane.org/lmic-filters

792

J.Dahham et al.

mapped according to the method of calculation, i.e., BU ver-
sus TD approaches, to enhance comparisons between studies
using the same methodological approach.

The TD approach relies on population-based data such
as registries, and the BU approach estimates costs based
on information from individuals with the disease and may
include questions on informal care, transportation, and pro-
ductivity losses not often found in registries [16]. The results
of a BU study can start from a subpopulation and be extrapo-
lated to the total population [42].

Dominant cost drivers were determined by identifying
the cost category with the highest reported cost per study in
general and by EDSS level.

3 Results

Our initial search, conducted on 5 October 2019, retrieved
1099 records, of which only 11 articles [43—-53] were deemed
eligible. The COI study conducted in Russia was reported
in two articles [13, 47], and we excluded the article that
presented the results of 16 mostly high-income European
countries [13]. The search was rerun in July 2020, result-
ing in three additional eligible articles [54—56] for a total
of 14 studies. Figure 1 presents the flow chart detailing the
literature search. Backward and forward reference searching
found no additional studies. As categorized according to the
method for calculating costs of MS, eight of the 14 identified
studies used a BU approach [43-48, 54, 55], and six used a
TD approach [49-53, 56].

3.1 Characteristics of Included Studies

Table 1 summarizes the characteristics of included studies.
They were conducted in ten countries: six in Latin America
(Argentina [43], Colombia [50], Mexico [53], and three
studies in Brazil [44, 48, 49]), seven in Asia (Turkey [45],
Thailand [54], Jordan [51], two studies in Iran [46, 55], and
two studies in China [52, 56]), and one in Russia [47]. All
included studies were published between 2013 and July
2020 and reported on data collected between 2000 and 2018.
The number of patients varied from seven in the study by
McKenzie et al. [51] to 23,082 in the study by Maia Diniz
et al. [49] from Brazil. The mean age of patients ranged
between 33.5 [46] and 46.1 years [56]. The percentage of
females included varied between 57.0% [51] and 78.7% [44].
The definition of MS was according to the RRMS definition
[53], a combination of RRMS, secondary progressive MS,
primary progressive MS [44—48], or the International Clas-
sification of Diseases (ICD) [43, 49-52, 54, 56]. One study
[55] did not report a definition of MS. All eight BU [43-48,
54, 55] studies reported information and costs per patient
according to disease severity using the EDSS classification.
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Only Chanatittarat et al. [54] used a different EDSS classi-
fication (0-2.5, 3-5.5, 6-7.5, 8-9.5). Enrollment of patients
in all BU studies were up to 1 year, and the timeframe for
TD studies varied between 2 and 16 years.

3.2 Study Methodologies

Study methodologies and costs per patient are presented in
Table 2. One BU study [46] did not clearly state whether
costs were estimated prospectively or retrospectively; all
other BU studies were clearly retrospective and reported
prevalence-based COI estimates. Four BU studies used
the societal perspective [43, 44, 47, 54], one [48] used a
household and healthcare system perspective, one [55] used
a household perspective, and two [45, 46] did not report
the perspective of the analysis. All BU studies measured
costs based on a questionnaire. Most BU studies used mul-
tiple data sources; two [54, 55] did not report their data
sources for costs. Of all BU studies using the human capital
approach to calculate productivity losses, only da Silva et al.
[48] described the impact of productivity losses on patients
with MS without converting them into monetary values.
Most of the BU studies used opportunity costs to calculate
informal care costs [43—47], whereas the study from Iran
[55] did not clearly report the calculation method for costing
informal care.

Five of the TD studies reported prevalence-based COI
estimates and were retrospective; Macias-Islas et al. [53]
was the exception. Three TD studies [49, 50, 53] used mul-
tiple perspectives, two studies [51, 52] did not report the
perspective of the analysis, and the perspective used by Du
et al. [56] was unclear. TD studies used different cost meas-
urement tools, i.e., patient records, clinical records, claims,
and/or health insurance coverage. Some used a single price
list source, and others used a combination of data sources.
The study from China by Du et al. [56] did not report any
data sources for costs.

3.3 Cost Categories

Table 3 presents the detailed cost categories reported in 13
studies according to the three classifications: direct medical,
direct non-medical, and indirect costs. One study [51] did
not report any cost category so was not included in this table.
All but one [50] of the 13 studies explicitly reported direct
costs for inpatient and outpatient care. All studies reported
direct medical costs and, explicitly, the costs of drugs and
medical investigations.

All studies reported different costs of healthcare consulta-
tion subcategories. Only three studies [43, 47, 48] explicitly
reported on all four drug subcategories. In the 13 studies
included in Table 3, disease-modifying therapies (DMTs)
were the most used drug subcategories, followed by other



Economic Burden of Multiple Sclerosis in LMICs

793

Fig. 1 PRISMA flowchart of
study selection. COI cost of ill- Records identified through database
ness, MS multiple sclerosis searching (n =1099)
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) Articles identified
through literature
update (n=3)
Ee]
[
T
% A4
=
Studies included in
qualitative synthesis
(n=14)
7

prescribed medications, and relapse treatments. All except
two studies [52, 53] included direct non-medical costs. Five
BU studies [43-45, 54, 55] included costs of formal care,
informal care, and investments and equipment, whereas
TD studies did not include any costs for formal and infor-
mal care. All except one [48] BU study reported indirect
costs, whereas TD studies did not. Four studies [43—45, 55]
reported explicitly on productivity losses and absenteeism.
Two studies [44, 47] specifically reported costs of short-term

absences, long-term absences, and early retirement. Four BU
studies [44, 45, 47, 48] assessed MS disease symptoms and
health-related quality of life but did not convert them into
monetary values.

The types of cost items included varied between the BU
studies, whereas TD studies included fewer categories for
cost specifications. The largest percentage (88%) of included
cost categories was reported in the BU study from Russia
[47], and the smallest percentage (13%) was included in the
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TD study from China [52]. For example, among BU studies,
the study from Iran [46] had few specified cost categories
compared with the high number of cost categories included
in the studies from Brazil [44, 48] and Turkey [45]. Even
though the number of cost categories reported by Imani et al.
[55] was double that reported in the other study from Iran
[46], both studies reported similar annual costs per patient.

3.4 Multiple Sclerosis (MS) Costs

2 years between 2012 and 2013
3 years between 2014 and 2016
3 years between 2013 and 2015

The total costs per patient with MS ranged between $US463
[52] and 58,616 [43] (year 2019 values). Among BU studies,
the annual costs per patient were up to nine times higher,
with an average cost per patient of $US58,616 in Ysrraelit
et al. [43] compared with $US6247 in Torabipour et al. [46].
The average percentage of direct and indirect costs in BU
studies was 89 and 11% of the total costs, respectively. The
percentage of direct costs varied between 78% [47, 54] and
100% [48] of the total costs, and the highest percentage of
indirect costs was 22% for the studies in Russia [47] and
Thailand [54].

Comparison of the studies using the societal per-
spective showed costs per patient were up to three times
higher: $US58,616 for Ysrraelit et al. [43] compared with
$US 15,540 for Kobelt et al. [44].

The two studies from Brazil [44, 48] presented different
average costs per patient: the study using a societal perspec-
tive and including indirect costs presented more than 40%
lower average costs.

The annual costs per patient in TD studies ranged from
$US463 for Min et al. [52] to $US41,514 for Macias-Islas
et al. [53].

EDSS level (%) Study timeframe

NA
N
N

Definition of MS
ICD-10 codes
MS (ICD-10; G35)

ICD code

Mean age: 46.1 years

Sex, mean age
Mean age: NR
Female: 65.6%

Female: 57%

NR

3.5 Cost per Patient by Expanded Disability Status
Scale Classification Group

=775)

Figure 2 presents the annual cost per patient by EDSS clas-
sification group, adjusted to year 2019 $US, and cost ratios
by disease severity for BU studies [43—48, 55]; one study
[54] that did not present costs per EDSS level was excluded.
Results of six studies showed that costs per patient increased
with disease severity. The highest cost ratio was reported
in the study from Turkey [45]: 1.69 for moderate versus
mild disease and 2.87 for severe versus mild disease. The
smallest variation between disease classed as moderate ver-
sus mild and severe versus mild was reported in the study
from Brazil [48], with ratios of 1.05 and 1.06, respectively.
The calculated mean cost ratios in BU studies for disease
classed as severe versus mild (1.82) was 26.5% higher than
the mean ratio for moderate versus mild disease (1.44). All
cost ratios for severe versus mild disease were higher than
for moderate versus mild, except for the study from Iran by
Imani et al. [55], in which costs for moderate disease were

282)

cal care from the United Nations

High Commissioner of Refugees

N=T)
Pts with MS from the China Medical

Insurance Research Association

Pts with MS from the national insur-
database ( N

refugees seeking emergency medi-
ance database ( N

Pts with MS among Syrian and Iraqi

Source population

EDSS Expanded Disability Status Scale, /CD International Classification of Diseases, MS multiple sclerosis, NA not applicable, NR not reported, PPMS primary progressive MS, Pts patients,

RRMS relapsing—remitting MS, SPMS secondary progressive MS

Table 1 (continued)
McKenzie et al. [51], Jordan
Min et al. [52], China
Du et al. [56], China

Study, country
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higher than for severe disease. The range of the cost ratios
for severe versus mild disease (1.81) was higher than that
for moderate versus mild disease (0.64). Costs per patient
by EDSS classification varied widely between BU studies,
with the widest variation among cost per patient by severe
EDSS group, where the highest cost was $US77,383 [43]
compared with $US9197 [55], the lowest cost for the same
classification. However, the cost ratios for severe compared
with moderate disease for the same studies were almost the
same at 1.41 [43] and 1.43 [55].

3.6 Cost Drivers
Cost drivers differed among included studies [43-56], based

on the different levels of cost data specification. Among BU
studies, DMTs and relapse treatments were the main cost

drivers among studies in the mild EDSS group. Although
the cost drivers varied more between studies in the moder-
ate EDSS group, relapse treatments and DMTs remained the
most dominant cost driver [43, 45, 47, 48, 54, 55], followed
by out-of-pocket expenses [44] and home care costs [46].
However, the cost drivers varied widely between studies in
the severe EDSS group, where the drivers across studies
included relapse treatments and DMTs [43, 48, 55], informal
and formal care [45], rehabilitation [46], and indirect costs
[44, 47]. The economic burden increased with greater physi-
cal disability, as the cost drivers for severe patients shifted
from direct costs to indirect costs. In the TD studies [50-53,
56], direct medical costs were the dominant cost drivers;
these studies did not include indirect costs.

90000
Annual cost per patient by EDSS classification group
80000 77383 adjusted to 2019 US dollars
70000 M EDSS mild (0-3) i EDSS moderate (4-6.5) M EDSS severe (7-9)
62113
60000
54972
51430
$0000 45850
40000 37386
30250
30000 27141 26161
20000 ; 17937
15140 14497
10093 10562 g9
- i |
: I- B
Ysrraelit etal. Kobelt etal. Brazil, da Silvaetal.Brazil, Boyko etal.Russia, Karabudak etal.  Torabipour etal. Iran, Imaniet al. Iran, 2020
Argentina, 2014 [43] 2019° [44) 2016' [48) 2017* [47) Turkey, 2014 [45) 2014* [46) [55)
Argentina Brazil Brazil Russia Turkey Iran Iran Average
[43) [44) [48] [47) [45] [46] [S5]
Cost ratio
classification 1.13 1.50 1.05 1.43 1.69 1.63 1.64 1.44
moderate vs.
mild
Cost ratio
classification 1.41 1.60 1.06 1.75 2.87 261 1.43 1.82
severe vs. mild

Fig.2 Annual cost per patient by Expanded Disability Status Scale
(EDSS) classification group adjusted to $US, year 2019 values, and
cost ratios for bottom-up studies. Note that Chanatittarat et al. [54]
did not report any cost by EDSS classification. °Data courtesy of
Prof. Gisela Kobelt [44] via personal communication. nformation
about EDSS level was unavailable for two patients in da Silva et al.
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[48]. 2EDSS information was missing for 20 patients in Boyko et al.
[47]. 3To obtain the cost per patient per year for the study by Tora-
bipour et al. [46] from Iran, we annualized resources used by assum-
ing that collected data on resources were representative of patient use
over the whole year
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4 Discussion

This systematic review identified 14 studies investigating
the cost of MS in LMICs. All included studies were con-
ducted in upper-middle-income economies, highlighting
the absence of COI studies of MS in low-income and low-
middle-income economies. Furthermore, no studies were
conducted in Africa. All studies were published between
2013 and 2020 and reported on data collected between 2000
and 2018, suggesting that COI studies of MS are a topic of
recent and increasing interest in LMICs. The annual costs
of patients with MS differed greatly among COI studies
in LMICs, ranging between $US463 [52] and 58,616 [43]
(year 2019 purchasing power parity values). This could be
explained by large methodological variations between the
identified studies, and both costs and cost drivers appeared
to be influenced by methodological choices. This MS cost
variation could also be attributed to the significant hetero-
geneity across LMICs, which creates differences in resource
use. Furthermore, our study suggested that the total costs
increased with disease severity. DMTs and relapse treat-
ments were the main cost drivers for MS in general across
studies, but cost drivers varied widely across severity lev-
els. Costs of MS drugs were the major cost driver in lower
severity levels, whereas the proportion of direct non-medical
costs and indirect costs increased with disease severity.

4.1 Methodological and Contextual Differences
for Comparability Between Studies

Overall, higher costs per patient were reported in Latin
American countries [43, 44, 48-50, 53], Turkey [45], Russia
[47], and Thailand [54], whereas lower costs were found in
Iran [46, 55], China [52, 56], and Jordan [51]. Specifically,
for the first set of countries, the annual costs per patient
ranged from $US15,540 (average cost) in Kobelt et al. [44]
to $US58,616 in Ysrraelit et al. [43], and the inclusion of
DMTs accounted for 40-99% of the average total cost per
patient, except for the study in Thailand [54], which did not
specify the types and percentage of DMTs included. The
studies that did not explicitly include DMTs [46, 51, 52,
56] reported lower annual costs per patient, ranging from
$US463 (average cost) in China [52] to $US9523 in Jordan
[46]. Although the study in Iran by Imani et al. [55] included
costs of DMTs, the low cost per patient ($§US7476) could be
attributed to the use of the household perspective. Among
the three studies [43, 44, 47] that used a societal perspec-
tive, a BU approach, and a relatively common methodology
to estimate the COI, the absolute costs per patient varied
according to the proportion of those costs that were esti-
mated to be DMT costs. For instance, DMTs accounted for
87.9% of the total costs per patient (§US58,616) in Argentina

[43], 57.1% in Russia ($US30,358) [47], and 40.3% in Bra-
zil ($US15,556) [44]. Although the three studies in Brazil
[44, 48, 49] used different methodologies, the total costs per
patient increased as the percentage of total costs attributable
to DMTs increased. These findings suggest a positive asso-
ciation between the inclusion of DMTs and the total costs
per patient. Direct medical costs, inclusive of DMTs, cor-
responded to the greatest proportion of the total costs across
the 14 included studies. Cost drivers were mainly DMTs and
relapse treatments and were stable across studies. Yet, the
distribution of cost components varied with severity level.
MS drug costs dominated in the mild and moderate EDSS
groups, whereas relapse treatments, rehabilitation, indirect
costs, and informal care were the cost drivers across studies
in the severe EDSS group.

Although absolute costs differed between studies, it
appears that the cost ratios between different severity levels
across included studies were relatively stable at approxi-
mately 1-1.5 between EDSS mild and moderate classifica-
tions, and 2 between EDSS mild and severe.

Similar to the results of previous systematic reviews of
the COI of MS in HICs [23, 24, 31, 34, 35], our findings in
LMICs confirm that costs increase with level of disability, as
the proportion of direct non-medical costs and indirect costs
increased with disease severity. However, in LMICs, indirect
costs representing productivity losses appear low and less
dominant in the most severe group compared with studies
from HICs, where indirect costs represented the majority
of the costs. This is primarily because of the distribution of
the sample across severity levels. The BU studies included
a larger percentage with early disease, representing a larger
proportion remaining in the work force [43-48, 55] (the
mild EDSS group accounted for 40-85% of the samples in
included studies). This is in comparison with the findings of
Ernstsson et al. [31] in HICs, where the mild EDSS group
accounted for 21.3-47.7% of the samples in included stud-
ies. Moreover, the proportion of informal work and shadow
economies in developing countries [57, 58], as well as the
method used to assess productivity losses, might have a con-
siderable effect on the costs.

Several important methodological aspects of COI stud-
ies are essential to consider in systematic reviews. These
include the perspective of the analysis, the scope of costs
measured, the analytical framework used to estimate costs
(BU vs. TD approach), and the approach used i.e., preva-
lence- or incidence-based approach [59]. Recent systematic
reviews of COI studies of MS in HICs [31, 35] included
comparable study characteristics and used methodologies
with only minor differences. The majority of COI studies
in HICs adopted a societal perspective, primarily a BU
approach, and a cross-sectional retrospective analysis and
included different levels of direct and indirect cost data
specifications. This enabled systematic reviews [31, 35]
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to conduct a descriptive analysis for studies that reported
costs by disease severity (mild, moderate, and severe). The
majority of COI studies in HICs are in alignment with local
and international health economic guidelines [17, 59-61]
for conducting and reporting COI studies. However, in our
systematic review, the characteristics of, and the methodolo-
gies used in, the included studies were highly heterogene-
ous, especially regarding the perspective adopted, cost data
specification, and reporting of costs per severity levels. For
instance, only seven [43—-48, 55] of the 14 studies presented
indirect costs per patient as well as costs per severity level.
Thus, detailed and unambiguous reporting of cost units is
important as it enables comparison of methodologies and
outcomes of COI studies.

The country-related contexts vary widely in the three
different economic groups (low, middle, and upper-middle
income) in LMICs. The high heterogeneity across these
countries likely affects the costs of MS because of several
country-related factors, including healthcare context-specific
issues [62], assessment of healthcare resource consumption,
informal care and productivity losses [30, 60, 63], reim-
bursement policies [64], and other cultural and socioeco-
nomic aspects [65]. For instance, transportation costs were
higher in the studies from Iran [46, 55] because they were
conducted in provinces far outside the capital where MS
centers are located. Furthermore, informal care costs and
productivity losses were less dominant in studies from Iran
[46, 55] than in those from Argentina [43], Brazil [44], and
Russia [47], where formal labor force participation is more
prevalent. Cultural aspects may lead to underestimations of
informal care; this could be the case in countries such as Iran
where women do not play a significant role in the formal
labor market. Furthermore, the definition of informal care
could be perceived differently between countries, which will
influence the comparability of these studies [30, 60, 63]. Luz
et al. [62] found that the lack of quality local clinical data
is an important technical and context-specific issue when
conducting health economic evaluations in LMICs. Thus,
this heterogeneity necessitates that methodologies adopted
to estimate healthcare resource consumption, informal care,
and productivity losses should be well-defined and in align-
ment with the country’s own healthcare system and speci-
fications as a marker of the reliability of the COI estimate.

Contextual differences among countries may lead to large
differences in costs per patient [23] and complicate the trans-
ferability of economic data across jurisdictions [66—68].
Brodszky et al. [69] showed that COI studies in Euro-
pean HICs and upper-middle-income economies provided
country-specific results, thus limiting the transferability of
results. The findings of studies included in this systematic
review derived only from upper-middle-income countries,
potentially rendering data non-transferable to low-income
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and low-middle-income economies, where significant vari-
ations exist among these groups.

Despite the heterogeneity of the studies included in this
systematic review, we used several methodologies to present
our findings. Mapping studies according to their method of
calculation (BU vs. TD) and using purchasing power parity
to convert cost estimates of different currencies to year 2019
$US enhanced the comparability of these studies.

4.2 Strengths and Limitations

The strengths and limitations of this review should be con-
sidered. We used a highly sensitive search strategy that likely
discovered all relevant literature, followed the PRISMA
guidelines [38], and registered the study protocol with the
International Prospective Register of Systematic Reviews.
Although the burden of MS in HICs has been extensively
assessed, to our knowledge, this study represents the first
systematic review compiling evidence about MS in LMICs.
Moreover, we strived to enhance the comparability of the
results of the included studies despite their heterogeneity by
using recommended and validated methods such as adjust-
ing costs to $US, year 2019 values, using World Bank pur-
chasing power parity [40] and inflating using the consumer
price index [41]; mapping studies according to the method
of calculation (BU vs. TD); and calculating yearly costs per
patient for some studies.

However, there are also some limitations to this study.
First, performing a quality assessment of included COI stud-
ies was impossible in the absence of a quality assessment
checklist. Larg and Moss [15] published a guide to criti-
cal evaluation for COI studies but did not provide a value
judgment for each criterion. Therefore, no formal quality
assessment of COI studies was conducted using a formal
checklist; rather, guidance about the main elements of meth-
odologies that should be considered in COI studies of MS in
LMICs was provided in the discussion of this paper. Second,
this review was restricted to original studies published in
English, French, and Dutch. Consequently, one study [37]
in Spanish was excluded, and it is possible that other COI
studies of MS in different languages could have been missed.
Finally, the literature search did not cover governmental
reports.

4.3 Future Directions

Variations between countries precluded extrapolation of
information on the COI of MS, and comparisons of costs in
absolute terms were unfeasible. Thus, establishing a guide-
line for conducting and reporting COI studies of MS in
LMICs to improve their consistency, reliability, and transfer-
ability is needed. Future COI studies of MS in LMICs should
include all MS-related cost categories, calculate cost per
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severity level as MS costs are highly significantly dependent
on EDSS categories, and clearly define the data source and
methodology adopted in alignment with the country’s own
healthcare system and specifications. Future MS COI stud-
ies and systematic reviews should also pay more attention to
low-income, and low-middle-income countries. In addition,
there is a general need to develop a consensus quality assess-
ment for COI studies with guideline-based interpretations to
make the scoring feasible.

5 Conclusion

Despite the heterogeneity of studies identified, this system-
atic review provided a general characterization of the huge
economic burden and main cost drivers of MS in LMICs.
Cost drivers were mainly DMTs and relapse treatments and
were broadly stable across studies. However, our findings
support that the distribution of cost components varied
with the level of disease severity. MS drug costs dominated
in lower severity levels, whereas the proportion of direct
non-medical costs and indirect costs increased with disease
severity. As expected, total costs increased with greater
disease severity. Our findings also provide strong support
for the concern that there are methodological differences
and great variations in term of absolute costs per patient
across studies and countries, making comparison challeng-
ing. However, the cost ratios across different levels of MS
severity were similar, making comparisons between studies
feasible. This study provided basic and contextual recom-
mendations for future researchers on methodological con-
siderations for studies of the COI of MS in LMICs.
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