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Abstract
Background Comorbid conditions are common in people with multiple sclerosis (pwMS). They can delay diagnosis and 
negatively impact the disease course, progression of disability, therapeutic management, and adherence to treatment.
Objective To quantify the economic impact of comorbidity in multiple sclerosis (MS), based on cost-of-illness estimates 
made using a bottom-up approach.
Methods A retrospective study was carried out in two northern Italian areas. The socio-demographic and clinical information, 
including comorbidities data, were collected through ad hoc anonymous self-assessment questionnaire while disease costs 
(direct and indirect costs of disease and loss of productivity) were estimated using a bottom-up approach. Costs were compared 
between pwMS with and without comorbidity. Adjusted incremental costs associated with comorbidity were reported using 
generalized linear models with log-link and gamma distributions or two-part models.
Results 51.0% of pwMS had at least one comorbid condition. Hypertension (21.0%), depression (15.7%), and anxiety (11.7%) 
were the most prevalent. PwMS with comorbidity were more likely to use healthcare resources, such as hospitalizations 
(OR = 1.21, p < 0.001), tests (OR = 1.59, p < 0.001), and symptomatic drugs and supplements (OR = 1.89, p = 0.012), and 
to incur non-healthcare costs related to investment (OR = 1.32, p < 0.001), transportation (OR = 1.33, p < 0.001), services 
(OR = 1.33, p < 0.001), and informal care (OR = 1.43, p = 0.16). Finally, they experienced greater productivity losses 
(OR = 1.34, p < 0.001) than pwMS without comorbidity. The adjusted incremental annual cost per patient due to comorbidity 
was €3,106.9 (13% of the overall costs) with MS disability found to exponentially affect annual costs.
Conclusion Comorbidity has health, social, and economic consequences for pwMS.
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Introduction

Comorbidity is the coexistence of one of more chronic con-
ditions with an index disease of interest. Many individu-
als with a chronic disease suffer from a coexisting (comor-
bid) chronic condition, and the likelihood of comorbidity 
increases with age [1]. In patients over 65 years of age, addi-
tional chronic conditions have been found to exponentially 
increase healthcare costs, suggesting that some of the added 
costs are generated by medical complexity and/or inefficient 
treatment of comorbid conditions. [2, 3] Comorbidity in 
people with multiple sclerosis (pwMS) is an area attracting 
increasing interest. Comorbidity has been associated with 
delayed diagnosis of multiple sclerosis (MS), progression 
of MS disability, lower health-related quality of life in MS 
patients, increased MS burden on magnetic resonance imag-
ing (MRI), and increased disease-related mortality [4–6, 7]. 
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In recent decades, the MS population has changed. In line 
with longer life expectancies generally, and also thanks to 
the use of the more effective disease-modifying treatments 
(DMTs) [8], pwMS are now older, and therefore at higher 
risk of comorbidity. Compared with their peers in the gen-
eral population, pwMS display increased rates of comor-
bidity, [9] with associated conditions including both mental 
(e.g., depression and anxiety) and somatic (e.g., hyperten-
sion, diabetes) diseases. [10]

The healthcare and social impacts of MS are high. In 
Italy, the disease has an estimated annual overall cost of 
€4.8 billion [11]. Both direct costs, generated by healthcare 
resource consumption, and indirect costs, such as those asso-
ciated with informal care, services, and loss of productivity, 
are high. These direct and indirect costs reflect the disability 
status of MS patients, higher costs being linked to increased 
disability. [12, 13]

Although the economic cost of MS has been 
examined in the literature, [14] evidence on the specific 
contribution of comorbidity in this setting is lacking. 
The purpose of this study was to quantify the economic 
impact of comorbidity in MS, considering all types of 
cost (healthcare- and non-healthcare-related expenditure 
and lost productivity).

Methods

Study design and population

The study was a retrospective multicenter study aiming to 
estimate the economic impact of comorbidity in a sample of 
MS patients in 2020.

Subjects were enrolled at the MS Center of the Mondino 
Foundation, Pavia, and at the AISM (Italian Multiple 
Sclerosis Association) Rehabilitation Service in Liguria, 
Genoa. Inclusion criteria were as follows: a diagnosis of 
MS, [15] age ≥ 18 years, and being a patient registered 
within the administrative areas of Pavia or Genoa. Before 
entering the study, all enrolled participants gave their written 
informed consent in accordance with the revised Declaration 
of Helsinki.

Data collection

Participants completed an ad hoc anonymous self-assess-
ment questionnaire, which collected socio-demographic data 
and clinical information on MS, including disease-related 
disability measured using the self-assessed Expanded Dis-
ability Status Scale (EDSS) [16]. The questionnaire also 
investigated the presence of the main comorbid conditions 
in MS, [10, 17] namely, depression, anxiety, hypertension, 

diabetes, hyperlipidemia, chronic lung disease, autoimmune 
diseases, cancer, heart disease, and vascular disease.

Patients who reported one or more comorbid condition 
were classified as “pwMS with comorbidity.”

Disease costs (direct and indirect costs of disease and 
loss of productivity in MS patients) were estimated using a 
bottom-up approach. Data on resource use were collected 
through a standardized questionnaire used in previous studies 
[13, 18]. To minimize recall bias, these data were collected 
retrospectively considering timeframes appropriate to each 
type of resource. Costs related to resource use, a function of 
the quantity of resources used and their cost, were calculated 
from a societal perspective, including all costs regardless of 
payers. The unit costs were derived from regional and national 
tariffs applied by the Italian national health service to reimburse 
providers, or directly from institutions or experts, while out-
of-pocket and third-party expenditures were mostly reported 
directly by the patients. All costs were estimated in euros (€). 
To obtain the overall resource use cost per patient per year, 
the resource use data collected were annualized. The cost of 
informal care was calculated on the basis of leisure or working 
time lost by caregivers in order to provide care [19]. The human 
capital approach was used to estimate productivity losses both 
of patients, and of caregivers due to work time lost in order to 
care for patients. [20]

Costs were categorized into healthcare costs, non-health-
care costs, and patients’ productivity losses.

Healthcare costs referred to hospitalizations (inpatient 
stays or day admissions), specialist consultations (with spe-
cialists or general practitioners), consultations with health-
care professionals other than neurologists and GPs (nurses, 
physiotherapists, psychologists), tests (instrumental exami-
nations such as MRI scans, evoked potentials, computed 
tomography, ultrasound, electrocardiogram, blood tests, 
urine tests, X-ray, echo-Doppler tests, myography, and other 
tests), DMTs, and symptomatic drugs and supplements.

The non-healthcare costs considered were defined as 
followed: investments (home and car adaptations due to MS), 
aids, transportation (for health reasons), services (personal 
assistant and home help), and informal care. Productivity 
losses (short-term reduction and loss of working activity and 
loss of work days) were calculated in patients < 65 years of age 
and in patients of working age who had taken early retirement 
due to MS.

Statistical analysis

For our analysis, we used annual expenditure outcomes per 
person (healthcare and non-healthcare expenditure, productivity 
loss, and total expenditure) as well as separate annual 
expenditure per person per item of expenditure (inpatient stay 
or day admission, specialist consultations, consultations with 
other healthcare professionals, tests, drug use, investments, 
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aids, transportation, services, and informal care). Continuous 
measures were summarized as mean and standard deviation 
(SD) or median and interquartile range (IQR). Categorical 
measures were summarized as counts and percentages. General 
demographic questions were used to describe the study sample 
and to allow for subgroup analyses of costs.

Normality distribution for quantitative variables was assessed 
using the Shapiro–Wilk test. Pearson’s chi-square tests for 
categorical variables and Student’s t‐test for independent data, 
or the non-parametric Wilcoxon rank-sum test when appropriate, 
were used to compare the characteristics of the “pwMS without 
comorbidity” and “pwMS with comorbidity” groups.

The probability of resource use, in relation to the main 
healthcare and non-healthcare items, was estimated in 
and compared between the two groups. Utilization of 
specific resource types (as the independent variable) was 
categorized as “no resources used” (taken as the reference 
category) and “at least one resource used.” Unadjusted and 
adjusted odds ratios (ORs) between the two comorbidity 
groups were calculated with their respective 95% 
confidence intervals (CIs) and p-values. Adjusted ratios 
were estimated using multivariate logistic regression 
models, controlling for age, sex, educational level, and 
disability level (EDSS score).

Unadjusted and adjusted cost differences for main 
expenditure outcomes and for each item of expenditure 
between the two comorbidity groups were analyzed using 
generalized linear models (GLMs) with log-link and gamma 
distributions or two-part models for items with more than 
5% zero values. These latter models are appropriate for ana-
lyzing zero-inflated cost data with skewness, [21] which is 
typical in medical expenditure data [22]. The model was 

composed of a logistic regression for the probability of 
observing positive-versus-zero expenditure outcome, fol-
lowed by a GLM with log-link and gamma distribution, 
fitted for those participants showing non-zero expenditure 
outcome. To improve the interpretation of the coefficients 
from the two-part models, we generated a marginal (or incre-
mental) effect of each variable on expenditure outcome [23]. 
Adjusted cost differences were estimated, controlling for 
age, sex, and disability level.

For all models, standard errors allowing for intragroup 
correlation were calculated (using a clustered sandwich esti-
mator of the variance) to take account of the nested effect 
of living in two geographical areas (i.e., Pavia and Genoa, 
where the participating MS centers are located). The unad-
justed and adjusted cost differences were also calculated for 
comorbid conditions that presented a frequency > 5% (cat-
egory reference: no comorbidity). The level of significance 
was set at p < 0.05. The analyses were performed using Stata 
Statistical Software (StataCorp, 2017).

Results

Sample characteristics (N = 600)

We enrolled 600 pwMS, of whom 306 (51.0%) reported 
comorbidity. One comorbid condition was reported in 168 
(28.0%) pwMS, two comorbid conditions in 97 (16.2%), and 
three or more in the remaining 41 (6.8%). The five most 
reported comorbidities were hypertension (21.0%), depres-
sion (15.7%), anxiety (11.7%), autoimmune diseases (9.7%), 
and hyperlipidemia (6.5%) (Fig. 1). PwMS with comorbidity 

Fig. 1  Comorbidity prevalence rates
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were older (55.4 vs. 48.8 years, p < 0.001) and displayed 
higher MS disability compared with pwMS without comor-
bidity (median EDSS score: 3.5, IQR: 2.0–6.0 vs. median 
EDSS: 2.5, IQR 1.5–5.5; p = 0.007). Additionally, the group 
of pwMS with comorbidity had a higher percentage of 
women (68.6% vs. 60.2%, p = 0.031) and a lower educational 
level (up to primary school 37.3% vs. 28.4%, high school 
44.9% vs 47.6%, and university 17.8% vs. 24.0%, p = 0.039), 
and a lower percentage of currently employed individuals 
(49.0% vs. 57.8%, p = 0.031) (Table 1).

Healthcare and non‑healthcare resource utilization 
and lost productivity

PwMS with comorbidity used more healthcare and non-
healthcare resources than pwMS without comorbidity 
(Table 2). Subjects with comorbidity were more likely to 
have hospitalizations (OR = 1.21, p < 0.001), undergo tests 
(OR = 1.59, p < 0.001), and use symptomatic drugs and 
supplements (OR = 1.89, p = 0.012). When running the 
unadjusted model, we observed a lower likelihood of DMT 
use in subjects with comorbidity (OR = 0.59, p = 0.003), but 
the statistical significance was not maintained in the adjusted 
model (OR = 0.90, p = 0.629).

The pwMS with comorbidity were also more likely to 
incur costs related to investments (OR = 1.32, p < 0.001), 
transportation (OR = 1.33, p < 0.001), services (OR = 1.52, 

p = 0.034), and informal care (OR = 1.43, p = 0.16), also 
after controlling for potentially confounding factors. More-
over, pwMS with comorbidity more frequently experi-
enced productivity losses than those without comorbidity 
(OR = 1.34, p < 0.001).

Average and incremental costs of comorbidity

The annual overall costs incurred per patient amounted to 
€25,394.7 in the group with comorbidity and €23,337.4 in 
the group without comorbidity, and accordingly the total 
adjusted for age, sex, educational level, and MS disability 
(< 0.001) was also higher in pwMS with comorbidity (the 
mean adjusted incremental cost was €3,106.9). Figure 2 
breaks the costs down into the three main categories: 
healthcare, non-healthcare, and lost productivity. The 
between-groups difference in the mean adjusted incremental 
cost was found to be significant both for healthcare costs 
and patients’ lost productivity (€873.2, p = 0.003 and 
€333.4, p = 0.046, respectively) (Table 3).

Comorbidity increased some healthcare costs (specialist 
consultations, consultations with other healthcare 
professionals, use of symptomatic drugs and supplements), 
as well as non-healthcare costs incurred for services. 
Details are provided in Table 3.

Between-group analysis of the annual total costs stratified 
by disability (mild: EDSS 0–3; moderate: EDSS 4–6.5; severe: 

Table 1  Socio-demographic and clinical characteristics of the sample by presence/absence of at least one comorbidity (n = 600)

SD, standard deviation; IQR, interquartile range; RR, relapsing–remitting; SP, secondary-progressive; PP, primary-progressive; EDSS, Expanded 
Disability Status Scale

Without comorbidity
n = 294

With comorbidity
n = 306

p value

Age (years), mean (SD)
Median (IQR)

48.8 (12.2)
49.0 (40.0–56.0)

55.4 (11.2)
56.0 (49.0–62.0)

 < 0.001

Sex, n (%) Male 117 (39.8%) 96 (31.4%) 0.031
Female 177 (60.2%) 210 (68.6%)

Education, n (%)
Missing data (0.8%)

Primary school 83 (28.4%)
139 (47.6%)
70 (24.0%)

113 (37.3%)
136 (44.9%)
54 (17.8%)

0.039
High school
University degree

Currently employed, n (%) 170 (57.8%) 150 (49.0%) 0.031
Duration of illness, mean (SD)
Median (iQR)
Missing data (0.5%)

16.4 (10.7)
14.0 (8.0–23.0)

17.9 (10.8)
16.5 (9.0–25.0)

0.067

Type of MS, n (%) RR 216 (73.5%) 209 (68.7%) 0.421
SP 60 (20.4%) 71 (23.4%)
PP 18 (6.1%) 24 (7.9%)

EDSS score, mean (SD)
Median (IQR)

3.3 (2.3)
2.5 (1.5–5.5)

3.8 (2.1)
3.5 (2.0–6.0)

0.007

Relapses during last 3 months, n (%) Yes
No
Unsure

16 (5.4%)
275 (93.5%)
3 (1.0%)

12 (3.9%)
289 (94.4%)
5 (1.6%)

0.554
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EDSS ≥ 7) showed a significant mean adjusted incremental cost in 
the patients with severe disability (€21,853.1, p < 0.001) (Fig. 3).

Moreover, the overall annual costs increased with an 
increasing number of comorbid conditions (Fig. 4).

Compared with the pwMS without comorbidity, we 
observed overall adjusted cost differences of €1,679.6 in 
pwMS with one comorbid condition (p < 0.001) and €4,980.8 
in those with two or more comorbid conditions (p < 0.001).

Table 2  Estimate of risk of 
resource utilization among 
pwMS with comorbidity with 
respect to pwMS without 
comorbidity

°Investments included equipment, aids, and modifications. The logistic regression models using the clus-
tered sandwich estimator of the variance to take account of the nested geographical effect (Pavia and 
Genoa) where the MS centers are located. The reference category of the dependent variable was pwMS 
without comorbidity. OR, odds ratio; CI, confidence interval of the OR. *OR adjusted for age, sex, educa-
tion level, and EDSS score

Unadjusted *Adjusted

OR (95% IC) p value OR (95% IC) p value

Healthcare resources
Hospitalizations 1.08 (0.70–1.68) 0.729 1.21 (1.19–1.22)  < 0.001
Specialist consultations 1.13 (0.73–1.77) 0.583 1.19 (0.98–1.43) 0.076
Other health professional consultations 1.50 (1.09–2.07) 0.014 1.40 (0.89–2.20) 0.140
Tests 1.48 (1.04–2.09) 0.029 1.59 (1.45–1.73)  < 0.001
Use of symptomatic drugs and supplements 1.99 (1.39–2.84)  < 0.001 1.89 (1.15–3.11) 0.012
Disease-modifying drugs 0.59 (0.42–0.84) 0.003 0.90 (0.57–1.40) 0.629
Non-healthcare resources
°Investments 1.68 (1.13–2.48) 0.010 1.32 (1.17–1.50)  < 0.001
Transportation 1.23 (0.89–1.70) 0.208 1.33 (1.17–1.52)  < 0.001
Services 1.89 (1.12–3.20) 0.018 1.52 (1.03–2.25) 0.034
Informal care 1.70 (1.21–2.39) 0.002 1.43 (1.07–1.92) 0.016

Fig. 2  Mean annual costs per patient by presence/absence of comor-
bidity (2020). *The p value refers to adjusted (age, sex, education 
level, and EDSS score) overall cost differences between two comor-
bidity groups obtained using GLMs with log-link and gamma dis-

tributions. A clustered sandwich estimator of the variance was used 
to take account of the nested effect of living in two geographical 
regions (i.e., Pavia and Genoa, where the participating MS centers are 
located)
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Table 3  Mean (SD) annual costs incremental costs of comorbidity in multiple sclerosis (2020, €)

°Investments included equipment, aids, and modifications. SD, standard deviation; Coef, coefficient. The models using clustered sandwich esti-
mator of the variance to take account of the nested effect of living in two geographical areas (i.e., Pavia and Genoa) where the participating MS 
centers are located. *Coefficient adjusted for age, sex, education level, and EDSS score

Without comorbidity
N = 294

With comorbidity
N = 306

Unadjusted incre-
mental cost (A–B)

*Adjusted 
incremental cost 
(A–B)

Average costs (SD) (A) Average costs (SD) (B) Coef
(p value)

Coef
(p value)

Healthcare costs 12781.0 (12496.4) 12152.6 (14166.2)  − 628.4 (0.516) 873.2 (0.003)
Hospitalizations 1,519.6 (6,178.4) 1,672.7 (6,674.0) 153.1 (0.257) 307.8 (0.083)
Specialist consultations 280.1 (914.7) 423.9 (1,224.5) 143.8 (< 0.001) 165.2 (< 0.001)
Other health professional consultations 1,217.3 (3,177.2) 1,970.5 (10,301.8) 753.2 (0.204) 250.4 (0.047)
Tests 441.3 (660.4) 446.8 (665.9) 5.5 (0.883) 49.0 (0.466)
Use of symptomatic drugs and supplements 518.3 (1,198.6) 743.4 (1,685.0) 225.1 (< 0.001) 200.7 (< 0.001)
Disease-modifying treatments 8,538.4 (7,657.4) 6,895.3 (7,606.8)  − 1643.1 (< 0.001) 147.0 (0.753)
Non-healthcare costs 3348.7 (8087.7) 5039.8 (11796.3) 1691.1 (0.010) 818.8 (0.412)
°Investments 342.8 (1,243.6) 899.5 (4,095.6) 556.7 (0.017) 478.5 (0.215)
Transportation 1,477.8 (4,214.7) 1,242.2 (2,379.4)  − 235.6 (0.578)  − 205.3 (0.663)
Services (personal assistant and home help) 341.4 (1,879.9) 1,478.9 (6,952.2) 1,137.5 (< 0.001) 1,063.2 

(< 0.001)
Informal care 1,186.7 (5,444.4) 1,419.3 (6,442.4) 232.6 (0.339) 292.7 (0.297)
Patients’ productivity losses 7207.8 (11505.2) 8202.3 (11989.7) 994.5 (0.262) 333.4 (0.046)
Total costs 23337.4 (21423.2) 25394.7 (24246.4) 2057.2 (0.400) 3106.9 (< 0.001)

Fig. 3  Mean annual cost per patient by presence/absence of comor-
bidity and disability levels (2020). *The p value refers to adjusted 
(age, sex, and education level) overall cost differences between two 
comorbidity groups obtained using GLMs with log-link and gamma 

distributions. A clustered sandwich estimator of the variance was 
used to take account of the nested effect of living in two geographical 
regions (i.e., Pavia and Genoa, where the participating MS centers are 
located)
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Finally, the conditions associated with the greatest sig-
nificant adjusted incremental total costs were depression 
(€9,070.9, p < 0.001), anxiety (€4,248.4, p = 0.035), and hyper-
tension (€4,860.4, p < 0.001).

Discussion

We analyzed comorbidity in a large cohort of pwMS, find-
ing 51.0% to have at least one comorbid condition. This 
result is in line with previous literature reports, in which 
40 to 66% of pwMS have at least one additional disease 
[24, 25]. Of note, 23% of our sample reported having more 
than one coexisting condition. In the present study, as in 
the literature, [10, 17, 26] hypertension, depression, and 
anxiety were the most frequent comorbid conditions in 
MS. Our data also confirm that comorbidity is associated 
with low educational level (a socio-economic status proxy) 
and that the risk of comorbidity increases with age and 
affects employment status. [27]

This study, which estimates disease costs in pwMS with 
and without comorbidity, provides evidence on the eco-
nomic impact of comorbid conditions in this population. 

The analysis used a regression-based bottom-up approach 
to estimate disease costs. [28]

PwMS with comorbidity were found to incur higher costs 
than the group without comorbidity, a result driven largely 
by their greater use of both healthcare and non-healthcare 
resources; this group also experienced higher productivity 
losses. The impact of comorbid conditions on healthcare 
and non-healthcare resource use in pwMS seems to reflect 
the challenges inherent in managing coexisting conditions, 
and shows that these patients need extra support related to 
their comorbidity. Our results support the findings of other 
authors, who reported that MS patients with comorbidity 
have a higher risk of hospitalization and are more likely to 
have specialist consultations. [29, 30]

We estimated an incremental annual cost per patient of 
€3,106.9 attributable to comorbid conditions (correspond-
ing to 13% of the total cost), and also showed significant 
incremental costs due to healthcare resource use and pro-
ductivity losses, after controlling for potential confound-
ers. Overall, healthcare costs, heavily influenced by DMT 
costs, accounted for around half of the disease costs. As 
expected, our results showed that pwMS with comorbidity 
were less likely to use DMTs (OR = 0.59, p = 0.003) and 

Fig. 4  Mean annual cost per patient by number of comorbidities 
(2020). *The p value refers to adjusted (age, sex, education level, 
and EDSS score) overall cost differences by number of comorbidities 
(without vs only one comorbidity and without vs two or more comor-

bidities) obtained using GLMs with log-link and gamma distribu-
tions. A clustered sandwich estimator of the variance was used to take 
account of the nested effect of living in two geographical regions (i.e., 
Pavia and Genoa, where the participating MS centers are located)
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incurred lower costs for these drugs (€6,895.3 vs. €8,538.4, 
p < 0.001), although confounding factors were found to influ-
ence these outcome measures. In the case of DMT costs, in 
particular, we observed a “change in direction” of the incre-
mental cost, after controlling for the potential confounders: 
unadjusted incremental cost, − 1,643.1 EUR (p < 0.001); 
adjusted incremental cost, + 147.0 EUR (p = 0.753). This 
effect obviously influences the overall healthcare cost trend.

Indeed, subjects with comorbid conditions, being older, 
with a progressive disease course and moderate/severe 
disability, are usually less suitable candidates for DMTs. 
Comorbidity may be a contraindication when prescribing a 
DMT, and a pre-existing comorbid condition may also influ-
ence DMT adherence, persistence, tolerability, and possibly 
effectiveness. As Zhang and co-workers observed in a large 
Canadian study, the likelihood of starting DMTs decreased 
with an increasing number of comorbid conditions. [31]

MS disability exponentially affects annual costs: severe 
disability was seen to produce an incremental cost of 
€21,853.1. Moreover, the data also highlighted an additive 
effect of the presence of more than one comorbidity, show-
ing a relationship between number of comorbidities and 
increased cost.

Our important finding of increased costs linked to loss of 
productivity in pwMS with comorbidity confirm that most 
comorbid conditions with debilitating effects on patients’ 
lives can reduce work productivity and increase missed 
work days [32]. As already reported, comorbidity in pwMS 
is linked to higher sickness absence and disability pension 
rates [10, 33]. Productivity loss affects the total disease costs 
and places a major burden on pwMS and their families [13, 
18], and our results confirm that the presence of comor-
bidity exacerbates this. Finally, we examined the impact of 
the presence of different specific associated conditions on 
the economic burden of MS; due to the low frequency of 
some of them, we analyzed only those reported with a fre-
quency > 5%. Depression, reported by 15.7% of the subjects 
with comorbidity, was associated with the largest adjusted 
incremental cost, i.e., €9,070.9 (making these patients’ eco-
nomic burden around 40% greater than that of pwMS with-
out comorbidity). This result suggests that early manage-
ment of depression could be important, given its potentially 
considerable clinical and socio-economic repercussions.

This study has certain limitations, first of all in relation 
to the source of the comorbidity data used, which in this 
research, was obtained from self-report instruments. While 
it should be noted that no comorbidity data source can be 
considered the gold standard in every circumstance, the 
validity and reliability of self-reported comorbidity data 
in MS varies by condition. Accuracy is high for chronic 
conditions that are well defined, require ongoing care, or 
cause disability. The self-report approach is less accurate for 
conditions, such as arthritis, where diagnostic criteria are 

less precise, and may vary in accuracy according to socio-
demographic characteristics [34]. Second, the study design 
was not able to discriminate between comorbid conditions 
and complications or symptoms. It can sometimes be 
challenging to decide whether conditions such as depression 
and anxiety, for example, are actually complications or 
symptoms of MS. We here chose to treat them as comorbid 
conditions rather than symptoms of MS because in some 
individuals they appeared to occur independently of the 
MS. Third, in Italy, an individual receiving care is generally 
reimbursed for all medical treatment on the basis of rates 
established by the National Healthcare System (NHS), 
unlike practices in other countries. Access to care in Italy 
is very easy, and both the physician and the patient are 
allowed considerable decisional autonomy, and can adapt 
treatments as they wish [35]. However, it is necessary to 
point out the inequitable distribution of NHS services 
across geographic areas of Italy (better in the north than 
the south) [36]. The same consideration has to be made 
as regard of Italian social security systems that provide 
welfare and economic benefits such as prosthetic supply, 
vehicle adaptations, tax relief depending on the different 
disability levels [37]. Therefore, a major limitation of our 
results concerns their generalizability to Italian geographic 
areas with less access to services or to other countries with 
different healthcare systems.

The major strength of the study was that it evaluated the 
economic impact of comorbidity in a sample of pwMS con-
sidering not only healthcare, but also non-healthcare costs 
and the cost of lost productivity. In addition, estimates based 
on a bottom-up approach are more accurate because the 
method manages to capture all costs more effectively. [28]

In conclusion, comorbidities increase the complexity of 
patient management and have health, social, and economic 
consequences for pwMS. Our findings, providing an 
exhaustive picture of the total economic burden of illness 
in this population, suggest that comorbidity deserves to be 
taken properly into account, from an economic as well as 
a clinical perspective, in treatment and management plans 
drawn up for patients with MS.

Acknowledgements We wish to thank the people with MS who par-
ticipated in this study and the Ambra Sansone for her assistance with 
the data collection.

Author contribution Study concept and design: Bergamaschi, Ponzio, 
Monti, Mallucci and Borrelli; acquisition of data: Fusco, Tacchino; 
statistical analysis: Ponzio and Monti; interpretation of data: Ponzio, 
Monti, Mallucci, Borrelli, Bergamaschi, Montomoli, Tacchino and 
Brichetto; writing manuscript (original draft preparation): Berga-
maschi, Ponzio, Monti, Mallucci and Borrelli; critical revision of the 
manuscript for important intellectual content: Bergamaschi, Ponzio, 
Monti, Mallucci, Borrelli, Tacchino, Brichetto, Tronconi and Monto-
moli; funding acquisition: Bergamaschi; supervision: Bergamaschi and 
Montomoli. All the authors agreed accountable for all aspects of the 
work and approved the final version to be published.

1006 Neurological Sciences (2023) 44:999–1008



1 3

Funding This study was funded by the Italian Multiple Sclerosis 
Society Research Foundation (FISM), 2017/R/4.

Declarations 

Ethical approval This study was approved by the Ethics Committee of 
the San Matteo Hospital in Pavia (P.R. 20,180,042,426; 06/06/2018) and 
the Liguria Regional Ethics Committee (P.R. 252/2018; 06/05/2019).

Conflict of interest MP, MCM, GM, PB, SF, AT, GB, LT, CM: no 
competing interests are disclaimed.
RB has served on scientific advisory boards and received funding for 
travel, speaker honoraria, research support from Almirall, Bayer, Bio-
gen, Bristol Myers Squibb/Celgene, Janssen, Merck-Serono, Novartis, 
Roche, Sanofi-Genzyme, Teva.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as 
long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the 
article's Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of 
this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Williams JS, Egede LE (2016) The association between multimor-
bidity and quality of life, health status and functional disability. 
Am J Med Sci 352:45–52

 2. Lehnert T, Heider D, Leicht H et al (2011) Review: health care 
utilization and costs of elderly persons with multiple chronic con-
ditions. Med Care Res Rev 68:387–420

 3. Hajat C, Stein E (2018) The global burden of multiple chronic 
conditions: a narrative review. Prev Med Rep 12:284–293

 4. Marrie RA, Horwitz RI, Cutter G et al (2009) Comorbidity delays 
diagnosis and increases disability at diagnosis in MS. Neurology 
72:117–124

 5. Warren SA, Turpin KV, Pohar SL et al (2009) Comorbidity and 
health-related quality of life in people with multiple sclerosis. Int 
J MS Care 11:6–16

 6. Weinstock-Guttman B, Zivadinov R, Horakova D et al (2013) 
Lipid profiles are associated with lesion formation over 24 months 
in interferon-β treated patients following the first demyelinating 
event. J Neurol Neurosurg Psychiatry 84:1186–1191

 7. Thormann A, Sørensen PS, Koch-Henriksen N et al (2017) 
Comorbidity in multiple sclerosis is associated with diagnostic 
delays and increased mortality. Neurology 89:4508. https:// doi. 
org/ 10. 1212/ WNL. 00000 00000 004508

 8. Koch-Henriksen N, Laursen B, Stenager E et al (2017) Excess 
mortality among patients with multiple sclerosis in Denmark 
has dropped significantly over the past six decades: a population 
based study. J Neurol Neurosurg Psychiatry 88:626–31. https:// 
doi. org/ 10. 1136/ jnnp- 2017- 315907

 9. Capkun G, Dahlke F, Lahoz R et al (2015) Mortality and comor-
bidities in patients with multiple sclerosis compared with a pop-
ulation without multiple sclerosis: an observational study using 
the US Department of Defense administrative claims database. 
Mult Scler Relat Disord 4(6):546–554

 10. Marrie RA, Cohen J, Stuve O et al (2015) A systematic review 
of the incidence and prevalence of comorbidity in multiple 
sclerosis: overview. Mult Scler 21(3):263–81. https:// doi. org/ 
10. 1177/ 13524 58514 564491

 11. Battaglia MA, Bezzini D, Cecchini I et  al (2022) Patients 
with multiple sclerosis: a burden and cost of illness study. 
J Neurol 269(9):5127–5135. https:// doi. org/ 10. 1007/ 
s00415- 022- 11169-w

 12. Kobelt G, Thompson A, Berg J et  al (2017) MSCOI Study 
Group; European Multiple Sclerosis Platform. New insights 
into the burden and costs of multiple sclerosis in Europe. Mult 
Scler a 23:1123–36

 13. Battaglia M, Kobelt G, Ponzio M et al (2017) New insights into 
the burden and costs of multiple sclerosis in Europe: results for 
Italy. Mult Scler 23(2_suppl):104–116. https:// doi. org/ 10. 1177/ 
13524 58517 708176

 14. Paz-Zulueta M, Parás-Bravo P, Cantarero-Prieto D et al (2020) 
A literature review of cost-of-illness studies on the eco-
nomic burden of multiple sclerosis. Mult Scler Relat Disord 
43:102162. https:// doi. org/ 10. 1016/j. msard. 2020. 102162

 15. Polman CH, Reingold SC, Banwell B et al (2011) Diagnostic 
criteria for multiple sclerosis: 2010 revisions to the McDonald 
criteria. Ann Neurol 69:292–302

 16. Kobelt G, Eriksson J, Phillips G, Berg J (2017) The burden of 
multiple sclerosis 2015: methods of data collection, assessment 
and analysis of costs, quality of life and symptoms. Mult Scler 
23(2_suppl):4–16

 17. Marrie RA, Miller A, Sormani MP et al (2016) Recommenda-
tions for observational studies of comorbidity in multiple scle-
rosis. Neurology 86(15):1446–1453

 18. Ponzio M, Gerzeli S, Brichetto G et  al (2015) Economic 
impact of multiple sclerosis in Italy: focus on rehabilitation 
costs. Neurol Sci 36(2):227–234. https:// doi. org/ 10. 1007/ 
s10072- 014- 1925-z

 19. Posnett J, Jan S (1996) Indirect cost in economic evaluation: the 
opportunity cost of unpaid inputs. Health Econ 5:13–23

 20. Koopmanschap MA, Rutten FF (1993) Indirect costs in economic 
studies. Pharmacoeconomics 4:446–454

 21. Mihaylova B, Briggs A, O’Hagan A, Thompson SG (2011) 
Review of statistical methods for analysing healthcare resources 
and costs. Health Econ 20:897–916

 22. Buntin MB, Zaslavsky AM (2004) Too much ado about two-part 
models and transformation? Comparing methods of modeling 
Medicare expenditures. J Health Econ 23:525–542

 23. Belotti F, Deb P, Manning WG et al (2015) Two-part models. Stata 
J 15:3–20

 24. Marrie R, Horwitz R, Cutter G et al (2008) Comorbidity, socio-
economic status and multiple sclerosis. Mult Scler 14:1091–1098

 25. Marck CH, Neate SL, Taylor KL et  al (2016) Prevalence of 
comorbidities, overweight and obesity in an international sample 
of people with multiple sclerosis and associations with modifiable 
lifestyle factors. PLoS ONE 11:e0148573

 26. Magyari M, Sorensen PS (2020) Comorbidity in multiple sclero-
sis. Front Neurol 21(11):851. https:// doi. org/ 10. 3389/ fneur. 2020. 
00851. eColl ectio n2020

 27. Chen J, Taylor B, Winzenberg T et al (2020) Comorbidities are 
prevalent and detrimental for employment outcomes in people 
of working age with multiple sclerosis. Mult Scler 26(12):1550–
1559. https:// doi. org/ 10. 1177/ 13524 58519 872644

 28. Honeycutt AA, Segel JE, Hoerger TJ et al (2009) Comparing cost-
of-illness estimates from alternative approaches: an application 
to diabetes. Health Serv Res 44(1):303–320. https:// doi. org/ 10. 
1111/j. 1475- 6773. 2008. 00909.x

 29. Marrie RA, Elliott L, Marriott J et  al (2015) Comorbidity 
increases the risk of hospitalizations in multiple sclerosis. Neu-
rology 84:350–358

1007Neurological Sciences (2023) 44:999–1008

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1212/WNL.0000000000004508
https://doi.org/10.1212/WNL.0000000000004508
https://doi.org/10.1136/jnnp-2017-315907
https://doi.org/10.1136/jnnp-2017-315907
https://doi.org/10.1177/1352458514564491
https://doi.org/10.1177/1352458514564491
https://doi.org/10.1007/s00415-022-11169-w
https://doi.org/10.1007/s00415-022-11169-w
https://doi.org/10.1177/1352458517708176
https://doi.org/10.1177/1352458517708176
https://doi.org/10.1016/j.msard.2020.102162
https://doi.org/10.1007/s10072-014-1925-z
https://doi.org/10.1007/s10072-014-1925-z
https://doi.org/10.3389/fneur.2020.00851.eCollection2020
https://doi.org/10.3389/fneur.2020.00851.eCollection2020
https://doi.org/10.1177/1352458519872644
https://doi.org/10.1111/j.1475-6773.2008.00909.x
https://doi.org/10.1111/j.1475-6773.2008.00909.x


1 3

 30. Marrie RA, Yu N, Wei Y et al (2013) High rates of physician 
services utilization at least five years before multiple sclerosis 
diagnosis. Mult Scler 19:1113–1119

 31. Zhang T, Tremlett H, Leung S et al (2016) Examining the effects 
of comorbidities on disease modifying therapy use in multiple 
sclerosis. Neurology 86:1287–1295. https:// doi. org/ 10. 1212/ 
WNL. 00000 00000 002543

 32. Stewart WF, Ricci JA, Chee E et al (2003) Cost of lost pro-
ductive work time among US workers with depression. JAMA 
289:3135–3144

 33. Gyllensten H, Wiberg M, Alexanderson K et al (2018) Costs of ill-
ness of multiple sclerosis in Sweden: a population-based register 
study of people of working age. Eur J Health Econ 19:435–446

 34. Horton M, Rudick RA, Hara-Cleaver C et al (2010) Validation 
of a self-report comorbidity questionnaire for multiple sclerosis. 
Neuroepidemiology 35:83–90

 35. Italian NHS, Healthcare in the European Union: Strengths of the 
Italian National Health Service. https:// www. salute. gov. it/ porta 
le/ cureUE/ detta glioC onten utiCu reUE. jsp? lingua= engli sh& id= 
3879& area= cureU nione Europ ea& menu= vuoto (2020, Accessed 
04 Nov 2022)

 36. Ponzio M, Tacchino A, Vaccaro C et al (2019) Disparity between 
perceived needs and service provision: a cross-sectional study 
of Italians with multiple sclerosis. Neurol Sci 40(6):1137–1144. 
https:// doi. org/ 10. 1007/ s10072- 019- 03780-z

 37. Italian Institute of Social Security (INPS), Disability and incapac-
ity. https:// www. inps. it/ gss/ defau lt. aspx? sPath ID=% 3B0% 3B566 
89% 3B& lastM enu= 55569 & iMenu= 120& p4=2 (2022, Accessed 
04 Nov 2022)

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1008 Neurological Sciences (2023) 44:999–1008

https://doi.org/10.1212/WNL.0000000000002543
https://doi.org/10.1212/WNL.0000000000002543
https://www.salute.gov.it/portale/cureUE/dettaglioContenutiCureUE.jsp?lingua=english&id=3879&area=cureUnioneEuropea&menu=vuoto
https://www.salute.gov.it/portale/cureUE/dettaglioContenutiCureUE.jsp?lingua=english&id=3879&area=cureUnioneEuropea&menu=vuoto
https://www.salute.gov.it/portale/cureUE/dettaglioContenutiCureUE.jsp?lingua=english&id=3879&area=cureUnioneEuropea&menu=vuoto
https://doi.org/10.1007/s10072-019-03780-z
https://www.inps.it/gss/default.aspx?sPathID=%3B0%3B56689%3B&lastMenu=55569&iMenu=120&p4=2
https://www.inps.it/gss/default.aspx?sPathID=%3B0%3B56689%3B&lastMenu=55569&iMenu=120&p4=2

	The economic impact of comorbidity in multiple sclerosis
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and population
	Data collection
	Statistical analysis

	Results
	Sample characteristics (N = 600)
	Healthcare and non-healthcare resource utilization and lost productivity
	Average and incremental costs of comorbidity

	Discussion
	Acknowledgements 
	References


