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Abstract 

Background. The COVID-19 pandemic disrupted healthcare delivery systems worldwide, 
disproportionately affecting individuals with chronic and rare diseases. This study explores the 
status in the post-pandemic context on the quality of life and financial burden experienced by 
children with Duchenne Muscular Dystrophy and their families in Greece, a context that reflects 
broader challenges in healthcare system performance during crises. Methods. A multicenter, cross-
sectional study was conducted across two neuromuscular clinics in Greece. Of 75 eligible families, 50 
(response rate 67%) participated through structured interviews with patients and caregivers, using 
standardized instruments, the PedsQL™ 4.0 Generic Core Scale and the PedsQL™ 3.0 DMD Module 
to assess health-related quality of life, and a socioeconomic questionnaire to evaluate caregiving 
burden and out-of-pocket expenditures. Descriptive statistics and correlation analyses were applied 
to examine associations between functional status, financial strain, and psychosocial indicators. 
Results. Participants reported moderate-to-severe impacts on physical and emotional well-being, 
alongside significant caregiving and financial burdens. Households incurred substantial out-of-
pocket costs related to home care and non-reimbursed services. Health-related quality of life 
outcomes were inversely associated with care-related financial stress and functional limitations. 
Conclusions. The findings highlight ongoing systemic challenges faced by families living with 
Duchenne Muscular Dystrophy in Greece during the post-pandemic period. While the cross-sectional 
design does not allow causal attribution to COVID-19 pandemic, the results provide valuable insights 
into current health system pressures and areas where financial protection and coordinated care 
pathways could be strengthened. 

Keywords: Duchenne Muscular Dystrophy; health-related quality of life; COVID-19; rare diseases; 
pediatric health policy; PedsQL; healthcare delivery; health policy 
 

Introduction 

Duchenne Muscular Dystrophy (DMD) is a rare, severe, and progressive X-linked 
neuromuscular disorder that primarily affects boys, leading to muscle degeneration, loss of 
ambulation, and premature death due to cardiac or respiratory complications [1–3]. With an 
estimated global prevalence of 19.8 per 100,000 live male births, DMD is the most common and 
debilitating dystrophinopathy [4]. Despite advances in multidisciplinary care—including 
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corticosteroids, physiotherapy, and novel molecular therapies [5–14]—life expectancy has only 
modestly improved [15–17], while families continue to face profound challenges beyond the clinical 
course of the disease. 

The need to assess health related quality of life (HRQoL) and the financial burden in rare diseases 
such as DMD has gained prominence in global health policy discourse. Organizations like the World 
Health Organization [18] and the European Commission [19] advocate for more comprehensive, 
patient-centered outcome measures that extend beyond clinical indicators. In parallel, health 
technology assessment (HTA) frameworks increasingly recognize the value of real-world data in rare 
disease settings, where randomized controlled trials are often logistically or ethically challenging [20–
23]. These shifts reflect a growing consensus that equitable policy and resource allocation must be 
informed by both clinical and lived experiences. 

Recent research has drawn increasing attention to the socioeconomic and health related quality 
of life impact of DMD [25–28]. Studies have documented the high direct and indirect costs of DMD 
care, such as in Egypt, where annual per-patient costs were estimated at USD 17.485, with substantial 
financial strain on households [29]. However, such studies often rely on non-validated instruments, 
limiting comparability across settings. Furthermore, previous cost-of-illness studies in Southern 
Europe, including Spain [30], Portugal [31], and Italy [32] have provided important estimates of the 
financial burden of DMD. However, these studies were conducted before the COVID-19 pandemic, 
relied mainly on generic or ad-hoc instruments, and focused primarily on cost quantification or 
guideline adherence without systematically linking patient HRQoL with caregiver socioeconomic 
data. Beyond Southern Europe, recent studies from Denmark [33], and Japan [34], have also examined 
the cost of illness in DMD. While these provide valuable estimates of healthcare and societal costs, 
they relied primarily on register-based or economic approaches and did not incorporate validated 
disease-specific HRQoL instruments or systematically assess financial protection mechanisms.  

Caregiver-focused research, such as Schwartz et al. 2020 [35], has demonstrated the toll of DMD 
progression on family well-being, including sleep, mental health, and work productivity, yet these 
analyses were largely cross-sectional and based on generic tools, potentially overlooking disease-
specific burdens. In India, Sirari et al. [36], found that children’s HRQoL declined with age and 
disease severity, but no significant link to socioeconomic status was observed—contrasting with 
patterns reported in European contexts. Finally, a systematic review [37], has highlighted 
inconsistencies in HRQoL findings, attributed to differences in measurement approaches, and 
emphasized the need for condition-specific tools and broader, multidimensional perspectives on 
family impact. 

Collectively, these studies underscore several unresolved issues, such as limited use of 
validated, disease-specific HRQoL instruments across cultural and socioeconomic contexts; 
insufficient integration of financial burden, caregiver roles, and HRQoL into a single analytic 
framework; and a lack of data from Southern European countries, particularly in the post-pandemic 
era, where disruptions in health services and economic stressors may exacerbate existing 
vulnerabilities.  

Our study addresses these gaps by providing the first assessment in Greece of the intersection 
between HRQoL, socioeconomic burden, and caregiving in families of children with DMD. 
Furthermore, our study aims to generate comprehensive evidence on the challenges faced by families 
of children with DMD in Greece during the post-pandemic period. Importantly, it employs the 
validated Greek version of the PedsQL™ 3.0 DMD Module alongside the PedsQL™ 4.0 Generic Core 
Scales, ensuring cultural and linguistic appropriateness [38,39]. Furthermore, by incorporating 
detailed data on household income, maternal employment, state allowances, and out-of-pocket 
expenditures, this study uniquely captures the interplay between clinical severity, financial stress, 
and HRQoL outcomes in a real-world, resource-constrained healthcare system. Specifically, the 
objectives are to: 
(a) quantify the regular and unexpected out-of-pocket expenditures; 
(b) explore the impact of caregiving demands on maternal employment and household resilience; 
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(c) assess the HRQoL in children with DMD using validated tools; and 
(d) evaluate how clinical and socioeconomic variables (e.g., allowance status, mobility, regional 
disparities) shape HRQoL outcomes. 

By addressing these objectives, the study not only contributes new evidence from Greece but 
also provides insights with international relevance, informing policy and health system reforms in 
other countries where rare disease care is challenged by limited resources and fragmented support 
structures. 

2. Materials and Methods 
2.1. Study Design and Patient Population  

This multicenter, cross-sectional study was conducted between September 2022 and July 2023 
among pediatric patients with DMD and their families in Greece. Participants were recruited from 
neuromuscular clinics and patient registries nationwide, with representation from 15 of the 51 
regional prefectures. A total of two neuromuscular clinics were approached across Greece. Of the 125 
eligible patients aged 5-18 years old identified through clinic registries and referrals, 75 were 
contacted, and 50 consented to participate, yielding a response rate of 67%. Reasons for non-
participation included e.g., lack of interest, inability to travel, incomplete records. The study 
combined in-person interviews at AHEPA University Hospital (Thessaloniki) and the University 
General Hospital of Patras with remote interviews (via phone or videoconferencing), following 
ethical approvals from the respective institutions and the University of the Peloponnese. 

Eligible participants were boys aged 5–18 years with a genetically confirmed diagnosis of DMD. 
The following independent variables were collected and analyzed: (i) demographic (child age, 
parental education, region of residence); (ii) clinical (age at diagnosis, ambulatory status, wheelchair 
dependency, corticosteroid use); (iii) socioeconomic (household income, state allowance status, 
insurance coverage, out-of-pocket costs — monthly and unexpected); (iv) caregiver-related (maternal 
employment, caregiving hours). In particular, as allowance was stated the receipt of state support 
(extrainstitutional allowance, social allowance, no allowance), as unexpected annual expenses were 
self-reported lump-sum health-related costs in the past 12 months, as monthly expenses were 
recurring out-of-pocket costs x 12, insurance was the coverage through public/private insurance or 
no insurance, the wheelchair use was dichotomous, abased on mobility status at interview and 
corticosteroid treatment referred to current status of costicosteroic use. 

HRQoL was assessed using the PedsQL™ 4.0 Generic Core Scales and the PedsQL™ 3.0 DMD 
Module. Children aged 8–18 completed self-report forms where possible, while parents or primary 
caregivers completed proxy versions for all children. Children aged 5–7 did not complete self-reports. 
When required, trained researchers assisted in reading items aloud and recording responses. 

The study was approved by the Institutional Review Boards of the University of Peloponnese 
(prot.no. 11415/31-5-2023), AHEPA Hospital (prot.no. 239/16-5-2022), and Patras University Hospital 
(prot.no. 246/31-5-2022). Written informed consent was obtained from parents or legal guardians of 
all participants, and assent was obtained from children ≥8 years where appropriate. 

2.2. Measures   

HRQoL was assessed using two validated instruments: the Pediatric Quality of Life Inventory™ 
(PedsQL™) 4.0 Generic Core Scales and the disease-specific PedsQL™ 3.0 DMD Module. We used 
the validated Greek version of the PedsQL™ 4.0 Generic Core Scales, previously adapted and tested 
for reliability and validity in Greek children [38]. For the PedsQL™ 3.0 DMD Module, we employed 
the Greek version recently adapted and validated in a separate study [39], which confirmed linguistic 
equivalence, cultural appropriateness, and strong psychometric properties (Cronbach’s α = 0.80 for 
child self-report, α = 0.89 for parent proxy-report) . In the present sample, internal consistency 
reliability was also assessed. Cronbach’s α coefficients exceeded 0.70 across all subscales of the 
PedsQL™ 4.0 GC and 0.80 for the PedsQL™ 3.0 DMD Module, supporting their use in this 
population. 
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The PedsQL™ 4.0 GC is designed to differentiate between children with chronic health 
conditions and their healthy peers, offering a general assessment of HRQoL across physical, 
emotional, social, and school functioning domains. In contrast, the PedsQL™ 3.0 DMD Module 
allows for more disease-specific evaluation, facilitating comparisons in HRQoL among subgroups of 
DMD patients based on age, disease stage, and even cultural or ethnic background. The PedsQL™ 
4.0 Generic Core Scales comprise 23 items across four domains: Physical Functioning (8 items), 
Emotional Functioning (5 items), Social Functioning (5 items), and School Functioning (5 items). A 
Psychosocial Health Summary Score is computed as the mean of the Emotional, Social, and School 
subscales. The instrument includes age-appropriate self-report (ages 5–18) and proxy-report formats 
(ages 2–18), with higher scores indicating better HRQoL. The PedsQL™ 3.0 DMD Module assesses 
disease-specific HRQoL and includes 18 items grouped into four domains: Daily Activities (5 items), 
Treatment Barriers (4 items), Worry (6 items), and Communication (3 items). It is available in child 
self-report formats for ages 8–12 and 13–18 years and proxy versions for ages 5–7, 8–12, and 13–18 
years. All items across both instruments are scored using a 5-point Likert scale (0 = never a problem 
to 4 = almost always a problem), reverse-scored, and transformed to a 0–100 scale, with higher scores 
reflecting better perceived quality of life. The instruments were administered based on the child’s age 
and cognitive capacity. Together, they offer a comprehensive assessment of general and condition-
specific quality of life (HRQoL). 

The socioeconomic questionnaire was developed based on European and international health 
economics frameworks for out-of-pocket health expenditures [40–44]. The socioeconomic 
questionnaire included questions about household income, receipt of a state allowance, unexpected 
or on a regular basis out-of-pocket costs concerning medical or non-medical expenses related to the 
child’s condition, impact on parents’ employment, public of private insurance and benefits covered 
by insurance. Internal consistency was not computed given the multidimensional (non-scale) nature 
of the questionnaire. 

Household income (€) was grouped in four categories with lower and upper limits. Regular out-
of-pocket costs (€) were calculated as monthly reports × 12, unexpected costs were recorded as lump 
sums in the past 12 months. Financial burden was expressed both in absolute values (€) and relative 
to household income (%). Employment impact was coded as full-time, part-time, unemployed due to 
caregiving, or unemployed unrelated to caregiving. The status of insurance was indicated as public, 
private or no insurance and regarding the benefits covered by insurance the participants indicated 
whether they received it or not.   

2.3. Statistical Analysis  

Data was analyzed using IBM SPSS Statistics version 20.0. Descriptive statistics and correlation 
analyses were applied to examine associations on patient demographics, clinical characteristics, and 
socioeconomic variables, presented as means, medians, standard deviations, ranges, and percentages 
where appropriate. Given the sample size (n = 50), analyses were restricted to descriptive statistics, 
bivariate comparisons, and correlation tests. Multivariable regression modeling was considered but 
not performed to avoid overfitting due to the limited number of observations relative to potential 
predictors. Measures of central tendency and dispersion were calculated for all continuous variables. 
Effect sizes were computed to aid interpretation of group differences. To evaluate agreement between 
child self-reports and parent proxy-reports on HRQoL outcomes, intraclass correlation coefficients 
(ICCs) were calculated. Associations between PedsQL™ 4.0 Generic Core Scales and PedsQL™ 3.0 
DMD Module domains were examined using Spearman’s rank correlation coefficients due to the non-
normal distribution of the data. Non-parametric tests were employed to identify factors associated 
with HRQoL outcomes and financial burden. The Mann–Whitney U test was used for comparisons 
between two independent groups, while the Kruskal–Wallis test was applied for comparisons across 
three or more groups. The significance level of p < 0.05 was considered statistically significant for all 
analyses.  
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3. Results 
3.1. Socio-Demographic and Clinical Characteristics  

A total of 50 children with DMD, aged 5 to 18 years, were enrolled in the study. In terms of mode 
of inheritance, 68% (n = 34) had maternal transmission of the disease. The mean age at the time of 
data collection was 12.52 years (SD =2.97), while the mean age at diagnosis was 3.58 years (SD = 2.53). 
Participants were grouped according to the PedsQL™ age brackets: 5–7 years: n=9 children, 8–12 
years: n= 24 children, 13–18 years: n =17 children. Regarding clinical characteristics: 30% of the 
children (n = 15) were non-ambulatory, 46% (n = 23) were currently receiving corticosteroid therapy 
and 54% (n = 27) were undergoing physiotherapy. A detailed summary of demographic and clinical 
characteristics is presented in Table 1. 

Table 1. Demographic and clinical characteristics. 

Variable Mean  SD Range 
Age at onset (years) 3.58 2.83 0-10 

Age at time of the evaluation (years) 12.52 2.97 8-19 
Variable N %   

Age distribution(years)       
5-7 9 18.0%   
8-12 24 48.0%   
13-18 17 34.0%   
Total 50 100%   

Non-ambulatory patients 15 30.0%   
Current steroid use 23 46.0%   

Physiotherapy 27 54.0%  
Family history 34 68.0%   

3.2. Household Financial Burden in Relation to Income and Allowance Status 

Financial data was available for 43 out of the 50 participating families, as only these respondents 
provided complete information regarding their household income (€), state allowance receipts (€), 
and out-of-pocket expenditures (€) related to the child’s condition. Among these families, 51.2% (n = 
22) received the extra-institutional care allowance (€846/month), 20.9% (n = 9) received the social 
solidarity allowance (€338/month), and 27.9% (n = 12) reported receiving no state allowance. In terms 
of annual household income 30.2% (n = 13) reported income ≤ €15,000, 44.2% (n = 19) reported income 
between €15,001 - €25,000, 25.5% (n = 11) reported income > €25,001. Among the 12 families who did 
not receive any form of state allowance, 25% reported annual household income ≤ €15,000, 60% 
reported income between €15,001 and €25,000, and 25% reported income > €25,001. 

The distribution of household income and state support is presented in Figures 1 and 2. 
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Figure 1. Distribution of state allowance. 

 

Figure 2. Distribution of family income in euros (€). 

Additionally, among the 12 families who did not receive any form of state allowance (€), 41.6% 
(n = 5) reported monthly out-of-pocket expenditures (€) related to the child’s condition. Only two 
families in this group reported incurring unexpected annual expenses, while 41.7% accessed 
physiotherapy services reimbursed by public insurance. In contrast, among the 22 families receiving 
the extra-institutional allowance (€846/month), 50% of the children accessed publicly funded 
physiotherapy. Notably, 77.3% (n = 17) of these families reported monthly out-of-pocket expenses, 
with 17.6% of them indicating that these expenses exceeded the total value of the monthly allowance. 
Furthermore, 72.7% (n = 16) reported unexpected annual costs. In addition, families receiving the 
extra-institutional allowance consistently reported lower HRQoL scores in bivariate analyses Among 
the nine families receiving the lower social allowance (€338/month), the majority (66.6%) accessed 
publicly reimbursed physiotherapy. All nine families reported monthly out-of-pocket healthcare 
costs, and in 55.5% of these cases, the costs exceeded the value of the allowance. Only one family in 
this group reported unexpected annual expenses. 

3.2.1. Overall Financial Burden 

A closer examination of the financial data as assessed by the socioeconomic questionnaire for 
the 43 families who provided complete information revealed that approximately 75% had an annual 
household income below €25,000. Specifically, 30.2% reported income up to €15,000, 44.2% reported 
between €15,001 and €25,000, and only 25.6% earned more than €25,001. Importantly, in 28% (12 out 
of 43) of these families, monthly out-of-pocket expenses related to the child’s condition exceeded the 
amount of the state allowance, where such allowance was received. In 16.7% of cases (n = 7), the 
allowance only partially covered these expenses, while in 11.6% of cases (n = 5), families reported no 
financial relief from the allowance whatsoever. These findings highlight a substantial financial 
burden, particularly among low- to middle-income households. For the lowest income group, these 
out-of-pocket costs can represent up to one-quarter of the family’s total annual income.  

Figure 3 presents box plots comparing annual out-of-pocket expenses (before and after receiving 
allowances) and unexpected annual expenses across three allowance groups.  

These visualizations clearly illustrate the financial burden differences and the mitigating impact 
of state support. Families receiving no allowance generally reported lower expenses but with 
considerable variability. Those receiving the extra-institutional allowance showed significantly 
higher gross annual expenses; however, their net financial burden dropped markedly after allowance 
receipt (mean: €306.55), indicating substantial financial relief. The social welfare group also 
experienced a reduction in net costs (mean: €897.60), though less pronounced. Notably, unexpected 
annual expenses were especially high and variable in the extra-institutional group, with a maximum 
of €100,000 and a median of €2,500 potentially reflecting a concentration of complex medical needs 
or acute events within this subgroup. 
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(a) 

 
(b) 

 
(c) 

Figure 3. Annual out-of-pocket expenditures relative to state allowance (in €). 

To further understand the determinants of financial burden among participating families, 
additional analyses were performed to identify factors associated with expenditures due to the child’s 
condition. The following results emerged: 

a) Unexpected annual expenses (€). These were significantly associated with three factors: 
wheelchair dependency, receipt of a state allowance, and the geographic region of the family's 
residence. Regional comparisons categorized families into three groups: (i) those living in the 
prefecture of Attica (which includes the capital, Athens), (ii) those in the prefecture of Thessaloniki 
(the second-largest urban area), and (iii) families in all other regions, labeled as “Other” (typically 
rural or agricultural areas). Statistical testing indicated that the distribution of unexpected annual 
expenses differed significantly between “Attica” and “Other,” and between “Thessaloniki” and 
“Other.” 

b) Regular annual expenses (€). Calculated by multiplying reported monthly out-of-pocket costs 
by 12, these expenses were also associated with allowance status and regional residence. 
Interestingly, a different pattern emerged compared to unexpected costs. In this case, significant 
differences were observed between “Attica” vs. “Other” and “Attica” vs. “Thessaloniki,” suggesting 
that families in urban centers like Athens are more likely to incur recurring costs, possibly due to 
greater access to specialized services or higher living costs. Similarly, high-cost, one-time 
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expenditures such as home or vehicle modifications to accommodate wheelchair access were 
observed more frequently in urban areas compared to rural ones. 

3.2.2. Impact of Caregiving on Maternal Employment 

The demands of daily caregiving for a child with DMD significantly influence maternal 
employment patterns and household economic resilience. In most participating families, mothers 
assumed the primary caregiving role, often at the expense of their employment status. Among 43 
families providing complete data, only half of the mothers were employed full-time, 14.2% part-time, 
and 35.7% were not employed due to their child’s condition. In families where mothers maintained 
full-time employment, most fathers were also employed, and these households tended to report 
higher incomes. However, one-third did not receive any form of state allowance, and several still 
faced monthly out-of-pocket expenditures that exceeded or matched the value of the benefits 
received. Families in which mothers worked part-time or were not employed reported lower 
household incomes and greater caregiving strain, both in time and resources. These families also 
experienced higher unmet financial needs, with many reporting that monthly expenditures were not 
adequately covered by allowances.  

Wheelchair dependency used as a proxy for functional impairment was more common among 
children whose mothers were unemployed, indicating a direct link between care intensity and 
maternal labor force withdrawal. Overall, these findings highlight the dual economic burden of direct 
care costs and lost maternal income, underscoring the need for targeted support policies that 
recognize caregiving as a critical determinant of family vulnerability in the context of rare, chronic 
pediatric conditions. 

3.3. Health-Related Quality of Life Outcomes 

The combined use of the Greek versions of the PedsQL™ 4.0 Generic Core Scales (GC) 
(Cronbach’s α > 0.70 across all subscales) [38] and the PedsQL™ 3.0 DMD Module with measured 
Cronbach’s α values: α = 0.80 for child self-report; α = 0.89 for parent proxy-report [39] allowed for a 
comprehensive assessment of HRQoL in children with DMD. As shown in Table 2, GC scores 
reported by both children and their parents indicated an overall moderate to good HRQoL. 
Interestingly, HRQoL scores were more favorable when assessed with the disease-specific DMD 
Module (Table 3), which captures condition-related challenges and coping mechanisms. These 
findings suggest that, despite the clinical and functional limitations of DMD, families often perceive 
their children's HRQoL in a relatively positive light when framed within the context of disease-
specific expectations and adaptations. 

Table 2. PedsQL™ 4.0 Generic Core Scale scores: child self-reports vs parent proxy reports. 

  
5-7 (years) 8-12 (years) 13-18 (years) 

Mean SD Mean SD Mean SD 
Child self-report     (Ν=14)   (Ν=11)   

Total Score GC     59.86 15.10 61.65 18.47 
Physical Health Summary Score   46.21 25.04 39.77 29.42 

Emotional Score     67.14 15.65 72.39 17.68 
Social Score     66.79 14.22 71.82 17.65 
School Score     67.50 19.19 76.70 17.59 

Phychosocial Score     67.14 12.06 73.64 14.66 
Parent proxy report (Ν=7)   (Ν=20)   (Ν=15)   

Total Score GC 65.83 20.94 60.82 16.90 49.47 20.42 
Physical Health Summary Score 30.77 48.44 26.41 25.22 29.15 

Emotional Score 75.00 21.41 69.25 18.23 64.64 27.42 
Social Score 64.11 20.70 62.00 23.92 56.61 17.64 
School Score 71.43 19.30 71.00 17.74 75.23 19.12 
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Phychosocial Score 70.22 19.01 67.42 15.75 64.83 19.53 

Table 3. PedsQL™ 3.0 DMD module scores: child self-reports vs. parent proxy reports. 

  
5-7 (years) 8-12 (years) 13-18 (years) All 

Mean SD Mean SD Mean SD Mean SD 
Child self-report     (Ν=18)   (Ν=13)   (Ν=31)   

Total (18)     70.85 11.55 71.02 22.92 70.92 16.91 
Daily Activities (5)     74.44 16.71 67.69 29.41 71.61 22.71 

Treatment  
Barriers (4) 

    75.46 21.63 71.35 22.69 73.82 21.77 

Worry (6)     66.69 17.56 77.63 15.17 71.28 17.23 
Communication (3)     66.67 21.77 63.46 38.12 65.32 29.19 
Parent proxy report (Ν=8)   (Ν=24)   (Ν=16)   (Ν=48)   

Total (18) 76.18 20.69 66.21 18.73 56.74 25.62 64.71 22.14 
Daily Activities (5) 56.88 33.16 60.83 25.62 50.00 38.21 56.56 31.22 

Treatment  
Barriers (4) 

82.81 21.84 71.20 20.62 63.28 32.02 70.48 25.59 

Worry (6) 84.38 19.13 64.90 20.79 56.04 28.49 65.19 24.82 
Communication (3) 84.38 16.33 69.10 30.74 59.90 36.80 68.58 31.66 

 
In our study sample, the degree of agreement between child self-reports and parent proxy-

reports was excellent for the PedsQL™ 4.0 Generic Core Scales (ICC = 0.908; 95% CI: 0.870–0.938) and 
very good for the PedsQL™ 3.0 DMD Module (ICC = 0.868; 95% CI: 0.815–0.911), indicating high 
consistency between informants. These findings highlight the continued importance and reliability 
of parent-reported outcomes in the post-COVID-19 era, particularly when healthcare access remains 
fragmented or constrained. Table 4 presents the correlations between the PedsQL™ 4.0 Generic Core 
Scales and the disease-specific domains of the PedsQL™ 3.0 DMD Module. Statistically significant 
associations were identified between the psychosocial functioning dimensions (emotional, social, and 
school functioning) of the Generic Core Scales and the “Worry” and “Communication” domains of 
the DMD Module.  

These findings highlight the interconnectedness of general well-being and disease-specific 
challenges in children with DMD, particularly in the aftermath of pandemic-related disruptions in 
pediatric neuromuscular care. The results underscore the importance of maintaining integrated 
psychosocial support and clear communication pathways between healthcare providers, patients, 
and families, especially during periods of systemic strain. They also reinforce the value of patient- 
and proxy-reported outcomes in monitoring HRQoL when routine clinical care remains inconsistent 
or only partially restored in the post-pandemic landscape. 

Table 4. Spearman's correlations between PedsQL™ 4.0 GC and the PedsQL™ 3.0 DMD module scale items. 

  
Daily 

activities 
Treat- 
ment 

Worry 

Comm
u- 

nicatio
n 

Total 
Score 
DMD 

Total 
Score 
GC 

Physical 
Health 

Summar
y Score 

Emotio
nal 

Score 

Social  
Score 

Treatment 0.570**                 
Worry 0.551** 0.466**               

Commu- 
nication 

0.543** 0.353** 0.465**             

Total Score 
DMD 

0.881** 0.747** 0.772** 0.719**           

Total Score 
GC 

0.760** 0.582** 0.672** 0.414** 
0.782*

* 
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Physical 
Health 

Summary 
Score 

0.747** 0.436** 0.570** 0.376** 
0.690*

* 
0.825**       

Emotional 
Score 

0.415** 0.266* 0.595** 0.224 
0.494*

* 
0.653** 0.420**     

Social Score 0.696** 0.544** 0.662** 0.420** 
0.739*

* 
0.837** 0.570** 0.521**   

School Score 0.437** 0.533** 0.440** 0.429** 
0.564*

* 
0.567** 0.145 0.374** 0.603** 

**. Correlation is significant at the 0.01 
level (2-tailed). 

            

*. Correlation is significant at the 0.05 
level (2-tailed). 

            

3.3.1. Quality of Life Compared to Healthy Peers 

In our study, children with DMD exhibited significantly lower HRQoL scores on the PedsQL™ 
4.0 Generic Core Scales compared to healthy peers [45] and children with other chronic conditions 
[45]. Specifically, their self-reported scores were markedly reduced (mean = 60.65, SD = 16.32 vs. 83.91, 
SD = 12.47), as were parent proxy-reports (mean = 57.80, SD = 19.42 vs. 82.29, SD = 15.55), when 
compared with healthy children in the validation study of PedsQL 4.0 GC by Varni [45]. Moreover, 
their scores were also lower than those of children with other chronic conditions such as asthma, 
diabetes, ADHD, and depression (self-reports: mean = 74.16, SD = 15.38; parent proxy-reports: mean 
= 73.14, SD = 16.44). A similar pattern was observed in age-specific comparisons. In our Greek cohort 
of children aged 8–12 with DMD, self-reports (mean = 59.86, SD = 15.10) and parent proxy-reports 
(mean = 60.82, SD = 16.90) were significantly lower than those of both healthy peers [38] (self-reports: 
mean = 82.52, SD = 11.28; parent proxy-reports: mean = 83.66, SD = 12.95) and children with chronic 
conditions [38] (self-reports: mean = 71.94, SD = 12.60; parent proxy-reports: mean = 71.80, SD = 16.37) 
as reported by Gkoltsiou [38]. These findings underscore the profound and unique burden of DMD 
on the HRQoL of affected children and their families. 

3.4. Associations Between Socioeconomic and Clinical Variables and HRQoL domains 

The findings presented in Table 5 are based on non-parametric statistical tests (Kruskal–Wallis 
and Mann–Whitney U, α = 0.05), which revealed significant differences in HRQoL scores across 
various socioeconomic and clinical categories. One of the most prominent findings relates to the 
receipt of state allowances. Significant associations were observed across all scales of the PedsQL™ 
3.0 DMD Module and nearly all scales of the PedsQL™ 4.0 Generic Core Scales (GC), apart from the 
school functioning domain. Families receiving the extra-institutional allowance consistently reported 
lower HRQoL scores compared to those not receiving any allowance, suggesting a diminished 
perceived HRQoL. A similar, albeit less pronounced, pattern was noted among families receiving the 
social allowance, who also tended to report lower scores than non-recipients. Furthermore, 
unexpected annual expenditures and continuous wheelchair use by the child were associated with 
significantly lower scores on the daily activities, worry, total DMD, physical health summary, and 
total GC scales. These findings emphasize the substantial burden these factors place on families' 
overall HRQoL. Monthly out-of-pocket expenses had a specific negative impact on the emotional and 
treatment domains. Families facing such regular expenses scored lower than those without this 
financial burden. In contrast, access to health insurance (public or private) was positively associated 
with emotional, social, and psychosocial functioning. Families with insurance coverage consistently 
reported higher scores in these domains than uninsured families. Child age also emerged as a 
significant determinant of HRQoL. Families of older children (ages 8–12 and 13–18) consistently 
reported lower scores than those with younger children, likely reflecting the progressive nature of 
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DMD and the corresponding physical and psychosocial decline. Among the eleven factors assessed, 
parental employment status and educational level were not significantly associated with HRQoL 
outcomes. The receipt of state allowance appeared to be the most influential factor, significantly 
affecting the daily activities, worry, and communication domains of the PedsQL™ 3.0 DMD Module, 
as well as physical health, social functioning, psychosocial health, and total scores in the PedsQL™ 
4.0 GC. This influence was most pronounced in the treatment domain and total score of the PedsQL™ 
3.0 DMD Module, and the emotional domain of the PedsQL™ 4.0 GC, particularly when comparing 
non-recipients with recipients of extra-institutional or social benefits. Unexpected annual expenses 
and health insurance coverage also played a key role in shaping HRQoL. Unexpected costs were most 
strongly associated with the daily activities and worry domains of the PedsQL™ 3.0 DMD Module, 
and with physical health and total scores of the PedsQL™ 4.0 GC. Insurance coverage was linked to 
better emotional functioning and overall scores. 

Child age significantly influenced HRQoL, especially in the physical health domain (PedsQL™ 
4.0 GC) and worry domain (PedsQL™ 3.0 DMD Module). Notable differences were observed 
between the 5–7 and 13–18 age groups for physical health, and between the 8–12 and 13–18 groups 
for worry. Other factors, such as monthly out-of-pocket expenses and clinical variables (e.g., 
corticosteroid use and wheelchair reliance), were associated with more modest differences in HRQoL. 
Given the strong influence of state allowance, additional analyses incorporating annual routine and 
unexpected out-of-pocket expenses revealed a moderate (~40%) correlation between allowance status 
and both HRQoL and disease severity. This correlation persisted even when expenses were expressed 
as a percentage of household income. In contrast, correlations involving unexpected expenses were 
substantially weaker. 

Table 5. Bivariate analysis results-variables associated with HRQoL domains in children with DMD. 

x/y Allowance* 

Annual 
Unexpecte

d 
Expenses 

** 

Provison 
by 

Insurance*
* 

Monthly 
expenses*

* 

Use of 
Wheel
chair** 

Age 
Group* 

Corticoids*
* 

Daily 
activities  

Yes Yes     Yes     

Treatment  Yes     Yes       
Worry Yes Yes     Yes Yes Yes 

Communicati
on 

Yes             

Total Score 
DMD  

Yes             

Physical 
Health 

Summary 
Score 

Yes Yes     Yes Yes   

Emotional 
Score  

Yes   Yes Yes       

Social Score      Yes         
School Score Yes             
Phychosocial 

Score  
Yes   Yes         

Total Score 
GC 

Yes Yes Yes   Yes     
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*Kruskal–Wallis test was applied for categorical variables with >2 groups (e.g., age groups, 
allowance status, region). **Mann–Whitney U test was applied for dichotomous variables (e.g., 
wheelchair use, corticosteroid treatment, insurance status) 

4. Discussion  

This study provides a comprehensive assessment of the socioeconomic and psychosocial burden 
of DMD in Greece during the post-pandemic period. Consistent with international evidence [46–48], 
our study confirmed that children with DMD experience substantially lower HRQoL compared not 
only to healthy peers but also to children with other chronic conditions, a pattern observed across 
age groups and reported in both self-reports and parent proxy-reports. Our findings extend the 
evidence from previous studies using the PedsQL™ 4.0 Generic Core Scales, which consistently 
demonstrated higher scores among healthy children and those with asthma, diabetes, ADHD, and 
depression [38,45]. Taken together, these comparisons highlight the unique and disproportionate 
burden of DMD on children’s daily functioning and family well-being, extending beyond the 
impairment typically observed in other pediatric chronic diseases. To further contextualize these 
findings, international comparisons reveal both shared patterns and country-specific differences. 
Analyses of PedsQL™ 4.0 scores demonstrated that physical health was consistently low across all 
cohorts, reflecting universal functional limitations in DMD. Greek children scored slightly higher 
than those in Switzerland and Australia [46,48], but somewhat lower than in China [47]. In contrast, 
psychosocial functioning was relatively favorable, with Greek children and parents reporting 
outcomes comparable to or higher than those observed in China and the USA [47,49]. Parents rated 
school functioning particularly positively, yielding the highest scores among all international 
comparisons. Taken together, these results confirm that while physical functioning is uniformly 
impaired across contexts, psychosocial well-being varies by cultural and healthcare environment 
[46,47,49,50]. In Greece, the relatively favorable psychosocial outcomes may reflect strong family 
cohesion, effective school integration, and robust informal support networks. 

Consistent with the relatively favorable psychosocial profile captured through the generic 
PedsQL™ 4.0, disease-specific assessments further underscore the adaptability and family-centered 
strengths characterizing Greek families affected by DMD. Disease-specific HRQoL, as measured with 
the PedsQL™ 3.0 DMD Module, was higher among Greek patients than in Canada [48] and the USA 
[49]. Strong concordance between child and parent reports was observed, diverging from the 
discrepancies typically found in pediatric chronic illness research [51,52]. This concordance may 
reflect the intensive involvement of caregivers, particularly mothers, within the Greek context. 
Notably, this pattern persisted even during the post-COVID period, as no decline in HRQoL was 
observed in Greece, further highlighting family resilience and the adaptability of support systems. 

Despite these generally favorable outcomes, within-country differences were also evident, 
reflecting the influence of geographic and socioeconomic factors on the lived experience of DMD in 
Greece. Disparities emerged between urban and rural families: those in Athens reported higher 
expenditures, likely to reflect greater access to specialized services, while rural families incurred 
fewer costs due to barriers in access or financial constraints. COVID-19 restrictions further amplified 
these inequities. Beyond clinical and financial indicators, psychosocial functioning remained stable 
despite pandemic disruptions. Emotional and school functioning scores were relatively high, 
suggesting effective coping and integration mechanisms. Strong parent–child agreement supports 
the reliability of proxy reports when clinical access is limited, while differences in daily activity 
ratings underscore the importance of incorporating both perspectives into care. 

The financial analysis illustrated the vulnerability of affected families. Nearly 28% reported 
monthly healthcare costs equal to or exceeding their state allowance, and among low-income 
households, out-of-pocket spending represented up to one quarter of annual income. Partial or absent 
insurance coverage compounded this burden. Gaps in the Greek health system, including limited 
reimbursement of recommended non-physiotherapy interventions [5–7], further exacerbate 
inequities. Beyond these systemic shortcomings, families also faced substantial out-of-pocket 
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expenditures and intensive caregiving demands. Those receiving the extra-institutional allowance 
often reported lower HRQoL scores, likely reflecting greater disease severity. Unexpected annual 
costs and wheelchair dependency were similarly associated with reduced HRQoL, underscoring the 
combined clinical and financial pressures experienced by families. Two main groups of influencing 
factors emerged. First, socioeconomic supports such as state allowances and insurance coverage were 
strongly associated with HRQoL, highlighting the protective role of adequate financial assistance. 
Second, clinical characteristics including age [47,53] and ambulation status [54], directly affected 
functioning, in line with the progressive nature of DMD and previous studies. The effects of 
corticosteroids on HRQoL remain inconclusive, in line with mixed evidence in the literature 
[45,48,53]. Interestingly, parental education, employment status, and household income were not 
directly associated with HRQoL, suggesting that condition-specific supports weigh more heavily 
than broader socioeconomic characteristics. The high prevalence of maternal caregiving further 
reinforces the gendered nature of care and its implications for family resilience. 

Unlike previous Southern European investigations that primarily emphasized cost-of-illness 
estimates [30–32], our study integrates validated disease-specific HRQoL measures with 
socioeconomic data on allowances, maternal employment, and regional disparities. This dual 
framework illustrates how financial strain and caregiving responsibilities intersect with clinical 
progression to shape patient and family outcomes. By situating these findings within a fragmented 
Southern European welfare model, we provide context-specific insights that complement existing 
international reviews and highlight challenges faced by other resource-constrained systems. 
Importantly, our combined approach revealed strong associations between financial protection 
mechanisms (such as state allowances and insurance coverage) and HRQoL outcomes—an issue 
insufficiently addressed in prior research [29,35–37], where HRQoL and cost dimensions were 
typically examined in isolation. These results therefore provide novel evidence on how financial 
supports interact with disease severity to influence the lived experience of families. Internationally, 
cost of illness studies from Denmark [33] and Japan [34] have quantified the long-term economic 
impact of DMD, focusing on healthcare expenditure and productivity loss. However, they did not 
integrate disease-specific HRQoL outcomes with socioeconomic indicators. Our study therefore 
extends this literature by explicitly linking financial protection mechanisms, caregiving roles, and 
clinical severity within a post-pandemic Southern European welfare context. 

Several limitations should be acknowledged. First, the cross-sectional design precludes causal 
inference regarding the relationships between disease severity, financial burden, and HRQoL. The 
lack of a control group and the inability to conduct multivariable regression further restricted causal 
interpretation. Nevertheless, these descriptive findings provide a valuable starting point for 
strengthening preparedness and support in rare disease care. Future longitudinal and comparative 
studies, ideally including pre- and post-pandemic cohorts, are needed to confirm associations and 
inform sustainable policy development. Second, although patients were recruited from two major 
neuromuscular clinics, the relatively small sample may limit generalizability. Third, the 
socioeconomic questionnaire, though adapted from European frameworks and piloted, was not 
formally validated, limiting comparability with other cost-of-illness studies. Most importantly, the 
absence of a pre-pandemic comparator cohort prevents direct attribution of changes in HRQoL or 
financial burden to COVID-19.  

Despite these limitations, this study represents a significant contribution. It identifies three 
health policy priorities: (i) strengthening the adequacy and targeting of state allowances, (ii) 
expanding reimbursement to cover the full range of multidisciplinary therapies, and (iii) addressing 
regional inequities in access to specialized neuromuscular care. More broadly, it provides actionable 
evidence for clinicians, health system planners, and policymakers. By integrating clinical, financial, 
and caregiving dimensions within a post-pandemic context, the Greek experience adds to the 
international dialogue on improving resilience and equity in rare disease care. Moreover, the findings 
carry relevance not only for Greece but also for other countries facing similar challenges in rare 
disease management. By situating our findings within a Southern European welfare model 
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characterized by fragmented social protection and limited reimbursement for multidisciplinary care, 
we highlight systemic challenges that are highly relevant in other resource-constrained settings. 

5. Conclusion 

This study provides context-specific evidence on the socioeconomic and psychosocial impact of 
DMD in Greece during the post-pandemic period. By integrating validated, disease-specific HRQoL 
measures with detailed socioeconomic data, it demonstrates that HRQoL cannot be explained by 
clinical factors alone. Financial strain, caregiving roles, and regional disparities emerge as equally 
critical determinants that must be embedded into HRQoL frameworks for rare diseases. Positioning 
our findings within a Southern European welfare model characterized by fragmented social 
protection and limited reimbursement for multidisciplinary care highlights systemic challenges with 
clear international relevance. Countries facing similar resource constraints may benefit from these 
insights when designing policies for rare disease management. 

Although the cross-sectional design and absence of a pre-pandemic comparator limit causal 
inference, this study is among the first to document the intersection of clinical severity, socioeconomic 
support, and family resilience in a post-pandemic context. In doing so, the Greek experience 
contributes to the international dialogue on building more resilient and equitable health systems for 
rare pediatric diseases, emphasizing the importance of embedding financial and caregiving 
dimensions into both research and policy frameworks. 
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