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ABSTRACT

Spinal muscular atrophy (SMA) is a rare, inherited neuromuscular disorder characterized by progressive degeneration of alpha motor
neurons, resulting in muscle weakness, loss of motor function, and reduced survival. Over the past decade, the introduction of disease-
modifying therapies has significantly altered the natural history of SMA, particularly when treatment is initiated early in the disease
course. Nevertheless, in many countries, including Kosovo, newborn screening programs for SMA have not yet been implemented,
leading to delayed diagnosis after the onset of clinical symptoms. This study presents the first national clinical overview of genetically
confirmed SMA patients from Kosovo, comprising 18 individuals (13 pediatric and 5 adult patients). We analyzed key clinical
parameters, including age at symptom onset, age at diagnosis, current age, distribution of SMA types, and the highest motor milestone
achieved. Our findings demonstrate substantial diagnostic delays, particularly among pediatric patients with early-onset forms of the
disease, which may limit the effectiveness of available therapies. These results highlight the urgent need to implement newborn screening
and to improve timely access to treatment in low- and middle-resource settings, in order to optimize clinical outcomes and quality of
life for individuals with SMA.
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Introduction development of disease-modifying therapies such as risdiplan,

nusinersen, and onasemnogene abeparvovec have transformed

. . . SMA from a uniformly progressive and often fatal disease into a
Spinal muscular atrophy (SMA) is an autosomal recessive ) o o ]
. o ) treatable chronic condition [8-10]. Importantly, clinical trials and
neuromuscular disorder caused by biallelic mutations or ) )
) ) o real-world data have consistently shown that earlier treatment
deletions in the SMNI gene on chromosome 5q, resulting in o ) ] ) ) )
) ) ) initiation, particularly in the presymptomatic stage, is associated
reduced survival motor neuron (SMN) protein and progressive . . . . .
. . i o with markedly improved outcomes, including achievement of
loss of anterior horn cells in the spinal cord [1-4]. The clinical . ) ) )
) L " . motor milestones previously thought impossible [11-16].
spectrum of SMA is broad, traditionally classified according to ) )
. . . As a result, many countries have implemented newborn
age at symptom onset and highest motor milestone achieved, ) ) ) )
. . . . screening (NBS) programs for SMA, enabling diagnosis before
ranging from severe infantile-onset forms to milder adult-onset

disease [5-7].

Historically, SMA was considered the leading genetic cause of

symptom onset and early therapeutic intervention [17-21].
Unfortunately, Kosovo currently lacks an SMA newborn

screening program. Consequently, all patients included in this

infant mortality. Advances in molecular genetics and the

study were diagnosed only after the appearance of clinical

Access this article online symptoms, often following prolonged diagnostic journeys [22,
23].
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Data from Southeastern Europe regarding SMA remains scarce.

National reports are essential not only to describe disease

characteristics but also to contextualize global advances within
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local healthcare systems [24]. This study aims to describe the

patients in Kosovo, with particular emphasis on age at diagnosis,
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symptom onset, current age, and highest achieved motor

milestone.

Materials and Methods

This retrospective observational study includes all genetically
confirmed SMA patients currently followed in Kosovo. A total
of 18 patients were identified: 13 pediatric and 5 adult patients.
Data were extracted from our clinical database and anonymized

prior to analysis.

Clinical variables collected included

®  Sex

e  Current age

®  Age at symptom onset
®  Age at diagnosis

L Presenting symptoms
®  SMA clinical type

®  SMN2 copy number

®  Highest achieved motor milestone
®  Respiratory and feeding involvement (descriptive)

®  Current disease-modifying therapy

All data were collected as part of routine clinical care. The study
was conducted in accordance with the Declaration of Helsinki.
Ethical approval for the study was obtained from the ethics
committee, and all data were fully anonymized prior to analysis,

with patient identifiers removed.

Results and Discussion

The national SMA cohort comprised 18 genetically confirmed
patients, including 13 pediatric patients and 5 adults. There were
11 males and 7 females. All patients were receiving disease-
modifying therapy with risdiplam at the time of analysis.

Pediatric patients ranged from infancy to adolescence, while
adult patients represented long-term survivors with childhood-
or adult-onset disease. This mixed-age structure reflects both

historical survival limitations and the recent therapeutic era

(Table 1).

Table 1. Demographic and Clinical Characteristics

Variable Pediatric (n=13) Adult (n=5) Total (n=18)
Male sex, n (%) 7 (54%) 4 (80%) 11 (61%)
Female sex, n (%) 6 (46%) 1(20%) 7 (39%)

Age at diagnosis (range) 2 months—12 years

Median age at diagnosis 24 months

30-50 years _—

38 years —

Age at symptom onset

Age at symptom onset varied widely across the cohort and closely
reflected SMA clinical subtypes. In pediatric patients, symptoms
typically begin in early infancy or early childhood. Common
carly manifestations included generalized hypotonia, delayed
motor development, proximal limb weakness, reduced
spontancous movements, and feeding difficulties in the most
severe cases.

In contrast, adult patients reported later-onset symptoms, often
during late childhood, adolescence, or adulthood. These
individuals frequently described slowly progressive proximal
weakness, difficulties with running or climbing stairs, and
increased fatigability. In several adult cases, early symptoms

were subtle and not initially recognized as pathological.

Age at diagnosis

A marked diagnostic delay was observed across the cohort.

® In pediatric patients (n = 13), age at diagnosis ranged from 2
months to 12 years. When expressed in months, the median
age at diagnosis was 24 months, and the mean age at diagnosis
was approximately 35 months. Infants with more severe
phenotypes were diagnosed earlier, whereas children with
intermediate or milder presentations experienced longer
diagnostic delays.

®  Adult patients (n = 5) were diagnosed between their early
30s and 50s, despite symptom onset often occurring many

years earlier.

Overall, age at diagnosis in this cohort was substantially higher
than that reported in newborn-screened populations, where
diagnosis typically occurs within the first weeks of life [25]. This
delay reflects the absence of newborn screening for SMA in

Kosovo and limited early access to genetic testing (Figure 1).
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Diagnostic trajectory in SMA patients from Kosovo
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Figure 1. Diagnostic timeline in the Kosovo SMA cohort

SMINZ copy number

SMN2 copy number was available for 18 of the 18 patients
(100%).

2 SMN2 copies: 5 patients, all with early-onset and the most
severe disease

3 SMN2 copies: 11 patients, including 7 pediatric and 4 adult
patients

24 SMN2 copies: 2 patients, 1 pediatric and 1 adult, both with
later-onset phenotypes

As expected, lower SMN2 copy number was associated with
carlier symptom onset and lower motor milestone achievement,
whereas  higher copy numbers correlated with milder
This distribution is

international cohorts demonstrating an inverse relationship

consistent  with large

phenotypes.

between SMN2 copy number and disease severity (Table 2).

Table 2. Genetic Characteristics and Motor Milestones

Number of

Characteristic i children  adults
patients (%)
SMN2 copy number
. 18/18 (83%)
available
SMN2 copies = 2 6 (40%) 6 0
SMN2 copies = 3 11 (47%) 7 4
SMN2 copies 2 4 2 (13%) 1 1
Independent sitting only 6 (33%)
Standing * support 4 (22%)
Independent ambulation 8 (44%)

Presenting symptoms

Presenting symptoms reflected both age and disease severity

(Table 3):

® Infantile-onset patients most commonly presented with
hypotonia, delayed head control, reduced limb movements,

feeding difficulties, and respiratory involvement.

®  Childhood-onset patients typically exhibited delayed motor
milestones, proximal muscle weakness, difficulty standing

from the floor, and early scoliosis.

®  Adult patients frequently reported long-standing weakness,

gait abnormalities, muscle fatigability, and gradual

functional decline [26, 27].

Notably, several families reported early concerns that were

initially ~attributed to benign developmental variation,

contributing to diagnostic delay.

Table 3. Presenting Symptoms by Age at Onset

Infantile  Childhood Adult
Symptom onset onset onset
(n=6) (n=7) (n=5)
Hypotonia 7 (100%) 2 (33%) 0
Delayed motor milestones 7 (100%) 7 (100%)
Proximal limb weakness 6 (86%) 6 (100%) 5 (100%)
Feeding/swallowing
; . 4 (57%) 1 (17%) 0
difficulties
Respiratory involvement 3 (43%) 1 (17%) 0
Gait
3 (50%) 5 (100%)

abnormalities/fatigability

Highest achieved motor milestones

The highest achieved motor milestone, before starting the
therapy, varied widely and provided a clinically meaningful
summary of disease severity.

®  Independent sitting only: 6 pediatric patients

®  Standing with or without support: 4 pediatric patients

®  Independent ambulation: 3 pediatric patients and all 5 adult

patients

Importantl only one patient in this cohort received
P Y y p
presymptomatic treatment. The father of the patient was

diagnosed with SMA. Two of his newborn twins were tested two
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months after birth, both of whom tested positive; one of them
was asymptomatic. Compared with newborn-screened
populations, where treated infants often achieve independent
sitting and, in many cases, walking, motor milestone attainment
in this cohort reflects irreversible motor neuron loss before

diagnosis and treatment initiation [28, 29].

Treatment with risdiplam

All 18 patients are currently receiving risdiplam as disease-
modifying therapy. Treatment initiation occurred after genetic
diagnosis was confirmed. Families reported stabilization or
subjective improvement in endurance and function, although
objective longitudinal analysis was beyond the scope of this study.
This first national overview of SMA patients from Kosovo
provides an important snapshot of real-world SMA care in a
country without newborn screening. The cohort highlights
several key themes seen in other late-diagnosis populations but

rarely documented in Southeastern Europe.

Diagnostic delay and its consequences

Consistent with historical cohorts, we observed substantial
delays between symptom onset and diagnosis, particularly in
pediatric patients with early-onset disease. In contrast, countries
with established newborn screening programs report diagnosis
within the first weeks of life, enabling treatment before

irreversible motor neuron loss occurs [25, 28, 30-33].

Comparison with other cohorts

Large international registry and cohort studies show that, in the
absence of newborn screening, age at diagnosis of spinal muscular
atrophy varies widely by clinical subtype and is frequently
delayed. Data from the Cure SMA Registry and European
cohorts indicate a mean age at diagnosis of approximately 4—6
months for SMA type I, 15—22 months for SMA type II, and 4—8
years for SMA type III, with longer delays observed in milder
phenotypes [11, 16, 27, 34-37]. In contrast, newborn screening
programs enable diagnosis within the first 1-2 weeks of life,
allowing presymptomatic treatment initiation [17, 28, 38-41]. In
this context, the Kosovo cohort, where the median pediatric age
at diagnosis was 24 months, reflects a similar pre-screening
diagnostic pattern and highlights the importance of newborn
screening for an earlier diagnosis.

These differences are not due to biological variation but rather to
systemic factors, most notably the lack of newborn screening and

delayed results of genetic tests.

Human impact

Beyond numbers, each delayed diagnosis represents a family
navigating uncertainty, functional loss, and missed opportunities.
Parents also described noticing early signs but facing prolonged
referral pathways. Adult patients frequently normalized their

weakness for years before receiving a definitive diagnosis.

Implications for policy

Our findings strongly support the urgent implementation of
newborn screening for SMA in Kosovo. With disease-modifying
therapies already available, screening represents the single most

impactful intervention to improve long—term outcomes.

Limitations

This study is limited by its small sample size and retrospective
design. Functional outcomes were described qualitatively rather
than through standardized scales. Nevertheless, given the rarity
of SMA and the national scope of the cohort, these data provide
valuable insight.

Conclusion

SMA patients in Kosovo are currently diagnosed only after
symptom onset, resulting in delayed treatment and limited
motor outcomes compared with screened populations. Despite
these challenges, access to risdiplam has enabled stabilization and
ongoing care for both pediatric and adult patients.

The introduction of newborn screening for SMA in Kosovo is
urgently needed to align national practice with international
standards and to ensure that future generations of children with

SMA have the opportunity for optimal outcomes.
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