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BIOLOGICAL MARKERS IN PREDICTING
THE COURSE OF SPINAL MUSCULAR
ATROPHY AND THEIR IMPORTANCE

IN ORGANIZING MEDICAL CARE

A correlation between the levels of blood biomarkers and clinical manifestations of SMA in
patients of the main regional healthcare institution of the Samara region was carried out.

Differences in creatinine, creatine phosphokinase, and lactate dehydrogenase levels among
patient groups and their association with motor impairment did not show statistical significance.
Differences in CPK levels between groups may be related to age, weight, gender, and levels of
physical activity of patients. The data obtained from the study of the history of repeated hospi-
talizations do not provide reliable information due to the limited sample and heterogeneity of the
data. The results of this work indicate the ineffectiveness of assessing the levels of creatinine,
CPK and LDH in order to monitor and predict the course of SMA, as well as the inappropriate-
ness of repeating these laboratory studies in patients with SMA 5q.

Keywords: creatine phosphokinase, creatinine, neurofilament, neuromuscular diseases,
nusinersen, hereditary disease, pathogenetic therapy, risdiplam, spinal muscular atrophy.

Introduction. Spinal muscular atro-
phy (SMA) is a genetically heterogeneous
group of CNS disorders characterized
clinically by the loss of motor skills, pro-
gressive symmetric peripheral paralysis
due to degeneration of motor neurons,
and resultant atrophy of striated muscles,
which leads to difficulty in swallowing,
general paralysis, and respiratory failure.
SMA predominantly develops in child-
hood and is a major hereditary cause of
infant mortality (Araujo et al. 2009). The

worldwide prevalence of SMA is estimat-
ed to be 8.5-10.3 per 100,000 newborns,
with carrier frequencies ranging from 1 in
3510 1in 60 (Kimizu et al. 2021). SMA is
most commonly caused by autosomal in-
heritance mutations, resulting in a rough-
ly equal distribution among both genders,
although the gender frequency differs
slightly according to SMA type (Verhaart
et al. 2017, Gayduk & Vlasov 2019). The
most common forms, known as SMA 5q,
have no clear association with cognitive
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and affective disorders in numerous stud-
ies, which have nonetheless highlighted
the lack of detailed information about
neuropsychiatric status (Mix et al. 2021,
Zappa et al. 2021, Riviére et al. 2007,
Gayduk et al. 2022).

The genetic nature of SMA 5q vari-
ants calls for molecular-genetic research
methods as essential tools for confirming
the diagnosis. Here, the most relevant
method is testing for the copy numbers
of SMN1 and SMN2 using multiplex li-
gation-dependent probe amplification
(MLPA) (Hong et al. 2020, Mercuri et al.
2018, Feng et al. 2020, Lopez-Lopez et
al. 2020). At the time of writing, laboratory
diagnostic methods other than MLPA do
not accurately determine the presence
of the disease or provide predictions
regarding its progression and severity.
However, some studies suggest that cer-
tain nonspecific biomarkers hold promise
for monitoring disease progression and
assessing treatment effectiveness (Alves
et al. 2020, Freigang et al. 2021, Yuan
et al. 2017, Kobayashi et al. 2013, Kolb
et al. 2016, Gayduk et al. 2022). These
biomarkers include plasma levels of cre-
atine phosphokinase (CPK), creatinine,
and neurofilaments (NF). For instance, a
study involving 238 patients demonstrat-
ed an inverse between serum creatinine
levels and disease severity in children
and adolescents, with correction for age
and muscle mass (Alves et al. 2020).
Creatinine levels were highest in patients
with type Ill SMA and lowest in patients
with type |, but decreasing with age re-
gardless of clinical subtype.

A study population of 22 infants diag-
nosed with preclinical SMA underwent
repeated measurement of plasma creati-
nine levels and evoked potentials electro-
myography (EMG) over the course of a
year (Alves et al. 2020). Results showed
decreasing creatinine levels and evoked
potential amplitudes during the first three
months, in consideration of earlier find-
ings that decreasing creatinine levels
preceded the decline in evoked poten-
tial amplitudes in 8 of 12 type Il SMA
patients. Another study conducted with
adult patients demonstrated a correlation
between plasma CPK and creatinine lev-
els and disease severity, indicating their
potential utility in predicting treatment ef-
ficacy (Freigang et al. 2021).

NF are cytoskeletal proteins that pro-
vide structural integrity to neurons, par-
ticularly in their axons. Elevated levels of
NF are present in blood and cerebrospi-
nal fluid during ongoing neurodegenera-
tive processes in several diseases and
in traumatic brain injury. In the case of
SMA, plasma levels of NF are more in-

dicative for disease prognosis and treat-
ment monitoring in children than in adult
patients (Yuan et al. 2017).

Broader research on SMA biomarkers
has revealed other analytes that correlate
with the degree of motor function impair-
ment; the Biomarkers for SMA (BforSMA)
study published in 2013 identified 200
plasma markers correlating with motor
and other impairments in infants with
SMA up to two years of age (Kobayashi
et al. 2013). The authors selected the
most significantly correlating plasma me-
tabolites to create the commercially avail-
able diagnostic panel known as SMA-
MAP. Further studies with the SMA-MAP
panel revealed statistically significant
deviations in infants with SMA compared
to healthy infants up to 6 months of age
(Kolb et al. 2016).

Serum lactate dehydrogenase (LDH)
is a cytoplasmic enzyme, which serves
as a common indicator of tissue damage
(Zhang et al. 2012). Despite its broad
application at many local healthcare in-
stitutions, there is scant evidence for the
fitness of LDH as a biomarker for SMA.

As noted above, EMG is among the
most effective instrumental diagnostic
methods for evaluating neuromuscular
function (Querin et al. 2018). Changes
in electrophysiological parameters in
SMA patients correlate with the number
of SMN2 copies, SMA type, motor func-
tion assessment results, and patient age.
EMG results also serve for assessing
the patient's response to specific thera-
pies (Weng et al. 2021, Kariyawasam et
al. 2020). The application of techniques
such as EMG with motor unit number in-
dex (MUNIX) and motor unit size index
(MUSIX) enables the detection of subtle
electrophysiological changes, which is
valuable for identifying specific patterns
for differential diagnosis and therapy
monitoring (Querin et al. 2018, Nanded-
kar et al. 2010). However, at the time of
writing, there are no universal and cost-ef-
fective diagnostic and prognostic EMG-
based tools, which poses a major chal-
lenge in providing medical care to SMA
patients in Russia and around the world.

Thus, the currently most available
and widely used blood biomarkers (se-
rum creatinine, CK, and LDH) have the
potential for utilizing as a tool for dis-
ease course monitoring. This approach
is considerably cheaper than SMA-MAP
(USD 500 per test), and calls for lower
labor input than tests involving motor unit
examinations.

The aim of this study was to investi-
gate differences in an abbreviated panel
of blood biomarkers (serum creatinine,
CK, and LDH), EMG data, and clinical

manifestations (including psychological/
psychiatric impairments), among SMA
patients at the main regional healthcare
institution in the region of Samara, Rus-
sia Federation. Our goal was to obtain
data that could contribute to the develop-
ment of a practical and effective method
for predicting the course of the disease,
with potential application as an endpoint
in intervention/treatment studies.

Materials and Methods. In a retro-
spective study of archived data from the
V.D. Seredavin Samara Regional Clini-
cal Hospital (SRCH), we assembled 112
medical records from 58 patients from
hospitalizations spanning from January
2008 to February 2022. Patients were di-
vided into groups based on gender, age
(children under 18 years and adults), and
the ICD-10 diagnostic categories (G12.0,
G12.1, G12.8, and G12.9). When avail-
able, we included data from subsequent
hospitalizations. The analysis included
clinical data from general and neurolog-
ical examinations, laboratory test indi-
cators (LDH, CK, creatinine levels), and
instrumental diagnostic methods (EMG).
Statistical analysis was performed us-
ing MedCalc and IBM SPSS Statistics
(Version 27, license from Samara State
Medical University, 2022) with descrip-
tive statistics and non-parametric meth-
ods due to the small sample size and
non-normal distributions of the data. The
Kruskal-Wallis test, a non-parametric
equivalent of one-way analysis of vari-
ance (ANOVA), was used to compare
median values between groups, with
pairwise comparisons adjusted for mul-
tiple comparisons using the Dunn meth-
od. The data were described using the
median, first and third quartiles, absolute
frequencies, and percentages (indicated
in parentheses).

Results. From January 2008 to Feb-
ruary 2022, 58 SMA patients (38.4 [quar-
tiles 13.7, 55.0] years old) had been reg-
istered at SRCH, of whom 32 (55.2%)
were female. Among the 58 patients, 21
were children (12.3 [6.6, 13.9] years old),
including 14 (24.1%) girls. The diagno-
sis of "Infantile spinal muscular atrophy,
Type |, Werdnig-Hoffmann" (G12.0) was
established in 7 patients (12.0%), all of
whom were children: 5 (8.6%) girls and 2
(3.4%) boys. The oldest such patient was
14.3 years old, and the youngest was
4.8 years old (median of 7.7 [6.8, 12.7]
years). The diagnosis of G12.1, encod-
ing SMA 1l, Ill, and IV, was assigned to
43 patients (74.1%) (median age of 37.3
[14.5, 55.6] years), including 14 (24%)
children, 9 (15.5%) of whom were girls,
and 29 (50.0%) adults, 13 (22.4%) of
whom were women. The diagnosis of



G12.8 was assigned to 6 adult patients:
3 (5.2%) women and 3 (5%) men, with
mean age 59.3 [37.3, 62.1] years. Two
women, aged 40 and 52 years, were di-
agnosed with G12.9, "Unspecified spinal
muscular atrophy."

According to the general and neurolog-
ical examinations, all patients included in

the study were clinically stable, in a satis-
factory condition, and not on mechanical
ventilation. Data on motor impairments
were obtained from the results of neuro-
logical examinations recorded in all med-
ical records. Motor impairments ranged
from mildly expressed proximal lower
paraparesis (n=13, 22.4%) to severely
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pronounced tetraparesis (n=7, 12.1%)
(Table). Assessment of the mental sta-
tus primarily involved evaluating the level
of consciousness and rapport using the
clinical-psychopathological method, with-
out the use of neuropsychological tests.
All patients were responsive, and could
understand and accurately follow instruc-

Socio-demographic, clinical and laboratory characteristics of the study sample of patients with SMA,

depending on the nosological category

Diagnostic
categories G12.0 G121 G12.8 G12.9 Bcero Crarucruka
according to ICD-10
Age Group Gender | Children | Children | Adults Adults Adults | Children | Adults
Socio-demographic indicators of the sample Sample size, n (%)
W 5(8.6%) | 9(15.5%) | 0p> 3(52%) | 2(3.4%) o 18
) e = (22.4%) =k e (24.1%) | (31.0%)
T 9 12=4,163, df=4, p=0.384,
M: 2 (3.4%) | 4(6.9%) (27.6%) 3 (5.2%) 0 6 (10.4%) (32.8%) for t%ender distribution
etween groups
. 14 29 21 37
Total: 7 (12.1%) Q4.1%) | (50.0%) 6 (10.4%) | 2 (3.4%) (362%) | (63.8%)
Age - Median (Interquartile interval), years
. 50.8
W: 7.7(4.2) | 13.2(7.8) (19.69) 63.6(16.3)| 45.8(6.2) | 11.8(7.7) [51.4(22.9) KW=40.125, df=4, p<0.001
M: 102 (3.7) | 12.78.7) [47.1 30.0)| 55.0 (8.9) 12.7 (8.0) |48.6 28.5)] © Comparegigflljsge between
Total 7.7(5.8) | 12.9(8.3) [49.1(24.8)|59.3 (15.5)| 45.8 (6.2) | 12.3(7.4) |50.8 (24.1)
Assessment of motor functions during neurological examination,
graduation taking into account the sum of the scores of the four limbs
M: 2 11.8 13.2 16.7 9 13.7 to compare the amount
Total 5.1 134 133 14.3 153 10.6 13.6 of points between groups
Bulbar syndrome
. 0, 0,
w: 1 (1.7%) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.7%) 0 (0) 12=5,418, df=4, p=0.247
M: 1 (1.7%) 0 (0) 2 (3.4%) 0 (0) 0(0) 1(1.7%) | 2(3.4%) | to distribute cases of bulbar
Total: 234%) | 00) |234%) | 00 000) | 2(34%) | 2(34%) | Syndrome between groups
Laboratory and instrumental indicators
Creatinine is the Median (Interquartile gap), mmol/l
W: 41.4 (54.0)| 25.9 (5.4) |74.1 (15.1)| 65.4 (7.6) | 66.9 (6.5) |33.4 (18.6) [73.1 (14.6) KW= 15.0324, df=4, p=0.005
M: 28.9(12.5)131.4 (22.6)| 57.9 (6.1) | 50.6 (5.3) 28.9(30.0)| 57.4(7.4) to compare creatinine
- between groups
Total: 41.4(8.0) |25.9(15.9)| 61 (18.9) | 56.9 (8.3) | 66.9 (6.5) |33.4 (18.5)|60.4 (17.5)
KFC - Median (Interquartile interval), Units/l
W 168.0 190.0 222.5 3453 224.05 168.0 222.5
’ (48.4) (129.9) (157.7) (224.4) (94.9) (138.7) (189.7)
KW=6. 460, df=4, p=0.167
972.0 303.6 206.0 264.6 ’ ’
36.4 (13.5) (3341.5) (453.5) 144.4 (5.0) (1236.2) (390.7) to compar;rglljpcss between
Total: 106.1 248.4 265.6 144.4 224.0 168.0 245.0
’ (118.1) (201.7) (349.3) (119.8) (94.9) (188.2) (236.9)
LDH is the Median (Interquartile interval), Units/l
W 267.5 287.0 211.0 299.7 195.5 275.0 214.0
) (22.5) (56.2) (39.4) (10.8) (18.5) (44.4) (70.4)
KW= 14.2622, df=4, p=0.006
. 684.1 204.0 534.0 204.0 ’ ’
M: 86.2 (9.2) (421.0) (26.9) 206.7 (4.2) (588.7) (15.3) to comparéarglll?)lgl between
. 263.0 305.7 206.5 250.0 195.5
Total: a72.1) | @59.0) | 377 | 55 | (185 |287(729)|210G374)
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tions, within the constraints of their mo-
tor capabilities. Some pediatric patients
showed emotional lability (n=6, 10.3%),
fatigue (n=10, 17.2%), and tearfulness
(n=3, 5.2%).

During their examinations, all patients
underwent a biochemical blood analy-
sis to measure creatinine, CK, and LDH
levels (Table). Diagnosis confirmation
through molecular-genetic testing con-
ducted by the laboratories of the Fed-
eral State Budgetary Scientific Institu-
tion "Medico-Genetic Scientific Center
named after Academician N.P. Bochkov,"
was performed on 10 children and 2 adult
patients at the time of data collection.
EMG was performed on all patients with
limb muscles using surface or needle
electrodes. Specific electromyograph-
ic changes characteristic of SMA were
detected in all patients, but quantitative
descriptions of these changes were often
lacking, which hindered establishing cor-
relations between the EMG findings and
other clinical results. The research re-
sults are presented in Table. There were
no statistically significant differences in
creatinine and CK medians between the
G12.0, G12.1, G12.8, and G12.9 groups,
nor were there any significant associa-
tions with motor impairments (Figure).
However, we did detect subgroup differ-
ences in LDH levels between the G12.1
Children and G12.1 Adult subgroups:
G12.1 Children VS G12.1 Adult (median
[1 and 3 quartiles]): 305.7 [275.0, 534.0]
VS 206.5 [195.0, 233.0], mean rank dif-
ference = 16.84, Dunn's p=0.003.

Analysis of archival medical records
of patients (n=4, 6.9%) with repeated
hospitalizations showed highest CK lev-
els (up to 9000 U/L) in patients of the
G12.1 group at clinical onset, followed
by a decline in subsequent 3-17 months,
depending on the records date. Individ-
ual data from cases with repeat hospi-
talizations also indicated increased CK
levels in patients of the G12.0 and G12.1
groups upon initiating disease-modify-
ing therapy with nusinersen or risdiplam.
Archival data did not reveal significant
correlations between CK levels, disease
stage, and the age at start of therapy.

Discussion. The total number of pa-
tient records is greater than the number
of persons due to inclusion of elderly
patients with a milder course of the dis-
ease, who had been regularly hospital-
ized for the 14 years of record collection.
Statistical analysis of laboratory test re-
sults and neurological examination data
obtained from 112 archival medical re-
cords of 58 SMA patients diagnosed with
G12.0, G12.1, G12.8, and G12.9 codes
did not show any associations between
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Levels of creatinine (A), CPK (B) and LDH (B) in patients with diagnoses G12.0, G12.1, G12.8

and G12.9, taking age into account

creatinine and CK levels with diagnostic
categories. Numerically higher CK levels
in the G12.1, G12.8, and G12.9 groups
compared to the G12.0 group were not
statistically significant and were more
likely related to age, weight, gender,
and the level of physical activity of the
patients. These factors were also likely
to have been associated with the corre-
sponding group differences in LDH lev-
els. Due to limited sample size and het-
erogeneity of the data, results for patients
with repeat hospitalizations did not sup-
port strong conclusions about time-de-
pendent individual changes biomarker
levels. Similarly, the collected data on the
patients' mental status was insufficient
to identify group differences or establish
associations with biomarker levels; emo-
tional lability, fatigue, and tearfulness are
not specific symptoms.

Conclusions. Routine laboratory di-
agnostic methods for SMA, particularly
the measurement of creatinine and CK
levels, did not reveal differences between
the ICD subgroups, nor any association
with severity of motor impairments. Al-
though serum LDH levels did show sig-
nificant differences among the groups,
these differences were likely related to
body weight and age rather than disease
progression and motor impairments.
Therefore, we cannot draw strong con-
clusions regarding the effectiveness of
assessing creatinine, CK, and LDH levels
for evaluating and predicting the course
of the disease. As such, we do not rec-
ommend these laboratory tests as part of
current clinical practice. Further research
is needed to identify possible correlations
between baseline CK levels and clinical
presentation dynamics, and response to



pathogenetic therapies such as nusin-
ersen, onasemnogen abeparvovec, and
risdiplam. Results also highlight the need
for prospective investigations of the pos-
sible relationship between psychiatric im-
pairments or symptoms, motor manifes-
tations of SMA 5q, and the three widely
accessible biomarker levels.

Limitations. The study included ar-
chival material from the main regional
institution, therefore omitting data from
SMA patients residing in the greater Sa-
mara Oblast who have not undergone
diagnosis and treatment at our hospital.
Additionally, the advanced age of some
patients in the sample raises concerns
about the accuracy of their diagnosis;
genetic confirmation was only available
in 12 subjects. The study is subject to
the typical limitations of a retrospective
design. The limited amount of data also
does not allow for a comprehensive as-
sessment of the dynamic changes in
present blood biomarker levels in individ-
ual patients.

This work was conducted by research-
ers from the International Research and
Education Center of Neuropsychiatry
as part of the project "Bank of Innova-
tive Neuropsychiatric Research: Prior-
ity-2030" (Priority 2030 Grant, Samara
State Medical University, Ministry of
Health of Russia).
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