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Introduction: Amyotrophic lateral sclerosis (ALS) is an adult-onset motor neuron disease 
with a poor prognosis that leads to limb and or bulbar muscle degeneration. Several 
demographic and biological factors have prognostic importance, but little data exist on the 
relationship between clinical, electrodiagnostic, and laboratory markers as predictors of disease 
progression. We aimed to assess the relationships between different aspects of ALS patients’ 
clinical, electrodiagnostic, and laboratory features and their level of functioning. 

Methods: We included 27 ALS patients diagnosed within the last two years. A neurology 
resident conducted clinical assessment and electrodiagnostic studies. The motor unit 
number index (MUNIX) and compound motor action potential (CMAP) were used to 
measure motor unit loss. Serum creatinine, urea, albumin, and creatine kinase were 
measured as laboratory markers. We used the Persian version of the ALS functional rating 
scale (ALS-FRS) as the main outcome measure. The Pearson correlation coefficient was 
calculated to assess the correlations using the SPSS software, version 16.

Results: None of the demographic or laboratory parameters were correlated with ALS-
FRS. Patients with the onset of disease in the limbs had a higher MUNIX score than those 
with bulbar onset. Also, increased body mass index (BMI) was associated with lower 
CMAP and MUNIX scores (P=0.02). Higher serum creatinine levels were significantly 
associated with higher lower limb MUNIX (P=0.04). Higher lower limb MUNIX was 
associated with a higher lower limb functional score. 

Conclusion: Decreased serum creatinine may indicate lower limb motor unit loss in patients 
with ALS. Also, MUNIX scores may be used as substitutes for ALS-FRS in ALS trials. Further 
research is needed to elucidate the clinical application of these findings.

Article info:
Received: 28 Mar 2024
First Revision: 09 Apr 2021
Accepted: 10 May 2021
Available Online: 01 Jul 2024

Keywords:
Amyotrophic lateral sclerosis 
(ALS), Motor unit, Function, 
Biomarkers, Muscle action 
potentials

Citation Zeinali, M., Almasi Dooghaee, M., Ziaee, M., & Haghi Ashtiani, B. (2024). Evaluation of Relationship 
Between Laboratory, Electrodiagnostic, and Functional Parameters in Patients With Amyotrophic Lateral Sclerosis; A 
Cross Sectional Study. Basic and Clinical Neuroscience, 15(4), 553-560. http://dx.doi.org/10.32598/bcn.2021.3423.1

 http://dx.doi.org/10.32598/bcn.2021.3423.1

Use your device to scan 
and read the article online

A B S T R A C T

Copyright © 2024 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

http://bcn.iums.ac.ir/
https://orcid.org/0000-0003-0094-9032
https://orcid.org/0000-0002-3244-1615
https://orcid.org/0000-0002-3373-740X
mailto:bhaghi2000%40yahoo.com?subject=
https://bcn.iums.ac.ir/
https://crossmark.crossref.org/dialog/?doi=10.32598/bcn.2021.3423.1
http://bcn.iums.ac.ir/page/74/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


Basic and Clinical

554

July &  August 2024, Vol 15, No. 4

1. Introduction 

myotrophic lateral sclerosis (ALS) is the 
most common adult-onset motor neuron 
disease, with an incidence of 2-3 cases per 
100000 per year (Kiernan et al., 2011). The 
average survival rate since the onset of 

symptoms is about 3-5 years (Armon, 1994). The prog-
nosis is poor for most patients with ALS, particularly 
when the diagnosis is delayed (Miller & Appel, 2017). 

Several markers have been identified for the functional 
assessment of ALS patients, which include age (Preux et 
al.,1996; Testa et al., 2004; Chio et al., 2002), symptoms 
of onset (Tysnes et al., 1991), body mass index (BMI), 
nutritional status (Stambler et al., 1998), as well as sev-
eral biological and laboratory markers such as creatine 
kinase (CK) serum (Amrit & Anderson, 1974), serum 
creatinine (Cr) (Brooks et al., 2014), and serum albumin 
(Chio et al., 2014). A better understanding of these fac-
tors helps physicians and patients make more informed 
decisions based on their shared treatment goals (Albert 
et al., 1999). Also, clinical trials for ALS will be more 
applicable and easier to conduct as more disease pro-
gression markers are validated as outcome measures. 
Electrodiagnostic measures are another important tool 
for assessing motor neuron diseases, including ALS 
(Amin Lari et al., 2019). Measuring the rate of motor 

units’ loss is a good way to monitor disease progression 
(Grimaldi et al., 2017). Electrodiagnostic measures such 
as the motor unit number index (MUNIX) can help de-
termine the number of lost motor units (Jacobsen et al., 
2017; Nandedkar et al., 2010; Furtula et al., 2013).

Few studies have examined the relationship between 
the number of motor units and serologic biomarkers 
(e.g. CK, albumin, and Cr). We aimed to study the rela-
tionship between the laboratory findings, the number of 
motor units (based on electrodiagnostic studies), and the 
patient’s functional scores.

2. Materials and Methods

We conducted a cross-sectional study of patients with 
ALS diagnosed within two years before the study onset. 
The diagnosis was confirmed by the Awaji criteria, which 
are reliable criteria based on patient history, clinical ex-
amination, and electrodiagnostic testing. Patients with 
impaired renal function and high serum Cr, those func-
tionally impaired due to medical conditions, and patients 
who refused to participate in the study were excluded.

Patients’ demographic features, time from symptom 
onset to diagnosis, and primary presenting symptoms 
were recorded based on history taking and clinical inter-
views. Laboratory investigations, including serum CK, 

Highlights 

• The amyotrophic lateral sclerosis (ALS)  patients with limb onset have a higher  motor unit number index (MUNIX) 
score than those with bulbar onset;

• Increased BMI is associated with lower compound motor action potential (CMAP) and MUNIX scores;

• Higher serum creatinine level is significantly associated with higher lower limb MUNIX score;

• The MUNIX score may be used as an alternative for the ALS functional rating scale (ALS-FRS) in ALS trials

Plain Language Summary 

ALS is the most common motor neuron disease in adults. Several markers have been identified for the functional as-
sessment of ALS patients, including demographic, biological, and laboratory markers. Measuring the rate of motor unit 
loss is a good method to monitor the disease progression. In this study, we aimed to study the relationship between ALS 
patients' laboratory, clinical, demographic, electrodiagnostic, and functional characteristics. None of the demographic 
or laboratory parameters were correlated with the functional rating scale score. The ALS patients with limb onset had 
a higher MUNIX score than those with bulbar onset. Higher BMI in these patients was associated with lower CMAP 
and MUNIX scores. Also, higher serum creatinine level in these patients was significantly associated with higher lower 
limb MUNIX score.
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Cr, blood urea nitrogen (BUN), and albumin, were un-
dertaken at the central laboratory of Firoozgar Hospital 
upon enrollment. The MUNIX was calculated based on 
electromyographic (EMG) assessment of four muscles: 
Anterior tibialis, abductor digiti minimi, deltoid, and ab-
ductor pollicis brevis. This method uses compound mo-
tor action potential (CMAP) amplitude and surface elec-
tromyographic interference patterns (SIP) to calculate 
MUNIX, which measures the size and number of motor 
units. An experienced neurologist in neuromuscular dis-
orders conducted the electromyography. All assessments 
were done by the same neurologist using the same EMG 
machine.

The main outcome of this study was the ALS func-
tional rating scale (ALS-FRS), which measures self-
sufficiency and disease progression in ALS patients. It 
is a 10-item inventory covering functional domains, in-
cluding feeding, grooming, ambulation, and communi-
cation; the Persian version has been validated for use in 
Persian-speaking ALS patients (Afrakhteh et al., 2021). 
Each item is rated 0 to 4 based on the patient’s level of 
function. The scores were calculated, and relevant clini-
cal assessments were performed by a neurologist.

Statistical analysis

The Pearson correlation coefficient was used to assess 
the association between demographic characteristics, 
clinical features, ALS-FRS, laboratory findings, and 
EMG findings. We used regression statistics to evaluate 
the strength of significant associations further. All sta-
tistical analyses were performed using SPSS software, 
version 16. A P<0.05 was considered significant.

Ethical considerations

This research was approved by the Ethics Committee at 
Iran University of Medical Sciences. We adhered to the 
principles for medical research on human subjects in ac-
cordance with the Helsinki Declaration. Informed con-
sent was obtained from all included participants, having 
clarified that all the elements of this research, including 
clinical, electrodiagnostic, and laboratory assessments, 
were part of the routine care of their illness without any 
additional costs for the patient. 

3. Results

Patients’ characteristics

Twenty-seven patients were enrolled in this study. The 
mean age of patients was 57.8±10.5, ranging from 36 
to 77 years. The majority of patients (20/27) were men. 
Most patients presented primarily with limb symptoms 
(20/27[74.7%]), whereas 7 had a bulbar-onset form. The 
mean interval between ALS diagnosis and enrollment in 
the study was 8.5±1.6 months. Clinical and laboratory 
features of the patients are presented in Table 1.

Relationships between study variables

There was no relationship between demographic fac-
tors and the primary study outcome (ALS-FRS). Serum 
albumin, Cr, and CK did not correlate with total ALS-
FRS scores (Table 2). Higher serum Cr was associated 
with higher- and lower-limb MUNIX (P=0.04, the Pear-
son correlation: 0.39).

Higher BMI was significantly associated with lower 
total and limb-specific MUNIX scores (P=0.01, Pearson 
correlation coefficient=0.48). Furthermore, total CMAP 
was lower among patients with a higher BMI (P=0.02, 
the Pearson correlation coefficient=0.42). Patients with a 
limb-onset form of ALS had higher total and upper-limb 
MUNIX scores than those with a bulbar-onset disease 
(P=0.02, the Pearson correlation=0.44). 

Total MUNIX scores, upper-limb MUNIX, and lower-
limb MUNIX scores did not significantly correlate with 
total ALS-FR scores. However, higher- and lower-limb 
MUNIX was associated with a better lower limb level of 
functioning based on ALS-FRS (P=0.02, Pearson corre-
lation: 0.44). The strength assessment of this association 
using regression analysis indicated that for every 1-point 
increase in MUNIX, ALS-FRS increased by 0.44 units. 

4. Discussion

Our findings can be discussed in the context of three 
different dimensions: the relationship between labora-
tory markers and patient level of functioning, laboratory 
markers in relation to electrodiagnostic markers of dis-
ease activity, and the relationship between clinical and 
demographic characteristics with laboratory and electro-
diagnostic markers of disease activity. 
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Cr is a marker of normal muscle cell metabolism, and 
a decrease in its serum level indicates a loss of muscle 
units (Brooks et al., 2014; van Eijk et al., 2018). We 
found no relationship between serum Cr and patient 
functioning based on ALS-FRS. A 2019 meta-analysis 
showed that higher serum Cr at baseline was associated 
with higher functional scores and that a sharper decline 
in serum Cr correlated with a more prominent decline 
in level of functioning (Lanznaster et al., 2019). An-
other study assessing the relationship between plasma 
biomarkers and function in 355 well-phenotype ALS 
patients reported a consistent relationship between se-
rum Cr at all time points during follow-up (Mitsumoto 
et al., 2020). These findings are inconsistent with ours in 
that our study shows no relationship between ALS-FRS 
scores and serum Cr. The reason may be that we missed 
the association between Cr decline and level of function-

ing due to lack of longitudinal follow-up or the smaller 
number of participants in our study. 

However, higher serum Cr levels were correlated with 
higher lower limb MUNIX scores, reflecting the num-
ber of active motor units in the lower limb. Moreover, 
we found that decreased lower-limb MUNIX correlated 
with lower-limb ALS-FRS scores. These findings are 
consistent with the notion that Cr is related to active 
muscle mass (Furtula et al., 2013; Freigang et al., 2021; 
Neuwirth et al., 2017). However, these findings were 
exclusively significant for the lower limb, and total MU-
NIX was not related to serum Cr. This issue may have 
been due to different clinical features of our patients or 
the small sample size.

Table 1. Characteristics and laboratory features of study participants

Mean±SD/No. (%)CategoriesCharacteristics

57.8±10.5Age (y)

20(74.7)Man
Sex

7(25.3)Woman

25.53±4.3BMI (kg/m2)

20(74.7)Limb-onset
Form of onsetDisease-related Characteristics

7(25.3)Bulbar-onset

8.5±1.6Time interval from diagnosis to enrollment (months)

43.38±14.02TotalCMAP

347±227.8Upper-limb

MUNIX 153.7±89Lower-limb

751.3±324.04Total

6.07±1.83Upper-limb

ALS-FRS 6.59±1.78Lower-limb

38.19±5.8Total

389.1±386 Serum CPK

Laboratory features
0.97±0.13Serum Cr

31.93±8.74BUN

4.62±0.38Serum albumin

Abbreviations: BMI: Body mass index; CMAP: Compound motor action potential; MUNIX: Motor unit number index; ALS_
FRS: ALS functional rating scale; CPK: Creatine phosphokinase; Cr: Creatinine; BUN: Blood urea nitrogen. 
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Some studies have reported serum albumin decline as 
a prognostic factor and a predictor of the rate of disease 
progression (Chio et al., 2014; Verber et al., 2019; Ong et 
al., 2017). Interestingly, in some studies, only the decline 
of albumin and not one-time serum albumin levels were 
associated with disease progression (Xu et al., 2018). 
That is why we may not find any association between 
serum albumin and functional scores in this cross-sec-
tional study.

CK has been a reliable and independent prognostic 
biomarker due to its association with ALS-frs scores in 
assessing treatment outcomes in ALS patients (Amrit & 
Anderson, 1974; Rafiq et al., 2016; Ilzecka & Stelma-
siak, 2003). This enzyme is produced in greater quanti-
ties to provide energy for the metabolic stress imposed 
by ALS (Rafiq et al., 2016). In our study, the levels of 
this marker did not correlate with electrodiagnostic and 
functional indices. 

In this study, patients with limb-onset ALS had a high-
er- and upper-limb MUNIX and ALS-FRS functional 
score compared to patients with a bulbar onset; however, 
this was unrelated to serum Cr, BUN, CPK, and level of 
functioning. 

We also found that patients with higher BMI had lower 
MUNIX and CMAP scores; however, these factors were 
unrelated to ALS-FRS score and patient function. In 
contrast to our findings, most studies reported high BMI 
as a positive prognostic factor (Chio et al., 2014; Ver-

ber et al., 2019). According to these studies, BMI and 
MUNIX scores were not related, but BMI was linked to 
survival, functional score, and overall prognosis. Since 
BMI does not exclusively represent muscle mass, fat-
free mass might be a more valid indicator of muscle bulk 
(Chio et al., 2014). A 2012 study states that low BMI and 
malnutrition have a neurotoxic effect, highlighting the 
role of BMI in the prognosis of ALS patients (Spencer & 
Palmer, 2012). Another study found that in people with a 
BMI below 30, a higher initial BMI predicts a slower rate 
of function decline. Still, the relationship is reversed in 
patients with BMIs over 30 (Reich-Slotky et al., 2013). 
Although the patients in our study had a mean BMI of 
25, a higher BMI was associated with lower MUNIX 
and CMAP and did not correlate with ALS-FRS.

Age, gender, and disease duration had no significant re-
lationships with laboratory, electrodiagnostic, and func-
tion findings. 

Electrodiagnostic measures are common and reliable 
indicators of disease progression in ALS. The MUNIX 
index represents the number of active muscle units. In 
our study, cases with higher- and lower-limb MUNIX 
scores also had higher lower-limb ALS-FRS function 
scores. We did not find a significant relationship be-
tween other electrodiagnostic measures and functional 
scores. According to our results, the MUNIX score in 
the lower limb seems to be a more reliable measure for 
monitoring muscle function in these patients. A 2016 
study concluded that the total MUNIX score signifi-

Table 2. Results for the correlation of clinical features with the ALS-FRS, MUNIX and CMAP scores

Total CMAPTotal MUNIXTotal ALS-FRS
Variables

PCorrelation
 CoefficientPCorrelation 

CoefficientPCorrelation 
Coefficient

0.620.090.370.170.510.13Serum BUN

0.110.310.110.310.630.09Serum creatinine

0.56-0.110.67-0.080.620.09Serum albumin

0.11-0.310.07-0.340.450.15Serum CPK

0.02-0.420.01-0.480.700.07BMI

0.890.020.570.110.23-0.23Time interval from diagnosis 
to enrollment

0.830.040.520.130.22-0.24Age

0.050.37<0.010.510.160.27Limb-onset

Abbreviations: BMI: Body mass index; ALS_FRS: ALS functional rating scale; ALS: Amyotrophic lateral sclerosis; CPK: Cre-
atine phosphokinase; BUN: Blood urea nitrogen. 
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cantly correlated with the ALS-FRS function score (Ja-
cobsen et al., 2019). The same findings were repeated 
in another study (Gawel & Kuzma-Kozakiewicz, 2016). 
Also, a decrease in MUNIX has been associated with a 
significant reduction in the ALS-FRS score (Grimaldi et 
al., 2017; Jacobsen et al., 2019). Another study (Wirth et 
al., 2018) found that the MUNIX score significantly dif-
fered between lower and upper limb onset patients. Also, 
MUNIX decreased more rapidly in patients whose lower 
limbs were involved at disease onset.

We investigated the relationship between electrodiag-
nostic measures and laboratory indices to find a predict-
ing measure and estimate the number of active motor 
units and their loss rate. As mentioned earlier, higher se-
rum Cr levels, limb onset, lower BMI, and higher Cr-to-
BMI ratio were associated with higher MUNIX scores, 
representing more active motor units.

Our results and a literature review suggest that bio-
markers like Cr, MUNIX score, and BMI can be ex-
ploited to estimate the severity of the disease and assess 
and monitor the function level in ALS patients. Also, 
our study showed that serum Cr level and lower limb 
MUNIX score are significantly related, suggesting the 
benefit of Cr as a minimally invasive means to study the 
number of active motor units.

One of the strengths of our study was the simultane-
ous and multifaceted study of three aspects of disease 
activity together. However, the findings of this study are 
limited by the small sample size due to the low preva-
lence of ALS and pandemic conditions, which could 
affect the results and lead to an underestimation of sig-
nificant correlations between the parameters. The lack 
of prospective follow-up due to the challenges during 
the COVID-19 pandemic is the other limitation of the 
study. In addition, some of the novel CSF and serum 
biomarkers that have been popularized within past years 
for evaluation in patients with ALS, including high-titer 
GM1 ganglioside antibody, endocrine markers like thy-
roid hormones, infection markers, and serum protein 
electrophoresis, are not included in this study.

5. Conclusion

Higher serum Cr was associated with higher- and 
lower-limb MUNIX in this study. Also, lower-limb MU-
NIX correlated with lower-limb ALS-FRS. Although 
there was no direct relationship between serum Cr and 
functional scores, the two were indirectly related. Our 
findings suggest that serum Cr may be a reliable and 
versatile biomarker for disease progression in ALS. Our 

results also show that lower-limb MUNIX may be an 
appropriate measure for the level of functioning in the 
lower limb. Further research with a multidimensional 
prospective design is needed to clarify the complex re-
lationship between clinical and electrodiagnostic param-
eters and outcomes in ALS patients. 
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