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Abstract

Objective: To explore the associations between serum creatinine and creatine

kinase (CK) levels with survival in male and female ALS patients. Methods: A

prospective cohort study was carried out including 346 ALS patients with

repeated serum creatinine and CK measurements. Kaplan Meier analysis and

multivariable Cox regression were used to perform survival analysis. Results:

There were 218 male and 128 female patients, and the males had significantly

higher baseline serum creatinine and CK levels than females. After multivariable

Cox regression analysis, lower baseline serum creatinine levels were associated

with a short survival in both male (≤61 lmol/L, HR: 1.629; 95%CI: 1.168–
2.273) and female ALS patients (≤52 lmol/L, HR: 1.677; 95%CI: 1.042–2.699),
whereas, the serum CK levels were not correlated with survival. Besides, crea-

tinine levels were positively associated with ALSFRS-R scores, and inversely

with the decline rate of ALSFRS-R per month. During follow-up, serum crea-

tinine levels tended to be decreased along with the disease progression, and the

higher decline rate of creatinine per month (>1.5) showed significantly shorter

survival, compared to the lower group (≤1.5) (30.0 months vs. 65.0 months,

Chi square = 28.25, P < 0.0001). Interpretation: Serum creatinine could be a

reliable and easily accessible prognostic chemical marker for ALS, and decreased

baseline creatinine levels could predict a poor prognosis and a short survival in

both male and female ALS patients.

Introduction

Amyotrophic lateral sclerosis (ALS), also known as Lou

Gehrig’s disease or motor neuron disease (MND), is a

kind of adult-onset and fatal neurodegenerative disorder

featured by progressive loss of both upper and lower

motor neurons.1 Clinically, it is characterized by male

predominance, relentlessly progressive muscle weakness

and atrophy, highly variable natural history, and a wide

range of survival time after disease onset from 6 months

to 50 years.2,3 However, the underlying mechanisms of

diverse disease progression rate have not been completely

elucidated. Promisingly, several prognostic biomarker

candidates have been received increasing attention

recently, for instance, neurofilament heavy chain (NfH),

neurofilament light chain (NfL), uric acid, creatine kinase

(CK), creatinine, albumin, ferritin, and lipid metabolic

profiles.4 Among these fluid-based biochemical biomark-

ers, serum creatinine and CK, prominent metabolic prod-

ucts of muscle in human beings, could reflect the muscle

atrophy and denervation in ALS, and advantageously,

they are inexpensive and readily available in almost every
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neurological department.5,6 The creatinine showed neuro-

logically protective effects in ALS mice models, and signif-

icantly lower levels of serum creatinine were observed in

ALS patients.7–9 However, the roles of serum creatinine

and CK in the prediction of disease progression and sur-

vival were conflicting.10–12 Besides, the longitudinal alter-

ations of serum creatinine and CK at the different stages

of ALS were not clarified. In the present study, we

described the serum creatinine and CK levels at baseline

and different time points of follow-up in a prospective

cohort of 346 patients with ALS, and further explored the

correlations between serum creatinine and CK with the

survival.

Methods

Patients

All the ALS patients were enrolled serially from December

2014 to September 2019 in the Department of Neurology,

First Affiliated Hospital of Fujian Medical University,

Fuzhou, China. The diagnosis of ALS based on refers to

the revised ALS Escorial criteria, and was confirmed by

two professional neurologists.13 The ALS staging was

assessed according to the King’s College staging system.14

The ALS patients additionally combined with renal dis-

ease were excluded from the analysis. Each enrolled

patient was followed up every 3–6 months in person. For

those patients at later stages, they were followed up by

telephone. Besides, all the patients were followed up more

than 12 months, and the last visit time was April 2020.

This study was approved by the Ethics Board of First

Affiliated Hospital of Fujian Medical University. Written

informed consent was obtained from each participant.

Clinical data collection

At the time of diagnosis (baseline), clinical profiles

including demographic characteristics, age of onset, site

of first symptom onset, body mass index (BMI), family

history, medical history, neurophysiological tests and

treatments were recorded. The time interval (month)

between disease onset and an identified ALS diagnosis

was defined as “diagnostic delay.” The level of motor

function impairment was assessed by the revised Func-

tional Rating Scale (ALSFRS-R, range from 1 to 48 score).

The disease progression rate was calculated by the linear

change rate of ALSFRS-R (DALSFRS-R), which was calcu-

lated by the equation: DALSFRS-R = (48 � ALSFRS-R at

baseline)/duration from symptom onset to baseline clini-

cal assessment in months. “Use of riluzole” was defined

as administration of riluzole for longer than 3 months,

with a dose of 50 mg, twice per day. “Use of noninvasive

positive pressure ventilation (NIPPV)” was defined as

acceptance of NIPPV support for longer than 4 h per

day. The combined primary outcome was death or tra-

cheotomy. Peripheral blood sample was drawn after 8 h

of overnight fasting, and the serum creatinine and CK

levels were quantified in the Department of Laboratory,

the First Affiliated Hospital of Fujian Medical University.

For the patients whose serum creatinine or CK levels were

measured in other medical centers with certified lab, we

recorded the results that were measured within 3 months

before the initial clinical assessment. The reported upper

limit of normal serum creatinine ranged from 84 to

135 lmol/L. The reported upper limit of normal serum

CK ranged from 140 to 310 U/L.

Statistical analysis

The statistical analysis was performed by the SPSS statisti-

cal software (version 17.0, Inc, IL, USA). For survival

analysis, the variables were described as dichotomy, and

the cut-off values were identified using non-commercial

X-tile software (version 3.6.1, Yale University, USA).

Kaplan-Meier curves for low or high creatinine/CK were

drawn, and then tested their difference with a log-rank

test. Subsequently, the effect of low or high creatinine/CK

on overall survival was assessed in Cox regression model

(Backward Stepwise, Wald) and adjusted for the following

covariates, including age of onset, site of onset, diagnostic

delay, BMI, ALSFRS-R score, progression rate (DALSFRS-
R), use of riluzole, use of NIPPV, and acceptance of PEG.

Correlations were analyzed with the Spearman coefficient

(rs). For CK, there were six missing data, and we replaced

them with the median value (174.5 U/L) of the entire

cohort. P value less than 0.05 was considered statistically

significant.

Results

Clinical features of ALS patients

A total of 346 ALS cases with serum creatinine and CK

measurements were enrolled serially, and they were fol-

lowed up more than 12 months. There were 218 males

and 128 females (ratio of male to female was 1.7:1). Six-

teen patients (4.6%) had a positive family history of ALS,

and the remaining 330 cases were sporadic. The mean age

of disease onset was 55.5 � 11.2 years old. According to

the site of onset, 76 cases were bulbar-onset, 173 cases

were upper limb-onset, and 97 cases were lower limb-on-

set. The median diagnostic delay was 11.0 months (IQR:

6.0, 16.0). The median ALSFRS-R score at baseline was 41

(IQR: 38, 44). The median serum creatinine level at base-

line was 59 lmol/L (IQR: 48.8–69). The median serum
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CK level at baseline was 174.5 U/L (IQR: 106.25–286.75).
The detailed clinical features were showed in Table 1. We

further analyzed the distribution of serum creatinine

levels among male and female patients, and it showed

that the male patients had higher creatine concentrations

than that in female patients (63.8 � 15.8 vs.

50.4 � 12.4 lmol/L; P < 0.0001; Fig. 1A). Similarly,

higher serum CK levels were observed in male patients

than that in female patients, and the median CK levels

were 205.5 and 137.0 U/L, respectively (P < 0.0001;

Fig. 1B). Besides, both serum creatinine and CK levels

were correlated with body weight (Fig. 1C and D). The

average concentrations of creatinine in King’s College

stage 1, stage 2, and stage 3 + 4 were 63.7, 57.7, and

52.9 lmol/L, respectively (P < 0.0001, Fig. S1A). The

average concentrations of CK in stage 1, stage 2, and stage

3 + 4 were 245, 265, and 194 U/L, respectively

(P = 0.0709, Fig. S1B).

Decreased serum creatinine levels linked
with higher mortality risk

In this cohort of ALS patients, there were eight cases

simultaneously combining with cancers, including two

cases with breast cancer, two cases with lung cancers, one

case with hepatic carcinoma, one case with nasopharyn-

geal carcinoma, one case with glioma, and one case with

rectal cancer. Additionally, eight patients were lost to fol-

low-up. The remaining 330 cases were recruited to the

final survival analysis. There were 236 (71.5%) patients

reached the combined endpoint, among them 219 cases

were deceased and 17 cases underwent tracheotomy. The

median time from first symptom onset to death or tra-

cheotomy of all the cases was 35 months.

Given the significantly different distribution of serum

creatinine and CK levels among the male and female

patients, we performed the subgroup survival analysis

based on gender. The cut-off values of male creatinine

levels, female creatinine levels, male CK levels, and female

CK levels were 61 lmol/L, 52 lmol/L, 177 U/L, and

174.5 U/L, respectively, which were identified using the

X-tile software. Among the male ALS patients, the median

survival for higher creatinine group (>61 lmol/L) and

lower creatinine group (≤61 lmol/L) was 39 months and

28 months, respectively (Log rank test, Chi

square = 6.876, P = 0.0087; Fig. 2A). Among the female

ALS patients, the median survival for higher creatinine

group (>52 lmol/L) and lower creatinine group

(≤52 lmol/L) was 46 months and 35 months, respectively

(Log rank test, Chi square = 4.047, P = 0.0442; Fig. 2B).

However, the serum CK levels were not associated with

the survival in both male and female ALS patients

(Fig. S2A and B).

Finally, multivariable Cox regression models were

employed to identify the survival-related variables. Among

the males, a shorter diagnostic delay (≤12 m, HR: 2.269;

95%CI: 1.512–3.405), lower BMI (≤18.70 kg/m2, HR:

3.013; 95%CI: 1.951–4.652), faster disease progression

(DALSFRS-R > 0.63, HR: 3.699; 95%CI: 2.456–5.571),
and lower creatinine levels (≤61 lmol/L, HR: 1.629; 95%

CI: 1.168–2.273) were associated with a short survival

(Table 2). Among the females, an older age of onset

(>55 years, HR: 2.515; 95%CI: 1.534–4.121), shorter diag-
nostic delay (≤12 m, HR: 2.653; 95%CI: 1.594–4.414),
lower BMI (≤18.70 kg/m2, HR: 2.277; 95%CI: 1.200–
4.321), faster disease progression (DALSFRS-R > 0.63,

HR: 2.984; 95%CI: 1.726–5.158), and lower creatinine

Table 1. Clinical characteristic of patients with ALS.

Variables and subgroups

No.(%), mean � SD or

median (IQR)

Gender

Male 218 (63.0%)

Female 128 (37.0%)

Family history

Yes 16 (4.6%)

No 330 (95.4%)

Age of onset, mean � SD,y 55.5 � 11.2

Site of onset

Bulbar 76 (22.0%)

Upper limb 173 (50.0%)

Lower limb 97 (28.0%)

Diagnostic categories

Definite 203 (58.7%)

Probable 95 (27.4%)

Possible 48 (13.9%)

Diagnostic delay, median (IQR), mo n = 346, 11.0 (6.0, 16.0)

BMI at baseline, mean � SD, kg/m2 n = 346, 21.52 � 2.81

ALSFRS-R score at baseline, median (IQR) n = 346, 41 (38, 44)

DALSFRS-R, median (IQR) n = 346, 0.67

(0.36, 1.20)

Use of riluzole

Yes 245 (70.8%)

No 101 (29.2%)

PEG

Yes 30 (8.7%)

No 316 (91.3%)

NIPPV

Yes 52 (15.0%)

No 294 (85.0%)

Serum creatinine at baseline, median

(IQR), lmol/L

n = 346, 59.0

(48.8, 69.0)

Serum CK at baseline, median

(IQR),U/L

n = 340, 174.5

(106.25, 286.75)

Abbreviations: ALS, amyotrophic lateral sclerosis; ALSFR-R, Amy-

otrophic Lateral Sclerosis Functional Rating Scale–Revised; BMI, body

mass index; CK, creatine kinase;IQR, Interquartile range; NIPPV, non-

invasive positive pressure ventilation; PEG, percutaneous endoscopic

gastrostomy; SD, Standard deviation.

450 ª 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

Creatinine Predicts Survival of ALS Q.-F. Guo et al.



levels (≤52 lmol/L, HR: 1.677; 95%CI: 1.042–2.699) were

associated with a high mortality risk (Table 2). We also

assessed the effect of log CK on the survival outcome,

and it showed that the baseline log CK was not associated

with survival after multivariable Cox regression analysis

(For male: HR: 1.062, 95%CI: 0.652–1.729, P = 0.808;

For female: HR: 1.165, 95%CI: 0.489–2.774, P = 0.730.).

Besides, in both male and female patients, the baseline

serum creatinine levels were positively associated with dis-

ease severity (expressed as ALSFRS-R score; Fig. 2C and

D), and inversely associated with disease progression rate

(expressed as DALSFRS-R; Fig. 2E and F).

Alteration of serum creatinine levels over
time

During follow-up, 117 patients accepted repeated serum

creatinine and CK measurements, and the distribution of

creatinine and CK levels at baseline and at different time

points of follow-up was shown in Figure 3A and B and

Figure S3A and B. The concentrations of CK were highly

variable, while, serum creatinine levels tended to be

decreased along with the disease progression. The associa-

tion between declines of creatinine with survival was fur-

ther analyzed. The decline in creatinine (Dcreatinine) was

calculated by the formula: (creatinine at baseline – crea-

tinine at first time of follow-up) /months between follow-

up and baseline. The Dcreatinine for all patients ranged

from �6.37 to 11.35. The higher creatinine slope of

decline (>1.5) showed shorter median survival, compared

to the lower group (≤1.5) (30.0 months vs. 65.0 months,

Chi square = 28.25, P < 0.0001; Fig. 3C).

Discussion

For ALS, there is an urgent need to identify a reliable and

easily detectable prognostic biomarker, which will largely

facilitate the assessment of disease progression and thera-

peutic effect in pharmacological trials. Serum creatinine

and CK are two easily available chemical markers of

Figure 1. (A) Distribution analysis of baseline serum creatinine levels in male and female ALS patients. (B) Distribution analysis of baseline serum

CK levels in male and female ALS patients. (C) Correlation analysis between serum creatinine levels and body weight. (D) Correlation analysis

between serum CK levels and body weight. **** indicated P < 0.0001.
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muscle metabolism, which are strongly correlated with

muscle mass and muscle loss.5,6,15 The aim of this study

was to determine the value of serum creatinine and CK

in monitoring disease progression and predicting survival

in a prospective cohort of ALS patients. We observed that

serum creatinine, not CK, was an independent predictive

factor for survival in both male and female ALS patients,

even after multiple adjustments of BMI, age of onset, site

Figure 2. (A) Survival curves for male patients with creatinine ≤61 lmol/L vs. creatinine > 61 lmol/L. (B) Survival curves for female patients with

creatinine ≤ 52 lmol/L vs. creatinine > 52 lmol/L. (C) Correlation analysis between serum creatinine levels and ALSFRS-R scores in males. (D)

Correlation analysis between serum creatinine levels and ALSFRS-R scores in females. (E) Correlation analysis between serum creatinine levels and

DALSFRS-R in males. (F) Correlation analysis between serum creatinine levels and DALSFRS-R in females.
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of onset, ALSFRS-R score, progression rate (DALSFRS-R),
diagnostic delay, and use of riluzole. Moreover, the slope

of creatinine decline was also predictive of survival of

ALS.

Serum creatinine is a breakdown product of creatine

phosphate in muscle. The neuroprotective effects of crea-

tinine have been identified in transgenic mice model of

ALS, with significant improvement in motor performance

and extension of survival.7,8 Chen et al. also observed that

the sporadic ALS patients had significantly lower serum

creatinine levels compared to the age- and gender-

matched healthy controls.9 Regarding the value of serum

creatinine in prediction of ALS survival, we found that

higher baseline creatinine levels were predictive of longer

survival in both male and female ALS patients, which was

similar to previous studies.10,11 However, a deleterious

Table 2. Multivariable Model in Male and Female using multivariable

Cox survival analysis (Backward Stepwise, Wald) after adjustment for

possible influencing factors.1

Variables

and subgroups b SE Wald P-value HR (95%CI)

Male

Diagnostic delay

>12 m 1.0 [Reference]

≤12 m 0.819 0.207 15.642 <0.001 2.269

(1.512, 3.405)

BMI at baseline

>18.70 1.0 [Reference]

≤18.70 1.103 0.222 24.767 <0.001 3.013

(1.951, 4.652)

DALSFRS-R

≤0.63 1.0 [Reference]

>0.63 1.308 0.209 39.198 <0.001 3.699

(2.456, 5.571)

Creatinine at baseline

>61 lmol/L 1.0 [Reference]

≤61 lmol/L 0.488 0.17 8.253 0.004 1.629

(1.168, 2.273)

Female

Age of onset

≤ 55y 1.0 [Reference]

>55 y 0.922 0.252 13.387 <0.001 2.515

(1.534, 4.121)

Diagnostic delay

>12 m 1.0 [Reference]

≤12 m 0.976 0.26 14.101 <0.001 2.653

(1.594, 4.414)

BMI at baseline

>18.70 1.0 [Reference]

≤18.70 0.823 0.327 6.347 0.012 2.277

(1.200, 4.321)

DALSFRS-R

≤0.63 1.0 [Reference]

>0.63 1.093 0.279 15.314 <0.001 2.984

(1.726, 5.158)

Creatinine at baseline

>52 lmol/L 1.0 [Reference]

≤52 lmol/L 0.517 0.243 4.526 0.033 1.677

(1.042, 2.699)

1Possible influencing factors included age of onset, site of onset, diag-

nostic delay, BMI, ALSFRS-R score, progression rate (DALSFRS-R), use

of riluzole, use of NIPPV, and acceptance of PEG.

Figure 3. (A) The line chart of creatinine levels for male patients at

different time points of follow-up. (B) The line chart of creatinine

levels for female patients at different time points of follow-up. (C)

Survival curves for creatinine slope of decline >1.5 vs. ≤1.5.
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impact of serum creatinine on survival has not been

found in another cohort of sporadic ALS patients from

West of China.9 In the present study, we also observed

that the serum creatinine was positively correlated with

the ALSFRS-R score, and inversely linked to disease pro-

gression rate (D ALSFRS-R), which was similar to the

result from a meta-analysis.12 Besides, Mitsumoto et al.

also found that the plasma creatinine predicted ALS sur-

vival the best, compared to the oxidative stress biomark-

ers, including plasma uric acid, urinary 8-oxo-deoxy

guanosine (8-oxodG), and 15-F2t-isoprostane (IsoP).16

The application of creatinine as an outcome in clinical

trial could significantly reduce the sample size by

21.5%.10 Taken together, we provided additional evidence

that serum creatinine could be an inexpensive and easily

accessible prognostic and survival-related biomarker for

ALS, which has the potential to be widely applied in clini-

cal trials.

In ALS patient, a normal to mild elevation of serum

CK level is frequently observed, which has been proved to

be connected with lower motor neuron loss and muscle

denervation.15,17 However, the role of CK in the predic-

tion of disease progression was inconsistent, and the ALS

patients showed a wide distribution of serum CK levels.

Gibson et al. performed a 48-week non-interventional

longitudinal study for 80 ALS patients, and they observed

that about 45% of patients had at least one high CK value

during disease course, while there was no trend of high

CK level over the study period.6 Prior et al. reported a

58-year-old male ALS patient, whose serum CK was

353 U/L at the time of diagnosis and sharply raised to

1905 U/L 6 months later.18 Rafiq and colleagues reported

that higher CK enzyme levels were associated with longer

survival in ALS.19 On the contrary, Gibson et al. observed

that lower CK levels were correlated with better outcome

with a longer survival.6 In this study, we found that the

male ALS patients harbored significant higher levels of

serum CK than female patients; however, the baseline CK

levels were not significantly associated with survival,

which was consistent with previous studies.20,21

In the present study, we also noted some limitations.

Firstly, 16 familial cases were included in this cohort

study; however, we have not carried out the subgroup

analysis based on family history, due to a small sample

size from a single medical center. Secondly, a small por-

tion of serum creatinine and CK measurements was per-

formed in other medical centers, leading to the variable

of normal range of serum creatinine and CK. Finally,

there were other survival-related factors which have not

been included in our study, for instance, the pulmonary

function parameters and serum urate.

To sum up, the male ALS patients have significantly

higher levels of serum creatinine and CK than female

patients. There is a positive correlation between baseline

serum creatinine levels and ALSFRS-R scores, and an

inversely link with disease progression rate. Serum base-

line creatinine levels showed strong correlation with mor-

tality risk in both male and female ALS patients, and

lower creatinine levels could predict poorer prognosis and

shorter survival. In this cohort of ALS patients, a deleteri-

ous impact of serum CK on survival has not been identi-

fied. Serum creatinine is a reliable and easily accessible

biomarker of disease severity in ALS and could be used in

defining disease prognosis at the time of diagnosis.

Acknowledgments

The authors sincerely thank the ALS patients for their help

and willingness to participate in this study. This work was

supported by the National Natural Science Foundation of

China (grant No. 81701133), the Joint Funds for the Inno-

vation of Science and Technology, Fujian Province (grant

No. 2017Y9087), the National Key Clinical Specialty Disci-

pline Construction Program, and the Key Clinical Spe-

cialty Discipline Construction Program of Fujian.

Conflicts of Interest

None.

Author Contributions

Study concept and design (N Wang and Q-J Zhang);

acquisition and interpretation of data (Q-F Guo, W Hu,

L-Q Xu and L Hao); drafting of the manuscript (Q-J

Zhang, Q-F Guo and W Hu); critical revision of the

manuscript for important intellectual content (N Wang

and Q-J Zhang); obtaining of funding (Q-J Zhang and N

Wang); study supervision (Q-J Zhang and N Wang).

References

1. Brown RH, Al-Chalabi A. Amyotrophic lateral sclerosis. N

Engl J Med 2017;377:162–172.
2. van Es MA, Hardiman O, Chio A, et al. Amyotrophic

lateral sclerosis. Lancet 2017;390:2084–2098.
3. Al-Chalabi A, Hardiman O, Kiernan MC, et al.

Amyotrophic lateral sclerosis: moving towards a new

classification system. Lancet Neurol 2016;15:1182–1194.

4. Verber N, Shaw PJ. Biomarkers in amyotrophic lateral

sclerosis: a review of new developments. Curr Opin Neurol

2020;33:662–668.
5. Chi�o A, Calvo A, Bovio G, et al. Amyotrophic lateral

sclerosis outcome measures and the role of albumin and

creatinine: a population-based study. JAMA Neurol

2014;71:1134–1142.

454 ª 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

Creatinine Predicts Survival of ALS Q.-F. Guo et al.



6. Gibson SB, Kasarskis EJ, Hu N, et al. Relationship of

creatine kinase to body composition, disease state, and

longevity in ALS. Amyotroph Lateral Scler Frontotemporal

Degener 2015;16:473–477.

7. Klivenyi P, Ferrante RJ, Matthews RT, et al.

Neuroprotective effects of creatine in a transgenic animal

model of amyotrophic lateral sclerosis. Nat Med

1999;5:347–350.
8. Beal MF. Neuroprotective effects of creatine. Amino Acids

2011;40:1305–1313.
9. Chen X, Guo X, Huang R, et al. An exploratory study of

serum creatinine levels in patients with amyotrophic lateral

sclerosis. Neurol Sci 2014;35:1591–1597.

10. van Eijk RPA, Eijkemans MJC, Ferguson TA, et al.

Monitoring disease progression with plasma creatinine in

amyotrophic lateral sclerosis clinical trials. J Neurol

Neurosurg Psychiatry 2018;89:156–161.

11. Atassi N, Berry J, Shui A, et al. The PRO-ACT database:

design, initial analyses, and predictive features. Neurology

2014;83:1719–1725.
12. Lanznaster D, Bejan-Angoulvant T, Patin F, et al. Plasma

creatinine and amyotrophic lateral sclerosis prognosis: a

systematic review and meta-analysis. Amyotroph Lateral

Scler Frontotemporal Degener 2019;20:199–206.
13. Brooks BR, Miller RG, Swash M, Munsat TL; World

Federation of Neurology Research Group on Motor

Neuron Diseases. El Escorial revisited: revised criteria for

the diagnosis of amyotrophic lateral sclerosis. Amyotroph

Lateral Scler Other Motor Neuron Disord 2000;1:293–299.

14. Roche JC, Rojas-Garcia R, Scott KM, et al. A proposed

staging system for amyotrophic lateral sclerosis. Brain

2012;135:847–852.
15. Tai H, Cui L, Liu M, et al. Creatine kinase level and its

relationship with quantitative electromyographic

characteristics in amyotrophic lateral sclerosis. Clin

Neurophysiol 2018;129:926–930.
16. Mitsumoto H, Garofalo DC, Santella RM, et al. Plasma

creatinine and oxidative stress biomarkers in amyotrophic

lateral sclerosis. Amyotroph Lateral Scler Frontotemporal

Degener 2020;21:263–272.

17. Ito D, Hashizume A, Hijikata Y, et al. Elevated serum

creatine kinase in the early stage of sporadic amyotrophic

lateral sclerosis. J Neurol 2019;266:2952–2961.
18. Prior DE, Stommel E, Lawson VH, et al. Distribution of

serum creatine kinase levels in amyotrophic lateral

sclerosis. Muscle Nerve 2020;61:E16–E18.
19. Rafiq MK, Lee E, Bradburn M, et al. Creatine kinase

enzyme level correlates positively with serum creatinine

and lean body mass, and is a prognostic factor for survival

in amyotrophic lateral sclerosis. Eur J Neurol

2016;23:1071–1078.

20. Sinaki M, Mulder DW. Amyotrophic lateral sclerosis:

relationship between serum creatine kinase level and

patient survival. Arch Phys Med Rehabil 1986;67:169–171.
21. Felice KJ, North WA. Creatine kinase values in

amyotrophic lateral sclerosis. J Neurol Sci 1998;160(Suppl

1):S30–S32.

Supporting Information

Additional supporting information may be found online

in the Supporting Information section at the end of the

article.

Figure S1. The concentrations of serum creatinine (A)

and CK (B) in ALS patients with different King’s College

stages.

Figure S2. (A) Survival curves for male patients with

CK ≤ 177 U/L vs. CK > 177 U/L. (B) Survival curves for

female patients with CK ≤ 174.5 U/L vs. CK > 174.5 U/L.

Figure S3. (A) The line chart of CK levels for male

patients at different time points of follow-up. (B) The line

chart of CK levels for female patients at different time

points of follow-up.
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