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Abstract

Objective—To explore if creatine kinase (CK) levels correlate with survival in amyotrophic
lateral sclerosis (ALS), and whether a correlation is independent of other well-studied predictors
such as location of onset, gender, age, fat free mass, spasticity, cramps, and fasciculations.

Methods—We analyzed data from 80 ALS patients from a 48 week non-interventional
longitudinal multicenter nutrition study with long term follow-up.

Results—The overall mean CK was 214 + 191.8 U/L (range: 22-1,992 U/L). 45% of patients had
at least one high CK value (>200 U/L), and about half maintained a high CK value, but there was
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no trend over the study period. Male gender and extremity onset were significantly associated with
high CK. In univariate analysis, age, bioelectric impedance spectroscopy (BIS) fat free mass,
spasticity, and fasciculations were not associated with CK level. There was an association between
CK and muscle cramps (P<0.001). In survival analysis, low CK (<200 U/L) was associated with a
longer overall survival (P=0.02), when adjusting for location of onset, age, race, gender, BIS fat
free mass, and study site.

Conclusions—CK may be a useful marker for ALS survival, which has implications for clinical

care and the design of future clinical trials.
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Introduction

Creatine kinase (CK) is a non-specific marker of muscle damage. A mild to moderately
elevated CK level can be helpful in supporting the diagnosis of amyotrophic lateral sclerosis
(ALS). CK elevation has been reported in 23-75% of ALS patients (1-9). Prior studies found
no correlation between CK level and duration of symptoms, severity of weakness, or age of
onset (1, 3, 6). Several studies show a significant elevation in male compared to female CK
levels (3, 5, 10), but other studies do not (1). Additionally, a significant difference in CK
levels in patients with limb onset compared to those with bulbar onset has been reported (1,
3).

The mechanism of CK elevation in ALS is unknown. It has been hypothesized that increased
CK might reflect rate of atrophy or the extent of muscle involvement, as animal studies show
muscle to be more permeable to CK in neurogenic atrophy than in normal or dystrophic
muscle (11). It has also been hypothesized that ALS causes a state of disturbed muscle
metabolism, resulting in increased endogenous adenosine triphosphatase activity in
mitochondria, which leads to increased CK production (12). Additionally, others suggest
that the elevation may be due to mild myopathic changes, as the degree of myopathic
changes in ALS muscle biopsies has been correlated with CK values (13).

Beyond supporting the diagnosis, the clinical implication of an elevated CK in an ALS
patient is unclear. It has been hypothesized that CK elevation is indicative of more rapid
disease progression; however prior studies have not shown a correlation between ALS
patient survival and CK level (1, 3, 6).

All prior studies are limited by size, duration, and follow-up evaluations. No studies have
been published on the association of CK levels with body composition, spasticity, cramps, or
fasciculations. We postulated that our study, which includes large number of patients with
serial measurements over 48 weeks and over decade of survival data, could determine
whether CK levels correlate with survival, and whether such a correlation was independent
of other important factors such as location of onset, gender, age, fat free mass, spasticity,
cramps, and fasciculations.
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Materials and Methods

Longitudinal data from 80 patients enrolled in the University of Kentucky's multicenter
nutrition study were reviewed (14). Patients with clinically definite, probable or laboratory
supported probable, sporadic or familial ALS according to the revised El Escorial criteria
(15) were enrolled in five multidisciplinary ALS treatment centers (Columbia University,
Pennsylvania State University, University of Kentucky, University of Utah, and University of
Vermont), from 2/2005 through 6/2007. Survival status was last updated in March 2014.
Inclusion criteria at time of enrollment included; age of onset between 18-80 years,
symptom onset within 5 years (although exceptions were granted up to 10 years), and a
forced vital capacity (FVVC) of greater than or equal to 50%. Patients received standard of
care treatment during the length of the study based on AAN practice parameters, including
initiation of non-invasive positive pressure ventilation (NIPPV) when FVVC was less than
50% (16). Exclusion criteria included chronic obstructive pulmonary disease, thyroid
abnormalities, inflammatory bowel disease, malabsorption syndrome, untreated or unstable
medical condition, other neurodegenerative disease, and/or the inability to follow the study
schedule. Participants were evaluated longitudinally, with visits at study baseline, 16, 32 and
48 weeks; although some laboratory tests were missed. Survival was ascertained by periodic
follow-up with the study sites. Samples for CK were processed at site-based CLIA certified
labs. The reported upper limit of normal CK from the site laboratories ranged from 145 U/L
to 320 U/L, and the mode was 200 U/L.

Measurements including fat free mass by bioelectric impedance spectroscopy (BIS),
modified Ashworth spasticity scale, fasciculation index, and cramp index were completed at
each study visit. The modified Ashworth spasticity scale is a 0-16 point scale performed by
the examiner to measure spasticity in each upper and lower extremity (16, 17). The
fasciculation index is a 0-24 point scale used to quantify fasciculations throughout the body
and rated during the examination with a combination of examiner and patient input (14). The
cramp index is a 0-24 point scale completed by the patient to score the severity of cramps
throughout the body since last study visit (14).

Statistical Analysis

Patients’ baseline characteristics were summarized as mean (= SD) for continuous variables
and N (%) for binary or categorical variables. The CK measurements are displayed by a
spaghetti plot that connected individuals’ CK values at baseline (week 0), 16 weeks, 32
weeks and 48 weeks. The primary endpoint was time to death, which was subject to right
censoring. Survival probabilities (proportions of patients alive) were summarized using
Kaplan-Meier plots with product limit estimates (18). Spasticity, cramps, and fasciculations
were measured longitudinally, allowing for use of the generalized estimating equation (GEE)
method to handle the repeated measurements by using the 1st order autoregressive (AR1)
working correlation. The linear mixed effects model (LMEM) was used to assess the
temporal trend of CK measured over time. We performed a Cox proportional hazards (PH)
model to examine the effect of baseline CK on the survival outcome in which CK values
were dichotomized at a threshold value of 200 U/L (19). Since a total of 12 subjects (15%)
missed baseline CK measurements, a sensitivity analysis was performed to evaluate the

Amyotroph Lateral Scler Frontotemporal Degener. Author manuscript; available in PMC 2017 September 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gibson et al.

Page 4

impact of the missing data. A proportionality test was performed on the dichotomous CK
data by adding the time and dichotomous CK interaction in the survival model. Statistical
analyses were performed using SAS (SAS Inst. Inc., Cary, NC, USA) version 9.4 and Stata
(StataCorp, College Station, TX, USA) version 13. All results with p<0.05 were considered
as statistically significant (18).

Ethics and consent

Results

The procedures followed were in accordance with the ethical standards of the responsible
committee on human experimentation and with the Helsinki Declaration of 1975, as revised
in 1983. Formal approval for this clinical trial was by the local ethics committees.

Patients Characteristics

Baseline characteristics for the 80 patients are shown in Table 1. Site enrollment was;
Columbia University- 25%, Pennsylvania State University- 25%, University of Kentucky-
26. 3%, University of Utah- 11.3%, and University of Vermont- 12.5%.

Creatine Kinase

The mean baseline CK was 221.9 + 191.8 U/L. The CK value from all visits ranged from 22
to 1992 U/L. Figure 1 shows individual patient CK trajectory measurements across time via
a spaghetti plot. Low (<200) CK values were seen at all visits in 55% of patients, 24% had
variable CKs with at least one high (>200) CK value recorded at one or more visits, and
21% of patients had high CK values at all visits. There was a slight increase in the mean CK
from baseline to 16 weeks due to outliers, the median CK decreased (161 U/L at baseline,
and 141 U/L at 16 weeks). Analysis of the temporal trend of CK over time using a LMEM
revealed a negligible average decrease (P=0.27) in CK (0.0016 U/L/day) over the 48 week
serial measurement study period. LMEM also revealed a statistically significant decreasing
trend in average fat free mass over the 48 week serial measurement study period. On
average, the fat free mass decreased by 0.011 kg/day (p<0.001).

The average male CK for all time points was 257 U/L (above normal limits) and the average
female CK was 135 U/L (within normal limits). Male CK values were significantly higher
than female CK values (P=0.009). When adjusted for fat free mass, the difference in CK
between male and female was no longer statistically significant (P=0.17).

The average baseline CK value was 247 U/L (SD=172) for upper extremity onset, 300 U/L
(SD=308) for lower extremity onset, and 127 U/L (SD=95) for bulbar onset. Compared to
bulbar-onset patients, the CK values in upper and lower extremity onset patients were both
significantly elevated (P= 0.009 and 0.03, respectively). The difference in CK values in
upper vs lower extremity onset was not significant (P=0.37).

There was a statistically significant association between CK and cramps (p<0.001). For one
unit increase in cramp index (0-24 point scale), there is a 15.1 U/L increase in CK for all
repeated measurements. No association between CK and spasticity or between CK and
fasciculations was observed.
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Association between Survival and Baseline Creatine Kinase

The primary goal was to investigate the correlation between baseline CK level and survival.
The mean time from symptom onset to study entry for the low CK (CK<200U/L) group was
777 days, not statistically significantly different from that for the high CK group, 579 days
(p=0.18). Figure 2 presents survival functions for low and high baseline CK (<200 versus
>200) using the Kaplan-Meier product limit estimates. The median survival time was 4.21
years (95% CI: 3.04 — 5.88 years) for patients with low baseline CK and, 3.31 years (95%
Cl: 2.04 — 4.65 years) for patients with high baseline CK. A log rank test for comparing the
survival functions of the two arms rejects the null hypothesis of equality of the two survival
functions (P=0.02). Using median (160 U/L) and mean (222 U/L) CK of study patient as the
dichotomous value, revealed significant results as well (p=0.002 and p=0.02 respectively).

We performed 10 Cox PH models to relate low/high CK to the primary end point, time to
death, by adjusting for different sets of covariates (Table 2). In all models, baseline CK was
statistically significantly associated with the overall survival. For example, in the unadjusted
model (Model 1), the hazard ratio comparing high versus low CK (CK < 200) is 1.88 (95%
Cl: 1.09-3.26, p=0.025). In the most controlled model (model 10), which was adjusted for
age, gender, race, BIS fat free mass, location of onset, and study site, the hazard ratio
between high and low baseline CK is 3.57 (95% CI: 1.84 - 7.27). In all models, an ALS
patient with high baseline CK had a significantly higher hazard of death than the patient
with low baseline CK when adjusted for all possible sets of variables.

Finally, location of onset was significantly associated with ALS survival. The mortality
hazard ratio comparing ALS with lower extremity onset versus bulbar onset is 0.25 (95% CI:
0.10 - 0.62, p=0.003) when controlled for age, gender, race, BIS fat free mass, baseline CK
and study site.

Sensitivity analysis of the missing data showed that the missing values of baseline CK did
not impact the significance of CKs effect on survival.

Discussion

This study reveals that low CK is significantly associated with longer ALS survival
(P=0.02). A high CK was associated with an 88% higher hazard of death from ALS, when
additional variables are controlled (age, gender, race, BIS fat free mass, location of onset,
and study site), the hazard increases to 2.75. Prior studies, which have not shown a
correlation between patient survival and CK level, were limited by their relatively short
duration of study period (1, 3, 6), where we have over a decade of survival data.

The range of CK reported in this study (22-1992 U/L) is similar to those reported in other
studies (1-9). Our study shows a significant (P=0.009) difference between male and female
CK values (males 257 U/L; females 135 U/L), as shown in several previous studies (3, 5,
10). However, the difference in CK was no longer significant when adjusted for fat free
mass, which might be why other studies did not find a difference (1). We also found a
significant difference between CK values in the upper extremity (P=0.009) and lower
extremity onset (P=0.03) when compared to bulbar onset, which has also been demonstrated
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in previous studies (1, 3). We did not find a significant difference in CK based on age, race
or study site, consistent with the findings of prior studies.

This study uniquely characterizes CK with disease variables. No statistical difference was
found for CK in relation to fasciculations or spasticity. However, we did find an association
between CK and cramps (P<0.001), leading us to hypothesize that cramps may result in
muscle breakdown. Based on animal studies it has been hypothesized that increased CK
might reflect the rate of atrophy and the amount of muscle involvement (11), however CK
did not correlate with change in BIS fat free mass, nor did it decline over time as did BIS fat
free mass (—0.0107 kg/day). Because CK values had only a negligible average decrease
(P=0.27, 0.0016 U/L/day) over the 48-week serial measurement study period, the mean time
to the baseline visit (23.8 £ 19.5 months) is unlikely to be a major limitation.

The association of lower CK with survival has implications both for patient care and for
future drug study design. In this study all ALS patients who survived beyond 8 years from
symptom onset had a low CK (CK<200). Although this is not intended to be applied to an
individual ALS patient, these data may provide additional information to aide in the
identification of very slowly progressive ALS patients in drug trials. It is unclear if treating
cramps would have an effect on maintaining muscle mass and/or survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Spaghetti plot of CK versus time (weeks).
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Figure 2.
Kaplan-Meier Survival Curves for Low versus High CK.
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Table 1

Summary of patient characteristics, symptoms, and CK

Variables Categories Mean (SD) Range N(%)

Age (years) 59.5(17.8) 24.1-79.6

Gender Male 52 (65.0)
Female 28 (35.0)

Race White 72 (90.0)
Non-White 8 (10.0)

L ocation of Onset
Bulbar 21(26.3)
Generalized 1(1.3)
Lower Extremity 16 (20.0)
Upper & Lower 5(6.3)
Upper Extremity 37 (46.3)

Symptom Onset to Baseline (days) 729.3 (585.6) 140-3353

CK (U/L) (baseline) (N = 68) 221.9 (191.8) 22-998

CK (U/L) (16 weeks) (N = 52) 222.9 (247.5) 34-1489

CK (U/L) (32 weeks) (N = 50) 213.8 (306.1) 39-1992

CK (U/L) (48 weeks) (N = 48) 192.3 (205.6) 26-988

CK (U/L) (overall) 214 (191.8) 22-1992

Bl Sfat free mass (kg) (baseline) (N = 78) 46.4 (11.5) 20.7-84.0

Ashworth (baseline) (N = 79) 12.3(3.8) 0-16

Ashworth (16 weeks) (N = 66) 12.4 (3.7) 0-16

Ashworth (32 weeks) (N=54) 11.9 (4.1) 0-16

Ashworth (48 weeks) (N = 47) 12.1(4.2) 0-16

Cramps (baseline) (N = 79) 45 (4.6) 0-18

Cramps (16 weeks) (N = 66) 3.9(4.1) 0-18

Cramps (32 weeks) (N = 54) 3.7@3.2) 0-12

Cramps (48 weeks) (N = 46) 4.0(3.8) 0-14

Fasciculation (baseline) (N = 79) 7.7 (5.3) 0-21

Fasciculation (16 weeks) (N = 64) 7.4 (5.7) 0-20

Fasciculation (32 weeks) (N = 54) 7.0 (5.6) 0-18

Fasciculation (48 weeks) (N = 48) 7.0 (6.2) 0-18
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Hazard ratios (HRs), standard error (SE), and 95% confidence intervals (Cls) for baseline CK.

Model HR | SE | P-value [ 95% ClI

Model1 | 1.88 | 053 | 0025 | (1.09,3.26)
Model2 | 1.90 | 054 [ 0.023 | (1.09,3.30)
Model3 | 2.10 | 061 [ 0011 | (1.19,3.71)
Model 4 | 2.26 | 0.67 [ 0005 | (1.27,4.03)
Model 5 | 245 | 0.75 | 0003 | (1.34,4.67)
Model6 | 2.66 | 0.86 | 0002 | (1.41,4.99)
Model 7 | 2.66 | 0.85 [ 0002 | (1.42,4.97)
Model 8 | 3.20 | 1.00 [ 0.001 | (1.63,6.22)
Model 9 | 320 | .07 | o0.001 | (1.66,6.15)
Model 10 | 357 | 1.28 | <0.001 | (1.84,7.27)

Table 2

Page 11

*Model 1: unadjusted; Model 2: adjusted for age; Model 3: adjusted for age, gender; model 4: adjusted for age, gender, race; Model 5: adjusted for
age, gender, race, BIS fat free mass; Model 6: adjusted for age, gender, race, BIS fat free mass and study center; Model 7: adjusted for age, gender,
race, location of onset; Model 8: adjusted for age, gender, race, location of onset and center; Model 9: adjusted for age, gender, race, BIS fat free
mass and location of onset; Model 10: adjusted for age, gender, race, BIS fat free mass, location of onset and study center. The race in is coded as
non-White (baseline) vs. White and the location of onset is categorized as bulbar, multiple location onset, lower extremity and upper extremity.
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