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Persistent HyperCKemia in Athletes
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Summary
We compared the effects of exercise on serum levels of creatin kinase (CK) in athletes with persistent
hyperCKemia at rest (CK group) and in healthy athletes (control group).
Prospective controlled study.
Eighteen male Caucasian athletes with high serum
CK levels at rest (CK between 80 and 150 U/L) and 25
male Caucasian athletes with normal serum CK levels at rest (CK between 10 and 80 U/L)
Main Outcome Measures. Blood samples were collected at rest, 30 minutes, 6 hours, 24 hours, 48 hours
and 72 hours after a progressive cycloergometer test
to exhaustion. The levels of serum CK and its isoenzymes were measured.
In the control group, serum CK values at rest were
normal (48.18 ± 14.14 U/L). After exercise, they increased slightly, though they always remained <80
U/L, decreasing to the rest level after 48 hours. The
CK group had serum CK levels at rest higher than normal (116.56 ± 33.30 U/L). Serum CK levels were still
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outwith the normal range after 48 hours (130.11 ±
46.95 U/L) and 72 hours (116.55 ± 24.84 U/L). Serum
CK levels were significantly different in both groups
both before and after progressive cycloergometer test
to exhaustion.
In athletes with high serum CK levels at rest, serum
CK levels remained elevated and had a different kinetics after exercise when compared with healthy athletes.

Key Words: Hyperckemia, Primitive Myopathy, Muscular
Enzymes.

Background
Creatine kinase (CK) is located in the sarcolemma and
mithocondrial intermembrane space of healthy muscle cells.
It catalyzes the movement of phosphate from phosphocreatine to adenosine diphosphate, forming adenosine
triphosphate (ATP) and creatine (1).
Human tissues contain three dimer isoenzymes, MM, MB
and BB, located respectively in skeletal muscle, heart and
brain. In serum, total CK is provided mainly by the MM fraction. In health, serum CK concentration is dependent on
race, gender (2,3), age (4), muscle mass (5) and physical activity (6), with higher values in black men and athletes.
Strenuous exercise that damages skeletal muscle cell structure at the level of sarcolemma and Z disks (7) results in
an increase in total CK (8,9). CK leaks into the interstitial
fluid, is uptaken by the lymphatic system, and returns into
the circulation. Hence, daily training may result in persistent
serum elevation of CK (10), and resting serum CK levels
are higher in athletes (11,12). However, if athletes and
sedentary subjects undertake the same physical exercise
test, the serum CK levels of athletes are lower than those
recorded in matched healthy control subjects (13,14). Also,
a large increase of serum CK levels combined with reduced
exercise tolerance could be a marker of overtraining (15).
Elevated plasma levels of CK are observed in various neuromuscular conditions as a result of muscle damage and
necrosis. A sustained increase in serum CK is often the
results of myopathies, with levels depending on severity
and course of the disease (16). CK levels, though still high,
are less elevated in neurogenic disorders (17).
Persistently high serum CK levels at rest may be encountered in individuals with idiopathic hyperCKemia
(18), but it is also possible that subjects with abnormal increase in serum CK after exercise may have an unrecognised subclinical myopathy (19). Exercise does not
result in more extensive muscle damage in patients with
idiopathic hyperCKemia than in healthy controls (20). In
some female patients heterozygous for Duchenne mus-
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cular dystrophy, serum CK levels after exercise may be better indicators of carrier status than resting levels (21). This
study investigated the effect of exercise on serum CK levels in athletes with persistent hyperCKemia at rest compared with a control group of healthy athletes.

Methods
All procedures were approved by the local ethics committee,
and all participants gave written informed consent to participate in the study.

Subjects
All the athletes involved in the present study had attended a routine pre-participation screening session, and had
undergone routine exercise testing (19, 22, 23). We recruited
18 male Caucasian athletes playing different sports
(mean age 27.31 ± 10.33 years; weight 79.92 ± 17.42 Kg;
height 180.38 ± 6.64) and high serum CK levels at rest (CK
between 80 and 150 U/L) (CK group). We also recruited
a control group (C group) consisting of 25 male Caucasian
athletes playing different sports (mean age 23.79 ± 8.72
year; weight 70.07 ± 7.66 Kg; height 172.21 ± 7.04) and
normal serum CK levels at rest (CK between 10 and 80
U/L) After establishing that the CK group had persistently elevated serum CK levels at rest, all athletes underwent
15 days of abstention from athletic activities before another
blood sample was taken to establish the basal levels of CK.
Before entering the study, each participant completed a
questionnaire to determine whether factors in their lifestyle
could account for increased in CK levels.
Protocols
The blood collected was transported immediately to the
laboratory, centrifuged, and the assay performed using a
spectrometric monotest method (EOS 880 CGA Strumenti
Scientifici, Firenze, Italy) at 25°C according to the manufacturer’s instructions. We used the reference values of 1080 U/L as normal. Isoenzymatic evaluation was performed
by agarose-gel electrophoresis and determined by Beckman Appraise Densitometer System method [Helena Laboratories Europe Biosciences SAS 1 Platinum, Assago (MI),
Italy]. The reference values for the various isoenzymes are
CK-MB: 0-4.8%, CK-MM: 0–80%, and CK-BB: 0 % of total CK.
Exercise test All subjects underwent an electrically
braked cycloergometer (SECA, Hamburg, Germany) at 6070 RPM to exhaustion. Each test started with a 2 minute
warm up with a load of 25 watt, with an increment of 25
watt every 2 minutes to exhaustion. This was followed by
1 minute of warm down at a load of 25 watt, and by 4 minutes of rest while supine.
To assess CK and its isoenzymes activity (CK-MM, CKMB, CK-BB), blood samples were taken at rest, 30 minutes, 6 hours, 24 hours, 48 hours and 72 hours after the
test.
Assessment of serum lactic acid levels were made at rest,
immediately after completion of the test, and 5 and 30 minutes later. The athletes who showed high serum CK values at rest or after exercise underwent careful clinical examination to evaluate localised hypotonic or hypotrophic
muscles in the pelvic and upper limb girdle to ascertain
whether signs of muscle weakness were present.
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All athletes also underwent clinical and echocardiographic examination to identify genetic muscular pathology phenotypically expressed as a cardiomyopathy (24).
If a mypoathy was diagnosed they received genetic
counselling.
Statistics: Statistical analysis was performed by SPSS statistical package for Windows, release 10.0 (Chicago, IL,
USA). Descriptive statistics were calculated. Comparison
between the values of CK obtained in the two groups before and after exercise was performed by paired Student’s
t test for different samples. Differences were considered
statistically significant when p<0.05.

Results
After completing the questionnaire, two athletes from the
CK group were excluded from the study, since they had
had mononucleosis three months before our investigation.
We also excluded three further athletes whose serum CK
levels returned to normal after the 15 day rest period.Therefore, the CK group includes 13 athletes who completed the
cycloergometer test to exhaustion.
The athletes in the CK group reached a mean 191.67 ±
25 W at exhaustion. The athletes in the C group reached
a mean work of 227.27 ± 36.15 W. (p= 0.02).
The resting values of lactic acid were not significantly different between the two groups (2.5 vs 2.3 mmol/L). At exhaustion (7.2 vs 8 mmol/L) however, after 5 minutes of recovery (8.1 vs 7.6 mmol/L), and after 30 minutes of recovery
(4.9 vs 3.8 mmol/L), they were significantly higher in the
CK group than in the C group (0.05 < p < 0.01).
In the control group, the CK values at rest were within the
URL (48.18 ± 14.14 U/L). After exercise , they increased
slightly (30’ post test = 55.06 ± 17.74 U/L; 6 h post test =
55.46 ± 22.26 U/L; 24h post test = 53.50 ± 22.67 U/L), although they always remain lower than 80 U/L, decreasing
to the rest level after 48 hours (48 hours 49.69 ± 21.90 U/L;
72 hours 42.00 ± 14.14 U/L ) (Fig. 1). The CK group always
had serum CK levels at rest higher than normal (116.56
± 33.30 U/L). After the test, serum CK levels were always
increased (30’ post test = 137.89 ± 59.48 U/L; 6h post test
= 145.68 ± 51.52 U/L; 24h post test = 136.16 ± 60.29 U/L),
and did not return to the normal range (< 80U/L) after 48
hours (130.11 ± 46.95 U/L) and 72 hours (116.55 ± 24.84
U/L) (fig.1). The two groups had both before and after the
test serum CK levels significantly different (rest: p=0.00;
30’: p=0.00; 6h: p=0.00; 24h: p=0.00; 48h: p=0.00; 72h:
p=0.01). Although most of the serum CK released after exercise was of the CK-MM fraction, 7 subjects in the CK
group showed small amounts of CK-MB isoenzyme
(<5%). None of the subjects of the C group had detectable
levels of this isoenzyme.
None of the athletes in control group referred muscular
symptoms. Nine subjects in the CK group reported in the
questionnaire muscular symptoms such as fatigue, pain
and cramp after intensive training. One athlete had CK values 48 hours after the test lower than the rest values and
reported muscular weakness after exercise. Other 4 subjects in the CK group had only slightly hyperckemia without muscular symptoms or fatigue.
The most common signs at examination were clinical features of involvement of the pelvic muscles (glutei and adductors), stiffness and muscle soreness of the upper and
Muscles, Ligaments and Tendons Journal 2011; 1 (1): 31-35

Evaluation of a novel topical essential oxygen oil for the treatment of pain in acute tendinopathy and sprains

Figure 1 - Serum CK levels after exercise in the control group and in the CK group.

lower extremity with the involvement of deltoid, infraspinatus,
biceps and periscapular muscles leading to scapular winging (Table 1). Some subjects had minimal facial involvement with a “transverse smile”, and occasional myalgia and
muscle cramps.

All subjects were assessed by a Clinical Genetics consultant, who formulated the diagnoses reported in Table
2.

Discussion
Table 1 - Clinical criteria used for myologic evaluation of
subjects with persistent hyperCKhaemia.
-

Skeletal anomalies
Localized hypotrophy or hypertrophy
Weakness of hip or shoulder muscles
Scapular winging
Myotonic disease
Muscle contractures and cramps

Increased serum levels of CK from rhabdomyolysis are
found during and after exercise (25, 26). In this instance,
the high levels of CK are correlated with physical training
status, but high levels of CK after a period of complete rest
are unexpected both in athletes and in sedentary subjects.
In our study, the elevated serum CK levels in the group with
hyperCKemia persisted after exercise and did not return
to normal range after 48 hours. Seven athletes of the CK
group had clinical signs of Facioscapulohumeral muscular dystrophy (FSHD). In our study, most subjects exhibited relatively modest elevations of serum CK. However,

Table 2 - Diagnoses formulated in the athletes in our study.
ATHLETE
D. D.
V. I.
G. P.
S. D.
G. G.
G. F.
G. M.
F. C.
R. M.
G. L.
G. R.
C. M.
T. S.

SPORT

AGE

SEX

DIAGNOSIS

RUNNING
FOOTBALL
RUNNING
RUNNING
SWIMMING
SWIMMING
FITNESS
BASKET
FITNESS
RUNNING
CALCIO
BODY-BUILDING
RUNNING

33
14
26
42
17
21
28
17
23
50
33
28
17

M
M
M
M
M
M
M
M
M
M
M
M
M

Scapulohumeral distrophy
Limb-Girdle myopathy
Limb-Girdle myopathy
Facioscapulohumeral myopathy
Facioscapulohumeral myopathy
Facioscapulohumeral myopathy
Facioscapulohumeral myopathy
Facioscapulohumeral myopathy
Facioscapulohumeral myopathy
Facioscapulohumeral myopathy
To be defined
To be defined
CoQ10 deficiency Myopathy
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in presymptomatic patients, the serum CK level might be
slightly elevated. In one subject, muscular symptoms became suddenly worse after increasing training loads, and
we suspected a CoQ10 deficiency Myopathy, as he referred
that a brother had died for cerebellar ataxia the year before. Other two subjects (M.C. and G.R.) showed hyperCKemia at rest and after exercise, and clear signs of progressive muscle involvement. However, we have not
been able to formulate a conclusive diagnosis.
Accurate history taking can evidence symptoms, such as
fatigue, pain and cramp after intensive training, which athletes often underestimate, but can be the first signs of muscle disease. Another sign that can reveal a myopathy is isolated hypotrophy of a muscle usually involved in training
(27).
In our study, athletes with hyperCKemia exhibited a response to progressive exercise to exhaustion within normal limits, even though the control group performed better. The assessment of the serum CK levels at rest is a simple and non invasive method to identify subjects with muscle disease without exercise intolerance in a preclinical
stage of pathology.
Often, the high serum levels of CK are considered normal
in asymptomatic athletes because clinicians know that they
are influenced by training, while they can be a sign of silent
disease. Indeed, CK serum levels are almost always elvated even in the preclinical stages of frank myopathy (28).
The interpretation of CKemia at rest is difficult in athletes
because, for a clear interpretation of the results, athletes
need to abstain from training course for at least three days.
In athletes with sign of silent myopathy, serum CK levels
had a different kinetics after exercise compared with healthy
athletes. In the control group, serum CK levels increase
slightly after exercise, but remained lower than 80 U/L, decreasing to the resting values after 48 hours. The CK group
had serum CK levels significantly higher than normal, and,
after the test, did not return to normal range (< 80U/L), increasing for 48 hours after exercise (fig. 1). Symptoms such
as unexplained exertional limitation can be a manifestation of biopsy-proven myopathies (29), but, in this instance,
the evaluation of CK at rest and after exertion could be a
simple and non invasive method towards diagnosis.
After genetic consultation, once a diagnosis has been formulated, it may be necessary to perform a muscle biopsy, although athletes often refuse to become “patients” until their underlying condition becomes clinically manifest.
Early diagnosis is important because it is difficult to evaluate the risks of sporting activities: it is possible that repeated intense prolonged exercise may produce negative
effects (27), as it does not induce the physiological muscle adaptations to physical training given the continuous
loss of muscle proteins. It is probably safe to counsel the
athlete to continue to undertake physical activity at a lower intensity, so as to prevent muscle damage from high intensity exercise, and allow ample recovery to favour adequate recovery.
In the future, it might be interesting to study and quantify
the type of exercise more suited to athletes with myopathy, and the intensity of exercise not dangerous for the progression of the pathology. Our results, although interesting, are partially limited by the relatively small number of
individuals studied, and need of confirmation in a larger
population. Moreover, since we did not perform skeletal
muscle biopsy, we cannot assess the relationship between
serum CK, clinical pictures, and histopathological features.
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Conclusion
Evaluation of serum CK levels at rest, and the study of its
kinetics after exercise help to identify myopathies often going undiagnosed in athletes. Clinical and laboratory findings should help the physician to identify athletes with preclinical disease.
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