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Rhabdomyolysis is a potentially life-threatening syndrome
resulting from the breakdown of skeletal muscle fibers,
with leakage of muscle proteins such as creatine kinase
(CK) and myoglobin into the blood.23 Since the original
description of the syndrome of muscle pain, weakness, and
brown urine by Meyer-Betz in 1910,20 many case reports
have linked rhabdomyolysis to strenuous activities, such

as basic military training, weight lifting, and marathon
running; these conditions are collectively termed exercise-
induced rhabdomyolysis or exertional rhabdomyolysis (ER).9

Exercises that are biased toward eccentric contractions,
in which the muscles are lengthening while trying to
contract, are particularly damaging to muscle fibers partly
because of the increased strain placed on muscle tis-
sues.4,5,21 Exercises with repetitive and strenuous eccentric
contractions have been reported to be related to rhabdomy-
olysis.3 The criteria for ER are generally accepted as a
recent strenuous exercise event and serum CK levels more
than 1000 IU/L, or 5 times the normal upper limit.8,11,14,17,34

Although many cases of ER have been reported in the lit-
erature, its incidence remains difficult to estimate and may
be underestimated for 2 main reasons. First, these cases
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tified as having exertional rhabdomyolysis, and the incidence was not statistically different between male and female students
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Conclusion: Our findings suggest that exertional rhabdomyolysis is not uncommon in strenuous eccentric exercise in both men
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associated with a reduced risk of exertional rhabdomyolysis, whereas postexercise stretching of the involved extremities might
increase the risk.
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are mainly case reports that came to the attention of the
medical community mainly because of myalgia, muscle
tenderness, and dark urine, which are not always present
in rhabdomyolysis. Second, serum CK levels, a widely used
marker for the amount of muscle damage, are usually not
available for the entire population during an episode of ER.
Thus, cases of subclinical ER with abnormally high CK lev-
els but no major symptoms are usually underdiagnosed and
underestimated. Accordingly, the incidence, as well as fac-
tors influencing the onset, of ER remains largely unknown.

An endurance test is sometimes used to evaluate the
physical fitness of students in Taiwan, and there was an
episode of rhabdomyolysis after such a test in high school
students in Taipei County in November 2003. The purpose
of this study was to determine the incidence, risk factors,
and outcome in an episode of ER in the high school students
who had performed the endurance test, using data from
retrospective questionnaires.

METHODS

Background

An episode of rhabdomyolysis occurred after an endurance
test in high school students in November 2003. Initially,
several students developed dark urine 1 day after the
endurance test and were diagnosed as having ER. The
teachers therefore asked all the students who had partici-
pated in the endurance test to go to the hospital to be
screened for ER. All 225 students involved had their serum
CK levels checked.

Study Population and Design

The study population included all 225 students who had
performed the endurance test, which consisted of 1 minute
of curl-ups, 1 minute of push-ups, and 8 minutes of squat-
stand repetitions, with the score for the test depending only
on the number of squat-stand repetitions. Retrospective
questionnaires were administered to students 1 month after
the endurance test. All the students were informed on the
questionnaire about the purpose and nature of the study
and about having a free choice to complete and return the
questionnaire.

The questions on potential risk factors associated with
ER were designed by analyzing open questions in a pilot
study of 15 students with ER in this episode and by search-
ing the English-language medical literature in PubMed
from 1960 to 2003. The questionnaires contained questions
about body weight and height, gender, number of squat-
stand repetitions, whether the squats were complete or
partial, the presence of myalgia, muscle tenderness, mus-
cle weakness, general weakness, muscle swelling, dark
urine, serum CK levels at admission, adequate hydration
before and after the endurance test (defined as drinking
more than 2 L of water per day), postexercise stretching,
alcohol or drug use, smoking, presence of flulike symptoms,
history of regular exercise (defined as three 30-minute
periods of exercise per week), exercise (defined as at

least 30 minutes of exercise) 1 day before the endurance
test, heat shock history, medical and medication history,
and whether there was a family history of myopathy and
rhabdomyolysis.

Definition and Confirmation of Cases

Serum CK levels at admission were used to evaluate the
presence of rhabdomyolysis. Although there are no stan-
dard CK values that establish the diagnosis of rhabdomy-
olysis, it is generally accepted that an acute increase in
serum CK levels to more than 1000 IU/L, or 5 times the
normal upper limit, indicates rhabdomyolysis.8,11,14,17,34 In
this study, students with ER were defined as those with
CK levels higher than 1000 IU/L.

Statistical Analysis

Statistical analysis was performed using SPSS software,
version 10.0 (SPSS Science Inc, Chicago, Ill). The unpaired
Student t test was used to compare continuous variables,
and the χ2 test was used for categorical variables. Risk
factors found to show a significant association with ER
by univariate analysis were further analyzed using the
multivariate logistic regression model. In both, a 2-sided
test with P < .05 was judged to be significant.

RESULTS

We received complete data for the questionnaire from
157 students, the response rate being 70% (157 of 225).
Of these 157 students, 43.3% (68 of 157) had serum CK
levels ≥ 1000 IU/L and were diagnosed as having ER. The
demographic characteristics of the 157 students are sum-
marized in Table 1. Gender, body weight, height, body mass
index, and the number of squat-stand repetitions showed
no statistically significant difference between students
with or without ER.

Table 2 shows the clinical symptoms and signs in
students with or without ER. Of these, dark urine, myalgia,
and muscle swelling were significantly more frequent in
students with ER. Dark urine was not seen in any students
without ER and was seen in only 25% of cases with ER.
There was no significant difference in the frequency of
muscle weakness and general weakness between students
with or without ER.

The incidence of ER in male and female students was
45.3% (48 of 106) and 39.2% (20 of 51), respectively, and the
distribution of their CK values is summarized in Table 3.
The mean CK levels in male and female students (41 563 ±
53 226 vs 41 400 ± 32 419 IU/L) were not significantly dif-
ferent (P = .99). Four male students had CK levels of more
than 200 000 IU/L, the highest being 260 000 IU/L.

Analyses of potential risk factors associated with ER are
summarized in Table 4. Univariate analysis showed that ER
was significantly associated with no exercise 1 day before the
endurance test (P < .001), inadequate hydration after the
test (P = .03), postexercise stretching (P = .002), and
the performance of complete squats (P = .03). Multivariate
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analysis of these 4 variables showed that no exercise 1 day
before the endurance test (odds ratio [OR], 6.10; 95% confi-
dence interval [CI], 2.00-18.00), postexercise stretching (OR,
3.13; 95% CI, 1.28-7.69), and the performance of complete
squats (OR, 3.21; 95% CI, 1.12-10.00) were risk factors
statistically associated with ER. Exercise routine, adequate
hydration before and after the test, and flulike symptoms
were not significantly associated with ER. All 157 students
stated that they had no history of glucose 6-phosphate dehy-
drogenase deficiency, hypothyroidism, hereditary myopathy,
or rhabdomyolysis and that they were not taking antide-
pressants, antifungal agents, antibiotics, antihistamines,
or narcotic drugs at the time of the endurance test. One
student was a cigarette smoker but was not diagnosed as
having ER. None of the 157 students, even the 4 students
with CK levels above 200 000 IU/L, were told by doctors or
paramedics that they had acute renal failure (ARF).

DISCUSSION

The pathogenesis of ER is not clear, although mechanical
stress of skeletal muscle has been suggested to play a role.3

Muscle damage is induced more readily by eccentric con-
traction, in which the muscles are lengthening while trying
to contract, perhaps because of increased strain on the

muscle tissue.12 In 1960, Howenstine et al13 reported
60 cases of rhabdomyolysis in Marine recruits in a single
year after they performed numerous squat jumps, an exer-
cise involving repetitive eccentric contractions. Other cases
of ER occurring during military recruit training associated
with eccentric exercise have been reported.6,7,29 This finding
suggests that eccentric exercise might be associated with ER,
but the incidence and risk factors remain largely unknown.

In the present study, all 225 students who had per-
formed the endurance test were asked to go to the hospital
for evaluation, and all were tested for serum CK levels. Of
the symptoms and signs associated with rhabdomyolysis,
dark urine has been regarded as the most specific. None of
the 89 students without ER had dark urine, but only 25%
(17 of 68) of those with ER showed this sign, suggesting
that dark urine, although specific, is not a sensitive sign of
ER. The remaining 75% (51 of 68) of ER cases might rep-
resent a subclinical form of ER, which would result in an
underestimation of the incidence of ER if the serum CK
levels were not available. The incidence of ER in the
episode (43%; 68 of 157) is very close to the value of 39.2%
reported by Olerud et al22 in a prospective study examin-
ing serum myoglobin and CK, lactate dehydrogenase, and
glutamic-oxaloacetic transaminase levels in 337 volunteer
military recruits during training that would be expected to
include some repetitive eccentric exercise. Taken together,
these 2 studies suggest that ER is not uncommon in exer-
cise involving repetitive eccentric exercise, irrespective of
the sample population.

Although rhabdomyolysis associated with septic shock,
electrolyte disturbances, or drug or alcohol abuse appears
to occur at the same frequency in men and women, ER is
rarely reported in women.16 Data from previous studies,
summarized by Shumate et al,27 have suggested a lack of a
CK response to moderately strenuous exercise in women
but a rapid increase in CK levels in men, suggesting that
estrogens may be a CK-protective factor and may be respon-
sible for the difference in CK levels seen in response to
exercise between men and women. Contrary to previous
conceptions, we noted that the incidence of ER in female
students was not significantly different from that in male
students (39.2% vs 45.3%; P = .49), suggesting that ER is
not common not only in men but also in women. In fact,

TABLE 2
Symptoms and Signs of Students With or Without

Exertional Rhabdomyolysis

Exertional Rhabdomyolysis

Yes, n = 68 No, n = 89 P

Symptoms and Signs n % n %

Dark urine 17 25 0 0 <.001
Myalgia 44 65 40 45 .02
Muscle weakness 11 16 6 7 .07
General weakness 3 4 0 0 .08
Muscle swelling 9 13 2 2 .01

Vol. 34, No. 3, 2006 Exertional Rhabdomyolysis in High School Students 483

TABLE 1
Characteristics of Students Who Responded to the

Questionnaire (n = 157)

Characteristics Cases, n = 68 All Students, n = 157

Gender
Male 48 106
Female 20 51

Body weight, kg, 60.96 (10.19) 62.15 (10.92)
mean (SD)

Height, cm, mean (SD) 168.28 (8.22) 168.23 (8.12)
Body mass index, 21.47 (2.43) 21.88 (3.07)

kg/m, mean (SD)
Number of squat-stand 200.25 (41.90) 198.68 (40.37)

repetitions, mean (SD)

TABLE 3
Distribution of Creatine Kinase Levels in Male and
Female Students With Exertional Rhabdomyolysis

Male, n = 48 Female, n = 20 P

Creatine Kinase
Levels, IU/L n % n %

1000-9999 14 30 3 15
10 000-99 999 29 60 16 80
100 000-199 999 1 2 1 5
200 000 or more 4 8 0 0

Mean (SD) 41 563 (53 226) 41 400 (32 419) .99
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Sayers and Clarkson24 found that in 32 subjects who
demonstrated profound weakness and strength loss after
eccentric exercise, 24 were women. However, it must be
noted that even though the mean CK levels in the present
study were not significantly different in male and female
students with ER, all 4 students with CK levels of more
than 200 000 IU/L were male. This finding is in agreement
with the finding that the most profound swelling and pro-
longed strength loss responses after eccentric exercise
have been in men.24,25 In addition, it is interesting and
noteworthy that 1 of these 4 students had an uncle diag-
nosed as having polymyositis, a disease characterized by
muscle damage with high CK levels.

Although it is currently not clear whether certain dis-
eases, especially those associated with muscular damage,
may predispose a person to ER, our preliminary finding
suggests a potential link between severe ER and certain
genetic traits. This report, therefore, suggests that, contrary
to previous conceptions, women may be equally susceptible

to ER, although men may have a higher risk of developing
severe ER, and that perhaps some cases may be related to
a potential genetic predisposition, rendering the muscles
more susceptible to damage.

Training can reduce the damage that occurs in response
to a given exercise task possibly because of the adaptation
of the muscle to future damage. Contrary to this common
conception, we found that an exercise routine did not
reduce the incidence of ER (P = .2). However, we did find
that exercise for more than 30 minutes 1 day before the
endurance test was significantly associated with a reduced
risk of ER (OR, 6.10; 95% CI, 2.00-18.00), and this potential
risk factor remained significantly associated with ER (OR,
8.79; 95% CI, 1.93-39.81), even when the criterion for rhab-
domyolysis was set as CK levels ≥ 10 000 IU/L. This obser-
vation is further supported by the observations of MacLeay
et al,19 who, in an epidemiological analysis of factors influ-
encing ER in thoroughbred horses, found that ER fre-
quently developed in horses that had ≥ 1 day of rest before

TABLE 4
Analysis of the Risk Factors of Exertional Rhabdomyolysis in the 157 Students Responding to the Questionnaire

Univariate Analysis Multivariate Analysis

Odds Ratio
Variable n Cases, n = 68 Attack Rate, % P (95% Confidence Interval) P

Gender .49
Male 106 48 45
Female 51 20 39

Routine exercise .42
No 65 31 48
Yes 92 37 40

Exercise (≥ 30 min) 1 day
before the endurance test < .001a 6.10 (2.00-18.00) .001

No 120 62 52
Yes 37 6 16

Adequate hydration (>2 L/d 
before the endurance test .86

No 111 49 44
Yes 46 19 41

Adequate hydration (>2 L/d
after the endurance test .03a 2.36 (1.02-5.49) .44

No 43 25 58
Yes 114 43 38

Postexercise stretching after the
endurance test .002a 3.13 (1.28-7.69) .01

No 65 18 28
Yes 92 50 54

Flulike symptoms during the
endurance test .58

No 143 60 42
Yes 14 8 57

Complete squats .03a 3.21 (1.12-10.00) .03
No 27 7 26
Yes 130 61 47

aRisk factors with 2-sided P < .05 by univariate analysis were further analyzed using the multiple logistic regression model.
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exercise. They proposed that a period of rest may result in
excitability when training is resumed.19 In fact, rhabdomy-
olysis in swine has been shown to be associated with stress,
excitement, and high catecholamine concentrations.19

Furthermore, in Standardbred horses with ER, serum cate-
cholamine levels increased, parallel with serum CK levels.30

Although the relationship between catecholamine levels
and muscle damage is not clear and the pathogenesis of ER
may be variable among species, the identification of this
novel epidemiological factor as being significantly related
to ER is extremely important not only for ER prevention
but also for future studies on the mechanism.

Studies on military training–related ER have suggested,
but not proved, that the amount and type of exercise might
be related to differences in serum myoglobin values
between platoons.22 In this study, we found that complete
squats resulted in a significantly increased risk of ER com-
pared with partial squats, supporting the theory that the
type of exercise is related to the risk of ER. It also should
be mentioned that eccentric exercise, even though it
increases the risk of rhabdomyolysis (potential negative
outcome), is a deliberate part of the training-hypertrophy
response through muscle breakdown and damage (poten-
tial positive outcome). Based on this finding, we suggest
that training courses or competitive exercises involving
complete eccentric contraction should be designed with
great caution.

Some people, including athletes and fitness trainers,
believe that postexercise stretching might help relieve
pressure and soreness of the extremities involved. In fact,
muscular activity has been suggested as the best treat-
ment for the sensation of pain and stiffness after unaccus-
tomed exercise.2 However, when comparing students who
did and did not perform stretching, we found that post-
exercise stretching was significantly associated with
an increased risk of ER. It is noteworthy that 1 of the
students who repeatedly stretched the legs after the test
(postexercise stretching) to reduce soreness later had mus-
cle atrophy of the bilateral quadriceps. However, we cannot
rule out muscle tightness or other sensations in students
with impending ER that made them want to stretch,
rather than stretching in and of itself, as a cause of ER.

Although the mechanism underlying this risk factor is
not clear, our preliminary findings suggest that postexer-
cise stretching after strenuous eccentric exercise, which
itself might already make the subject prone to ER, might
increase the risk of ER and should be avoided.

Rhabdomyolysis is a reported complication of some viral
infections.18,32 It is not known whether viral infection is
related to ER and whether subjects with flulike symptoms
might have an increased risk of ER. In this report, we did
not find a significant increase in the risk of ER in students
with flulike symptoms, suggesting that these symptoms
might not increase the risk.

The clinical significance of rhabdomyolysis lies in its
association with ARF. The incidence of ARF secondary to
rhabdomyolysis from all causes is reported to range from
17% to 50%.1,8,15,31,33 In addition, a weak predictive correla-
tion between CK levels and the development of ARF has
been claimed, with levels higher than 16 000 IU/L being

more likely to be associated with ARF.33 It is noteworthy
that although the mean CK levels in male and female
students (41 563 ± 53 226 vs 41 400 ± 32 419 IU/L) in the cur-
rent study were comparable with those in male and female
patients (44 600 ± 71 553 vs 32 830 ± 46 579 IU/L) who had
crush syndrome as a result of the Marmara earthquake in
Turkey26 and with those in patients (median CK, 20 000
IU/L; range, 1040-351 540 IU/L) who had crush syndrome
as a result of the Taiwan Chi-Chi earthquake,14 the out-
come was significantly different between patients having
rhabdomyolysis secondary to exertion versus crush syn-
drome. None of our 68 patients with ER developed ARF and
needed dialysis support, despite extremely high CK levels
(more than 200 000 IU/L) in 4 of the patients. In contrast,
about 70% of those patients in the Marmara earthquake
needed dialysis support,26 and 54.7% of those patients
in the Chi-Chi earthquake, who were diagnosed as having
rhabdomyolysis using the same criteria as in the current
study, developed ARF.14 Consistent with our finding, Sinert
et al28 found that none of the 35 patients with ER developed
ARF, despite having similar mean serum CK levels to those
in patients with ARF in previous reports.1,10,16 Taken together,
these 2 findings suggest a much lower incidence of ARF in
ER than in other forms of rhabdomyolysis. The pathophysi-
ology underlying this difference remains to be elucidated.

Although there are currently no strict criteria for what we
label as ER, the laboratory confirmation of rhabdomyolysis
is generally accepted as an acute increase in serum CK
levels to more than 1000 IU/L, or 5 times the normal upper
limit.8,11,14,17,34 In this study, having dark urine (17 of 157;
11%), the more serious clinical manifestation of rhabdomy-
olysis, was much more rare than having high CK levels (68
of 157; 43%) or even simple muscle pain (84 of 157; 54%)
from exercise. This finding suggests that although high
levels of CK do indicate some level of muscle damage, high
levels of CK are not always accompanied by myoglobin
release that may compromise renal function. The value of
CK as an indicator of ER remains debatable.

In attempting to determine risk factors of ER using a
retrospective questionnaire analysis, several limitations
must be acknowledged. First, because the questionnaires
were administered 1 month after the event, the retro-
spective nature of the survey may have resulted in faulty
recollections, possibly biased by knowledge of whether
the person had ER. However, it must be noted that cer-
tain symptoms, such as muscle weakness and general
weakness, and potential risk factors, such as no exercise
routine, inadequate hydration before or after the test,
and the presence of flulike symptoms, which might be
more likely to be biased toward being present in cases with
ER, were found not to be significantly associated with ER.
In contrast, no exercise 1 day before the test, which was
thought to be less likely to increase the risk of ER, was
found to be an independent risk factor for ER. This finding
is strongly supportive of the associations of risk factors
found in this study, despite potential information bias
in the retrospective survey. Second, because this study
design was based on retrospective questionnaire analy-
sis, some of the laboratory data for the students, such as
serum and urine myoglobin levels and serial data on serum
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CK levels, and the detail of treatments for these students
were not available. Some students in the pilot study
declined further review of their medical charts, so no
review was performed for any of the students. Finally,
because this study is a retrospective survey, some of the
negative findings in the analysis of potential risk factors of
ER may be because of the small sample size. Nevertheless,
despite these limitations, this report provides novel and
valuable information on the epidemiology of ER. Further
prospective case control studies will be important in vali-
dating these findings.

In conclusion, our findings suggest that if serum CK
levels are evaluated, ER is not an uncommon finding in
strenuous eccentric exercise and that both women and men
are equally susceptible, although severe ER tends to occur
in men. Exercise 1 day before strenuous exercise is signifi-
cantly associated with a reduced risk of ER, whereas post-
exercise stretching might increase the risk of ER, with
the rare but severe sequela of muscle atrophy. Military
training, physical training courses, or competitive exercises
involving repetitions of eccentric contractions should be
designed with care, and all persons involved in eccentric
exercise should be aware of the potential sequelae and take
preventive action, especially adequate exercise 1 day before
the training course or exercise. Finally, although ER is
common in eccentric exercise, the potential risk of ARF is
very low.
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