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Objective To investigate the relationship between serum creatine kinase (CK) level and pulmonary function in
Duchenne muscular dystrophy (DMD).
Methods A total of 202 patients with DMD admitted to the Department of Rehabilitation Medicine, Gangnam
Severance Hospital were enrolled from January 1, 1999 to March 31, 2015. Seventeen patients were excluded. Data
collected from the 185 patients included age, height, weight, body mass index, pulmonary function tests including
forced vital capacity (FVC), peak cough flow, maximal expiratory pressure (MEP), and maximal inspiratory
pressure (MIP), and laboratory measurements (serum level of CK, CK-MB, troponin-T, and B-type natriuretic
peptide). FVC, MEP, and MIP were expressed as percentages of predicted normal values.
Results Serum CK activities were elevated above normal levels, even in the oldest DMD group. Serum CK level
was strongly correlated with pulmonary functions of sitting FVC (p<0.001), supine FVC (p<0.001), MIP (p=0.004),
and MEP (p<0.001).
Conclusion Serum CK level is a reliable screening test even in patients with advanced DMD, and is a strong
predictor of pulmonary functions.
Keywords Creatine kinase, Respiratory function tests, Duchenne muscular dystrophy

INTRODUCTION
Duchenne muscular dystrophy (DMD) is an X-linked

recessive inherited, neuromuscular disorder affecting
one in 4,700 live male births [1]. It is characterized by
progressive and severe muscle deterioration resulting
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from a lack of dystrophin, which provides structural stability to the muscle cell membrane [2].
The increased permeability of the sarcolemma leads
to the release of creatine kinase (CK) from muscle fibers.
Therefore, an increased level of serum CK is the hallmark
of muscle damage. In patients with DMD, CK is markedly
elevated compared with the normal range, which has
diagnostic value. Furthermore, maximum serum CK activity is usually observed from 2 to 5 years of age in DMD,
and progressively decreases as the disease progresses [3].
The decreasing rate of serum CK level has a stronger correlation with the progression of the dystrophic process
than age [3].
Most patients with DMD die from respiratory failure
and its resulting complications. Abundant research indicates that pulmonary functions in patients with DMD
monotonically decline as they grow older due to dystrophic changes that occur in the respiratory musculature
[4-7]. However, whether the serum CK level can reflect
pulmonary function is unknown.
The aim of this study was to investigate serum CK variability with age in a large group of patients with DMD,
and to determine the relationship between serum CK
level and pulmonary function in DMD.

MATERIALS AND METHODS
Subjects
The study was conducted on the patients with DMD
who were admitted to Gangnam Severance Hospital and
had pulmonary function tests performed from January
1, 1999 to March 31, 2015. The majority of these patients
had been monitored for many years. The diagnosis was
made on the basis of clinical evaluation with genetic
study or muscle biopsy. The exclusion criteria were patients whose clinical condition was not good enough to
measure exact pulmonary function due to medical problems, and lack of testing for routine blood chemistry,
including serum CK level. A retrospective analysis of the
medical records of the patients was conducted.
Methods
Anthropometric variables including body weight (kg)
and height (cm), were measured. Body mass index (BMI,
kg/m 2) was calculated as body weight divided by the
square of height. Serum levels of CK (normal range, 35–

232 U/L), CK-MB (normal range, 0–6.73 μg/L), troponinT (Tn-T; normal range, 0.003–0.014 μg/L), and B-type natriuretic peptide (BNP; normal range, 0–100 pg/mL) were
measured on the day of admission.
Pulmonary functions including respiratory muscle
strength were evaluated by two physicians or a physician
and research physical therapist. Forced vital capacity
(FVC) was measured in the sitting and supine positions
using a hand-held spirometer (Micro Spirometer; Micro
Medical Ltd., Rochester, Kent, UK). Peak cough flow (PCF)
was measured using an Assess Peak Flow Meter (Philips
Respironics, Guildford, UK). The highest values of FVC
and PCF were selected from at least three attempts. Maximal expiratory pressure (MEP) and maximal inspiratory
pressure (MIP), reflecting the strength of respiratory
muscles, were measured by a MicroRPM respiratory pressure meter (Micro Medical Ltd.) in the sitting position.
Maximal values for MEP and MIP were selected from at
least three attempts. FVC, MEP, and MIP were expressed
as percentages of predicted normal values [8-10].
Statistical analyses
Statistical evaluations were assessed using IBM SPSS
Statistics ver. 20 (IBM, Armonk, NY, USA). The descriptive
statistics are presented with mean±standard deviation
(SD) and range for all parameters. Because this study is
based on the assumption that serum CK level reflects respiratory muscle degeneration, advanced statistical analysis was conducted only for the serum CK level, except
for the other variables. Pearson correlation coefficients
were calculated to assess possible linear relationships between the respiratory variables and serum CK level. Simple linear regression analysis was performed to identify
the influence of clinical parameters, including serum CK
level, on the respiratory parameters, the dependent variables. Subsequently, to identify parameters that significantly contributed to pulmonary function, the variables
of p<0.05 by simple regression analysis were included in
multiple regression analysis. Due to the multicollinearity
of weight, height, and BMI, only height was included in
the model. All tests were two-sided and p<0.05 was considered statistically significant.

RESULTS
During the study period, 202 patients with DMD were
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805 episodes
(of 202 patients)
45 episodes excluded
due to medical condition:
26 pneumonia
7 upper respiratory infection
4 tracheostomy status
2 pleural effusion
2 airway obstruction
1 acute pulmonary tuberculosis
1 bronchitis
1 mandible fracture
1 pneumothorax

112 episodes excluded:
no records of routine
blood chemistry data
83 episodes excluded:
missing medical records

565 episodes
(of 185 patients)
185 episodes enrolled
(episodes of first admission only)

admitted to Gangnam Severance Hospital, and the total
number of repeated admission episodes was 805. Fortyfive episodes when the patients’ clinical conditions were
not good enough to measure exact pulmonary function
were excluded (these included pneumonia in 26 patients,
upper respiratory infection in 7 patients, pleural effusion
in 2 patients, bronchitis in 1 patient, pneumothorax in 1
patient, mandible fracture in 1 patient, airway obstruction in 2 patients, acute pulmonary tuberculosis in 1
patient, and tracheostomy tube insertion status in 4 patients). In addition, 112 episodes when the patients were
not tested for routine blood chemistry, including serum
CK level, were excluded, as were 83 episodes of patients
whose medical records were missing. The remaining 185
patients (565 repeated episodes) were included for data
analysis (Fig. 1). For statistical analysis, only the first admission episode was used in this study.
Serum CK variability with age
The mean age of 185 patients was 18.8±5.3 years
(evenly distributed age of 7.8–35.3 years). The mean
BMI was 17.0±5.0 kg/m2. The mean serum CK level was
1,547.9±1,646.2 U/L (Table 1). Furthermore, serum CK
level progressively decreased with age. However, serum
CK activities were elevated above normal even in the oldest group. Moreover, the serum CK level was maximally
elevated to a level 46.7 times higher than the normal
value (Fig. 2). The rate of decrease per year for serum CK
level transformed by Napierian logarithm value was 10%.
The mean serum levels of CK-MB and Tn-T were elevated
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Fig. 1. Study flow.
Table 1. Baseline characteristics of patients
Characteristic
Value
Age
18.8±5.3 (7.8–35.3)
Anthropometric parameter
Height (cm)
154.0±12.4 (104.0–180.0)
Weight (kg)
40.6±13.8 (14.0–80.0)
2
BMI (kg/m )
17.0±5.0 (7.9–29.0)
Laboratory parameter
CK (U/L)
1,548.0±1,646.3 (100.0–10,830.0)
CK-MB (mg/L)
31.0±37.1 (3.1–287.6)
Tn-T (mg/L)
0.044±0.024 (0.007–0.148)
BNP (pg/mL)
58.5±184.1 (0.1–1,809.0)
Respiratory parameter
Supine FVC (mL)
898.0±578.3 (110.0–3,980.0)
Supine FVC (%)
27.6±22.0 (3.2–100.9)
Sitting FVC (mL)
935.3±614.7 (200.0–4,350.0)
Sitting FVC (%)
29.0±23.0 (4.7–105.4)
PCF (m/s)
164.8±62.7 (40.0–410.0)
MIP (cmH2O)
24.0±16.0 (4.0–87.0)
MIP (%)
27.4±20.7 (3.2–100.4)
MEP (cmH2O)
22.8±13.4 (3.0–82.0)
MEP (%)
18.1±13.5 (1.9–85.4)
Values are presented as mean±standard deviation (range).
BMI, body mass index; CK, creatine kinase; CK-MB, creatine kinase MB; Tn-T, troponin T; BNP, B-type natriuretic peptide; FVC, forced vital capacity; PCF, peak cough
flow; MIP, maximal inspiratory pressure; MEP, maximal
expiratory pressure.
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Fig. 2. Serum creatine kinase (CK) level according to age.

Table 2. Pearson correlation between serum creatine kinase and pulmonary functions
Pulmonary function
Sitting FVC (mL)
Sitting FVC (%)
Supine FVC (mL)
Supine FVC (%)
PCF (m/s)
MIP (cmH2O)
MIP (%)
MEP (cmH2O)
MEP (%)

Coefficient (r)
0.452
0.676
0.497
0.687
0.381
0.451
0.515
0.465
0.574

p-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

FVC, forced vital capacity; PCF, peak cough flow; MIP, maxi
mal inspiratory pressure; MEP, maximal expiratory pressure.

above normal, and the mean BNP level was within normal range.

DISCUSSION

Relationship between serum CK level and pulmonary
functions
Mean±SD values of respiratory parameters were as
follows: sitting FVC, 935.3±614.7 mL and 29.0%±23.0%;
supine FVC, 898.0±578.3 mL and 27.6%±22.0%; PCF,
164.8±62.7 m/s; MIP, 24.0±16.0 cmH2O and 27.4%±20.7%;
and MEP, 22.8±13.4 cmH2O and 18.1%±13.5%. The clinical parameters of the patients are summarized in Table 1.
Serum CK level and all respiratory parameters were significantly correlated. This was particularly true for sitting
FVC (%), supine FVC (%), MIP (%), and MEP (%) where
there was strong positive relationship demonstrated by
Pearson correlation coefficient values of 0.676 (p<0.001),
0.687 (p<0.001), 0.515 (p<0.001), and 0.574 (p<0.001), respectively (Table 2).
A multivariate regression model was used to identify
the combination of variables that best predicted respiratory variables of interest. Prior to that, simple regression
analysis was conducted to choose the variables using a
multivariate regression model. Simple linear regression
analysis showed that many variables were associated
with sitting and supine FVC (%): age, height, BMI, TnT, CK, and CK-MB. A multivariate regression model was
built using age, height, BMI, Tn-T, and CK as potential
predictors. Because of a strong linear correlation with
CK (Pearson coefficient=0.920, p<0.001), CK-MB was
excluded from the multivariate regression model. Strong
correlation was observed for CK, age, and BMI, followed
by height (Tables 3, 4).

In DMD serum CK is extremely elevated (10–100 times
the normal level since birth), and the maximum activities of serum CK are observed from 2 to 5 years of age [3].
Consistent with this, we observed maximally elevated
serum CK levels at 46.7 times higher than the normal
levels. Furthermore, we observed the serum CK levels
from 7.8 to 35.3 years of age in these patients. This is
important because clinical parameters of patients with
DMD aged over 20 years, and particularly over 30, are
rarely reported. The Napierian logarithm value of serum
CK level was used to assess the rate of decrease per year
for serum CK for comparison with previous results [3].
The rate of decrease per year for serum CK level was 10%,
which is lower than 18% [3] and 20% [3]. This may be due
to the overall increase in life expectancy of patients that
benefited from the advances in therapies including noninvasive ventilators.
The main finding from our study is that the serum CK
levels were strongly correlated with FVC (%), MIP (%),
and MEP (%), showing the strongest correlation with FVC
(%). Most patients with DMD die from respiratory failure
or conditions associated with it. However, pulmonary
functions are the only known prognostic markers for patients with DMD [11]. Previous studies have suggested
that pulmonary functions monotonically decline with
age [4-7]. However, other factors other than age that predict pulmonary functions have not been discovered. Furthermore, no studies have revealed a direct relationship
between pulmonary function and serum CK in patients
www.e-arm.org
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Sitting FVC (%)
SE
p-value
0.261
<0.001
0.126
0.539
0.126
<0.001
0.337
<0.001
0.001
<0.001
68.380
<0.001
0.035
<0.001
0.010
0.715

Supine FVC (%)
B
SE
p-value
-2.477
0.252
<0.001
0.090
0.120
0.452
-0.763
0.122
<0.001
1.293
0.316
<0.001
0.009
0.001
<0.001
240.416
65.727
<0.001
0.323
0.034
<0.001
-0.005
0.008
0.547
B
-2.325
0.106
-0.447
0.918
0.007
240.781
0.244
0.002

MIP (%)
SE
0.248
0.114
0.126
0.307
0.001
69.730
0.036
0.008
p-value
<0.001
0.355
0.001
0.003
<0.001
0.001
<0.001
0.809

B
-1.316
0.122
-0.299
0.742
0.005
110.719
0.152
-0.003

MEP (%)
SE
p-value
0.171
<0.001
0.073
0.098
0.082
<0.001
0.195
<0.001
0.001
<0.001
36.381
0.003
0.021
<0.001
0.005
0.512

Supine FVC (%)
B
SE
p-value
-0.919
0.327
0.006
-0.301
0.118
0.012
0.006
0.001
<0.001
86.857
59.352
0.146

B
-1.367
0.040
0.004
79.508

MIP (%)
SE
0.384
0.135
0.002
68.054

p-value
0.001
0.769
0.004
0.245

B
-0.251
0.087
0.004
53.167

MEP (%)
SE
0.205
0.073
0.001
36.365

FVC, forced vital capacity; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; CK, creatine kinase; Tn-T, troponin T.

Age
Height (cm)
CK (U/L)
Tn-T (mg/L)

Sitting FVC (%)
B
SE
p-value
-1.106
0.344
0.002
-0.276
0.122
0.026
0.006
0.001
<0.001
93.498
60.405
0.125

Table 4. Association between clinical parameters and pulmonary functions (multiple regression analysis)
p-value
0.225
0.235
<0.001
0.147

FVC, forced vital capacity; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; BMI, body mass index; CK, creatine kinase; CK-MB,
creatine kinase MB; Tn-T, troponin T; BNP, B-type natriuretic peptide.

Age
Weight (kg)
Height (cm)
BMI (kg/m2)
CK (U/L)
Tn-T (mg/L)
CK-MB (mg/L)
BNP (pg/mL)

B
-2.669
0.078
-0.792
1.312
0.009
252.005
0.330
-0.004

Table 3. Association between clinical parameters and pulmonary functions (simple regression analysis)
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with DMD.
Increased serum CK activities reflect muscle degeneration. However, the serum CK level is extremely variable
and ranges from normal to a fairly marked elevation;
thus, it could be considered that disease severity is not
closely associated with the serum CK level. Nevertheless, a few studies have been successful in elucidating the
importance of serum CK. A previous study revealed that
serum CK level is valuable in discriminating between
DMD and other hereditary types of muscular dystrophy,
and could be a more sensitive indicator of DMD than
other clinical examinations [12]. In addition, declined serum CK level has been more strongly correlated with the
Vignos scale age in patients with DMD, where serum CK
levels represent the functional level of patients more accurately than their age [3]. The collective results indicate
that the Vigno scale and pulmonary functions are correlated.
Interpretation of serum CK levels in patients with DMD
could be promising in these aspects. Even though spirometry is a sensitive indicator of residual respiratory
muscle function, it is not reliable in poorly cooperative
patients and for some medical conditions affecting the
lung parenchyma or airway. Considering this, measuring
serum CK levels could be an alternative method, directly
reflecting the residual respiratory muscle function even
in the aforementioned conditions. Moreover, new treatments for dystrophic diseases that focus on restoring
dystrophin in the skeletal muscle have been developed
recently. Primary outcomes for these studies were dystrophin expression, motility, and life expectancy [1316]. One study assessed the efficacy of the injection by
comparing serum CK levels before and after intravenous
gentamicin in boys with a nonsense mutation. Serum
CK level declined with the use of the drug, indicating efficacy [16]. Serum CK could be an inexpensive, simple,
and strong indicator assessing the success of therapeutic
trials, particularly for pulmonary functions.
The limitation of this study is that only first hospitalization episodes were analyzed and used for the purpose of
statistical applications. Further studies that focus on the
parameter changes in each patient are required.
In conclusion, the serum CK activities were elevated
above normal even in the oldest DMD group. Therefore,
CK is a reliable screening test even in patients with advanced DMD. Serum CK was linearly associated with

sitting and supine FVC (%), MIP (%), and MEP (%) in patients with DMD. Thus, serum CK is a strong predictor for
pulmonary function in patients with DMD. Further studies are needed to clarify whether serum CK has an impact
on pulmonary function so that pharmacological and
newly developed genetic interventions can be assessed.
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