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Abstract

Background

Creatine kinase (CK) is a pivotal regulatory enzyme in energy metabolism linked to both

blood pressure and cardio-metabolic components. However, data is lacking in a large popu-

lation of asymptomatic Asians.

Methods and results

Cardio-metabolic assessment including anthropometric measures and non-alcoholic fatty

liver disease (NAFLD) were evaluated by abdominal echo in 4,562 consecutive subjects

who underwent an annual health survey. Serum CK levels were related to blood pressure

components [systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse

pressure (PP)], anthropometric measures, and excessive adiposity in liver as indicated by

NAFLD. Circulating CK levels ranged from 4 to 1842 IU/L (mean [SE]: 108.7 [1.1] IU/L) in

the study population which consisted of 2522 males (mean age: 48.7 ± 11.2) and 2040

females (mean age: 49.4±11.5). In general, male subjects presented with higher circulating

CK levels than females (mean ± SE: 127.3 ± 1.5 vs. 85.5 ± 1.3 IU/L, respectively, p < .001).

Gender-differences in circulating CK levels were also observed with increasing age, which

showed a more pronounced positive relationship with age in female subjects (gender inter-

action: p < .05). Furthermore, an elevated circulating CK level was independently associated
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with higher blood pressure, waist circumference and fat mass (FM), greater body mass

index (BMI), increased lower estimated glomerular filtration rate (eGFR) and presence of

NAFLD in multivariate analysis (all p < .05), with CK elevation more pronounced with greater

BMI and FM in males compared with females (sex interaction: p < .05).

Conclusion

In a large asymptomatic Asian population, circulating CK levels were increased with more

advanced age, higher blood pressure, and greater body mass with gender differences. Our

findings may be useful in interpreting elevated CK from subjects free of ongoing myocardial

damage.

Introduction

Creatine kinase (CK) is a central regulatory enzyme in energy metabolism, catalyzing the

transfer of the phosphoryl group between creatine and adenosine diphosphate [1]. In highly

metabolic tissues, CK rapidly restores adenosine triphosphate to provide energy for processes

such as skeletal, cardiac, and vascular smooth muscle contraction. Circulating CK levels have

been shown to be independently associated with blood pressure in the general population [2],

suggesting that high CK activity may be related to enhanced energy metabolism in vascular

smooth muscle and greater vasopressor effects.

Ethnic differences in circulating CK, with higher levels in blacks compared with white pop-

ulations, may explain the elevated risk of hypertension in the former [3,4]. This has not been

systemically examined in large Asian populations. Increased CK activity has also been linked

to abnormal skeletal muscle metabolism in overweight and obese women [5]. Since skeletal

muscle is known to play a key role in glucose and lipid homeostasis, significant metabolic dys-

function in obese and inactive individuals has been implicated in the development of glucose

intolerance, dyslipidemia, diabetes mellitus, and metabolic syndrome [6–8].

Owing to the fact that routine measure of body mass index (BMI) or weight may not accu-

rately reflect increased adiposity (total body fat burden) or visceral adipose tissue amount in

any given overweight or obesity individual, body fat composition had been proposed as a

relatively reliable estimate in these components [9]. Further, accumulated hepatic fat in the

absence of excessive alcohol use as non-alcoholic fatty liver disease (NAFLD) with nearly 10%

prevalence from population-based Asian cohort had been tightly linked to metabolic derange-

ments and may provide an alternative adiposity measure [10–12].

The underlying hypothesis of this study was that higher circulating levels of CK at rest

would be associated with higher blood pressure, greater adiposity or visceral obesity, and bio-

chemical evidence of metabolic disturbance (raised blood sugars and lipids) even among

asymptomatic individuals. This study also aimed to investigate whether gender differences

accompanied these associations [5] in a large sample of asymptomatic Asian adults.

Methods

Study population

This study was approved by local ethical institutional committee (Mackay Memorial Hospital)

for retrospective data analysis without informed consent of study participants (IRB No:

09MMHIS037). This cross-sectional observational retrospective analysis consisted of 4,562
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consecutive subjects (mean age 49 ± 11.3, 44.7% female) participating in an annual health sur-

vey conducted at a health evaluation center at a tertiary medical center located in Taipei, Tai-

wan between January 2005 and December 2008. Data security was guaranteed and all authors

had no access to patient identifying information before and after data analysis. Study partici-

pants involved in this study were not under clinical service of current study physicians or

researchers.

Detailed medical histories using structured questionnaires, physical examination, and chest

radiography were performed in all participants. Baseline characteristics and related anthropo-

metric indices, including age, height, weight, and BMI were obtained, as well as fasting blood

sugar, hepatic and renal function tests, lipid profiles, CK levels, and complete blood cell counts

after overnight fasting status for 8–12 hours. CK level was examined in relation to several key

baseline measurements, including age, various blood pressure components [systolic blood

pressure (SBP), diastolic blood pressure (DBP), and pulse pressure (PP)], body size as deter-

mined by body mass index (BMI), clinical measures of excessive visceral fat deposits, and gen-

der differences.

Patients with a history of coronary artery bypass surgery, rheumatic heart disease, overt

heart failure symptoms, atrial fibrillation, previous pacemaker implantation, and overt renal

insufficiency (creatinine > 2.5 mg/dl) were excluded. Diabetes mellitus (DM) was defined as

HbA1c >6.5 for more than 2 occasions, known history of DM, or any current usage of DM

medication. Hyperlipidemia treatment was defined as known history of any anti-lipid medica-

tion usage (e.g. statin). Renal function was expressed in terms of estimated glomerular filtra-

tion rate [eGFR]. Patients who had hypertension were defined as those who were on anti-

hypertensive agents or had a SBP� 140 mmHg and/or DBP� 90 mmHg.

Measurement of serum CK concentrations

Blood samples for serum analyses were collected by nurses blinded to the study protocol and

all samples were kept in serum-separator tubes at room temperature with barrier gel and

EDTA K2 as an anticoagulant. All subjects were asked to avoid vigorous exercise or intramus-

cular injection 48 hours prior to study enrollment. The CK samples were consecutively ana-

lyzed in an automated clinical chemistry analyzer (Modular P, Roche). Sample analyses were

performed within 6 hours of withdrawal and analysis was performed by photometry using an

enzymatic method (CK-NAC; Roche Diagnostics, Mannheim, Germany). The analytical coef-

ficient of variation (COV) was 1.4%. All the procedures were performed at the Department of

Health Center, Mackay Memorial Hospital.

Determination of body anthropometric variables and non-alcoholic fatty liver disease

(NAFLD). Total body fat percentage was determined using a foot-to-foot bioelectrical

impedance method (Tanita-305 Body-fat Analyzer, Tanita Corp, Tokyo, Japan) with techni-

cians blinded to baseline demographics. This technique is based on the principle that tissues

conduct electricity based on their water and electrolyte content. For example, fat and bone tis-

sues are relatively nonconductive compared to muscle tissue. Recognizing that higher selective

deposition of visceral adipose tissue, rather than subcutaneous adipose tissue, is associated

with increased cardiometabolic risk [9], waist circumference was used as an index of visceral

adiposity in current work.

Excessive adiposity in liver tissue (defined as hepatic adiposity) by abdominal sonography

assessment was performed using a Toshiba Nemio SSA-550A instrument (Toshiba, Tochigi-

ken, Japan) by hepatologists blinded to study protocols. Briefly, liver pathology was graded

semi-quantitatively as absent, mild, moderate, or severe according to the echogenicity of the

hepatic parenchyma [10]. As there may be significant subjectivity in the diagnosis and
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assessment of fatty liver by abdominal ultrasound, hepatic adiposity in the context of signifi-

cant non-alcoholic fatty liver disease (NAFLD) was further defined as at least moderate-to-

severe degree fatty liver disease without regular alcohol intake (defined as ≧1 regular drink per

week).

Statistical analysis

Baseline characteristics of the entire population were analyzed as quartiles of CK. Continuous

data [expressed as mean ± standard deviation (SD)] were analyzed using a t-test or Cuzick’s

nonparametric trend test across ordered CK-stratified quartiles groups, with categorical data

were analyzed using a chi-square test or Fisher’s exact test, as appropriate (results expressed as

ratios). Baseline demographics [including age, gender, blood pressure, various anthropometric

measures (BMI, waist circumference, body fat mass), NAFLD status, biochemical data (such as

fasting sugar, lipid profiles), renal function (in terms of eGFR), medical histories and lifestyle

behaviors] were all examined using univariate models to identify the independent associations

between these clinical covariates and serum CK level, with CK as dependent variable. Owing

to the relatively large variations in circulating CK levels, median values with inter-quartile

ranges as well as standard errors [SEs] were also provided. All clinical covariates with statistical

significance based on univariate models (p< .05) were then entered into multivariate models,

and gender interactions were further explored when determining circulating CK levels. Non-

parametric LOWESS smoothing methods were computed to express the unknown curve

regression estimates between circulating CK levels and age, BMI, waist and various adiposity

measures. Owing to the collinearity of various body size or adiposity measures (BMI, waist cir-

cumference, body fat mass, and NAFLD), these variables were included separately in multivar-

iate models. For the same reasons, one blood pressure component (SBP, DBP and PP entered

sequentially) were examined in each multivariate model. All p values were two-sided, with val-

ues less than .05 considered statistically significant.

Results

Clinical characteristics by CK quartiles

Circulating CK levels ranged from 4 to 1842 IU/L with a mean value of 108 IU/L (SD: 68.1; SE:

1.11). Across CK quartiles (Table 1), there were no significant differences in age, but there

were a greater proportion of men with increasing CK quartiles compared with women (from

Q1 to Q4: 28.1 to 80.2% in men, X2< 0.001). Elevated CK levels were associated with higher

BMI (r = 0.19), greater body fat mass (r = 0.08), and higher blood pressure components

(r = 0.15, 0.14, and 0.1 for SBP, DBP and PP, respectively; all p< .001). Higher fasting glucose

and HbA1c were observed in the first quartile, with similar levels observed in the remaining

three groups. Furthermore, greater circulating CK was modestly associated with lower eGFR

(r = -0.17), higher prevalence of hypertension (p = .008), higher prevalence of NAFLD (p<

.001) and hyperlipidemia treatment (p< .001).

Univariate and multivariate associations of circulating CK levels

Using univariate models, increasing age, higher blood pressure components, larger anthropo-

metric measures or index of visceral adiposity (including BMI, waist circumference, and body

fat mass), and worse eGFR were all associated with higher CK levels (Table 2, all p< .05. see

also Figs 1 and 2). Hypertension, hyperlipidemia treatment, current smoker, and presence of

NAFLD were all significantly associated with higher CK levels (all p< .05) (Table 2).

Circulating CK, blood pressure and NAFLD
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The associations between CK levels and other biochemical data are further shown in

Table 2. After adjusting for medical histories and active smoking, higher circulating CK level

was consistently associated with age, male gender, higher SBP, greater anthropometric esti-

mates or indexes of adiposity (BMI, waist circumference, body fat mass and NAFLD), and

worse renal function (lower eGFR) (all p < .05) in multivariate models (Table 3). Multivariate

results with blood pressure components other than SBP (i.e., DBP and PP) entered into the

models are further listed in S1 Table. PP instead of DBP was also positively associated with

higher circulating CK levels, even after accounting for other clinical covariates including age,

gender, body adiposity measures, eGFR, medical histories, and smoking status.

Sex-specific correlates of CK

Multivariate associations between CK levels, blood pressure components, and various body

adiposity measures and their potential gender interactions were also examined (Table 4 and S2

Table). To examine the potential gender-related modifications on CK activity, interaction

analysis was conducted. Gender was shown to be a strong modifier of the relationship between

circulating CK levels with age. CK levels showed a modest inverted relationship with age in

Table 1. Baseline characteristics stratified by quartiles of CK.

Q1(CK) Q2(CK) Q3(CK) Q4(CK)

Serum Levels (IU/L) <69 69–93 93–128 > = 128

Total N = 4562 N = 1182 N = 1135 N = 1126 N = 1119 Trend P value

Age (year) 48.8±12.2 48.9±11.1 49.3±11.0 49.2±11.2 p = 0.1

Male (%) 332 (28.1%) 533 (46.9%) 759 (67.4%) 898 (80.2%) P<0.001

BMI (kg/m2) 22.9±3.3 23.4±3.3 24.2±3.2 25.1±3.5 P<0.001

SBP (mmHg) 118.6±17.2 119.5±17.0 122.2±16.9 124.2±17.0 P<0.001

DBP (mmHg) 73.1±10.3 74.0±10.2 75.5±9.9 76.6±10.4 P<0.001

Pulse Pressure (mmHg) 45.5±11.2 45.5±11.2 46.6±11.9 47.4±12.1 P<0.001

Heart rate (beat/minutes) 72.1±9.4 71.6±9.2 72.0±10.1 71.4±9.7 P = 0.1

Waist Circumference (cm) 77.4±9.9 79.7±10.1 82.3±9.6 85±9.6 P<0.001

Fat Mass, kg 16.7±6.3 16.8±6.2 17.2±6.2 18±6.6 P<0.001

Fat Free Mass, kg 41.9±7.4 45.2±8.4 48.6±8.3 51.8±8.3 P<0.001

NAFLD (%) 68 (5.8%) 79 (7%) 89 (7.9%) 122 (10.9%) P<0.001

Fasting Sugar (mg/dL) 101.2±34.2 98.7±24.2 99.2±23.9 99.6±22.5 P<0.001

HbA1c (%) 5.69±1.3 5.63±1.0 5.62±0.8 5.6±0.8 P<0.001

HbA1c > = 9.0, % 37 (3.7%) 22 (2.3%) 12 (1.2%) 12 (1.3%) P<0.001

Uric acids (mg/dL) 5.6±1.5 5.9±1.5 6.3±1.5 6.7±1.6 P<0.001

Triglyceride (mg/dL) 121.4±104.3 120.1±100.5 126.1±86.3 132.3±117.9 P<0.001

Cholesterol (mg/dL) 191.1±37.9 195.5±36 196.2±33.2 198.3±36.8 P<0.001

HDL-C (mg/dL) 56.3±15.1 56.3±15.6 54.2±15.1 52.7±14.2 P<0.001

LDL-C (mg/dL) 117.8±33.2 122.6±32.8 125.5±31 128±33.6 P<0.001

eGFR (mL/min/1.73 m2) 92±19.6 87.3±17 84.8±15.9 82.4±16.8 P<0.001

Hypertension (%) 126 (11.1%) 104 (9.4%) 135 (12.3%) 151 (13.9%) P = 0.008

Smoking (%) 148 (12.5%) 164 (14.5%) 208 (18.5%) 210 (18.8%) P<0.001

Diabetes Mellitus (%) 99 (8.4%) 86 (8.6%) 96 (9.3%) 92 (9.2%) P = 0.844

Hyperlipidemia treatment (%) 18 (1.5%) 17 (1.5%) 39 (3.5%) 43 (3.8%) P<0.001

Base characteristic data, values are mean±SD. Abbreviations: BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure;

HDL-C = high density lipid-cholesterol; LDL-C = low density lipid-cholesterol; NAFLD = Non-alcoholic fatty liver disease; eGFR = estimated glomerular

filtration rate; CK = creatine kinase. Q: quartile groups.

https://doi.org/10.1371/journal.pone.0179898.t001
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men though increased with age in women (p for interaction: < .001) (Fig 1, Table 4 and S2

Table). Furthermore, the association between elevated CK levels and higher SBP was signifi-

cant in men (all p< .05), but not in women (Fig 1, Table 4). Most associations between CK lev-

els and PP (but not DBP) also demonstrated gender differences in multivariate models, with

PP associated with CK levels in men rather than women (Fig 1, S2 Table). Finally, while ele-

vated CK level was independently associated with larger BMI or fat mass in both genders,

these associations were more pronounced in men than women (all interaction p < .05), with

the exception of waist circumference (Table 4 and S2 Table). Of note, the presence of NAFLD

was also significantly associated with elevated CK levels in men (NAFLD: mean 142.2 ± 6.6 vs

Non-NAFLD: 125.6±1.6 IU/L, p< .001) and in women (NAFLD: mean 111 ± 17.5 vs Non-

NAFLD: 84.2±1.1 IU/L, both p< .05) with no gender modification effects (Fig 3).

Discussion

This study is the first of its kind to explore the clinical correlates of circulating CK levels in

a large asymptomatic Asian cohort. As in cohorts of other ethnicities, we found a positive cor-

relation between CK levels and blood pressure; however, after multivariate adjustment, this

relationship remained significant in men, but not in women. Overall, higher circulating CK

levels were related to larger anthropometric measures or greater adiposity indexes in terms

of NAFLD and worsening renal function. In addition, the relationships between higher

Table 2. Univariate associations of CK with baseline characters and adiposity measures.

Predictors Coef. 95% CI P value

Age (per 10 years +) 2.68 0.77 to 4.59 0.006

Gender, Male 41.77 37.55 to 45.98 <0.001

BMI (per unit kg/m2+) 4.22 3.60 to 4.84 <0.001

SBP (per 10 mmHg +) 6.47 5.21 to 7.72 <0.001

DBP (per 10 mmHg +) 10.07 7.98 to 12.16 <0.001

PP (per 10 mmHg +) 6.22 4.35 to 8.09 <0.001

Heart rate (per beat/minutes +) 0.06 -0.17 to 0.28 0.625

Waist Circumference (per unit cm +) 1.70 1.49 to 1.90 <0.001

Fat Mass (per unit kg +) 0.74 0.28 to 1.27 0.008

Fasting Sugar (per unit mg/dL +) 0.01 -0.07 to 0.09 0.758

HbA1c (per unit %+) 1.39 -1.05 to 3.83 0.264

Uric acids (per unit mg/dL+) 9.43 8.09 to 10.77 <0.001

Triglyceride (per unit mg/dL+) 0.04 0.02 to 0.06 <0.001

Cholesterol (per unit mg/dL+) 0.07 0.01 to 0.13 0.017

HDL-C (per unit mg/dL+) -0.48 -0.63 to -0.33 <0.001

LDL-C (per unit mg/dL+) 0.12 0.05 to 0.19 0.001

eGFR (per unit mL/min/1.73 m2 +) -0.72 -0.84 to -0.60 <0.001

NAFLD 14.87 11.48 to 18.25 <0.001

Hypertension 20.69 15.77 to 25.61 <0.001

Smoking 9.25 3.31 to 15.19 0.002

Diabetes Mellitus 0.1 -0.07 to 0.17 0.424

Hyperlipidemia treatment 19.12 5.34 to 32.91 0.007

Abbreviations: BMI = body mass index; BP = blood pressure; FM = fat mass; eGFR = estimated glomerular

filtration rate; CK = creatine kinase; SBP = systolic blood pressure; Coef = coefficient; CI = confidence

interval. Note: Regression coefficients (β) represent the change in mean difference in CK (in IU/L) per 1-SD

difference in each continuous predictor variable. Other abbreviations as Table 1.

https://doi.org/10.1371/journal.pone.0179898.t002
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circulating CK level, higher blood pressure, and several anthropometric were stronger in men

than women. Of note, gender was an important modifier of the relationship between CK levels

and age, as well as between CK levels, and body anthropometric data, such as BMI or fat mass.

Associations between circulating CK and blood pressure

The association between high CK activity and high blood pressure has been well-described in

Western populations [2,3,5,13–14]. Potential mechanisms underlying this association include

higher enzyme activity in resistance arteries3 fueling CK-related energy demanding ATPase in

contractile myosin proteins (such as Na1+/K1+-ATPase or Ca2+-ATPase) [2,15,16], enhancing

pressor effects in the presence of smooth muscle proliferation in hypertensive states [17,18]. In

fact, variations in CK activity have been postulated to account for blood pressure differences

between black and white populations, where higher CK levels in the former may explain their

predisposition to hypertension [19].

Associations between circulating CK and anthropometric or adiposity

measures

Elevated serum CK activity has been suggested as indicative of coupled striated skeletal muscle

mass and activity, specifically type II fibers which are characterized by high cytosolic CK

Fig 1. With increased age, serum CK levels decrease in men but exhibit a significantly steeper rise in the women

(panel A, p <0.05 for gender interaction). Higher CK levels are also associated with increasing BP components; greater

SBP and PP demonstrate steeper rise in men than in women (panel B-D). † denotes p <0.05 for gender interaction.

https://doi.org/10.1371/journal.pone.0179898.g001
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activity [15]. Type II fibers utilize different metabolic and energy processing pathways com-

pared with type I fibers. For example, type II fibers have lower mitochondrial content, lower

expression of insulin-dependent transporter protein GLUT-4 [1, 3, 20–22], and lower utiliza-

tion of fatty acid oxidation [23–25]. Therefore, high circulating CK levels, associated with a

predominance of type II fibers, may indicate greater propensity to excessive lipid storage

[26,27]. Consistent with these postulations, we demonstrated that higher circulating CK levels

were associated with larger body size, higher body fat mass, and clinical evidence of various

excessive adiposity measures (characterized by greater waist circumference and the presence

of NAFLD) [28]. Though greater body mass was strongly associated with greater circulating

CK level, we noticed no significant associations between type 2 DM prevalence and CK con-

centration, which is consistent to prior reports [29]. As CK is largely influenced by total body

mass and tissue turnover, the presence of greater proportions of lean individuals with poorly

controlled type 2 diabetes may explain the apparent indirect relationship between blood sugar

and CK level. Furthermore, we also demonstrated that NAFLD, an alternative clinical marker

of adiposity which plays a pivotal role in the regulation of carbohydrate and lipoprotein metab-

olism, was strongly associated with elevated CK levels [30]. CK elevation in patients with

Fig 2. Both increased body size (in terms of greater BMI or larger waist circumference) are associated with higher

serum CK levels, with more prominent rise with greater BMI in males rather than in females (panel A & B, p <0.05

for gender interaction). Higher FM levels and worsening renal function (in the context of lower eGFR) are also associated

with increasing CK levels, with males exhibiting a steeper rise with higher FM compared with females (panel C, p <0.05for

sex interaction). Instead, worsening eGFR does not show gender differences (panel D).

https://doi.org/10.1371/journal.pone.0179898.g002
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Table 3. Multivariate associations of CK with SBP and various adiposity measures.

Predictors Coef. 95% CI P value

BMI (kg/m2)#

Age (per 10 years +) -2.74 -4.45 to -1.04 0.002

Gender, Male 35 31.3 to 38.7 <0.001

SBP (per 10 mmHg +) 1.68 0.3 to 3.06 0.017

BMI (per unit +) 2.61 1.88 to 3.16 <0.001

eGFR (per 10 unit +) -3.8 -4.83 to -2.78 <0.001

Waist (cm)#

Age (per 10 years +) -3.29 -5.01 to -1.58 <0.001

Gender, Male 31.1 25.4 to 35.6 <0.001

SBP (per 10 mmHg +) 1.88 0.51 to 3.25 0.007

Waist (per 10 unit +) 7.44 5.48 to 9.41 <0.001

eGFR (per 10 unit +) -3.75 -4.77 to -2.73 <0.001

Fat Mass (kg)#

Age (per 10 years +) -2.03 -3.75 to -0.30 0.021

Gender, Male 39.4 35.8 to 43.1 <0.001

SBP (per 10 mmHg +) 1.98 0.59 to 3.36 0.005

FM (per 5kg +) 4.56 3.21 to 5.91 <0.001

eGFR (per 10 unit +) -3.75 -4.79 to -2.71 <0.001

NAFLD#

Age (per 10 years +) -2.83 -4.98 to -0.67 0.01

Gender, Male 37.2 32.7 to 41.7 <0.001

SBP (per 10 mmHg +) 3.26 1.54 to 4.98 <0.001

NAFLD 15.89 8.07 to 23.7 <0.001

eGFR (per 10 unit +) -4.73 -6.02 to -3.44 <0.001

Predictors Coef. 95% CI P value

BMI (kg/m2)#

Age (per 10 years +) -2.74 -4.45 to -1.04 0.002

Gender, Male 35 31.3 to 38.7 <0.001

SBP (per 10 mmHg +) 1.68 0.3 to 3.06 0.017

BMI (per unit +) 2.61 1.88 to 3.16 <0.001

eGFR (per 10 unit +) -3.8 -4.83 to -2.78 <0.001

Waist (cm)#

Age (per 10 years +) -3.29 -5.01 to -1.58 <0.001

Gender, Male 31.1 25.4 to 35.6 <0.001

SBP (per 10 mmHg +) 1.88 0.51 to 3.25 0.007

Waist (per 10 unit +) 7.44 5.48 to 9.41 <0.001

eGFR (per 10 unit +) -3.75 -4.77 to -2.73 <0.001

Fat Mass (kg)#

Age (per 10 years +) -2.03 -3.75 to -0.30 0.021

Gender, Male 39.4 35.8 to 43.1 <0.001

SBP (per 10 mmHg +) 1.98 0.59 to 3.36 0.005

FM (per 5kg +) 4.56 3.21 to 5.91 <0.001

eGFR (per 10 unit +) -3.75 -4.79 to -2.71 <0.001

NAFLD#

Age (per 10 years +) -2.83 -4.98 to -0.67 0.01

Gender, Male 37.2 32.7 to 41.7 <0.001

SBP (per 10 mmHg +) 3.26 1.54 to 4.98 <0.001
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NAFLD may be due to similar mechanisms as those observed in patients with metabolic tri-

glyceride overflow (i.e., a type II skeletal muscle fiber predominant individual) [31,32].

Gender-differences in CK activity

Age- and gender-related differences in blood CK levels have been previously reported [19,33].

Sex hormones may partially explain the divergent CK relationships found in several clinical

covariates between men and women. Estrogen in women regulates several biological pathways

that determine fat distribution and body compositions, and may impact and attenuates glucose

and fatty acid oxidative metabolism in skeletal muscle [34,35]. Indeed, we observed that male

gender presents with higher CK levels that correlate with greater fat mass or BMI compared

with female gender. It has also been proposed that alterations in hormonal status may directly

affect CK levels and mediate associated changes via CK-independent pathways after meno-

pause [36, 37]. Further, higher serum levels of testosterone in men is associated with increased

skeletal muscle mass and have been associated with elevated CK levels and enhanced skeletal

muscle energy metabolism in men compared with women of the same age [38]. Therefore,

declining testosterone levels in elderly men may result in a contradictory reduction in CK lev-

els compared with elderly women. Although statin usage has been demonstrated to be a major

cause of elevated serum CK levels in clinical settings [39], in our current cohort, there was very

low statin usage (<5%) and statins may not be a primary concern.

Taken together, our data supports previous reports and extends those data to a large asymp-

tomatic Asian cohort. The current study provides the first evidence supporting the clinical rel-

evance of CK levels as they correlate with blood pressure and body size (or various adiposity

measures) in a large number of asymptomatic Asian adults. In addition, our findings may be

helpful in guiding future research into the underlying etiology of elevated CK levels without

known ongoing myocardial injury—an association which may be gender-related especially

given the ongoing debate regarding the clinical value of assessing baseline circulating CK activ-

ity without any known ongoing myocardial damage. In particular, there is a paucity of data

addressing the underlying clinical factors related to circulating CK levels in a large Asian popu-

lation. We demonstrated that several key biological factors, including age and blood pressure,

correlate highly with CK activity, although the interpretation of such associations can be differ-

ent between genders. While women may have higher circulating CK levels with increasing age,

men tend to show greater CK activity with higher blood pressure. Further, we consistently

showed that larger body size or certain adiposity measures may be associated with higher CK

activity, especially in men.

Study limitations

Our study had several limitations including its cross-sectional nature which precludes conclu-

sions regarding cause and effect. Measurement of sub-types of CK (e.g., CK-MB) may be

Table 3. (Continued)

NAFLD 15.89 8.07 to 23.7 <0.001

eGFR (per 10 unit +) -4.73 -6.02 to -3.44 <0.001

Abbreviations AS Tables 1 & 2. Coef = coefficient; CI = confidence interval. Note: Regression coefficients (β)

represent the change in mean difference in CK (in IU/L) per 1-SD difference in each continuous predictor

variable. Other abbreviations as Table 1.
# Further adjusted for current smoker, hypertension, hyperlipidemia treatment and diabetes history.

https://doi.org/10.1371/journal.pone.0179898.t003
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revealing, but was not available in the current study. Furthermore, although a trend toward a

subtle relationship between circulating CK levels and several biochemical data was noted, for

example, uric acids and several lipid profiles, those associations failed to reach significance

after accounting for other clinical covariates. Instead, age, renal function, body size, and adi-

posity measures remained strongly associated with circulating CK levels after confounder

effects were considered. In addition, our study sample consisted of a uniformly asymptomatic

adult population in whom use of medications such as statins was low (<5%). Further, the

lack of longitudinal follow-up regarding these measures, especially the potential interactions

between serum CK levels, body size, and various adiposity estimates in outcome-driven analy-

sis, may still need future exploration.

Conclusions

We provided data in a large asymptomatic Asian population which demonstrated that higher

circulating CK levels may be age-related, and were associated with higher blood pressure,

larger body anthropometric, and several adiposity measures. These relationships were stronger

in men than women (with the exception of waist circumference or NAFLD). The underlying

reasons for gender-related divergent relationships between CK levels and age, as well as

between CK levels and certain adiposity measures deserve further study.

Table 4. Multivariate associations of CK with SBP and various adiposity measures with sex stratification.

Gender Male Female P for sex interaction

Predictors Coef. P value Coef. P value

BMI (kg/m2)#

Age (per 10 years +) -5.62 <0.001 2.84 0.01 †

SBP (per 10 mmHg +) 2.59 0.021 0.39 0.634 †

BMI (per unit +) 3.72 <0.001 1.19 <0.001 †

eGFR (per 10 unit +) -3.77 <0.001 -3.47 <0.001 NS

Waist (cm)#

Age (per 10 years +) -7.04 <0.001 2.78 0.014 †

SBP (per 10 mmHg +) 2.6 0.02 0.54 0.504 †

Waist (per 10 unit +) 9.29 <0.001 3.86 0.002 NS

eGFR (per 10 unit +) -3.82 <0.001 -3.42 <0.001 NS

Fat Mass (kg)#

Age (per 10 years +) -5.13 <0.001 3.27 0.003 †

SBP (per 10 mmHg +) 2.81 0.012 0.53 0.513 †

FM (per 5kg +) 5.8 <0.001 2.23 0.005 †

eGFR (per 10 unit +) -3.68 <0.001 -3.5 <0.001 NS

NAFLD#

Age (per 10 years +) -8.31 <0.001 5.32 <0.001 †

SBP (per 10 mmHg +) 5.05 <0.001 0.57 0.59 †

NAFLD 10.85 0.039 25.6 <0.001 NS

eGFR (per 10 unit +) -5.65 <0.001 -3.73 <0.001 NS

Abbreviations as Tables 1–3. Note: Regression coefficients (β) represent the change in mean difference in CK (in IU/L) per 1-SD difference in each

continuous predictor variable. Other abbreviations as Table 1.
† sex interactions p<0.05;
# Further adjusted for current smoker, hypertension, hyperlipidemia treatment and diabetes history.

https://doi.org/10.1371/journal.pone.0179898.t004
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genders by T-test.
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