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Abstract

Objective: To investigate the link between serum interleukin-18 (IL-18) levels and physical activity in Japanese men.

Methods: A total of 81 men (45.7617.6 years old) was enrolled in this cross-sectional investigation study. We assessed
anthropometric and body composition parameters. Serum IL-18 levels, physical activity by uniaxial accelerometers, peak
oxygen uptake and metabolic risk parameters were also evaluated.

Results: Serum IL-18 levels were 179.4684.7 pg/mL. Physical activity evaluated by S[metabolic equivalents 6h per week
(METs?h/w)]was significantly and negatively correlated with serum IL-18 levels (r =20.252, p= 0.0235). These associations
remained even after adjusting for age, peak oxygen uptake and other confounding factors.

Conclusion: Serum IL-18 levels were closely associated with physical activity independent of peak oxygen uptake in
Japanese men.
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Editor: Guillermo López Lluch, Universidad Pablo de Olavide, Centro Andaluz de Biologı́a del Desarrollo-CSIC, Spain

Received July 9, 2013; Accepted October 14, 2013; Published December 11, 2013

Copyright: � 2013 Oda et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This research was supported in part by Research Grants from the Ministry of Health, Labor, and Welfare of Japan. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: oda@med.kagawa-u.ac.jp

Introduction

Interleukin-18 (IL-18) is a proinflammatory cytokine secreted

from mononuclear cells [1–3]. Although high serum IL-18 levels

were reported in patients with rheumatoid arthritis [4] and adult-

onset Still’s disease [5], they were strong predictor of death in

patients with coronary artery disease [6] and acute ischemic stroke

[7]. In addition, serum IL-18 levels were elevated in patients with

diabetes mellitus [8] and diabetic nephropathy [9], which were in

the state of low grade inflammation (microinflammation). Thus,

serum IL-18 levels might be important factor and predictor in the

process of atherosclerosis.

Regular physical activity increases high density lipoprotein

(HDL) cholesterol and reduces resting blood pressure, fasting

blood glucose, triglycerides, abdominal fat and insulin responses to

an oral glucose challenge test [10–13]. Sawada et al [14] reported

that low cardiorespiratory fitness was linked to cancer mortality in

Japanese men. Sandvik et al [15] also showed that physical fitness

was a graded, independent, long-term predictor of mortality from

cardiovascular causes in healthy, middle-aged men. Maximal

oxygen uptake is generally considered an accurate and reliable

parameter. In the Exercise and Physical Activity Reference for

Health Promotion 2006, established by the Ministry of Health

Labour and Welfare of Japan in 2006, maximal oxygen uptake

was considered to be the most significant element of physical

fitness related to health promotion, and the recommended

reference value for maximal oxygen uptake to prevent lifestyle-

related disease was reported [16]. Taken together, physical activity

and/or physical fitness may reduce serum IL-18 levels resulting in

protective effect on atherosclerosis.

However, the link between serum IL-18 levels and physical

activity, maximal oxygen uptake still remains unknown. There-

fore, in this study, we evaluated the relationship between serum

IL-18 levels and physical activity and/or physical fitness in

Japanese men.

Methods

2.1. Subjects
We enrolled 81 men (45.7617.6 years old) who met the

following criteria: (1)wanted to volunteer in this cross-sectional

investigation study at Okayama Southern Institute of Health,

Okayama Health Foundation, Okayama, Japan; (2)had received

anthropometric, physical activity, peak oxygen uptake, blood

pressure (BP) measurements and blood examinations including

serum IL-18 levels; (3)received no medications for diabetes,

hypertension, and/or dyslipidemia; and (4)provided written

informed consent (Table 1).

Ethical approval for the study was obtained from the Ethical

Committee of Okayama Health Foundation, Okayama, Japan.
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2.2. Blood Sampling and Assays
After the subjects fasted overnight for 10–12 hours, blood

samples were collected in order to determine the serum levels of

IL-18, high density lipoprotein (HDL) cholesterol, triglycerides (L

Type Wako Triglyceride?H, Wako Chemical, Osaka, Japan), and

blood glucose. Serum IL-18 levels were measured using a

commercially available enzyme-linked immunosorbent assay

(MBL, Nagoya, Japan). Blood glucose was measured by the

glucose-oxidant method.

2.3 Anthropometric and Body Composition
Measurements
Anthropometric and body compositions were evaluated based

on the following parameters: height, body weight, abdominal

circumference and body composition. The abdominal circumfer-

ence was measured at the umbilicus in standing subjects after a

normal exhalation [17]. Body mass index (BMI) was calculated by

weight/[height]2 (kg/m2). The body fat percentage was measured

by DEXA (QDR4500, Hologic Inc., Waltham, MA, USA), which

is accepted as an accurate standard [18]. The DEXA measure-

ment consisted of a whole body scan using an array beam [19].

The subjects removed all metal objects, and were positioned in the

supine position with their hands placed on either side of the body

and their legs held 10 cm apart according to the specifications of

the manufacturer. All scans were analyzed according to the

manufacturer’s instructions [20].

2.4. Physical Activity
Physical activity was measured by the Kenz Lifecorder (LC;

SUZUKEN Co Ltd, Nagoya, Japan) which is a recent addition to

the growing number of uniaxial accelerometer options; it offers

comparable instrument outputs with several potentially attractive

features for researchers and practitioners. The LC displays

reasonable estimates of physical activity intensity and energy

expenditures under controlled conditions on a treadmill [21], over

24 h of typical daily activities undertaken in a respiratory chamber

[21], and in a free-living environment using double-labeled water

as the criterion method [22]. Furthermore, when compared with

many other accelerometers, the LC can potentially simplify the

data interpretation process by reducing the time spent and the

need for advanced technical expertise or software programs [23].

The subjects were taught how to use the instrument, and were told

to wear it on their belt or waist band at the right midline of the

thigh from the moment they got up until they went to bed except

while bathing or swimming, for seven consecutive days [24]. The

activity monitor was firmly attached to their clothes at the waist by

a clip.

2.5. Exercise Testing
Peak oxygen uptake was measured using a maximal graded

exercise test with bicycle ergometers (Excalibur V2.0, Lode BV,

Groningen, Netherlands). The initial work load was 30–60 w, and

the work rate was increased thereafter by 15 w/min until the

subject could not maintain the required pedaling frequency

(60 rpm) [25]. During the latter stages of the test, each subject

was verbally encouraged by the test operators to give their

maximal effort. In addition, an ECG was monitored continuously

while recording the heart rate (HR). The expired gas was

collected, and the rates of oxygen consumption (VO2) and carbon

dioxide production (VCO2) were measured breath-by-breath using

a cardiopulmonary gas exchange system (Oxycon Alpha, Mijnhrdt

B.V., Netherlands). The achievement of peak oxygen uptake was

accepted if the following two conditions were met: the subject’s

maximal HR was .95% of the age-predicted maximal HR (220 –

age), and the VO2 curve showed a leveling off. In addition, the

observed maximal work rate during the testing was used for this

analysis.

2.6. Blood Pressure (BP) Measurements at Rest
Resting systolic and diastolic BP (SBP and DBP) were measured

indirectly using a mercury sphygmomanometer placed on the right

arm of the seated participant after at least 15 minutes of rest.

2.7. Cigarette Smoking
The data on cigarette smoking was obtained through structured

interviews conducted by public health nurses trained for this study.

The subjects were asked if they currently smoked cigarettes. When

the answer was ‘‘yes’’, they were classified as current smokers. In

the case of a ‘‘no’’ answer, they were classified as non smokers. We

could not classify those who used to smoke but had since stopped

smoking.

2.8. Statistical Analysis
All data are expressed as means 6 SD values. Pearson’s

correlation coefficients were calculated and used to test the

significance of the linear relationship between continuous param-

eters: where p,0.05 was considered statistically significant. A

multiple logistic and multiple stepwise regression analysis were also

performed to test the relationship between serum IL-18 levels and

physical activity, and between serum IL-18 levels and peak oxygen

uptake.

Results

The measurements of parameters were summarized in Table 1.

Serum IL-18 levels in enrolled men was 179.4684.7 pg/mL.

Table 1. Clinical characteristics of enrolled subjects.

Mean6SD Minimum Maximum

Number of subjects 81

Age (year) 45.7617.6 21 69

Height (cm) 170.666.0 160.3 187.3

Body weight (kg) 66.269.6 48.3 96.4

Body mass index (kg/m2) 22.763.0 17.2 34.7

Abdominal circumference (cm) 80.868.0 63.9 101.8

Body fat percentage (%) 19.365.9 8.9 34.7

Peak oxygen uptake (mL/kg/min) 37.169.4 17.2 61.9

Peak work rate (watt) 197.4653.9 92 354

Physical activity (METs?h/w) 12.768.4 0.8 43.2

Systolic blood pressure (mmHg) 133.1615.3 103.0 180.0

Diastolic blood pressure (mmHg) 82.9611.7 56.0 111.0

Blood profile

IL-18 (pg/mL) 179.4684.7 22.9 527.9

Triglyceride (mg/dL) 98.8657.0 33.0 434.0

HDL cholesterol (mg/dL) 55.7614.2 32.0 118.0

Blood glucose (mg/dL) 92.669.3 61.0 126.0

Number of subjects with
smoking habits (%)

38 (46.9%)

IL-18: Interleukin-18.
METs?h/w: S[metabolic equivalents 6 h per week (METs?h/w)].
doi:10.1371/journal.pone.0081497.t001

Interleukin-18 and Physical Activity
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Physical activity evaluated by the LC was 12.768.4 METs?h/w

(Table 1).

The simple correlation analysis between serum IL-18 levels and

clinical parameters was evaluated (Table 2). Serum IL-18 levels

were significantly and negatively correlated with physical activity

(r =20.252, p=0.0235) (Table 2, Fig. 1). However, significant

relationships between serum IL-18 levels and other parameters

were not noted.

Table 3 showed the results by multiple logistic regression

analysis about serum IL-18 levels, according to quartiles of

physical activity. The odds ratio of serum IL-18 levels according to

quartiles of physical activity was 0.214 (not adjusted), and 0.215

even after adjusting for age, peak oxygen uptake, BMI, abdominal

circumference and cigarette smoking habit. However, the relation

was attenuated after adjusting for age, peak oxygen uptake, BMI,

abdominal circumference, cigarette smoking habit and body fat

percentage (Table 3). In turn, the odds ratio of serum IL-18 levels

according to quartiles of peak oxygen uptake was not at a

significant level (data not shown).

Finally, we used stepwise multiple regression analysis to evaluate

the effect of clinical parameters i.e. age, BMI, abdominal

circumference, body fat percentage, physical activity and peak

oxygen uptake on serum IL-18 levels, and found that age and

physical activity were significant (Serum IL-18 lev-

els = 168.141+1.150 (age) –3.255 (physical activity), r2 = 0.093,

p=0.0084).

Discussion

In this study, we accurately evaluated the relationship

between serum IL-18 levels and physical activity using uniaxial

accelerometer in Japanese men for the first time. Physical

activity was closely associated with serum IL-18 levels, even

after adjusting for confounding factors such as peak oxygen

uptake.

A major mechanism of cardiovascular events mediated by IL-

18 is decreased stability of plaque. Carotid intima-media

thickness (IMT) measured by carotid ultrasound is a useful tool

for assessing cardiovascular diseases in diabetes mellitus [26],

and carotid IMT in patients with high IL-18 showed a greater

thickness than in patients with normal IL-18 [27]. According to

the relationship between IL-18 and exercise, Leick et al reported

that exercise training reduced adipose tissue IL-18 mRNA

content by 20% in both sexes after 8 weeks of exercise training

in obese subjects [28]. Stensvold D et al also showed that serum

IL-18 levels were reduced by 43% after aerobic interval training

in 11 inactive men and women with metabolic syndrome [29].

Exercise training reduced IL-18 with a 6-month aerobic exercise

training program (four times/week, 40–60 min/session) [30]. In

this study, although our study was cross-sectional study,

significant relationships between serum IL-18 levels and physical

activity by using uniaxial accelerometer were noted. The

relationships still remained even after adjusting for confounding

factors (except for body fat percentage) by logistic regression

analysis. In addition, by stepwise multiple regression analysis,

only age and physical activity were significant determinant

factors of serum IL-18 levels. It is noteworthy that the serum

IL-18 levels were closely linked to physical activity independent

of physical fitness. Brun JM et al reported that plasma IL-18 was

associated with changes in insulin resistance but not with BMI

[31]. Daily walking rather than increasing physical fitness was

closely associated with improving insulin resistance [13]. Taken

together, increasing physical activity, independent of physical

fitness, may reduce serum IL-18 levels in some healthy Japanese

men.

Potential limitations still remain in this study. First, our study

was a cross sectional but not a longitudinal study. Second, 81 men

in our study voluntarily underwent measurements: they were

therefore more likely to be health-conscious as compared with the

average person. Third, we could not evaluate in women and also

could not show a clear mechanism between serum IL-18 levels and

physical activity. However, it seems reasonable to suggest that

promoting physical activity might result in reducing serum IL-18

levels in some healthy Japanese men. To show this, further

prospective and larger sample size studies are urgently required in

the Japanese population.

Figure 1. Simple correlation analysis between serum IL-18
levels and physical activity by using uniaxial accelerometer.
Serum IL-18 levels were significantly and negatively correlated with
physical activity (r =20.252, p= 0.0235).
doi:10.1371/journal.pone.0081497.g001

Table 2. Simple correlation analysis between serum IL-18
levels and clinical parameters.

r p

Age (year) 0.145 0.1978

Height (cm) 20.181 0.1055

Body weight (kg) 20.061 0.5893

Body mass index (kg/m2) 0.016 0.8870

Abdmonal circumference (cm) 0.108 0.3369

Body fat percentage (%) 0.099 0.3812

Peak oxygen uptake (mL/kg/min) 20.189 0.0906

Peak work rate (watt) 20.184 0.0997

Physical activity (METs?h/w) 20.252 0.0235

Systolic blood pressure (mmHg) 0.199 0.0752

Diastolic blood pressure (mmHg) 0.215 0.0543

Blood profile

Triglyceride (mg/dL) 0.156 0.1655

HDL cholesterol (mg/dL) 20.117 0.2993

Blood glucose (mg/dL) 0.133 0.2380

IL-18: Interleukin-18.
METs?h/w: S[metabolic equivalents 6 h per week (METs?h/w)].
doi:10.1371/journal.pone.0081497.t002

Interleukin-18 and Physical Activity

PLOS ONE | www.plosone.org 3 December 2013 | Volume 8 | Issue 12 | e81497



Author Contributions

Conceived and designed the experiments: NM MM. Performed the

experiments: KO NS TS. Analyzed the data: KO NM. Contributed

reagents/materials/analysis tools: TS TN. Wrote the paper: KO NM IT

MM.

References

1. Okamura H, Nagata K, Komatsu T, Tanimoto T, Nukata Y, et al. (1995) A

novel costimulatory factor for gamma interferon induction found in the livers of

mice causes endotoxic shock. Infect Immun 63: 3966–3972.

2. Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakura A, et al. (1995) Cloning

of a new cytokine that induces IFN-c production by T cells. Nature 378: 88–91.

3. Ushio S, Namba M, Okura T, Hattori K, Nukada Y, et al. (1996) Cloning of the
cDNA for human IFN-c-inducing factor, expression in Escherichia coli, and

studies on the biologic activities of the protein. J Immunol 156: 4274–4279.

4. Yamamura M, Kawashima M, Taniai M, Yamauchi H, Tanimoto T, et al.
(2001) Interferon-gamma-inducing activity of interleukin-18 in the joint with

rheumatoid arthritis. Arthritis Rheum 44: 275–285.

5. Kawashima M, Yamamura M, Taniai M, Yamauchi H, Tanimoto T, et al.
(2001) Levels of interleukin-18 and its binding inhibitors in the blood circulation

of patients with adult-onset Still’s disease. Arthritis Rheum 44: 550–560.

6. Blankenberg S, Tiret L, Bickel C, Peetz D, Cambien F, et al. (2002) AtheroGene
Investigators: Interleukin-18 is a strong predictor of cardiovascular death in

stable and unstable angina. Circulation 106: 24–30.

7. Zaremba J, Losy J (2003) Interleukin-18 in acute ischaemic stroke patients.
Neurol Sci 24: 117–124.

8. Esposito K, Marfella R, Giugliano D (2004) Plasma interleukin-18 concentra-

tions are elevated in type 2 diabetes. Diabetes Care 27: 272.

9. Nakamura A, Shikata K, Hiramatsu M, Nakatou T, Kitamura T, et al. (2005)

Serum Interleukin-18 levels are associated with nephropathy and atherosclerosis

in Japanese patients with type 2 diabetes. Diabetes Care 28: 2890–2895.

10. Oshida Y, Yamanouchi K, Hayamizu S, Sato Y (1989) Long-term mild jogging

increases insulin action despite no influence on body mass index or VO2 max.

J Appl Physiol 66: 2206–2210.

11. Miyatake N, Takahashi K, Wada J, Nishikawa H, Morishita A, et al. (2003)

Daily exercise lowers blood pressure and reduces visceral fat in overweight

Japanese men. Diabetes Res Clin Pract 62: 149–157.

12. Yamanouchi K, Shinozaki T, Chikada K, Nishikawa T, Ito K, et al. (1995) Daily

walking combined with diet therapy is a useful means for obese NIDDM patients

not only to reduce body weight but also to improve insulin sensitivity. Diabetes
Care 18: 775–778.

13. Miyatake N, Nishikawa H, Morishita A, Kunitomi M, Wada J, et al. (2002)

Daily walking reduces visceral adipose tissue areas and improves insulin
resistance in Japanese obese subjects. Diabetes Res Clin Pract 58: 101–107.

14. Sawada SS, Muto T, Tanaka H, Lee IM, Paffenbager Jr RS, et al. (2003)

Cardiorespiratory fitness and cancer mortality in Japanese men: a prospective
study. Med Sci Sports Exerc 35: 1546–1550.

15. Sandvik L, Erikssen J, Thaulow E, Erikssen G, Mundal R, et al. (1993) Physical

fitness as a predictor of mortality among healthy, middle-aged Norwegian men.
N Engl J Med 328: 533–537.

16. Ministry of Health Labour and Welfare Japan (2007) Exercise and physical

activity reference for health promotion 2006. 9–10. Available: http://www.

mhlw.go.jp/bunya/kenkou/undou01/pdf/data.pdf (in Japanese). Accessed

2012 Jun 18.

17. Committee to Evaluate Diagnostic Standards for Metabolic Syndrome (2005)

Definition and the diagnostic standard for metabolic syndrome. Nihon Naika

Gakkai Zasshi 94: 794–809 (in Japanese).

18. Wang J, Heymsfield SB, Aulet M, Thornton JC, Pierson RN Jr (1989) Body fat

from body density: underwater weighing vs. dual-photon absorptiometry.

Am J Physiol 256: E829–834.

19. Gustafsson L, Jacobson B, Kusoffsky L (1974) X-ray spectrophotometry for bon-

mineral determinations. Med Biol Eng 12: 113–119.

20. Herd RJ, Blake GM, Parker JC, Ryan PJ, Fogelman I (1993) Total body studies

in normal British women using dual energy X-ray absorptiometry. Br J Radiol

66: 303–308.

21. Kumahara H, Schutz Y, Ayabe M, Yoshioka M, Yoshitake Y, et al. (2004) The

use of uniaxial accelerometry for the assessment of physical-activity-related

energy expenditure: a validation study against whole-body indirect calorimetry.

Br J Nutr 91: 235–243.

22. Yamada Y, Yokoyama K, Noriyasu R, Osaki T, Adachi T, et al. (2009) Light-

intensity activities are important for estimating physical activity energy

expenditure using uniaxial and triaxial accelerometers. Eur J Appl Physiol

105: 141–152.

23. McClain JJ, Sisson SB, Washington TL, Craig CL, Tudor-Locke C, et al. (2007)

Comparison of Kenz Lifecorder EX and ActiGraph accelerometers in 10-yr-old

children. Med Sci Sports Exerc 39: 630–638.

24. Clemes SA, Griffiths PL (2008) How many days of pedometer monitoring

predict monthly ambulatory activity in adults? Med Sci Sports Exerc 40: 1589–

1595.

25. Miyachi M, Tanaka H, Yamamoto K, Yoshioka A, Takahashi K, et al. (2001)

Effects of one-legged endurance training on femoral arterial and venous size in

healthy humans. J Appl Physiol 90: 2439–2444.

26. Parikh A, Daneman D (2004) Is carotid ultrasound a useful tool in assessing

cardiovascular disease in individuals with diabetes? Diabetes Technol Ter 6: 65–

69.

27. Aso Y, Okumura K, Takebayashi K, Wakabayashi S, Inukai T (2003)

Relationships of plasma interleukin-18 concentrations to hyperhomocysteinemia

and carotid intimal-media wall thickness in patients with type 2 diabetes.

Diabetes Care 26: 2622–2627.

28. Leick K, Lindegaard B, Stensvold D, Plomgaard P, Saltin B, et al. (2007)

Adipose tissue interleukin-18 mRNA and plasma interleukin-18: effect of obesity

and exercise. Obesity (Silver Spring) 15: 356–363.

29. Stensvold D, Slordahl SA, Wisloff U (2012) Effect of exercise training on

inflammation status among people with metabolic syndrome. Metab Syndr

Relat Disord 10: 267–272.

Table 3. Odds ratio of serum IL-18 levels according to quartiles of physical activity.

Quartiles of physical
activity (METs?h/w)

Q1 Q2 Q3 Q4

Number of subjects 20 20 20 21

Mean 6 SD 3.661.4 9.061.8 14.061.1 23.667.1

Model 1 1 0.351(0.096–1.287) 0.524(0.143–1.923) 0.214(0.057–0.801)

Model 2 1 0.355(0.096–1.306) 0.502(0.134–1.887) 0.203(0.052–0.788)

Model 3 1 0.368(0.099–1.364) 0.529(0.140–2.002) 0.230(0.058–0.918)

Model 4 1 0.337(0.086–1.318) 0.604(0.152–2.394) 0.215(0.049–0.942)

Model 5 1 0.395(0.093–1.674) 0.669(0.163–2.749) 0.255(0.053–1.218)

METs?h/w: S[metabolic equivalents 6 h per week (METs?h/w)].
Data were analyzed by multiple logistic regression analysis.
Model 1: Not adjusted.
Model 2: Adjusted for age.
Model 3: Adjusted for age and peak oxygen uptake.
Model 4: Adjusted for age, peak oxygen uptake, BMI, abdominal circumference and cigarette smoking habit.
Model 5: Adjusted for age, peak oxygen uptake, BMI, abdominal circumference, cigarette smoking habit and body fat percentage.
doi:10.1371/journal.pone.0081497.t003

Interleukin-18 and Physical Activity

PLOS ONE | www.plosone.org 4 December 2013 | Volume 8 | Issue 12 | e81497



30. Kadoglou NP, lliadis F, Angelopoulou N, Perrea D, Ampatzidis G, et al. (2007)

The anti-inflammatory effects of exercise training in patiens with type 2 diabetes
mellitus. Eur J Caridovasc Prev Rehabil 14: 837–843.

31. Brun JM, Stalknecht B, Helge JW, Richelsen B (2007) Interleukin-18 in plasma

and adipose tissue: effects of obesity, insulin resistance, and weight loss.
Eur J Endocrinol 157: 465–471.

Interleukin-18 and Physical Activity

PLOS ONE | www.plosone.org 5 December 2013 | Volume 8 | Issue 12 | e81497


