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Abstract
BackgroundThe purpose of the current study was to investigate the association of obesity level, physical fitness level, hemoglobin A1c (HbA1c) level and metabolic syndrome (MetS) risk factors among Korean adults.

MethodsA total of 557 adults (272 males and 285 females) who underwent medical check-up at local hospital were recruited. In addition to regular health check-up, cardiopulmonary fitness, muscular endurance were measured and their association were analyzed.

ResultsThe prevalence of MetS was 31.7% for males and 23.7% for females. Females with the higher muscular endurance had lower waist circumference, triglyceride level, and HbA1c level than those with the lower muscular endurance. Males with the higher level of cardiopulmonary fitness had lower diastolic blood pressure, lower high-sensitivity C-reactive protein level and higher high density lipoprotein cholesterol level than males with the lower level of cardiopulmonary fitness. Females with the higher level of cardiopulmonary fitness had lower body weight, body mass index, systolic blood pressure, and fasting blood glucose level than females with the lower level of cardiopulmonary fitness. Participants with the higher level of adiposity and the lower level of physical fitness were 5.26 times (95% confidence interval [CI], 2.19 to 12.62), 5.71 times (95% CI, 2.23 to 14.60) more likely to have MetS, respectively, in male and female compared to participants who were neither obese nor have the lower level of fitness.

ConclusionThis study suggests that maintaining a healthy body weight as well as a certain level of fitness is important for the prevention of MetS.
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INTRODUCTION
According to the Korean National Health and Nutrition Examination Survey of 2005 [1], 41.2% of males and 43.9% of females aged over 40 years were either overweight or obese. In addition, 34.9% of males and 19.6% of females aged at 40s had metabolic syndrome (MetS) based on the definition set forth by National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III). People who were over the age of 50, 43.7% of males and 45.5% of females had MetS [1]. Obesity is long been known as the cause of metabolic syndrome as well as other chronic diseases such as type 2 diabetes and cancer [2, 3].
Another factor which contributes to the development of MetS is a low level of physical fitness. The importance of physical fitness is well-documented, and many studies have reported the importance of maintaining certain level of physical fitness to prevent chronic diseases such as type 2 diabetes and cardiovascular disease [4]. Obese people with low levels of cardiopulmonary fitness have a higher mortality rate than obese people who have higher levels of cardiopulmonary fitness [5, 6]. In fact, a person with low cardiopulmonary fitness has a mortality rate 2.1 times higher than a person with high cardiopulmonary fitness, which clearly indicates that high cardiopulmonary fitness is associated with decreased mortality rate [7]. Another study examining the association between obesity, physical fitness and chronic disease mortality with 21,925 people reported that people who were lean and poor physical fitness (2.91 times), and obese and poor physical fitness (4.08 times) had higher mortality rate as compared to lean and good physical fitness [8]. Results from the above studies indicate that type 2 diabetes and cardiovascular disease should be treated and prevented not only through treatment and eradication of obesity, but also by the increased state of physical fitness with participation of regular physical activity. In addition, maintaining certain level of muscular endurance also helps maintaining lower levels of blood glucose and hemoglobin A1c (HbA1c) [9].
Although the importance of both fatness and cardiopulmonary fitness for the prevention and treatment of MetS and other chronic diseases has been investigated, the effects of muscular endurance or combined effects of both cardiopulmonary and muscular fitness on MetS are not fully understood. Therefore, the purpose of the current study is to investigate the association of obesity level, cardiopulmonary fitness and muscular endurance with HbA1c level and MetS risk factors.

METHODS
Study population
In this study, 577 subjects were recruited from the adult patients of the Health Examination Center at Kwandong University Medical Center in Gyeonggi province between November and December 2008. The characteristics of the study participants are presented in Table 1. This study was approved by the ethics committee of Miz Medi Hospital, Seoul Korea. The study protocol was explained to the participants and only those who signed the consent form were selected to participate.
[image: Table  ]Table 1

  Participants' characteristics

Data are mean ± standard deviation.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein; RHR, resting heart rate; HR, heart rate.
aComparison between gender.
*Heart rate assessment during Tecumseh step test.






Data collection
Anthropometric measurements and blood pressure
The height and weight of the subjects, wearing casual clothes without shoes, was taken using JENIX automatic measuring equipment (Garden Jenix, Seoul, Korea). Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2). The waist circumference (WC) was measured at the smallest circumference between the iliac ridge and the twelfth rib, with the arms of the subjects at their sides. Hip circumference (HP) was measured with the subjects in a relaxed, standing position, and was taken at the widest section between the umbilicus and gluteal fold. Blood pressure (BP) was measured when the subjects were relaxed, using a mercury sphygmomanometer (Hico, Tokyo, Japan).

Physical fitness measurements
For the physical fitness measurements, a step test was used to measure cardiopulmonary fitness and sit-ups were used to measure muscular endurance, as described below.
Cardiopulmonary fitness was assessed using the Tecumseh step test. Based on the guidelines for the Tecumseh step test, subjects performed 24 steps per minute, maintaining a constant stepping rate, on a 20.3 cm high step for 3 minutes. To help maintain a constant stepping rate, a metronome was used and an assistant was present. The subjects wore heart rate monitors (Polar-FS3C, USA), and heart rates were recorded prior to exercise and at each 1-minute intervals during the exercise session. Heart rate was also measured at 1-minute post-exercise during recovery phase. Participants with higher cardiopulmonary fitness would have lower heart rates at 1-minute post-exercise than those with lower cardiopulmonary fitness [10].
Muscular endurance was assessed using a sit-up test. The participants lay on the sit-up equipment and performed situps with their feet attached to the equipment's foot holders. One sit-up was counted when the participants had sat up so that their elbows touched their thighs, and they had returned to the supine position and both shoulders touched the equipment. The number of sit-ups performed in 30 seconds was recorded.


Blood collection and analysis
Blood samples were collected from the participants following a 12-hour fast and 30-minutes of rest. The collected blood samples were put into a thermionic tube without any anti-coagulation chemicals. Following collection, the blood samples were centrifuged at 3,000 rpm for 15 minutes and the blood plasma was stored at -80℃. The stored blood plasma was then analyzed at the Myongji hospital in Gyeonggi province. Fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C), and high-sensitivity C-reactive protein (hs-CRP) levels were analyzed by ADVIA 1650 (Bayer, Terrytown, NY, USA) using colorimetry technology.

Definition of metabolic syndrome
According to NCEP ATPIII standard, MetS is diagnosed when a person has 3 or more components from the following list: abdominal obesity (WC over 102 cm for males, over 88 cm for females), high FBG level (over 100 mg/dL, fasting), high BP (systolic blood pressure [SBP] over 130 mm Hg or diastolic blood pressure [DBP] over 85 mm Hg), high TG (over 150 mg/dL), and low level of HDL-C (under 40 mg/dL for males, under 50 mg/dL for females) [11]. Due to smaller body size, Asian version modified NCEP ATP III definition were employed (WC: over 90 cm in males, over 80 cm in females) [12].

Data analysis
Data were analyzed using Predictive Analytics Software (PASW) Statistics 17.0 (SPSS Inc., Chicago, IL, USA). To analyze the relationship between obesity, physical fitness levels and the components of MetS, the participants were classified into three groups (tertiles) based on the individuals' each BMI and a level of physical fitness. Differences among the three groups were analyzed by ANOVA and ANCOVA. Since cardiopulmonary fitness and muscular endurance decrease with age, the age of the participants were controlled.
To examine the combined effects of obesity and physical fitness on the components of MetS, participants were first classified into two groups based on each level of total physical fitness (cardiopulmonary and muscular strength) and obesity. Those two groups (50th percentile) were then subdivided into four different groups: low physical fitness and high degree of obesity; low physical fitness and low degree of obesity; high physical fitness and high degree of obesity; and high physical fitness and low degree of obesity. The mean values of five MetS components (WC, BP, FBG, TG, and HDL-C) were compared across 4 groups by ANOVA and ANCOVA. Using a logistic regression model, relative risks in abnormality of the components of MetS and prevalence of MetS itself were analyzed across the level of obesity, the level of physical fitness and a mixed level of obesity and physical fitness. Statistical significance was set at P < 0.05.


RESULTS
Characteristics of the participants
Characteristics of participants are shown in Table 1. Males were significantly taller, heavier, and had higher BMI, WC, BP, TG level, FBG level and HbA1c level than females. However, females had significantly higher levels of TC, HDL-C, and hs-CRP than males. In addition, males had higher level of cardiopulmonary fitness and muscular endurance than females. The prevalence of MetS in the current study population was 31.7% for the males and 23.7% for females. In fact, the prevalence of abnormality in the components of MetS with the exception of HDL-C was higher among males as compared to females (Fig. 1).
[image: Figure F1 ]Fig. 1

  Prevalence of metabolic syndrome and its components. WC, waist circumference greater than 90 cm (male) and greater than 80 cm (female); BP, blood pressure of 130/85 mm Hg or higher; FBG, fasting blood glucose level greater than 100 mg/dL, HDL-C, high density lipoprotein cholesterol level of less than 40 mg/dL (male) and less than 50 mg/dL (female); TG, triglyceride of 150 mg/dL or higher; MetS, metabolic syndrome.




Effects of obesity on HbA1C and MetS
Relative risks of abnormality in components of MetS and the development of MetS across the level of obesity are presented in Table 2.
[image: Table  ]Table 2

  Relative risks for metabolic syndrome across a level of obesity after adjusting for age

Normal, BMI < 23; Overweight, 23 ≤ BMI < 25; Obese BMI ≥ 25.
CI, confidence interval; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MetS 1, one or more abnormal value of five components of metabolic syndrome; MetS, metabolic syndrome; WC, waist circumference.





In males, obese participants (BMI > 25) were significantly more likely to have abnormal values of BP (3.55 times), FBG (3.02 times), HDL-C (3.05 times) and TG (3.89 times), one or more abnormal values of MetS components (23.70 times), and higher prevalence of MetS (16.18 times) as compared to healthy body weight participants (BMI ≤ 23). In females, obese participants were significantly more likely to have abnormal values of WC (122.71 times), BP (2.19 times) and HDL-C (2.54 times), one or more abnormal values of MetS components (8,73 times) and higher prevalence of MetS (7.08 times) as compared to healthy body weight participants.

Effects of Fitness on HbA1C and MetS
Tables 3 and 4 present the mean values of body composition, components of MetS and HbA1c across the level of muscular endurance and cardiopulmonary fitness after adjusting for age.
[image: Table  ]Table 3

  Comparisons of mean value of anthropometric and serum analysis across a level of muscular endurance after adjusting for age

Data are mean ± standard error.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein.
aSignificant difference with low fit and bwith mid fit.





[image: Table  ]Table 4

  Comparisons of mean value of anthropometric and serum analysis across a level of cardiopulmonary fitness after adjusting for age

Data are mean ± standard error.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein.
aSignificant difference with low fit and bwith mid fit.





Males with the high level of muscular endurance had significantly lower value of TC than counterparts with the low level of muscular endurance. Females with the high level of muscular endurance had lower values of WC and TG, and females who had the moderate level of muscular endurance had lower value of HbA1c than females with the lower muscular endurance (Table 3).
Males with the high cardiopulmonary fitness had significantly lower mean values of DBP, FBG, HbA1c and hs-CRP and higher value of HDL-C than males with the low cardiopulmonary fitness. Females with the high cardiopulmonary fitness had significantly lower mean values of body weight, BMI, SBP, and FBG than females with the low cardiopulmonary fitness (Table 4).
Fig. 2 presents the prevalence of abnormal values in five components of MetS and a development of MetS across the level of total physical fitness (2 groups, 50th percentiles). The values of cardiopulmonary fitness and muscular endurance were converted into z-score, and two z-score data were summed for total physical fitness score. Participants with low total fitness level (lower 50th percentile) were more likely to have abnormal values in all five components of MetS and increased prevalence of MetS as compared to those with the high total fitness level (upper 50th percentile).
[image: Figure F2 ]Fig. 2

  Prevalence of metabolic syndrome by total physical fitness level. WC, waist circumference greater than 90 cm (male) and greater than 80 cm (female); BP, blood pressure of 130/85 mm Hg or higher; FBG, fasting blood glucose level greater than 100 mg/dL, HDL-C, high density lipoprotein cholesterol level of less than 40 mg/dL (male) and less than 50 mg/dL (female); TG, triglyceride of 150 mg/dL or higher; MetS, metabolic syndrome.



Table 5 presents a comparison of the mean values of muscular endurance (the number of sit-up performed, high number: high fit) and cardiopulmonary fitness (1-minute post exercise hear rate, low beat: high fit) by a level of HbA1c. In males, those with the high HbA1c level (> 5.5) had significantly lower muscular endurance and cardiopulmonary fitness than counterparts with the low HbA1c level (≤ 5.5). In females, those with the high HbA1c level had significantly lower muscular endurance and higher cardiopulmonary fitness than counterparts with low HbA1c level. After adjusting for age, males with the high HbA1c level had significantly lower level of cardiopulmonary fitness than those with the low HbA1c level.
[image: Table  ]Table 5

  Comparison of physical fitness levels by level of HbA1c

Data are mean ± standard error. Low HbA1c, ≤ 5.5; High HbA1c, > 5.6.
aSignificant difference with Low group.






Effects of obesity and Fitness on HbA1c and MetS
Table 6 shows the relative risks for abnormality in five components of MetS, having one or more abnormal values in five components and a development of MetS across the combined levels of obesity and physical fitness. Males with the higher level of obesity and lower level of fitness were significantly more likely to have abnormality in BP (3.04 times), FBG (3.40 times) and TG (4.34), one or more abnormal value of five components (15.79 times) and a prevalence of Mets (5.26 times) as compared to males with the lower level of obesity and higher level of fitness. In females, those with the higher level of obesity and lower level of fitness were significantly more likely to have abnormality in WC (24.92 times), BP (2.33 times) and HDL-C (3.76 times), one or more abnormal value of five components (9.05 times), and higher prevalence of MetS (5.71 times) as compared to with the lower level of obesity and higher level of fitness.
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  Relative risks for metabolic syndrome across a mixed level of physical fitness and obesity after adjusting for age

CI, confidence interval; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MetS 1, one or more abnormal value of five components of metabolic syndrome; MetS, metabolic syndrome; WC, waist circumference.





In males, as compared to those with the lower level of obesity and higher level of fitness, those with the lower fitness and lower obesity were more likely to have abnormality in TG (2.38 times) and one or more abnormal value of five components (4.22 times). In addition, males with the higher fitness and higher obesity were more likely to have abnormality in BP (2.81 times), FBG (2.34 times) and TG (3.95 times), one or more abnormal value of five components (12.08 times) and a prevalence of MetS (4.84 times). In females, as compared to those with the higher fitness level and the lower level of obesity, those with the higher fitness level and the higher fatness levels were more likely to have abnormality in WC (8.88 times), HDL-C (3.94 times) and TG (2.78 times), one or more abnormal value of five components (5.67 times) and higher prevalence of MetS (3.52 times).


DISCUSSION
The importance of fatness and fitness in prevention of chronic diseases including type 2 diabetes, cardiovascular disease and MetS was determined in the current study. Additionally, the current study identified that there is significant association between the level of physical fitness including cardiopulmonary and muscular fitness and some components of MetS, which has not been fully elucidated in the previous studies.
The current study identified a significant relationship between the level of physical fitness including cardiopulmonary fitness and muscular fitness and glucose regulation and MetS in both males and females. People with high fitness level were less likely to have abnormal values in five MetS components, and 50% less likely to be diagnosed as MetS. This finding of the current study agreed with previous studies with healthy people or people with chronic disease.
In the study with Korean high school students, adolescents in the lowest level of physical fitness were more likely to have high BMI, insulin resistance and the higher number of cardiovascular disease risk factors [4]. Interestingly, maintaining normal glucose tolerance was anticipated with even low intense activity participation. In the study with subjects with type 2 diabetes, subject who spent more time in walking had significantly decreased risk of oral glucose intolerance [13].
In addition, the result of a study examining 2,316 diabetic patients for 15 years reported that a reduction of each 1 MET (metabolic equivalent) in cardiopulmonary fitness resulted in a 20% increase of mortality rate, and cardiopulmonary fitness under 8.8 MET significantly increased the diabetes mortality [14, 15]. McAuley et al. [16] demonstrated that people with low level of cardiopulmonary fitness (under 5 MET) had an 80% increase in mortality rate. If standardized guidelines report the minimal level of physical fitness to prevent MetS, diabetes or cardiovascular disease, these guidelines sigfnificantly will help reducing the prevalence of metabolic diseases as well as maintaining or promoting healthy life.
Similar to the findings of previous studies, current study concluded that reducing body weight plays a significant role in preventing risk factors of chronic disease or disease itself. By analyzing data from the Korean National Health Insurance Corporation (KNHIC) study from 1993 to 2004, Jee and his colleagues [17] concluded that a person with BMI of 32 kg/m2 or greater had a 2.9 times higher (for males) and 1.3 times higher (for females) premature mortality rate as compared to a person with BMI of 23 to 25 kg/m2. The results of the current study indicated that obese males and females were more likely to have abnormality in components of MetS and a development of MetS than males and females with normal body weight. These findings concurred with Katzmarzyk's research, which found that obese or overweight people were more likely to be diagnosed as MetS (30.6 times and 4.7 times, respectively) as compared to normal weight people [18]. Therefore, both studies concluded that increased rate of developing MetS is anticipated from increased prevalence of obesity.
In order to investigate the relationships between a mixed level of obesity and physical fitness and components of MetS, all participants were classified into four groups: 1) high fatness and low fitness, 2) high fatness and high fitness, 3) fatness and low fitness, and 4) low fatness and high fitness. The findings from comparisons between these four groups concluded that participants with high fatness and low fitness level were most likely to have abnormality in components of MetS and MetS, and participants with high fatness and fitness was the second most likely to have abnormality in components of MetS and MetS. These findings indicate that the level of obesity would be a more significant correlate of MetS than the level of physical fitness. The males with low fatness and low fitness had relatively higher triglyceride level and higher number of abnormal values in MetS components than the males with low fatness and high fitness. In general, both the males and females with high fatness and low fitness were more likely to have higher number of abnormal values in MetS components than counterparts with high fatness and high fitness. We infer that people with a high degree of obesity may be greatly influenced by low physical fitness level which in turn increases the likelihood of abnormality in components of MetS.
The study on mortality rates for cardiovascular disease associated with obesity and cardiopulmonary fitness with 21,925 males found that male adults with normal body weight and low cardiopulmonary fitness had 2.94 times higher mortality rates than those with normal body weight and high cardiopulmonary fitness [5]. The study also found that obese males with low cardiopulmonary fitness had 4.11 times higher mortality rate by cardiovascular disease than obese males with high cardiopulmonary fitness [5]. These findings concluded that both the level of obesity and cardiopulmonary fitness level were strongly related with the cardiovascular disease mortality. Another study examining the relationship between cardiopulmonary fitness, obesity and the prevalence of diabetes among 6,249 females found that females with high fat and high fit were 2.32 times more likely to have diabetes as compared to females with normal body weight and high fit, and obese females with low cardiopulmonary fitness were 3.62 times more likely to have diabetes than normal females with high fitness [19].
The current study used customary methods in the fields of physical fitness assessment or the clinical trials, and these methods are cost-efficient and less-burdensome. The Tecumseh step test is less common in clinical trials as compared to gas analyzer to measure VO2max. However, it is simple and easy to perform, and it is ideal for applying to a variety of subjects including all age groups or with different physical conditions even with chronic disease [20, 21]. A study by Lee et al. [10] reported that the results of VO2max gas analyzer and the step test were significantly correlated (r = -0.490) and this step test could be a substitute for measuring cardiopulmonary fitness. The sit-up test employed to measure muscular endurance in the current study is widely used in the Korea as well as in most countries, and the sit-up test data used in our previous study was significantly related to insulin resistance [22].
The finding from the current study recommends that maintaining healthy body weight as well as good level of physical fitness including cardiopulmonary and muscular fitness is important for the treatment and prevention of metabolic diseases including, type 2 diabetes, cardiovascular disease and MetS.
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  Prevalence of metabolic syndrome and its components. WC, waist circumference greater than 90 cm (male) and greater than 80 cm (female); BP, blood pressure of 130/85 mm Hg or higher; FBG, fasting blood glucose level greater than 100 mg/dL, HDL-C, high density lipoprotein cholesterol level of less than 40 mg/dL (male) and less than 50 mg/dL (female); TG, triglyceride of 150 mg/dL or higher; MetS, metabolic syndrome.
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  Prevalence of metabolic syndrome by total physical fitness level. WC, waist circumference greater than 90 cm (male) and greater than 80 cm (female); BP, blood pressure of 130/85 mm Hg or higher; FBG, fasting blood glucose level greater than 100 mg/dL, HDL-C, high density lipoprotein cholesterol level of less than 40 mg/dL (male) and less than 50 mg/dL (female); TG, triglyceride of 150 mg/dL or higher; MetS, metabolic syndrome.
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  Participants' characteristics

Data are mean ± standard deviation.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein; RHR, resting heart rate; HR, heart rate.
aComparison between gender.
*Heart rate assessment during Tecumseh step test.
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  Relative risks for metabolic syndrome across a level of obesity after adjusting for age

Normal, BMI < 23; Overweight, 23 ≤ BMI < 25; Obese BMI ≥ 25.
CI, confidence interval; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MetS 1, one or more abnormal value of five components of metabolic syndrome; MetS, metabolic syndrome; WC, waist circumference.
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  Comparisons of mean value of anthropometric and serum analysis across a level of muscular endurance after adjusting for age

Data are mean ± standard error.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein.
aSignificant difference with low fit and bwith mid fit.
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  Comparisons of mean value of anthropometric and serum analysis across a level of cardiopulmonary fitness after adjusting for age

Data are mean ± standard error.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein.
aSignificant difference with low fit and bwith mid fit.
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  Comparison of physical fitness levels by level of HbA1c

Data are mean ± standard error. Low HbA1c, ≤ 5.5; High HbA1c, > 5.6.
aSignificant difference with Low group.
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  Relative risks for metabolic syndrome across a mixed level of physical fitness and obesity after adjusting for age

CI, confidence interval; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MetS 1, one or more abnormal value of five components of metabolic syndrome; MetS, metabolic syndrome; WC, waist circumference.
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Relative risk (95% CI)

Normal Overweight Obese
Males

B (SBP > 130 0r DBP 285) 100 189(092t03.84) 355 (18310 6.87)
FBG (2 100) 1.00 1.04(0.52t0 2.07) 3.02(1.58t05.79)
HDL-C (<40) 1.00 244(1.07105.57) 3.05(1.42106.59)
TG (2150) 100 167079 10351) 389(1.96107.75)
MetS 1 1.00 3.03(1.32106.94) 23.70(6.58 to 85.39)
MetS. 1.00 3.83(120t01223) 16.18 (5.46 to 47.99)
Females

WC(280) 100 737(223102437) 12271 (37,8810 397.56)
BP (SBP 2 130 or DBP 2 85) 1.00 1.02(0.51 10 2.02) 2.19(L16t04.14)
FBG (> 100) 100 126063 10250) 1.78(094103.38)
HDL-C(<50) 100 292(1:5810540) 254(1.3910463)
TG (2150) 1.00 2.39(1.19t04.77) 1.17(0.57 to 2.42)
Mets 1 100 365(1.71107.79) 873(3251023.47)

Mets 100 3.02(135106.77) 7.08(3371014.89)
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Low Mid High
Males n=90 n=95 n=87
Height, cm 169.77+054  169.39+053 169.45+0.55
Weight, kg 71064096  7132£093  70.08+0.97
BMI, kg/m? 24644029 24794028  2439+029
WC, cm 84294074  8422+072 8444076
SBRmmHg  12826+130 12574127 124.89+1.32
DBEmmHg  80.15£094  77.27+091°  76.01+095
TC, mg/dL 186.03+347 19191+338 18588353
TG, mg/dL 147.65+10.39 17139+9.85' 142.67+10.24
HDL-C,mg/dL 4412+118  4555:112  48.14%116'
FBG,mg/dL  11261£250 10599243 10129254
HbAIc, % 599+008  576+008°  553+008"
hs-CREmg/dL  0230+0.03  0.133+0.029' 0.133+0.03"
Females n=98 n=83 n=100
Height, cm 157.60+054  157.64+057 157.92+0.53
Weight, kg 59.54+0.88 57.55+0.93 56.94 + 0.86"
BMI, kg/m? 23984033 23.18+035  2285%032°
WC,cm 76094076 74004081 73464076
SBRmmHg 125124135 12273+143 120494133
DBEmmHg  7469+096 71774102  7220+095
TC, mg/dL 193.74+330  19677+349 19356324
TG, mg/dL 12276 +751 117.37+791  107.93+7.32
HDL-C,mg/dL  5319+130 5380137 52394127
FBG,mg/dL  10099+173 9557183 9399+ 169"
HbAlc, % 5.69 +0.07 5.59+0.07 5.52+0.07
hs-CREmg/dL  0375+0.13 0106013  0.101+0.12
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Model unadjusted

Model adjusted for age

LowHbAlc High HbAlc

Low HbAlc High HbAlc

Males n=119 n=136
Sit-up 17.68 £0.50 15.18 £0.47
Step-test 84.77 +1.21 88.61+1.13*

Females n=149 n=126
Sit-up 10.75+£0.52 7.31+0.57*
Step-test 94.29+ 1.07 89.75+ 1.19*

n=119 n=136
1649 £0.40 16.22+0.38
84.11+1.24 89.19£1.15°

n=149 n=126
940049 891+0.54
92.78+£1.09 91.59+ 1.21
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Low Mid High

Males n=94 n=84 n=89
Height, cm 169.30£0.62  169.73+0.57° 169.70 + 0.65"
Weight, kg 68.88 + 1.08 7132+099* 7276+ 1.12*
BMI, kg/m* 24.02+0.33 24.73+0.29 2520 £0.34°
WC,cm 83.39+0.84 84.52+0.77 84.32+0.88

SBP, mm Hg 12840+149 12538+1.36 125241154
DBP, mm Hg 78.68 £ 1.09 77.55+0.99 A RSB E)
TC, mg/dL 186.40£3.94 195.10+3.59  183.39 +4.09"
TG, mg/dL 143.14£11.75 16649 +10.75 155.68 £11.75
HDL-C,mg/dL  45.95+1.32 44.87 +1.21 46.55+1.32
FBG, mg/dL 10647 £2.90 108.03+2.65 105.65+3.01

HbAIlc, % 5.81+0.96 5.80+0.88 5.68 +0.96
hs-CRP, mg/dL.  0.138+0.34 0.170 + 0.31 0.178 £0.34
Females n=9 n=92 n=91
Height, cm 156.81£0.56  157.71+0.54  158.50 £0.59
Weight, kg 58.01+0.88 57.69+0.85 58.09+0.93
BMI, kg/m’ 23.59+0.34 2323+0.33 23.16 £0.36
WC, cm 75.72+0.80 73.85+0.76"  73.90+0.83"

SBP, mm Hg 12349+146 123.01+140 12240+155
DBP, mm Hg 72.31+1.02 7347 +0.98 73.33+1.08
TC, mg/dL 19236 +349 199.95+335 191.18+3.68
TG, mg/dL 13029+7.81 11851+7.53 101.67 +8.22*
HDL-C,mg/dL  50.87 +1.36 54.09+ 1.31 54.40 + 1.43
FBG, mg/dL 98.07 £ 1.79 96.04+1.72 96.03 £ 1.89
HbAIlc, % 5.68 +0.069 553+0.067° 558+.073
hs-CRP, mg/dL.  0.348 +0.13 0.121+0.13 0.123£0.14






OEBPS/image/ReficonKoMCI.gif
KoMcl.






OEBPS/images/ArticleImage/0004KDJ/kdj-34-182-i004.jpg





OEBPS/images/ArticleImage/0004KDJ/kdj-34-182-i006-l.jpg
Relative Risk (95% CI)

Low Fitness High Fitness
High BMI Low BMI High BMI Low BMI
Males n=68 n=66 n=67 n=66
BP (SBP > 130 or DBP > 85) 3.04(144106.42) 1.67(07710358) 281(136105.82) 100
FG(2100) 340(1.60107.21) 1.39.(0.65102.96) 234(114104.79) 100
HDL-C(<40) 1.70(0.78103.69) 091(0.39102.12) 150(0.70t03.21) 100
TG(2150) 434(1.97109.54) 238(1.05105.39) 395 (1860 8.43) 100
MetS 1 1579(3481071.58) 422(1.50t0 11.89) 12.08(3.40104292) 100
Mets 526(2191012.64) 090(033t0251) 484(2.04t0 1149) 100
Females n=70 n=63 n=61 n=78
WC (280) 2492(7.921078.43) - 8.88(2.77102843) 100
BP (SBP >1300r DBP > 85) 2.33(1.08105.06) 189(085104.19) 1.46/(0.64103.30) 100
FBG (>100) 164(0.76103.52) 0.97(0.42102.20) 135 (06110 2.98) 100
HDL-C(<50) 376(184t07.72) 1.70(083t0351) 3.94(1.90t08.16) 100
TG(2150) 237(097105.82) 185(072t0473) 278 (112106.89) 1.00
MetS 1 9.05(3.57102293) 1.96(0:96104.02) 567 2441013.14) 100
Mets. 571(22310 14.60) 1.04(034103.23) 353(1.33109.40) 1.00
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Total Males Females Pvaiie

(n=557) (n=272) (n=285)
Age 539041328 5498+ 1344 528841307 0062
Height, cm 16344826 16954582 15764564 <0001
Weight, kg 64301099 70842943 58,06+ 8.47 <0001
BML kg/m® 2984301 614272 23394335 <0001
WG, em 79224899 8400£7.05 74614823 <0001
SBR,mm Hg 12470+13.85 12630+ 1247 12317+ 1492 0007
DBP, mm Hg 75414963 77824899 73104967 <0001
TC, mg/dL. 1913943442 188.04 £33.00 194.60.+33.57 0020
TG, mg/dL 13474 £86.87 154429488 16527438 <0901
HDL-C, mg/dL. 95841219 459441074 529441250 <0001
FBG, mg/dL 101.69:+21.58 106.68 £ 24.62 9693+ 1693 <0001
HbAIC,% 568076 576081 561070 0025
hs-CRP, mg/dL 018240878 016420278 0198+ 1.189 0.004
Sit-Up, number/30 sec 12594706 16162568 917654 <0001
RHR, beat/min” 7813£11.36 7674% 1147 7946+ 1110 0.005
1 min HR, beat/min® 10289+ 13.11 9843 £1171 107,08+ 12.97 <0001
2min HR, beat/min® 108441433 10525+ 12.40 11620 £ 1401 <0001
3 min HR, beat/min® 12641588 10747 £13.44 17,69+ 1647 <0001
1-min post exercise HR, beat/min® 89571463 87.112 1467 91941422 <0001





