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Abstract. [Purpose] The obesity rate in both males and females has been lower in Japan than in other countries. 
However, the prevalence of metabolic syndrome-related risk factors is not low when compared with that in Western 
countries. In this study, we aimed to evaluate the health state of young, non-obese adults in Japan. [Participants 
and Methods] We recruited 20 young, non-obese Japanese male university students and examined the maximum 
oxygen consumption, physical activity, and components of metabolic syndrome. We evaluated the physical activ-
ity level and dietary habits of the participants through a questionnaire survey. [Results] The questionnaire survey 
revealed that 70% participants had non-standard dietary habits, 55% did not engage in any regular exercise, and 
25% were inactive. On examination, 20% participants had at least one positive risk factor for metabolic syndrome. 
The homeostatic model assessment of insulin resistance and triglyceride values did not correlate with the body mass 
index of the participants; however, the values were inversely related to the maximum oxygen consumption levels. 
[Conclusion] Even participants with normal body mass index had poor dietary habits and a lack of exercise. Our re-
sults confirmed that even non-obese Japanese individuals have certain health risks and that having higher maximum 
oxygen consumption has beneficial effects in preventing the risk factors of severe and life-threatening diseases.
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INTRODUCTION

It is common knowledge that obesity is associated with a much greater risk of developing serious health conditions, 
including heart disease and /or type 2 diabetes1–5). For this reason, most people tend to think that a non-obese condition is 
healthier than an obese one. However, it cannot be definitively said that a standard body shape expresses a healthy lifestyle 
as weight loss is simply a matter of eating at a calorie deficit, which can be achieved even through regular consumption of 
an unhealthy diet devoid of nutrition. According to the Organization for Economic Co-operation and Development survey 
among the member countries, the obesity rate is the lowest for both males and females in Japan6). However, it has been shown 
that some young Japanese people tend to manage their weight through dieting alone, without concern for exercise or minding 
nutrition7–9). There is a trend among young Japanese people to be more concerned with their appearance than overall health. 
That is because most young adults simply believe that they will be healthy at a current normal weight, as long as they do not 
feel any ill physical effects of their condition at the present.

Even though the prevalence of overweight and obesity in Japan is much lower than in Western countries, the condition 
known as metabolic syndrome is not10–13). Therefore, the question arises of whether young Japanese adults at a normal body 
mass index (BMI) are truly healthy. It should be noted that metabolic syndrome is highly prevalent among middle-aged and 
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older populations. The prevention rate of severe diseases such as cardiovascular disease and type 2 diabetes is improved if 
certain changes in activity and diet are encouraged during the early periods of life.

The purpose of this study is to evaluate the health condition of young, non-obese university students in Japan. Further-
more, the results of this study will demonstrate the importance of preventive care to non-obese Japanese university students.

PARTICIPANTS AND METHODS

Male university students (n=22) from the Department of Rehabilitation Medicine at the university were recruited for the 
study. None had taken any medications, had any medical issues, or had any dietary restrictions during the past year. Further-
more, the participants did not make any lifestyle adjustments during the study. All participants provided written informed 
consent and the University Medical Research Committee has approved the study protocol (NO. 2010C0012).

Weight, height, waist circumference, and blood pressure were measured in all participants. Each participant’s BMI was 
calculated by dividing the weight (kg) by the square of the height (m2). We categorized obesity in accordance with the Japan 
Society for the study of Obesity as a BMI of 25 and above.

Blood samples were obtained following an overnight fast. Level of fasting blood glucose, triglyceride, high-density-
lipoprotein cholesterol (HDL-cholesterol) and low-density-lipoprotein cholesterol were measured. In addition, HbA1c, and 
serum fasting insulin levels were also obtained. The homeostasis model assessment of insulin resistance (HOMA) value was 
calculated using the following formula:

 [fasting insulin (mIU/ml) × fasting blood glucose (mg/dl)]/40514).

A definition of metabolic syndrome was according to the Japanese national guidelines15, 16). Metabolic syndrome is de-
fined as the presence of central adiposity (waist circumference of ≥85 cm for men and ≥90 cm for women) plus 2 or more 
of the following 3 criteria: 1) high triglyceride (≥150 mg/dl or on drug treatment) or low HDL-cholesterol (<40 mg/dl or on 
drug treatment); 2) high blood pressure (≥130mmHg systolic or ≥85 mmHg diastolic or on drug treatment); 3) high fasting 
glucose (≥110 mg/dl or on drug treatment).

A self-reported questionnaire was used for data collection and analysis. All participants gave information in said question-
naire on smoking status, dietary habits and physical activity. This questionnaire was compiled under the supervision of the 
Health Service Bureau, Ministry of Health, Labour and Welfare in Japan. Regarding their physical activity level, participants 
were asked “over the past year, have you engaged in exercise causing slight sweating for over 30 minutes per day, at least 
twice a week?” and “have you walked over one hour daily or any equivalent activities?”. Response categories included “no” 
and “yes”; when both answers were “no”, a person was categorized as physically inactive.

Daily physical activity was measured using an electronic physical activity monitor (Active Tracer 301, GMS, Tokyo, 
Japan). The characteristics of the device were as follows: 9 × 6 × 4-mm size, ±3-V power supply, 0–500-Hz frequency 
response, and ±2-g detection range. The acceleration sensors, a band-pass filter (0.3–100 Hz), and a battery were mounted in 
an electrical circuit and placed in a plastic box of 7.0 × 5.0 × 1.5 cm in size with a 40-kilobyte memory. The box was equipped 
with an RS232C port to transport the accelerations in the x-, y-, and z-directions to an external computer. The device, which 
had a total weight of 65 g, was used to detect acceleration changes and count frequencies that exceeded threshold values. In 
this study, we assumed acceleration changes of 0.05 G, 0.3 G, and 0.5 G as threshold values and recorded the accumulated 
data for more than 24 hours. After the measurements were obtained, all data was analyzed using computer software.

A progressive maximum oxygen consumption (VO2max) test was performed to determine aerobic capacity in the labora-
tory (ambient temperature, 25 ± 0.5°C; relative humidity, 60%) using an electronically braked cycle ergometer. Oxygen 
consumption and carbon dioxide production were measured using a gas analyzer (ARCO-2000, Arco System Inc., Chiba, 
Japan) with a breath-by-breath analysis of expired gases during the test. Calibration of the gas analysis system was performed 
before the first test using reference gases and room air and was reconfirmed before each test. After a 3-minute rest on the 
cycle ergometer, exercise was started at 30 W for a 3-minute warm up, and the workload was subsequently increased by 
30 Wevery one minute. The test was terminated when the participants reached physical exhaustion. The following criteria 
indicated VO2max had been attained: 1) a plateau or slight drop in VO2 despite an increase in workload; 2) exhaustion; 3) a 
respiratory exchange ratio above 1.1; and 4) a heart rate above 95% of the predicted maximal heart rate17, 18). Heart rate was 
continuously monitored using telemetry electrocardiogram equipment.

Statistical analyses were performed using SPSS for Windows, version 20 (SPSS Inc., Chicago, IL, USA). All results were 
expressed as the mean ± standard deviation. Spearman’s correlation analyses were used to analyze the relationships between 
blood parameter and anthropometric measure. A p value less than 0.05 was considered statistically significant.

RESULTS

The characteristics of the participants and clinical metabolic parameters are presented in Table 1. All participants (n=22) 
completed the study without complications. During the initial examination, two obese subjects with a BMI greater than 25 
were excluded from this study. Their blood test results showed values far more extreme than those of other participants, 
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especially in terms of the much higher HOMA values. (Table 1). The clinical data from all the other participants were 
subsequently analyzed (n=20, Table 1).

The results from the questionnaire revealed that 95% of the subjects were non-drinkers and non-smokers. Additionally, 
75% had poor dietary habits, such as eating snacks often, going without breakfast, or eating supper within 2 hours of going 
to bed. 55% did not exercise during the past year. Furthermore, 30% of participants had not walked for more than one hour in 
a single 24-hour period or participated in any equivalent activities. The prevalence of physical inactivity among participants 
was 25%, with 35% having a slower-than-normal gait speed. Only one participant (5%) reported insufficient sleep.

At examination, no one was defined as having metabolic syndrome among the non-obese subjects. However, two par-
ticipants (10%) were indicated as having at least one positive risk factor of metabolic syndrome at low HDL-cholesterol 
levels, while fasting blood glucose and HbA1c levels were within normal glucose tolerance ranges. The HOMA values of 
two participants (10%) without a family history of diabetes were greater than or equal to 1.6. HOMA and triglyceride values 
did not correlate with either BMI or waist circumference, but both values were inversely related to VO2max levels (r=−0.57, 
−0.47, p<0.05, respectively, Table 2). There were no significant correlations between the level of daily physical activity and 
VO2max level, waist circumference, or HOMA values. A significant relationship, however, was found between daily physical 
activity and resting heart rate (Table 2).

Table 1.  Participant characteristics and metabolic parameters

Non-obesity 
(n=20)

Obesity 
(n=2)

Age (years) 20.8 ± 0.5 20.0 ± 0
Height (cm) 172.4 ± 4.4 172.3 ± 14.6
Weight (kg) 61.6 ± 5.0 100.2 ± 40.7
BMI (kg/m2) 20.7 ± 1.4 33.0 ± 8.1
%BF (%) 16.1 ± 2.8 29.1 ± 10.2
WC (cm) 73.8 ± 3.2 104.8 ± 26.5
Systolic blood pressure (mmHg) 111.7 ± 8.9 137.0 ± 2.8
Diastolic blood pressure (mmHg) 69.5 ± 8.3 84.5 ± 3.5
HDL (mg/dl) 53.1 ±11.0 41.0 ± 4.2
LDL (mg/dl) 93.2 ± 22.2 109 ± 4.2
Triglycerides (mg/dl) 62.5 ± 17.0 81.0 ±28.3
Fasting glucose (mg/dl) 89.1 ± 6.1 89.0 ± 4.2
Fasting insulin (µU/ml) 4.35 ± 15.3 16.4 ± 14.9
HbA1c 4.6 ± 0.5 4.7 ± 0
HOMA 1.0 ± 0.5 3.7 ± 3.5
VO2max (ml/kg/min) 48.0 ± 12.3 30.6 ± 3.9

Values are expressed as mean ± SD. BMI: body mass index; %BF: percentage 
body fat; WC: waist circumference; HDL: high-density lipoprotein choles-
terol; LDL: low-density lipoprotein cholesterol; HOMA: homeostatic model 
assessment of insulin resistance; VO2max: maximum oxygen consumption.

Table 2.  Relationship between blood parameter and anthropometry

BMI %BF WC SBP DBP HDL TG HbA1c HOMA HR VO2max
%BF 0.346
WC 0.513* 0.38
SBP 0.355 −0.13 0.29
DBP 0.075 −0.39 0.04 0.39
HDL −0.05 −0.10 −0.21 −0.09 0.16
LDL −0.28 0.1 0.07 −0.09 −0.15 −0.10
TG −0.16 −0.40 −0.34 −0.09 −0.04 −0.40
FBG −0.06 0.11 −0.10 −0.33 −0.11 0.66 −0.18
HbA1c 0.11 0.26 0.07 −0.05 −0.005 −0.17 0.18
HOMA 0.02 0.27 −0.23 −0.20 −0.48* −0.20 0.29 0.35
HR 0.93 −0.32 0.12 0.53* 0.27 0.05 0.29 0.14 −0.01
VO2max −0.00 0.05 0.37 0.11 −0.01 0.22 −0.57* −0.22 −0.47* −0.04
DPA 0.1 0.41 0.24 −0.32 −0.32 −0.26 −0.25 −0.01 0.11 −0.72* 0.04

BMI: body mass index; %BF: percentage body fat; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; HDL: high-density lipoprotein cholesterol; TG: triglyceride; FBG: fasting blood glucose; HOMA: homeostatic model assessment 
of insulin resistance; HR: resting heart rate; VO2max: maximum oxygen consumption; DPA: daily physical activity.
HOMA and triglyceride values were inversely related to VO2max levels. Spearman’s correlation analyses were used to analyze the 
relationships between blood test and anthropometric measure. * Correlation is significant at the 0.05 level (2-tailed).
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DISCUSSION

This study investigated the health state among young, non-obese Japanese university students. In said participants, no 
one was defined as metabolic syndrome. However, our results confirmed that even non-obese Japanese were at risk to health 
issues, and that having a higher VO2max had more beneficial effects for the prevention of risk factors of severe and life-
threatening diseases. This study suggested that poor physical fitness is associated with the development of type 2 diabetes 
and/or abnormal cholesterol, and that maintaining a high VO2max for young, non-obese Japanese is more effective than 
having a normal BMI in prevention of risk factors. Obesity in itself was of course shown to be associated with significant 
problems as well. According to the test results of the two excluded obese participants, their HOMA values indicated that they 
had already developed insulin resistance despite their young age (Table 1).

It was said that young Japanese adults tend to be fixated on weight issues but do not give sufficient attention to their diet 
and physical activity7–9). The result of the questionnaire in this study made it clear that even among young Japanese who 
were maintaining proper BMI, they experienced issues of improper dietary habits and poor physical activity. Eating behavior 
such as a fast eating speed, binge eating, skipping breakfast and frequent snacking are considered to be unhealthy dietary 
habits linked to obesity and metabolic syndrome19–22). Moreover, it is well known that physical inactivity increases the risk of 
many adverse health conditions23–25). It must be noted, however, that our participants were learning about medicine in order 
to become physical therapists. Thus, there is an inherent bias in the recruitment of medical students as they have significant 
knowledge of the link between physical inactivity and improper dietary habits and a multitude of negative health outcomes. 
However, 70% of subjects had non-standard dietary habits, and 55% did not engage in any regular exercise. Furthermore, 
prevalence of physical inactivity even among medical students was 25%. Thus, it follows that a normal BMI does not 
necessarily indicate a healthy lifestyle in young Japanese adults. We can therefore conclude that in addition to offering and 
providing new knowledge about adequate exercise and healthy lifestyles, we should also be encouraging their application.

A group analysis revealed that HOMA values did not correlate with either BMI or waist circumference, which are cen-
tral factors of obesity. However, HOMA values were inversely related to VO2max levels (r=−0.47, p<0.05), meaning that 
increased insulin resistance is associated with decreased VO2max. These results suggest that in young, non-obese Japanese 
adults, it is better to focus on aerobic capacity to improve insulin resistance rather than on either BMI or waist circumference. 
In addition, triglyceride values were also inversely related to VO2max levels (r=−0.57 p<0.05) without correlating with BMI 
and waist circumference. It is physiologically plausible that HOMA and triglyceride values are inversely related to VO2max 
levels because VO2max is influenced by the percentage of skeletal muscle mass. The relationship between VO2max and skel-
etal muscle mass is quite clear; that is, VO2max is positively associated with muscle mass26–28). Since skeletal muscle mass 
influences exercise performance and uses large amounts of glucose and triglyceride29–32), those with a greater VO2max level 
have increased insulin action and fat burning capability. Therefore, it is important to maintain a high-level aerobic capacity to 
reduce the risk of severe disease. The present result demonstrated that the subjects with a greater VO2max showed a greater 
insulin action and decreased triglyceride. This finding emphasizes the need for young, non-obese Japanese to perform in 
sufficient physical activity for maintaining or improving VO2max with regard to health benefits.

According to this study’s findings, daily physical activities, which were measured using an electronic physical activity 
monitor, are inversely related to resting heart rate (Table 2), suggesting that daily physical activity is likely to benefit health. 
Generally, the resting stroke volume of an endurance trained athlete is greater than that of an untrained individual because of 
a strengthened and hypertrophied cardiac muscle in the athlete, which leads to more blood being returned to the heart33–35). 
Since increased stroke volume is nullified by a lower resting heart rate, it results in keeping equal cardiac output36–39). Thus, 
a lower heart rate at rest implies more efficient heart function and better cardiovascular fitness. The result in this study 
suggested that daily physical activity was important to cardiac function, and may help prevent a decline in cardiac function 
that occurs over time.

As was expected, the results of the blood tests among young, non-obese Japanese showed a lower risk of developing a life-
threatening disease. However, in spite of this, 20% are still indicated as having a positive risk factor. What is significant in this 
study is that all participants are very young individuals with a normal BMI. It should be noted that the HOMA values for two 
participants were high (≥1.6) and they had developed insulin resistance (though there was no family history of diabetes), and 
that two other participants also indicated one positive risk factor for metabolic syndrome at low HDL cholesterol levels. The 
Framingham Offspring Study40) reported that all metabolic syndrome components were significant predictors of developing 
metabolic syndrome in the presence of other components. The components of metabolic syndrome do not suddenly emerge, 
but develop over time, leading to risks of cardiovascular disease and total mortality. In brief, the presence of only one risk 
factor can be associated with a significant increase in risk of developing diseases. Moreover, the prevalence of overweight 
and obesity increased among middle aged Japanese41). Therefore, we must note that some participants in this present study 
already have positive risk factors, despite the sample size. It is crucial to understand that preventive measures should be 
implemented early, including enhancing aerobic activity, dietary education, and increased blood testing and examinations 
relating to exercise ability.

In conclusions, young, non-obese Japanese tended to have poor dietary habits and a low level of physical fitness, sug-
gesting that young, non-obese Japanese should be encouraged to increase their physical activity and develop healthy dietary 
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habits to reduce the risk of developing heart disease and /or type 2 diabetes.
Several limitations of this study should be acknowledged. First, the sample size is relatively small. Moreover, all subjects 

were university students from the Department of Rehabilitation Medicine. For these reasons, the findings in this study cannot 
necessarily be generalized to the broader Japanese population. Future studies may benefit from a larger sample size as well 
as a more homogenous study cohort.
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