
Page 1/18

Associations of health-related physical �tness with
body fat distribution and obesity risk using
bioelectrical impedance in Taiwanese adults
Chang-Tsen Hung 

Yuanpei University of Medical Technology
Chi-Fang Lin 

National Taiwan Normal University
Po-Fu Lee 

National Ilan University
Shu Xu 

University of Massachusetts Boston
Hsiao-Fang Kao 

Minghsin University of Science and Technology
Kai-Yang Lo 

Sai Wan College, National Sun Yat-sen University
Yan-Jhu Su 

University of Massachusetts Boston
Wen-Sheng ChangChien 

H2U Corporation
Chien-Chang Ho  (  093703@mail.fju.edu.tw )

Fu Jen Catholic University

Research Article

Keywords: physical �tness, body fat, adiposity, adults

Posted Date: April 6th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1513892/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1513892/v1
mailto:093703@mail.fju.edu.tw
https://doi.org/10.21203/rs.3.rs-1513892/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background: In terms of public health, obesity and being overweight have become major concerns
worldwide. Nevertheless, regarding body composition, it is important to have a more precise
understanding of fat-to-muscle ratio. Hence, this study aimed to adopt bioelectrical impedance
measurements to test body fat percentage (BF%) and to determine the associations of health-related
physical �tness with body fat (BF) distribution and BF obesity risk in Taiwanese adults.

Methods: We conducted a cross-sectional study and reviewed the data derived from Taiwan’s Scienti�c
Physical Fitness Survey. From the database, responses from 17,970 participants aged 23-64 years were
collected in this study. Each participant completed a series of health-related physical �tness
measurements, including cardiorespiratory �tness (3-min of a progressive knee-up and step [3MPKS]
test), muscular �tness (hand grip strength), and �exibility (sit-and-reach test). The BF% of each
participant was assessed by using the bioelectrical impedance analysis method.

Results: BF% was negatively associated with low performance on the 3MPKS (β = 11.314, p < 0.0001 for
men; β = 12.308, p < 0.0001 for women), hand grip strength (β = 2.071, p < 0.0001 for men; β = 0.859, p <
0.0001 for women), and sit-and-reach (β = 0.337, p = 0.008 for women) tests but was positively
associated with sit-and-reach (β = -0.394, p = 0.004 for men). The risk of BF obesity for the low
performance of 3MPKS (odds ratio [OR] = 26.554, p < 0.0001 for men; OR = 25.808, p < 0.0001 for
women), hand grip strength (OR = 1.682, p < 0.0001 for men; OR = 1.234, p < 0.0001 for women), and sit-
and-reach (OR = 1.142, p = 0.007 for women) tests was observed.

Conclusion: These results suggested that low levels of cardiorespiratory �tness, muscular �tness, and
�exibility are associated with an increased risk of BF obesity.

Background
Worldwide, obesity has increased exponentially since 1975; in 2016, more than 1.9 billion adults (39%)
were found to be overweight and over 650 million (13%) adults were found to be obese [1]. In Taiwan,
according to the 2013–2016 "National Nutrition and Health Status Change Survey", the prevalence of
being overweight and obesity among adults was 45.4% (53.4% for men and 38.3% for women), and the
prevalence had increased by nearly 10% compared to a decade ago [2]. Being overweight and obesity are
de�ned as excess adiposity that impairs health [1]. Moreover, the increased risks of metabolic disease
and cardiovascular disease (CVD) are associated with an increase in obesity [3], thus leading to huge
medical costs and a decline in the quality of life [3, 4].

Generally, body mass index (BMI) is used to easily de�ne whether obesity is not (but BMI is) a crude
measure that does not distinguish between fat and muscle [5, 6]. Despite the normal BMI, it is still
possible to have excess body fat, which is known as "normal-weight obesity syndrome" [7]. A past study
indicated that normal-weight obese adults are insulin-resistant, hyperinsulinaemic, and have type 2
diabetes mellitus, as well as premature coronary heart disease [8]. Furthermore, compared with normal
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weight lean individuals, normal weight obese individuals have a higher risk of developing metabolic
syndrome, cardiometabolic dysfunction, and death [7]. Moreover, cardiovascular disease and metabolic
syndrome are thought to be related to healthy-related physical �tness such as cardiorespiratory �tness
and muscular �tness [9–12]. As such, numerous studies have shown that a high BMI and/or obesity are
associated with poor physical �tness due to the higher body fat and lower skeletal muscle mass [13–15].

In terms of public health, obesity and being overweight have become major concerns worldwide.
Nevertheless, regarding body composition, it is important to have a more precise understanding of fat-to-
muscle ratio. Hence, this study aimed adopt bioelectrical impedance measurements to test body fat
percentage (BF%) and to determine the associations of health-related physical �tness with body fat (BF)
distribution and BF obesity risk in Taiwanese adults.

Methods

Participants and study design
The cross-sectional data of this study were obtained from the 2017 Taiwan Scienti�c Physical Fitness
Survey (TSPFS), which is an annual national survey that was conducted to examine the changes in the
health-related physical �tness status of Taiwanese individuals. This survey was conducted by the Sports
Administration, Ministry of Education in Taiwan. A convenience sampling scheme was performed, and
the participants were recruited from 18 scienti�c physical �tness test stations. This survey included face-
to-face interviews followed by a standardized structural questionnaire, anthropometric measurements,
and health-related physical �tness tests that were conducted by trained examiners and medical
specialists (typically nurses or doctors). The health-related physical �tness tests were then conducted
after pretest health screenings (screenings for health limitations affecting the eligibility for participation
in health-related physical �tness tests), which included measures of the resting heart rate (HR) and blood
pressure. The participants then completed a modi�ed Physical Activity Readiness Questionnaire [16].
Finally, 17,970 adult participants (7,907 men and 10,063 women) aged 23–64 years were included in the
present study. This study was conducted in accordance with the Declaration of Helsinki, and the protocol
was approved by the Institutional Review Board of Fu Jen Catholic University in Taiwan (FJU-IRB
C110113).

Data collection
Participants’ sociodemographic characteristics, such as age, gender, education level, occupation
condition, monthly income, marital status, and relationship status, were obtained via face-to-face
interviews by using a structured questionnaire. The participants were divided into education levels of
elementary school or lower, junior or senior school, and college or higher; in terms of occupation
condition, participants were divided into currently employed, nonemployed, and other groups. Monthly
income was categorized as ≦ 20,000 New Taiwan dollar (NTD), 20,001–40,000 NTD, and ≧ 40,001 NTD.
Marital status was categorized as never married, married, and divorced/separation/widowed.
Furthermore, relationship status was categorized as living with someone and not living with someone.
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Anthropometric index and BF% measurements
Anthropometric index and BF% measurements were performed before the health-related physical �tness
tests. Anthropometric indices included body height and weight. During the anthropometric
measurements, all of the participants had their shoes and heavy clothes removed and were instructed to
stand erect with their abdomen relaxed, arms at their sides, and feet together. Body weight and height
were recorded in metres to the nearest 0.1 kg and 0.1 cm, respectively, with an electronic height-weight
scale. BMI was calculated as body mass in kilograms divided by the square of height in metres (kg/m2).
Following the height and weight measurements, the BF% of each participant was assessed via a
bioelectrical impedance analysis (BIA) by using three devices: 1) the Omron handheld impedance device
(Omron model HBF-306, Hoffman Estates, IL) for bipolar arm-arm impedance, 2) the Tanita device (Tanita
model TBF300A, Arlington Heights, IL) for bipolar leg-leg impedance, and 3) the InBody 770 (InBody
Model 770, Cerritos, CA). These anthropometric index and body fat measurements were conducted by
well-trained examiners who attended a regional training seminar and who passed a certi�cation test on
standardized procedures, which have been reported in previous studies [17–19]. Measurements with all
of the devices were performed in accordance with the manufacturers’ instructions.

De�nitions of BF obesity
BF obesity was classi�ed according to the cut-off BF% points classi�cation by gender for Taiwanese
adults, which was adopted as suggested by the Health Promotion Administration, Ministry of Health and
Welfare in Taiwan. The BF% value was calculated as ≥ 25% for men and ≥ 30% for women, which was
considered the classi�cation of BF obesity [5, 20].

Health-related physical �tness measurements
To determine the health-related physical �tness status of adults, we assessed three main components of
health-related physical �tness based on three measurements: cardiorespiratory �tness (3-min progressive
knee-up and step [3MPKS] test), muscular �tness (hand grip strength test), and �exibility (sit-and-reach
test). Measurements and the abovementioned data were recorded by well-trained examiners who had
attended an o�cial training seminar and who had passed a certi�cation test on standardized procedures.
The details of the 3MPKS, hand grip strength, and sit-and-reach tests were strictly performed according to
the Scienti�c Physical Fitness Test manual, as described in the following statement.

3MPKS test
Cardiorespiratory �tness was measured as VO2max (ml·kg− 1·min− 1) by using the 3MPKS test. Before the
performance of the 3MPKS test, the participant was required to wear a Hear Rate Monitor with a chest
strap to monitor his or her HR during exercise testing. While wearing the HR monitor, the participants
stood while the midway point between their patella and iliac crest was measured as the target height for
lifting the knees and was marked by coloured tape. Once the test was initiated, the participant was asked
to match a rhythm produced by an electronic metronome while stepping in place and raising the knee to
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the marked height with each step. The 3MPKS test started with 96 steps per minute (SPM), and the rate
was increased by 24 SPM every 1 minute. If the participant was unable to maintain the rhythm, he or she
could run instead of walking for up to 3 minutes. If the participant was unable to lift the knees to the
required height or if they could not follow the rhythm for 30 seconds, then the test session was
terminated, and the results were eliminated from the analysis. For safety concerns, the participant had to
maintain the step rate at 80 SPM for a cool-down period of 30 seconds before resting in a standing
position. The recorded data contained the HR at the beginning of exercise testing (HR0); at the �rst (HR1),
second (HR2), and third minutes (HR3) during the exercise testing; and at the �rst minute post-exercise
testing (HR4).

Hand grip strength
Muscular �tness was measured as the maximal isometric hand grip strength (kg) by using a digital hand
dynamometer (T.K.K.5401 Grip-D, Takei, Japan). Participants were asked to stay in a standing position
and to keep one arm straight and parallel to the body. They were requested to hold the dynamometer with
their dominant hand and to squeeze the handle as hard as possible for 3 seconds. The test was
performed twice, and the average value was used for the data analysis.

Sit-and-reach test
The �exibility was measured as low back and hamstring �exibility (cm) by using a sit-and-reach test.
From a seated position with the feet placed �at against a prepared box with a zero point at -25 cm with
respect to the feet, participants had to gradually push a ruler on the box while trying to reach as far
forward as possible and while always keeping their knees straight. Bouncing movements were not
allowed. The test was performed twice, and the best result was used for the data analysis.

The content and the process of the health-related physical �tness measurements were explained to the
participants, and they had 10 minutes to warm up so that their optimum performance could be achieved.
All of the participants were assessed in the following order with su�cient rest (3 to 5 minutes) between
measurements: hand grip strength, sit-and-reach test, and 3MPKS test.

Statistical analyses
Data were analysed via SAS statistical software (version 9.4; SAS Institute, Inc, Cary, NC). Differences in
demographic characteristics, anthropometric variables, and HRPF measurements between the
with/without BF obesity group were analysed by using Student's t test or chi-square tests. A multiple
linear regression analysis with BF% as the dependent variable was used to examine the associations
between HRPF measurements and BF% after adjustments for potential confounders, such as age,
education, occupation, monthly income, marital status, and relationship status. To examine the risk
relationship of HRPF measurements with BF% and BF obesity status, two different categories (50th
percentiles) were applied for each HRPF measurement according to gender. The low quartile was
composed of participants who had the best performances in each HRPF measurement, and it was
assigned as the reference group for further analysis. Unconditional logistic regression analyses were
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conducted to evaluate the linear associations of cardiorespiratory �tness, muscular �tness, and �exibility
with BF obesity risks. All of the regression models were adjusted for age, education, occupation, monthly
income, marital status, relationship status, and other HRPF measurements. Afterwards, the adjusted odds
ratios (ORs) with 95% con�dence intervals (CIs) were calculated. All of the data are expressed as the
means ± standard deviation or frequency (percentage). The signi�cance level adopted to reject the null
hypothesis was p < 0.05.

Results
In total, 7,907 men and 10,063 women were included in this study. Table 1 lists the demographic
characteristics of the study participants as classi�ed by their BF obesity status. A total of 3,389 men and
5,136 women had BF obesity, whereas 4,518 men and 4,927 women had non-BF obesity. Both sexes in
the BF obesity group were older and had higher BMI, WC, HC, and WHR values. Signi�cant differences
were found in education, currently employed status, income level status, marital status, and relationship
status among both the men and women.
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Table 1
Demographic characteristics of the study participants with or without body fat obesity in Taiwanese

adultsa.
Variables Men (N = 7,907) Women (N = 10,063)

BF
Obesity

(n = 
3,389)

Non-BF
obesity

(n = 
4,518)

p value BF
Obesity

(n = 
5,136)

Non-BF
obesity

(n = 
4,927)

p value

Age (years) 38.45 ± 
11.32

36.59 ± 
10.87

< 
0.0001*

37.87 ± 
11.81

37.09 ± 
10.34

< 
0.0001*

Height (cm) 170.24 
± 6.64

172.70 ± 
6.03

< 
0.0001*

158.99 
± 5.78

160.62 
± 5.73

< 
0.0001*

Body weight (kg) 75.42 ± 
12.41

69.89 ± 
9.25

< 
0.0001*

59.42 ± 
9.20

54/17 ± 
7.90

< 
0.0001*

BMI (kg/m2) 25.95 ± 
3.53

23.41 ± 
2.61

< 
0.0001*

23.49 ± 
3.28

20.96 ± 
2.53

< 
0.0001*

WC (cm) 84.00 ± 
9.27

80.62 ± 
7.95

< 
0.0001*

77.28 ± 
8.81

72.67 ± 
7.61

< 
0.0001*

HC (cm) 98.30 ± 
7.20

96.33 ± 
8.08

< 
0.0001*

95.10 ± 
8.08

90.97 ± 
7.73

< 
0.0001*

WHR 0.85 ± 
0.06

0.84 ± 
0.04

< 
0.0001*

0.81 ± 
0.06

0.80 ± 
0.05

< 
0.0001*

FM (kg) 24.06 ± 
4.07

13.35 ± 
3.90

< 
0.0001*

22.28 ± 
4.20

13.35 ± 
3.13

< 
0.0001*

FFM (kg) 51.35 ± 
10.92

56.54 ± 
6.90

< 
0.0001*

37.14 ± 
7.71

40.81 ± 
6.00

< 
0.0001*

%BF 32.41 ± 
6.02

18.89 ± 
4.16

< 
0.0001*

37.85 ± 
6.96

24.55 ± 
3.97

< 
0.0001*

Education (%)     < 
0.0001*

    < 
0.0001*

Elementary school or lower 1.1 0.1   2.1 0.7  

BF body fat, BMI body mass index, HC hip circumference, FFM free fat mass, FM fat mass, NTD New
Taiwan Dolloar, SD standard deviation, WC waist circumference, WHR waist-to-hip ratio.

BF Obesity, %BF ≥ 25% in men and ≥ 30% in women; Non-BF Obesity, %BF < 25% in men and %BF < 
30% in women.

aValues expressed as the means ± SD or percentage (%).

*p < 0.05.
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Variables Men (N = 7,907) Women (N = 10,063)

BF
Obesity

(n = 
3,389)

Non-BF
obesity

(n = 
4,518)

p value BF
Obesity

(n = 
5,136)

Non-BF
obesity

(n = 
4,927)

p value

Junior or senior high school 14.9 4.8   16.2 7.6  

College or higher 84.0 95.0   81.6 91.7  

Currently employed (%)     < 
0.0001*

    < 
0.0001*

Yes 87.2 91.7   81.8 88.7  

No 10.8 4.4   16.3 7.9  

Other 2.0 3.9   1.8 3.5  

Income level (%)     < 
0.0001*

    < 
0.0001*

≦ 20,000 NTD 11.1 6.1   15.5 8.7  

20,001–40,000 NTD 29.0 21.5   37.1 36.2  

≧ 40,001 NTD 59.9 72.4   47.4 55.1  

Marital status (%)     < 
0.0001*

    < 
0.0001*

Never married 34.6 47.8   34.8 46.4  

Married 59.1 46.9   59.4 47.0  

Divorced/separation/widowed 6.3 5.3   5.8 6.5  

Relationship status (%)     < 
0.0001*

    < 
0.0001*

Living with someone 84.0 78.2   87.8 83.5  

Not living with someone 16.0 21.8   12.2 16.5  

BF body fat, BMI body mass index, HC hip circumference, FFM free fat mass, FM fat mass, NTD New
Taiwan Dolloar, SD standard deviation, WC waist circumference, WHR waist-to-hip ratio.

BF Obesity, %BF ≥ 25% in men and ≥ 30% in women; Non-BF Obesity, %BF < 25% in men and %BF < 
30% in women.

aValues expressed as the means ± SD or percentage (%).

*p < 0.05.
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Table 2 presents the comparison of BF obesity status differences by various health-related physical
�tness measurements among adults in Taiwan. The results indicated that the non-BF obesity group had
signi�cantly higher results for all of the physical �tness tests among both men and women.

Table 2
Scienti�c physical �tness measurements with or without body fat obesity in Taiwanese adultsa.

Variables Men (N = 7,907) Women (N = 10,063)

BF Obesity

(n = 3,389)

Non-BF
obesity

(n = 4,518)

p value BF
Obesity

(n = 
5,136)

Non-BF
obesity

(n = 4,927)

p value

3MPKS
(ml/kg/min)

38.33 ± 
3.85

44.56 ± 4.39 < 
0.0001*

31.83 ± 
4.11

37.66 ± 4.39 < 
0.0001*

Grip strength (kg) 38.70 ± 
9.50

43.60 ± 7.86 < 
0.0001*

25.01 ± 
5.88

26.05 ± 5.78 < 
0.0001*

Sit-and-reach test
(cm)

21.73 ± 
10.00

21.28 ± 9.54 0.041* 26.84 ± 
9.97

27.76 ± 
10.86

< 
0.0001*

3MPKS 3-min progressive knee-up and step, BF body fat, SD standard deviation.

BF Obesity, %BF ≥ 25% in men and ≥ 30% in women; Non-BF Obesity, %BF < 25% in men and %BF < 
30% in women.

aValues are expressed as the means ± SD.

*p < 0.05.

 
Table 3 presents the results of the regression coe�cients for predicting BF% by using different health-
related physical �tness measurements. The results indicated that there was a negative relationship
between BF% and health-related physical �tness measurements (p < 0.05) without the sit-and-reach test in
women. In men, adjusted for age, education, occupation, monthly income, marital status, and other
physical �tness measurements, the power was decreased in the 3MPKS (β = -1.565) and sit-and-reach
tests (β = 0.027) and increased in the grip strength test (β = -0.104). However, in women, after adjusting
for age, education, occupation, monthly income, marital status, and other physical �tness measurements,
the power was decreased in 3MPKS (β = -1.538) and grip strength (β = -0.066) tests.
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Table 3
Regression coe�cients for predicting body fat percentage using different physical �tness measurements.

Variables Model 1 (unadjusted) Model 2 (adjusteda)

β SE p β SE p

Men            

3MPKS (ml/kg/min) -1.085 0.013 < 0.0001* -1.565 0.012 < 0.0001*

Grip strength (kg) -0.187 0.007 < 0.0001* -0.104 0.006 < 0.0001*

Sit-and-reach test (cm) 0.059 0.006 < 0.0001* 0.027 0.005 < 0.0001*

Women            

3MPKS (ml/kg/min) -1.116 0.013 < 0.0001* -1.538 0.012 < 0.0001*

Grip strength (kg) -0.026 0.011 0.022* -0.066 0.009 < 0.0001*

Sit-and-reach test (cm) -0.015 0.006 0.016* -0.007 0.005 0.166

3MPKS 3-min progressive knee-up and step, SE standard error, β regression coe�cient.

aAdjusted for age, education, occupation, monthly income, marital status, relationship status, and
other physical �tness measurements.

*p < 0.05.

 
Table 4 presents the results of the regression coe�cients for predicting the BF% of health-related physical
�tness measurements. The results indicated that there was a signi�cant relationship between BF% and
health-related physical �tness measurements (p < 0.05). In men, after adjusting for age, education,
occupation, monthly income, marital status, and other physical �tness measurements, the power
signi�cantly increased with the 3MPKS (β = 11.314) and sit-and-reach tests (β = -0.394) and decreased
with the grip strength test (β = 2.071). However, in women, after adjusting for age, education, occupation,
monthly income, marital status, and other health-related physical �tness measurements, the power
signi�cantly increased with 3MPKS (β = 12.038) and grip strength tests (β = 0.859) and decreased in the
sit-and-reach test (β = 0.337).
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Table 4
Regression coe�cients for predicting body fat percentage using 50th percentiles of physical �tness

measurements.
Variables Model 1 (unadjusted) Model 2 (adjusteda)

β SE p β SE p

Men            

3MPKS (ml/kg/min)            

< 41.65 9.443 0.152 < 0.0001* 11.314 0.161 < 0.0001*

≧ 41.65 Ref. — — Ref. — —

Grip strength (kg)            

< 42.00 2.545 0.152 < 0.0001* 2.071 0.140 < 0.0001*

≧ 42.00 Ref. — — Ref. — —

Sit-and-reach test (cm)            

< 21.00 -0.773 0.150 < 0.0001* -0.394 0.137 0.004*

≧ 21.00 Ref. — — Ref. — —

Women            

3MPKS (ml/kg/min)            

< 34.42 9.823 0.145 < 0.0001* 12.038 0.142 < 0.0001*

≧ 34.42 Ref. — — Ref. — —

Grip strength (kg)            

< 25.40 0.562 0.145 < 0.0001* 0.859 0.128 < 0.0001*

≧ 25.40 Ref. — — Ref. — —

Sit-and-reach test (cm)            

< 27.00 0.422 0.144 0.003* 0.337 0.127 0.008*

≧ 27.00 Ref. — — Ref. — —

3MPKS 3-min progressive knee-up and step, SE standard error, β regression coe�cient.

aAdjusted for age, education, occupation, monthly income, marital status, relationship status, and
other physical �tness measurements.

*p < 0.05.
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Table 5 presents the multivariate-adjusted ORs for BF obesity in relation to the 50th percentiles of health-
related physical �tness measurements after adjustments for potential confounders. Via a 3MPKS test
result of > 41.65 as the baseline, participants with 3-min step test results < 41.65 exhibited the highest risk
of BF obesity (OR = 26.554; 95% CI: 22.718–31.038) among men. However, there was a signi�cant
relationship between the 3MPKS test results and BF obesity in women when using > 34.42 as the baseline
in Model 2. When a grip strength test score of > 42.00 was set as the baseline, male participants with grip
strength test scores of < 42.00 had the highest risk of BF obesity (OR = 1.682; 95% CI: 1.503–1.883) after
adjustments. However, for women, scores of < 25.40 demonstrated a signi�cant relationship between the
grip strength test results and a risk of BF obesity (OR = 1.234; 95% CI: 1.119–1.360) when a grip strength
test score of > 25.40 was used as the baseline. By using a sit-and-reach test score of > 29.00 as the
baseline, male participants with scores of < 21.00 had no signi�cant relationship with BF obesity (OR = 
0.911; 95% CI: 0.815–1.019) after adjustments. For women, when a sit-and-reach test score of > 27.00
was set as the baseline, participants with scores of < 27.00 had the highest risk of BF obesity (OR = 1.142;
95% CI: 1.037–1.258) after adjustments.
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Table 5
Multivariate adjusted ORs for BF obesity in relation to 50th percentiles of physical �tness measurements

after adjustment for potential confounders.
Variables Model 1 (unadjusted) Model 2 (adjusteda)

OR 95% CI p OR 95% CI p

Men            

3MPKS (ml/kg/min)            

< 41.65 10.511 9.435–
11.711

< 
0.0001*

26.554 22.718–
31.038

< 
0.0001*

≧ 41.65 Ref. — — Ref. — —

Grip strength (kg)            

< 42.00 1.743 1.568–1.937 < 
0.0001*

1.682 1.503–1.883 < 
0.0001*

≧ 42.00 Ref. — — Ref. — —

Sit-and-reach test
(cm)

           

< 21.00 0.845 0.760–0.939 0.0002* 0.911 0.815–1.019 0.104

≧ 21.00 Ref. — — Ref. — —

Women            

3MPKS (ml/kg/min)            

< 34.42 10.316 9.406–
11.315

< 
0.0001*

25.808 22.544–
29.545

< 
0.0001*

≧ 34.42 Ref. — — Ref. — —

Grip strength (kg)            

< 25.40 1.124 1.024–1.232 0.014* 1.234 1.119–1.360 < 
0.0001*

≧ 25.40 Ref. — — Ref. — —

3MPKS 3-min progressive knee-up and step, CI con�dence interval, OR odds ratio.

BF Obesity, %BF ≥ 25% in men and ≥ 30% in women; Non-BF Obesity, %BF < 25% in men and %BF < 
30% in women.

aAdjusted for age, education, occupation, monthly income, marital status, relationship status, and
other physical �tness measurements.

*p < 0.05.
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Variables Model 1 (unadjusted) Model 2 (adjusteda)

OR 95% CI p OR 95% CI p

Sit-and-reach test
(cm)

           

< 27.00 1.148 1.047–1.259 0.003* 1.142 1.037–1.258 0.007*

≧ 27.00 Ref. — — Ref. — —

3MPKS 3-min progressive knee-up and step, CI con�dence interval, OR odds ratio.

BF Obesity, %BF ≥ 25% in men and ≥ 30% in women; Non-BF Obesity, %BF < 25% in men and %BF < 
30% in women.

aAdjusted for age, education, occupation, monthly income, marital status, relationship status, and
other physical �tness measurements.

*p < 0.05.

Discussion
In this study, the aim was to determine the relationship between health-related physical �tness and BF
obesity risk by using bioelectrical impedance in Taiwanese adults. This study adopted a large-scale
national cross-sectional design and was conducted with a national database. The results of this study
showed that there was a signi�cant relationship between health-related physical �tness and BF obesity
risk in all of the �tness measurements. Furthermore, in the worst �tness interval, it was most strongly
associated with BF obesity risk in both sexes.

We found that adults had lower cardiorespiratory �tness, which has a strong correlation with being BF
obesity. Most of the past studies have used BMI as the standard for obesity; the past study indicated that
changes in cardiorespiratory �tness will be affected as BMI increases [21]. The measurements of this
study with the use of a more precise instrument via bioelectrical impedance is also consistent with
previous studies. Generally, cardiopulmonary �tness is considered to be highly correlated with
cardiovascular disease. Different studies [22–25] have documented an association between obesity and
cardiovascular disease. This study is consistent with past studies, which demonstrated that the
cardiovascular �tness, as tested via 3MPKS, can effectively predict the obesity risk, which was similar to
previous studies.

The results of this study showed that muscle strength and endurance are measured via grip strength,
which is an important indicator of body fat and obesity. It is important to obese individuals who are
recommended to perform resistance training 2–3 times a week [26–28] to maintain or increase muscle
strength and to decrease body mass [27, 29]. A past study indicated that after 16 weeks of resistant
exercise intervention, elderly women with obesity had improved adiposity indices and increased muscle
strength and functional ability [30]. Furthermore, muscular �exibility was con�rmed to predict body fat
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obesity in both male and female participants. However, no past studies have been conducted on the
relationship between muscular strength and �exibility and body fat obesity, and future research can
determine whether muscle �exibility or strength can be solely used as a main indicator of obesity.

In the present study, the data analysis was national and controlled for confounding factors to explore
whether the independent variables and dependent variables are as effective as this study in predicting BF
obesity, which was the strength of this study. However, there were still some limitations that need to be
discussed. First, due to the fact that this study used a cross-sectional design, the lack of longitudinal data
made it too di�cult to infer causality relationships. Additionally, this study population included
Taiwanese adults between the ages of 23 and 64 years, which cannot be estimated for other age groups
or a variety of different demographic characteristics. Hence, we recommend that future studies adopt a
longitudinal study design and recruit more different participants to understand this issue more
comprehensively.

Conclusions
In summary, the purpose of the present study was to determine the relationship between health-related
physical �tness and BF obesity risk in Taiwanese adults. These results suggested that low levels of
cardiorespiratory �tness, muscular �tness, and �exibility are associated with an increased risk of BF
obesity. However, the mechanism by which physical �tness affects BF obesity is still unclear, and future
studies can further investigate this issue.
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