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Background: Physical fitness is an important index of health. Our aim was to assess
whether cardiorespiratory and/or musculoskeletal components of physical fitness were
associated with cardiometabolic risk clustering in obese youth, using adapted and
validated field tests.
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Methods: We evaluated 252 children and adolescents (132 males, 120 females), mean
age 10.9 ± 1.9 years with primary obesity. All subjects performed the six-minute walk test
(6MWT) for assessing aerobic fitness, the standing broad jump, and the 30 s-chair stand
tests for lower-body muscular strength, and the handgrip test for upper body isometric
strength. Cardiometabolic risk (CMR) clustering was defined as having two or more of the
following risk factors: high SBP and/or DBP, impaired fasting glucose, high triglycerides
(TGs), and low HDL-Cholesterol.
Results: CMR clustering was found in 44 (17.5%) obese youth. Youth with CMR
clustering had a lower cardiorespiratory fitness, as assessed by 6MWT, compared
to those without CMR clustering. On the contrary, no difference was found with
respect to musculoskeletal fitness. The six-minute walk (6MW) distance was negatively
associated with sedentary time, controlling for age and height. CMR factors clustering
was significantly associated with BMI standard deviation score (SDS) and negatively with
6MW distance: for each 10-m increase in the 6MW distance, a reduction of about 9% in
the prevalence of CMR clustering was expected.
Conclusions: A lower performance in the 6MWT may be considered as an additional
trait of CMR clustering in obese youth. The 6MWT may represent a valuable, simple and
low cost test to estimate the cardiorespiratory fitness in youth with obesity.
Keywords: aerobic fitness, cardiometabolic risk, muscular fitness, obesity, six-minute walk test, youth

INTRODUCTION
Physical fitness, an index of body function with respect to the performance of daily physical activity
and/or physical exercise, may be considered one of the most important health markers in children
and adolescents (1), as well as, a predictor of cardiometabolic risk (CMR) in young adulthood
(2, 3). In addition to cardiorespiratory fitness, which has long been associated with health outcomes,
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scores (SDS), based upon the established Italian BMI normative
curves (14).

musculoskeletal fitness is also recognized as a crucial component
in maintaining overall health in youth (4). Both low aerobic
and musculoskeletal fitness have been related to the traditional
CMR factors, such as abdominal adiposity, insulin resistance, and
dyslipidemia (5–8) in the first two decades of life.
It is well-known that physical fitness is impaired in obese
children and adolescents, and represents the main reason for
their low participation in physical activities (9, 10). On the other
hand, as far as we know, few papers have assessed whether
physical fitness may be related to CMR clustering in obese
children, with contrasting results (11, 12). In these studies,
cardiorespiratory fitness was assessed during cycling graded
exhaustive test, hence the results might have been undermined,
since obese youth rarely engage in physical activity of high
intensity (13). Therefore, the aim of this study was to assess
whether physical fitness was associated with CMR clustering in
obese youth, using adapted and validated field tests to assess
the cardiorespiratory and/or musculoskeletal components of
physical fitness.

Cardiometabolic Risk Factors
Blood
pressure
was
measured
using
aneroid
sphygmomanometers with cuffs of appropriate size, according
to standard procedures. Briefly, blood pressure was measured in
the right arm in sitting position after 5-min resting, using the
auscultatory method; Korotkoff 1 was used for systolic blood
pressure (SBP) and Korotkoff 5 for diastolic blood pressure
(DBP) as recommended (15).
Plasma glucose, total cholesterol, triglycerides (TGs), and
high-density lipoprotein-cholesterol (HDL-C) were measured in
fasting blood samples using standardized methods.

Definitions
Obesity was defined according to BMI >95th percentile of the
established Italian BMI normative curves (14). Cardiometabolic
risk (CMR) clustering was defined as having two or more
of the following listed risk factors: SBP and/or DBP ≥95th
percentile for age, sex, and height (15), Fasting plasma glucose
≥100 mg/dL,TG≥100 mg/dL in children, and ≥130 mg/dL in
adolescents, HDL-C <40 mg/dL (16).

MATERIALS AND METHODS
Subjects
In this cross-sectional study 252 children and adolescents (132
males, 52.4%, mean age 10.9 ± 1.9 years) with primary obesity
were consecutively recruited at the Childhood Obesity clinic
of Santobono-Annunziata Hospital in Naples, Italy. Participants
had been referred to the hospital for assessment of health
status and implementation of a weight loss program. The
inclusion criteria were: Caucasian origin, and chronological
age between 8 and 16 years. The exclusion criteria were
the presence of any specific genetic or endocrine pathologic
process which may cause obesity, personal history of diabetes
mellitus, hypertension, or low-density lipoprotein-cholesterol
(LDL-C) ≥190 mg/dL. The study took place from 1st April
2017 to 31th December 2017. The protocol was approved by
the Ethics Committee of the Cardarelli-Santobono Hospital
(reference number 233/28.03.2017). Written informed consent
for all procedures was obtained from the youth and/or their
parents or legal guardians in accordance with the Declaration of
Helsinki.

Physical Activity and Sedentary Time
Assessment
The study included a questionnaire assessment by interview
regarding some behavioral issues of youth, i.e., sports
participation in the previous 6 months (h/week) and sedentary
time (h/day), as the sum of the daily hours spent in television
viewing, videogames, and surfing on computer.

Physical Fitness Assessment
Cardiorespiratory fitness and musculoskeletal fitness were
evaluated by the same investigator (PT), who was trained in
physical fitness assessment. Each test was conducted individually;
participants wore their usual comfortable footwear.

Six-Minute Walk Test (6MWT)
The six-minute walk test (6MWT) was performed indoors
along a flat, straight walkway in accordance with the American
Thoracic Society guidelines (17). The walking course length
measured 20 m. The length of the corridor was marked every
3 m with a brightly colored tape. Cones were placed at either end
of the walking course to indicate the beginning and end points.
Additionally, the starting line, which marked the beginning and
end of each lap, was marked on the floor using brightly colored
tape. Instructions and demonstrations were given to each child.
Participants were tested individually. They were informed that
the purpose of the test was to find out how far they could walk in
6-min and were instructed to walk the longest distance possible
at their own pace during the allotted time. Hopping, skipping,
running, and jumping were not allowed during the test. Only the
standardized phrases for encouragement (e.g., “keep going,” “you
are doing well”) and announcement of time remaining were given
to the participants.

Anthropometric Measurements
Height, weight, and waist circumference (WC) were measured
by the same investigator with the children wearing only light
clothes and no shoes. Following standard procedures, height was
measured to the nearest 0.1 cm with a wall-mounted stadiometer,
while weight was determined to the nearest 0.1 kg on a medical
scale. WC was measured with the child in a standing position
with a flexible tape taken midway between the 10th rib and the
iliac crest. The body mass index (BMI) [weight (kg)/height (m2 )]
was calculated. Since height and BMI are age- and gender-related,
these parameters were transformed into standard deviation
Abbreviations: BMI, body mass index; CMR, cardiometabolic risk; DBP, diastolic
blood pressure; HDL-C, high-density lipoprotein-cholesterol; 6MWT, six-minute
walk test; SDS, standard deviation scores; SBP, systolic blood pressure; TGs,
triglycerides; WC, waist circumference.
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Lower-Body Muscular Strength

6MW distance in decameter, gender, age, and BMI-SDS and
expressed as odds ratios (OR) and 95% confidence intervals (CI).

The lower-body strength was assessed by the standing broad
jump and the 30 s-chair stand tests. For the standing broad jump,
the participant stood behind the starting line and was instructed
to push off vigorously and jump as far as possible. The participant
had to land with the feet together and to stay upright. The
distance in centimeter was measured from the take-off line to the
point where the back of the heel nearest to the take-off line lands
on the ground. A further attempt was allowed if the subject fell
backward or touched the mat with another part of the body. The
test was repeated twice, and the best score was considered (18).
For the chair stand test an armless, height-adjustable chair was
used. The participant started in a seated position with the back
against the backrest of the chair and knees in 90◦ of flexion. The
participant had to stand up and sit down as quickly as possible
with arms folded across chest, paying attention to stand up until
knees were fully straightened and lean back against the backrest
when sitting down. The maximum number of full stands in 30 s
was retained (19).

RESULTS
Anthropometric, lifestyle, cardiometabolic, and physical fitness
features of the study population are shown in Table 1 according
to gender. Females were less sedentary, but spent less time
on sports, showed higher TG levels and lower values of
musculoskeletal strength, i.e., standing broad jump and handgrip
test, than males. Instead, the 6MW distance did not differ
between genders.
Forty-four (17.5%) youth presented CMR clustering. Table 2
summarizes the anthropometric, lifestyle, and cardiometabolic
features of the study population, according to CMR clustering.
Besides the values of CMR factors, which were consistent with
the study design, the two groups differed in gender distribution
(P = 0.04) and BMI-SDS (P = 0.03), while no difference was
found with regard to sports participation and sedentary time.
Table 3 shows the estimated marginal mean values of the
physical fitness tests in the two groups with or without CMR
clustering. Data were adjusted for age, gender, height, and BMISDS. Youth with CMR clustering exhibited a significant worse

Upper Muscular Strength
The upper body isometric strength was assessed by the handgrip
test, using a hand dynamometer with adjustable grip (TKK 5101
Grip D; Takey, Tokio Japan). The participant held the instrument,
with the elbow in full extension and avoiding contacting of any
other part of the body with the dynamometer, except the hand
being measured, then squeezed gradually and continuously for
at least 5 s. The test was performed three times (alternately with
both hands), allowing 15 s rest between measures. The best result
(expressed in kg, accurate to 0.1 kg) in the dominant hand was
retained (18).

TABLE 1 | Anthropometric, lifestyle, cardiometabolic, and physical fitness features
of the study population according to gender.
Males
Number

Statistical Analysis
Statistical analysis was carried out using the Statistical Package
of Social Sciences (SPSS, Windows release 24.0; Chicago, IL,
USA). Results are presented as mean ± Standard Deviation,
unless otherwise stated, with statistical significance set at p ≤
0.05. The sample size necessary to achieve a P-value = 0.02
with a correlation coefficient of 0.2 and power of 80% was
247.
The Kolmogorov-Smirnov goodness-of-fit test was applied
for determining whether sample data likely derive from
a normally distributed population. Variables not normally
distributed were logarithmically transformed. However, for
clarity of interpretation, results are expressed as untransformed
values. The independent sample t-test was used to compare the
means of continuous variables, while contingency table analyses
were used for categorical variables. Differences in physical fitness
tests between groups with and without CMR clustering were
tested by univariate general linear model, controlling for gender,
age, height, and BMI-SDS. Pearson correlation coefficients were
performed to examine the association between the six-minute
walk (6MW) distance and the variables of interest. The variables
significantly associated with the 6MW were entered in a partial
correlation analysis. Binary logistic regression analysis was
performed to evaluate the associations of CMR clustering with
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Females

P

132

120

Age, years

11.1 ± 1.8

10.8 ± 1.9

0.11

Height, cm

149.0 ± 12.3

146.3 ± 10.4

0.07

Weight, kg

68.9 ± 18.1

66.3 ± 16.5

0.26

BMI, kg/m2

30.6 ± 5.1

30.5 ± 4.3

0.95

BMI-SDS

2.3 ± 0.5

2.3 ± 0.4

0.24

Waist, cm

100.9 ± 11.3

99.6 ± 11.6

0.33

LIFESTYLE
Sports participation, N (%)

61 (46.2)

49 (40.1)

0.39

Sports participation, h/week*

3.8 ± 1.8

2.8 ± 1.3

< 0.01

Sedentary time, h/day

4.8 ± 2.1

4.1 ± 2.2

< 0.01

CARDIOMETABOLIC RISK FACTORS
Systolic blood pressure, mmHg

106.7 ± 13.1

106.7 ± 12.4

Diastolic blood pressure, mmHg

63.7 ± 8.5

64.5 ± 7.9

0.91
0.22

Glucose, mg/dL

90.9 ± 7.9

90.6 ± 10.9

0.71

Triglycerides, mg/dL

88.4 ± 41.4

102.9 ± 50.5

< 0.01

Total cholesterol, mg/dL

155.7 ± 32.7

152.1 ± 30.7

0.47

HDL cholesterol, mg/dL

49.5 ± 12.5

46.4 ± 10.6

0.06

Six-minute walk distance, m

460.6 ± 44.8

454.4 ± 45.8

0.34

Standing broad jump, cm

92.9 ± 20.2

80.5 ± 18.6

< 0.01

PHYSICAL FITNESS

Chair stand, no. of stands

17.2 ± 3.2

17.2 ± 3.3

0.91

Handgrip strength, kg

19.1 ± 5.4

17.8 ± 5.1

< 0.05

Data are expressed as mean ± standard deviation or number (percentage).
*These data are referred only to sports participants.
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correlation analysis confirmed that the 6MW distance was
negatively related to sedentary time, controlling for age and
height (r = −0.171, p < 0.01) (Figure 3).
Lastly, logistic regression analysis showed that CMR clustering
was positively associated with BMI-SDS (OR 3,230, 95% CI
1.470–7.096, p < 0.01) and negatively with 6MW distance (for
a 10-min increase: OR 0.911, 95% CI 0.840–0.988), while no
significant association was found with gender (reference males,
OR 1.769, 95% CI 0.887–3.529) and age (OR 0.823, 95% CI
0.673–1.008).

TABLE 2 | Anthropometric, lifestyle, and cardiometabolic features of the study
population according to cardiometabolic risk clustering.
Cardiometabolic risk clustering
Absent
Number

Present

P

208

44

115/93 (55.3/44.7)

17/27 (38.6/61.4)

0.04

Age, years

11.0 ± 1.9

10.5 ± 1.8

0.09

Height, cm

147.8 ± 11.5

147.4 ± 11.6

0.82

Weight, kg

66.9 ± 16.1

70.8 ± 22.2

0.54

BMI, kg/m2

30.3 ± 4.4

31.9 ± 5.9

0.09

Males/females, N (%)

BMI-SDS

2.3 ± 0.4

2.5 ± 0.5

0.03

Waist, cm

99.9 ± 11.3

102.3 ± 11.9

0.73

92 (44.2)

18 (40.9)

0.69

DISCUSSION

LIFESTYLE
Sports participation, N (%)
Physical activity, h/week*

3.5 ± 1.7

2.9 ± 1.4

0.12

Sedentary time, h/day

4.4 ± 2.1

4.7 ± 2.4

0.67

The present study adds to the current knowledge that obese
youth with CMR clustering have a decreased cardiorespiratory
fitness, as assessed by 6MWT, compared to those without CMR
clustering. On the contrary, no difference was found with respect
to musculoskeletal fitness.
Due to the strict relationships between physical activity, body
weight and health, the assessment of physical fitness plays a
central role in the management of obesity. Numerous studies
have examined the impact of weight status on health-related
physical fitness, utilizing those field-based methods, which
appear more suitable in obese children than laboratory-based
methods. Worse performance in weight bearing tasks, such as
walking and running, and impaired cardiorespiratory fitness have
been consistently reported in obese youth compared with nonobese youth (20). In contrast, the evidence of impaired muscle
strength is still controversial (21).
The role of fitness in the metabolically unhealthy obese
phenotype has been reviewed by Ortega et al. (22), suggesting
that a lower cardiorespiratory fitness should be considered a
characteristic of the metabolically unhealthy phenotype, at least
in adult populations. As far as we know, few papers have assessed
the physical fitness in obese children with CMR clustering,
with contrasting results. While some studies suggest that high
cardiorespiratory fitness levels confer significant protection from
CMR clustering in youth and can modify the impact that BMI
has on the clustered CMR risk factors in children (11), other
studies reported no association at all (12, 23). Noteworthy,
these studies have measured cardiorespiratory fitness in obese
children by incremental tests on cycle ergometer (24). However,
the use of this technique is limited because of high cost and
requirement of sophisticated equipment and specialized medical
personnel.
Recently, an integrative review recommended the 6MW test
as the most suitable field test for monitoring physical fitness
in obese youth, since it fulfilled several measurement properties
with respect to the numerous other field tests of physical function
assessed in children with obesity (25). Since it is supposed to be
better tolerated by individuals with physical limitation, this test
may better reflect the functional status of individuals with excess
body weight.
In a large clinical sample of children and adolescents
with obesity our results demonstrated that the 6MW distance
was significantly lower in obese youth with CMR clustering,

CARDIOMETABOLIC RISK FACTORS
Systolic blood pressure, mmHg

105.6 ± 12.3

111.9 ± 13.9

< 0.01

Diastolic blood pressure, mmHg

63.4 ± 7.8

67.4 ± 9.5

< 0.01

Glucose, mg/dl

90.4 ± 6.7

92.5 ± 17.5

< 0.01

Triglycerides, mg/dl

83.9 ± 34.4

148.1 ± 58.4

< 0.01

Total cholesterol, mg/dl

151.5 ± 31.1

165.7 ± 32.4

< 0.01

HDL cholesterol, mg/dl

49.8 ± 11.2

39.4 ± 10.3

< 0.01

Data are expressed as mean ± standard deviation or number (percentage).
*These data are referred only to sports participants.

TABLE 3 | Estimated marginal mean values of the physical fitness tests of the
study population according to cardiometabolic risk clustering.
Cardiometabolic risk clustering
Absent

Present

P

460.9 ± 3.1
(454.8–466.9)

442.4 ± 6.8
(428.9–455.9)

< 0.01

Standing broad jump, cm

86.7 ± 1.3
(84.1–89.3)

88.9 ± 2.9
(82.9–94.4)

0.48

Chair stand, no. of stands

17.2 ± 0.2
(16.8–17.7)

17.1 ± 0.5
(16.1–18.1)

0.74

Handgrip strength, kg

18.5 ± 0.3
(17.9–19.1)

18.3 ± 0.6
(17.1–19.5)

0.72

Six-minute walk distance, m

Data are expressed as estimated marginal means ± SE (95% CI) adjusted for age, gender,
height, and BMI-SDS.

performance in the 6MWT, while no difference was found
regarding to lower and upper body strength.
The 6MW distance was significantly correlated with standing
broad jump (r = 0.156, p = 0.013, Figure 1) and handgrip
strength (r = 0.227, p = 0.001, Figure 2), while a weaker
correlation was found with chair test (r = 0.122, p = 0.055).
Furthermore, the 6MW distance was positively correlated with
age (r = 0.204, p < 0.01), height (r = 0.232, p < 0.001), and
negatively with sedentary time (r = −0.146, p = 0.02), while
no significant correlation was found with BMI-SDS (r = 0.035)
and weekly hours of sports participation (r = 0.052). Partial

Frontiers in Endocrinology | www.frontiersin.org

4

November 2018 | Volume 9 | Article 701

Valerio et al.

Six-Minute Walk Test in Obesity

FIGURE 1 | Correlation between six-minute walk distance and standing broad jump.

FIGURE 2 | Correlation between six-minute walk distance and handgrip strength.

controlling for gender, age, and BMI-SDS. We found difference
of about 18 min in the 6MW distance between youth with and
without CMR clustering. This small effect size is reasonable and
expected, since our analysis was restricted only to youth with
moderate/severe obesity. Logistic analysis showed that for each
10-m increase in the 6MW distance, a reduction of about 9% in
the prevalence of CMR clustering was expected.
Lacking comparable studies in obese youth, we report two
studies in Canadian and Moroccan women with obesity, that
demonstrated greater 6MW distance in metabolically healthy

Frontiers in Endocrinology | www.frontiersin.org

obese than non-metabolically healthy obese individuals (26,
27). On the contrary, our results are in contrast with the
unique pediatric study by Cadenas-Sanchez et al. (28), who
used a different cardiorespiratory field test, i.e., the 20 m
shuttle run test, without demonstrating any consistent difference
between metabolically healthy and non-metabolically healthy
adolescents with overweight or obesity. At variance with the
6MWT, the 20 m shuttle run test is a multistage test that
explores speed and agility and is widely employed in athletes
of all levels (29). Furthermore, we found no association
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FIGURE 3 | Partial correlation between six-minute walk distance and sedentary time, controlling for age and height.

between sports participation or sedentary time and CMR
clustering, at variance with the study by Cadenas-Sanchez et al.
(28). The different methods employed to assess the lifestyle
behaviors, i.e., a questionnaire in our study and accelerometry
in the Cadenas-Sanchez et al’s study, might explain this
divergence.
The well-known association between 6MW distance, age, and
height (30) has been confirmed also in our sample of obese
youth by simple correlation analyses. Instead, no difference in the
6MW distance was found between genders, reasonably because
they had similar height and BMI-SDS. Interestingly, among the
lifestyle behaviors, lower 6MW distance was associated with
sedentary time, controlling for age and height. However, given
the cross-sectional design of the study, a causal relationship
cannot be demonstrated. Walking capacity was significantly
associated with muscle strength, in particular with the handgrip
test, which is considered a good index for overall muscle strength.
Both aerobic fitness and muscular strength are domains of
health-related fitness, representing the motor capacity of the
subject. Our results suggest that individuals who possess higher
strength tend also to perform better in 6MWT.This is the first
evidence in obese children, while a similar association was
reported in adults (31).
Although it has been reported that muscle strength in youth
is a powerful predictor of better insulin sensitivity in children
and adolescents (7), there is still an inconclusive evidence for a
relationship between muscular strength and CMR risk factors in
youth (4, 32).
Therefore, we were also interested to assess whether
musculoskeletal fitness, i.e., lower and upper body muscular
strength, was associated with CMR clustering in obese youth.

Frontiers in Endocrinology | www.frontiersin.org

For this purpose, we used the broad jump and the handgrip tests
as suggested by the Alpha fitness battery for young people (18).
Considering that obese youth are limited in basic activities, such
as moving between seated and upright postures (33), we also
included the 30 s chair stand test, derived from the Senior fitness
battery (19).
In agreement with Cadenas-Sanchez et al. (28), who
also measured the broad jump and the handgrip tests in
their population, we found no significant association between
musculoskeletal fitness and CMR clustering.
A few limitations should be acknowledged. First, the crosssectional design of the study, which does not imply a causal
relationship between physical fitness and CMR clustering.
Moreover, the assessment of sports participation as the only index
of physical activity might have contributed to losing important
associations between physical activity and CMR clustering.
The strength of the study is the peculiarity of the physical
fitness components examined (aerobic, fitness, lower-, and
upper-body strength), which allowed us to make comparisons
between the main components of the health related physical
fitness and CMR clustering. Furthermore, measurements of
physical fitness were performed by the same investigator and
fulfilled well-defined protocols; therefore, any bias due to interobserver variability was excluded.
In conclusion, our study allowed us to identify the 6MWT as
a useful test of physical fitness in youth with obesity in a clinical
setting. A lower performance in the 6MWT may be considered
as an additional trait of CMR clustering in obese youth, while
musculoskeletal fitness was not a contributory factor. The 6MWT
may represent a valuable, simple and low cost test to estimate the
cardiorespiratory fitness in youth with obesity.
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