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Aims: Cardiorespiratory and muscular fitness (CRF, MF) are independent predictor of metabolic syn-
drome (MS). The purpose of this study was to investigate the association between CRF, MF and MS in
male adults.
Methods: Data collected from 10,774 males who visited the National Fitness Center between 2002 and
2009. The data included measurements of subjects' blood pressure, HDL-cholesterol, triglycerides, body
mass index, CRF (VO2max), MF (grip strength, push-up, sit-up, knee joint strength). CRF, MF level was
classified into three tertiles.
Results: As for the prevalence rate according to CRF level, the differences between groups were 47.6% of
the low CRF group, 33.1% of the middle CRF group, and 19.3% of the high CRF group were found to have
MS. As for the MS prevalence rate according to MF level, the differences between groups were 47.1% of
the low, 31.8% of the middle, 21.1% of the high MF group were found to MS. It was found that MS odds
ratios (OR, 95% confidence interval) decreased as the CRF levels improved; as indicated by OR¼ 0.64
(0.57e0.72) in the middle CRF, OR¼ 0.36 (0.31e0.41) in the high CRF. As for MF, the middle MF, OR¼ 0.62
(0.55e0.70), the high MF, OR¼ 0.40 (0.35e0.45) were lower than that of the low MF.
Conclusion: The level of CRF, MF has association with MS in men. This study suggests that we need to
manage our fitness to prevent MS.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Metabolic syndrome is a key risk factor of cardiovascular dis-
eases (CVD), As the importance of early detection is widely recog-
nized [1,2]. Untreated metabolic syndrome elevates the risk of
developing type 2 diabetes, hypertension, high cholesterol, and
other cardiovascular diseases, all of which negatively affects the
quality of life owing deteriorating health and an increased mor-
tality rate [3]. Not one particular factor is associated with metabolic
syndrome. In fact, interaction between various factors have been
shown to cause the condition, such, a multi-faceted research is
needed for effective prevention and treatment.

Metabolic syndrome is a chronic disease that is known to be
closely associated with an individual's lifestyle [4,5]. Engaging in
.
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regular physical activity, quitting smoking and maintaining a
healthy, and diet are recommended as part of a healthy lifestyle to
reduce the risk of metabolic diseases [6]. Numerous metabolic
studies have pointed out obesity, high blood pressure, high
cholesterol, and impaired fasting glucose as risk factors of CVD, and
they have reported that lifestyle changes are critical in reducing the
risk of developing condition [7,8]. Along with lifestyle change,
improving health-related fitness is also critical. In particular
cardiorespiratory fitness is associated with major diseases such as
CVD and cancers and it has been identified as a key predictor of
premature death [9,10]. Cardiorespiratory fitness is independently
associated with a lowered risk of CVD, and the risk of chronic dis-
eases increases with a significant decrease in cardiorespiratory
fitness [11e13].

Recently muscular fitness has been found to be factor influ-
encing the risk of chronic diseases and associated premature deaths
[14e16]. Hoekstra et al. [17], suggested a link between muscular
fitness and CVD. Studies by Jurca et al. [18], and Wijndaele et al.
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[19], reported a negative correlation between metabolic syndrome
and muscular fitness. Yang et al. [20], found that the risk of meta-
bolic diseases is higher among the elderly who tends to have low
level of muscular fitness, and Steene-Johanneen et al. [21], also
reported on the negative correlation between muscular fitness and
metabolic syndrome.

Clearly, the correlation between chronic diseases and cardiore-
spiratory diseases can be confirmed in many existing studies..

However, not enough studies are available, inwhich the association
between muscular fitness and metabolic syndrome are examined.

In light of these issues, the current study aims to verify the as-
sociation between cardiorespiratory fitness, muscular fitness, and
metabolic syndrome by examining large-scale data on male adult
population in Korea. In addition, the present study analyzes the risk
of metabolic syndrome according to fitness level and provides basic
data for prevention of metabolic syndrome in the future.

2. Methods

2.1. Study population

Potential subjects of the current study included 13,790 male
adults 20e69 years, who visited the National Fitness Center for
health checkups between January 2002 and December 2009. Upon
excluding those with inadequate data and those who had a history
of cerebrovascualr disease, CVD, orthopedic conditions, or cancers,
a total of 10,774 subjects were selected for the cross-sectional study
examining the association between fitness level and metabolic
syndrome. Data analysis in this study began upon obtaining the
approval of the Catholic university's clinical research review board
(CUMC11U011).

2.2. Metabolic syndrome risk factors measurements

For blood pressure, systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured twice with an oscillometric
automatic blood pressure monitor (FT-500R plus, Jawon, Korea)
after a 10-min relaxation period. The average value was recorded.
For blood analysis, a samplewas taken from the brachial vein after a
12-h fasting period. Analysis of total cholesterol, HDL (high-density
lipoprotein cholesterol), LDL (low-density lipoprotein cholesterol),
triglycerides, and fasting glucose was performed with the use of a
biochemical analyzer (Selecta XL, Vital scientific, Newton, MA).

2.3. Cardiorespiratory fitness and muscular fitness measurements

For measurement of cardiorespiratory fitness, a treadmill
graded exercise test (GXT) was administered while using an auto-
matic breathalyzer system (Q4500, Quinton, Bothell, UAS) and a
modified Balke protocol. For measurement of muscular endurance,
a push-up test and a sit-up test were administered. A push-up
counter (NTCS 1001, Nuritec, Korea) was used to measure the
number of push-ups performed to the point of failure, with no time
limit set. A sit-up counter (NTES 1001, Nuritec, Korea) was used to
measure the number of sit-ups performed during a 1-min period.
Muscle grip strength was measured with a Smedley grip strength
tester (NTCS 1001, Nuritec, Korea), and knee extensor strength was
measured with a isokinetics strength tester (Biodex 3.0, Biodex,
Shirley, NY, USA).

2.4. Metabolic syndrome diagnostic criteria

Metabolic syndrome diagnostic criteria consisted of the 5
components suggested by the National Cholesterol Education
Program Treatment Panel Ⅲ [22], with the exception of waist
measurement which was substituted with BMI. The BMI classifi-
cation for Asian populations suggested by the WHO [23], was
consulted. Subjects were diagnosed with metabolic syndrome if
three or more of the following conditions were met: HDL 40mg/dL
�, triglycerides 150mg/dL �, SBP and DBP at rest 130� or
85mmHg �, fasting glucose 100mg/dL �, BMI 25 kg/m2 �.

2.5. Cardiorespiratory fitness and muscular fitness standards

Because physical fitness varies by age, subjects were divided
into age groups (20s, 30s, 40s, 50s, 60s) for the analysis. Cardiore-
spiratory fitness (CRF) was divided into 3 levels (tertile: 33.3%,
66.6%). Subjects in the lowest tertile (�33.3%) had “low CRF”, those
in the second tertile (>33.3%, �66.6%) had “middle CRF”, and those
in the highest tertile (>66.6%) had “high CRF”.

For muscular fitness (MF), subjects' standardized scores [stan-
dardized z-score¼ value-mean/standard deviation] pertaining to
push-ups, sit-ups, grip strength, and knee extensor strength were
combined and then divided into tertiles. Subjects in the lowest
tertile (�33.3%) were determined to have “low MF”, those in the
second tertile (>33.3%, �66.6%) were determined to have “middle
MF”, and those in the highest tertile (>66.6%) were determined to
have “high MF”.

2.6. Statistical analysis

In order to examine general characteristics of the subjects, the
average values and standard deviations were obtained for the
continuous variables including body measurement, fitness mea-
surement, and metabolic syndrome factors. Categorical variables,
such as history of exercising, and drinking, and smoking, were
measured in frequencies and percentages.

Prevalence of metabolic syndrome and prevalence of individual
abnormal risk factors according to the 3 levels of cardiorespiratory
fitness and muscular fitness were calculated while using the chi-
square test. Additionally, in order to examine the differences be-
tween the metabolic syndrome risk factors according to fitness
level, an ANCOVA was performed with history of exercising,
smoking, and drinking as covariates. In order to examine the simple
correlation between metabolic syndrome and muscular and
cardiorespiratory fitness, a logistic regression analysis was per-
formed and odds ratios were calculated. All statistical analysis was
performed using SAS (version 9.1), and the significance level was
set at p< 0.05.

3. Results

3.1. General characteristics of subjects

The 10,774 subjects consisted of 8989 healthy subjects and 1785
patients with metabolic syndrome patients. The average age was
46.5 aged. Some of the metabolic syndrome risk factors, such as
SBP, DBP, triglycerides, blood glucose, and BMI measured signifi-
cantly higher in the metabolic syndrome group than the healthy
group. In contrast, HDL measured lower in the metabolic syndrome
group. VO2max measured at 41.1mL/kg/min in the healthy group,
which was significantly higher than 37.4mL/kg/min of metabolic
syndrome group. Standardized score for muscular fitness measured
at 0.24 in the healthy group, which was significantly higher than
the metabolic �1.22 of metabolic syndrome group (Table 1).

3.2. Prevalence of metabolic syndrome according to
cardiorespiratory and muscular fitness levels

In order to examine the prevalence of metabolic syndrome



Table 1
General characteristics of participants.

No MS (N¼ 8989) MS (N¼ 1785) Total (N¼ 10,774) p valve

Age (years) 46.0± 9.7 49.1± 8.9 46.5± 9.6 <0.001
20-29 385 (92.8) 30 (7.2) 415 (3.9) e

30-39 2025 (89.4) 241 (10.6) 2266 (21.0) e

40-49 3250 (83.6) 636 (16.4) 3886 (36.1) e

50-59 2470 (80.1) 614 (19.9) 3084 (28.6) e

60-69 859 (76.5) 264 (23.5) 1123 (10.4) e

Weight (kg) 69.6± 8.9 77.6± 8.8 70.9± 9.3 <0.001
Height (cm) 170.4± 5.7 169.7± 5.9 170.3± 5.7 <0.001
Exercise status (%) 5257 (58.5) 1000 (56.0) 6257 (58.1) 0.036
Smoking status (%) 3169 (35.3) 669 (37.5) 3838 (35.6) 0.021
Drinking status (%) 7062 (78.6) 1442 (80.8) 8503 (78.9) 0.023
Metabolic syndrome risk factors
SBP (mmHg) 121.5± 13.9 136.4± 13.1 123.9± 14.8 <0.001
DBP (mmHg) 75.4± 10.6 85.4± 10.1 77.0± 11.1 <0.001
HDL (mg/dL) 52.4± 11.2 46.2± 11.7 51.4± 11.5 <0.001
TG (mg/dL) 116.9± 56.9 195.3± 64.7 129.8± 65.1 <0.001
FG (mg/dL) 86.1± 11.0 98.4± 17.3 88.1± 13.1 <0.001
BMI (kg/m2) 23.9± 2.6 26.9± 2.5 24.4± 2.8 <0.001

Fitness factor
Cardiorespiratory fitness
VO2max (mL/kg/min) 41.1± 7.3 37.4± 6.6 40.4± 7.3 <0.001

Muscular fitness
Sum of z-score 0.24± 2.84 �1.22± 2.54 0.0 0± 2.8 <0.001
Pusheup (count) 21.4± 10.4 18.2± 9.4 20.8± 10.2 <0.001
Sit-up (count per min) 28.6± 9.4 26.9± 8.9 28.3± 9.3 <0.001
Grip strength/weight (%) 65.5± 10.7 59.7± 9.0 64.5± 10.6 <0.001
Knee extensor (% BW) 239.5± 41.9 221.0± 40.1 236.4± 42.1 <0.001

Data shown as Mean± SD or N (%).
MS; metabolic syndrome, Exercise status; �30min/day on �3 day/week, Smoking status; �1 cigarettes daily, Drinking status; � once/month.
SBP; systolic blood pressure, DBP; diastolic blood pressure, HDL; high density lipoprotein cholesterol, TG; triglycerides, FG; fasting glucose, BMI; body mass index.
z-score¼(value-mean)/(standard deviation).
Tested by t-test or chi-square test.
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according to cardiorespiratory and muscular fitness, these fitness
type were each divided into 3 levels, and the prevalence of
abnormal risk factors was measured for each fitness level. Table 2
displays the analysis results. As for the prevalence rate according
to cardiorespiratory fitness level, the differences between groups
were significant, 47.6% of the low CRF group, 33.1% of the middle
CRF group, and 19.3% of the high CRF group were found to have
metabolic syndrome, these group differences were significant.

As for blood pressure, 38.2% of the low group, 32.4% of the
middle group, and 29.4% of the high CRF group were found to have
high blood pressure, indicating that blood pressure decreased as
fitness level increased. Similar patterns were observed in terms of
HDL. Triglycerides, blood glucose, and BMI all, tended to decrease as
the fitness level increase.

As for the prevalence rate according to muscular fitness level,
Table 2
Prevalence of metabolic syndrome according to cardiorespiratory and muscular fitness l

Metabolic syndrome BP

�130 or 85mmHg �
Cardiorespiratory fitness
Low 47.6 (849) 38.2 (1399) 3
Middle 33.1 (591) 32.4 (1187) 3
High 19.3 (345) 29.4 (1077) 2
p valve <0.001 <0.001

Muscular fitness
Low 47.1 (841) 37.6 (1379) 3
Middle 31.8 (568) 32.4 (1185) 3
High 21.1 (376) 30.0 (1099) 3
p valve <0.001 <0.001

Data shown as % (N).
BP; Blood pressure, HDL; High density lipoprotein cholesterol, TG; Triglycerides, FG; Fas
Tested by chi-square test adjusted for age, exercise, smoking and drinking.
the differences between groups were significant, 47.1% of the low,
31.8% of the middle, and 21.1% of the high MF group were found to
have metabolic syndrome. Similar patterns were observed in terms
of blood pressure, triglycerides, blood glucose, and BMI, indicating
that prevalence rate dropped as muscular fitness increased. As for
HDL, 33.9% of the low 33.7% of the middle, and 32.3% of the highMF
group had low HDL, but these intergroup differences were not
significant.

3.3. Differences in metabolic syndrome risk factors according to
cardiorespiratory and muscular fitness

In order to examine the differences in the metabolic syndrome
risk factors according to cardiorespiratory and muscular fitness
levels, a comparison was performed with age, exercise status,
evels.

HDL TG FG BMI

40mg/dL �150mg/dL �100mg/dL �25 kg/m2

8.7 (580) 43.9 (1471) 40.1 (590) 43.7 (1922)
2.0 (480) 34.2 (1145) 32.4 (476) 34.1 (1503)
9.3 (440) 21.9 (735) 27.5 (405)) 22.2 (977)
<0.001 <0.001 <0.001 <0.001

3.9 (509) 42.1 (1412) 39.8 (585) 46.0 (2023)
3.7 (506) 32.8 (1100) 33.2 (489) 33.1 (1456)
2.3 (485) 25.0 (839) 27.0 (397) 21.0 (923)
0.427 <0.001 <0.001 <0.001

ting glucose, BMI; Body mass index.



Table 4
Odds ratio of having the metabolic syndrome according to level of cardiorespiratory
fitness and muscular fitness.

OR 95% CI

Cardiorespiratory fitness
Low 1.00
Middle 0.64 0.57e0.72
High 0.36 0.31e0.41

Muscular fitness
Low 1.00
Middle 0.62 0.55e0.70
High 0.40 0.35e0.45

OR: odds ratio.
Tested by logistic regression analysis adjusted for age, exercise, smoking and
drinking.

K.-J. Ko et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 536e541 539
smoking status, and drinking status as covariates. Table 3 shows the
results of the comparison. When all groups' risk factors according
to cardiorespiratory fitness were examined, the low CRF group
exhibited SBP¼ 125.9mmHg, the middle group,
SBP¼ 123.7mmHg, and the high group SBP¼ 122.2mmHg, indi-
cating a significant decrease with increasing fitness level. Similar
patterns were observed in terms of DBP, triglycerides, blood pres-
sure, and BMI, which decreased significantly as cardiorespiratory
fitness increased. However, no significant changes were found in
terms of HDL.

As for muscular fitness, the low MF group exhibited
SBP¼ 125.7mmHg, the middle group, SBP¼ 123.8mmHg, and the
high group, SBP¼ 122.5mmHg, indicating that DBP decreased
significantly as muscular fitness increased. Similar patterns were
observed in terms of blood pressure, triglycerides, blood glucose,
and BMI, which decreased significantly as muscular fitness
increased. However, no significant change were observed in terms
of HDL.

The metabolic syndrome risk factors were compared between
the healthy group and the metabolic syndrome group. In the
healthy group, the differences in risk factors according to cardio-
respiratory and muscular fitness, showed a similar pattern to the
previous comparison involving the entire group of subjects. In the
metabolic syndrome group, only SBP, triglycerides, and BMI were
found to vary according to cardiorespiratory fitness level. As for
muscular fitness, only HDL and BMI varied according to muscular
fitness.
Table 3
Differences in metabolic syndrome risk factors according to cardiorespiratory and muscu

SBP (mmHg) DBP (mmHg) HDL (mg

Total
Cardiorespiratory fitness
Low 125.9± 15.2 78.5± 11.3 50.7± 1
Middle 123.7± 14.7 76.9± 11.1 51.4± 1
High 122.2± 14.2 75.6± 10.8 52.1± 1
p valve <0.001 <0.001 0.100

Muscular fitness
Low 125.7± 15.1 78.2± 11.3 51.3± 1
Middle 123.8± 15.0 77.0± 11.3 51.3± 1
High 122.5± 14.2 75.9± 10.8 51.6± 1
p valve <0.001 <0.001 0.827

Non metabolic syndrome
Cardiorespiratory fitness
Low 122.5± 14.1 76.3± 10.6 52.0± 1
Middle 121.4± 13.8 75.3± 10.6 52.5± 1
High 120.8± 13.6 74.6± 10.5 52.8± 1
p valve <0.001 <0.001 0.887

Muscular fitness
Low 122.3± 14.0 76.0± 10.5 52.6± 1
Middle 121.4± 13.9 75.4± 10.7 52.4± 1
High 120.9± 13.7 74.8± 10.4 52.3± 1
p valve <0.001 <0.001 0.027

Metabolic syndrome
Cardiorespiratory fitness
Low 137.0± 13.4 85.7± 10.5 46.3± 1
Middle 135.7± 13.1 85.0± 10.1 46.1± 1
High 136.4± 12.6 85.4± 9.3 45.9± 1
p valve 0.029 0.114 0.169

Muscular fitness
Low 136.7± 13.3 85.6± 10.3 46.8± 1
Middle 136.5± 13.9 85.4± 10.4 45.4± 1
High 135.8± 11.5 85.0± 9.3 46.0± 1
p valve 0.174 0.207 0.016

Data shown as Mean± SD.
SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL: high density lipoprotei
Tested by ANCOVA adjusted for age, exercise, smoking and drinking.
3.4. Odds ratio of having the metabolic syndrome according to level
of cardiorespiratory fitness and muscular fitness

In order to examine the effects of cardiorespiratory and
muscular fitness on metabolic syndrome, odds ratio were calcu-
lated based on age, exercise status, smoking status, and drinking
status as covariates. Table 4 displays the results. As cardiorespira-
tory fitness increased, OR decreased significantly, OR¼ 0.64 (95% CI
0.57e0.72) in the middle CRF and, OR¼ 0.36 (95% CI 0.3 1e0.41) in
the high CRF group. As for muscular fitness, the results were:
OR¼ 0.62 (95% CI 0.55e0.70) in the middle CRF, and OR¼ 0.40 (95%
CI 0.35e0.45) in the high CRF group, which showed a significant
decrease.
lar fitness.

/dL) TG (mg/dL) FG (mg/dL) BMI (kg/m2)

1.5 146.3± 68.1 89.2± 14.0 25.3± 3.0
1.4 131.6± 64.8 88.1± 12.9 24.4± 2.6
1.7 111.2± 57.0 86.9± 12.1 23.5± 2.4

<0.001 <0.001 <0.001

1.5 143.5± 67.9 89.4± 14.1 25.6± 3.0
1.5 129.6± 64.3 88.0± 13.1 24.3± 2.6
1.7 116.5± 60.2 87.0± 12.0 23.4± 2.5

<0.001 <0.001 <0.001

1.0 129.6± 59.4 86.5± 11.5 24.7± 2.9
1.1 119.4± 57.8 86.2± 10.9 24.0± 2.5
1.6 103.5± 50.6 85.7± 10.7 23.3± 2.3

<0.001 0.002 <0.001

1.0 127.0± 59.8 86.5± 10.9 25.0± 2.8
1.2 117.8± 57.3 86.2± 11.6 23.9± 2.5
1.5 107.4± 52.2 85.8± 10.5 23.1± 2.3

<0.001 0.029 <0.001

2.2 200.8± 66.4 98.5± 17.4 27.4± 2.8
1.4 194.1± 62.8 98.3± 17.2 26.6± 2.0
1.1 183.8± 62.2 98.4± 17.3 26.3± 2.1

0.007 0.562 <0.001

1.9 197.8± 64.5 99.1± 18.2 27.6± 2.7
1.5 192.2± 63.1 97.7± 15.9 26.5± 2.1
1.8 194.4± 67.3 97.8± 17.3 26.0± 2.1

0.426 0.079 <0.001

n cholesterol, TG: triglycerides, FG: fasting glucose, BMI: body mass index.
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4. Discussion

The present study aimed to investigate the association between
cardiorespiratory, muscular fitness and metabolic syndrome in
male adults. In this study VO2max was used as a cardiovascular
fitness index, and muscle fitness was measured using the stan-
dardized scores of push-up, sit-up, grip strength, knee extension
strength.

In current study the higher the cardiorespiratory fitness level,
the lower the prevalence of metabolic syndrome, and that the
relative risk of developing metabolic syndrome was lower as car-
diovascular fitness increased. Additionally, it showed that a high
level of cardiorespiratory fitness is associated with decreasing
metabolic syndrome factors. Jurca et al. [18], study involving 8570
male adults, as well as Boul�e et al. [24], study involving 348 males
and females support the results of the current study. Low levels are
cardiorespiratory fitness is associatedwith a high prevalence rate of
CVD and associated death rate [25,26]. Maintaining a high level of
cardiorespiratory fitness can prevent various chronic diseases and
reduce the risk of death by CVD [10,27]. A similar prospective study
by LaMonte et al. [28], reported that according to how greater the
decrease in cardiorespiratory fitness was the risk of metabolic
syndrome increases by 1.45e1.64 times.

Also muscular fitness studies found that higher muscular fitness
is associated with lower risk of metabolic syndrome. In addition,
we found that the relative risk of developing metabolic syndrome
was lower as muscular fitness increased.Wijndaele et al. [19], study
on adults also found that metabolic syndrome decreased as
muscular fitness increased, which is similar to the current study's
findings. Yang et al. [20], study on the elderly, and Steene-
Johannessen et al. [21], study on teenagers, also reported a
similar results, indicating a negative correlation betweenmetabolic
syndrome and muscular fitness. Although that were not metabolic
syndrome studies, several prospective studies on chronic diseases,
such as Silventoinen et al. [29], study reported that knee extensor
strength is closely tied to CAD, and increasedmuscular strength can
decrease the risk of CVD by 8e10%. According to Shrier et al. [30],
decreased grip strength and knee extensor strength can affect high
blood pressure. Ling et al. [31], reported that a significant decrease
in elderly people's grip strength can increase the risk of CVD by
about 1.8e2 times. As seen in existing studies, the location of
measurement of muscular strength in the body and whether the
muscle can be isolated, may affect the results. However a decrease
in muscular fitness, as seen in this study, can have an effect on
metabolic syndrome. The typical goal of health-related fitness
training is disease prevention by balancing cardiorespiratory and
muscular fitness. The current study shows that cardiorespiratory
and muscular fitness are a predictor of metabolic syndrome risk.
Therefore, maintaining good levels of the fitness was thought to be
important for prevention of metabolic syndrome.

One of the limitations of this study is was that its subjects
tended to be health-conscious individuals with a high rate of health
checkups, which leaves room for selection bias. Additionally, other
factors such asmedication use, socio-economic factors, and lifestyle
were not sufficiently accounted for. Nevertheless, the study is a
large-scale study that used the data collected from over 10,000
individuals. It is meaningful in that it incorporated a graded exer-
cise stress test and a fitness test in order to evaluate cardiorespi-
ratory and muscular fitness.

5. Conclusion

This study indicated that in adult males cardiorespiratory and
muscular fitness is associated with metabolic syndrome. Efforts to
maintain a certain level of fitness must be made for to prevent of
metabolic syndrome. Additionally, programs that foster both
cardiorespiratory and muscular fitness need to be developed. A
comprehensive prospective study involving a large cohort is
needed to examine the effects of changes in fitness on metabolic
syndrome and other chronic diseases.
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