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Purpose: To compare the metabolic parameters, flexibility, muscle strength, functional
capacity, and lower limb muscle power of elderly women with and without the metabolic
syndrome (MetS).
Methods: This cross-sectional study included 28 older women divided into two groups: with
the MetS (n = 14; 67.3 ± 5.5 years; 67.5 ± 16.7 kg; 1.45 ± 0.35 m; 28.0 ± 7.6 kg/m2), and without
the MetS (n = 14; 68.7 ± 5.3 years; 58.2 ± 9.9 kg; 1.55 ± 0.10 m; 24.3 ± 3.8 kg/m2). Body
composition was evaluated by dual-energy X-ray absorptiometry and dynamic muscle strength
was assessed by one-maximum repetition (1RM) tests in leg press, bench press and biceps curl
exercises. Six-minute walk test, Timed Up and Go (TUG); 30-second sitting-rising; arm curl
using a 2-kg dumbbell, sit-and-reach (flexibility), and vertical jump tests were performed.
Results: There was no difference between groups regarding age (P = 0.49), height (P = 0.46),
body fat (%) (P = 0.19), systolic (P = 0.64), diastolic (P = 0.41) and mean blood pressure
(P = 0.86), 30-second sitting-rising (P = 0.57), 30-s arm curl (P = 0.73), leg press 1RM
(P = 0.51), bench press 1RM (P = 0.77), and biceps curl 1RM (P = 0.85). However, women
without the MetS presented lower body mass (P = 0.001), body mass index (BMI) (P = 0.0001),
waist circumference (P = 0.02), waist-to-height ratio (P = 0.02), fat body mass (kg) (P = 0.05),
lean body mass (kg) (P = 0.02), blood glucose (P = 0.05), triglycerides (P = 0.03), Z-score for
the MetS (P = 0.05), higher high-density lipoprotein-cholesterol (HDL-C) (P = 0.002), better
performance on TUG (P = 0.01), flexibility (P = 0.03), six-minute walk test (P = 0.04), vertical
jump (P = 0.05) and relative muscle strength for leg press (P = 0.03), bench press (P = 0.04)
and biceps curl (P = 0.002) exercises as compared to women with the MetS.
Conclusion: Elderly women with the MetS have higher metabolic risk profile and lower functional capacity, muscle strength, lower limb power and flexibility as compared to women without
the MetS. The evaluation of functional capacity may help to determine the degree of physical
decline in older persons with the MetS, while exercise interventions should be encouraged.
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The term metabolic syndrome (MetS) describes a collection of risk factors that includes
obesity, insulin resistance, hypertension, and an abnormal lipid profile. These risk factors are associated with an increased risk of gastrointestinal cancer, diabetes mellitus,
cardiovascular disease,3 and premature mortality.1–5 The prevalence of the MetS has
increased worldwide, in parallel with the increasing prevalence of obesity; data have
revealed an alarming 32.0% prevalence of the MetS in the central region of Brazil.6
The prevalence of most individual consequences of the MetS increases with age. For
example, in the third National Health and Nutrition Examination Survey (NHANES III)
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performed in the United States, the prevalence of the MetS
was 6.7% in persons 20 to 29 years old, 43.5% in those 60 to
69 years old, and 42.0% in individuals 70 years or older.7
Importantly, the decline in physical function that occurs
with aging often represents the early stage of a continuous
process that leads to disability and other important adverse
outcomes. The decline in functional capacity is associated
with decreases in levels of flexibility, performance of activities of daily living, muscle power, and lower and upper limb
strength. Simple objective measures of physical performance
(walking speed, sitting to rising, and standing balance time)
and muscle strength have been used to predict the onset of
disability in older community-dwelling populations. 8 In
this sense, an understanding of the factors that contribute
to increased disability and functional declines in an aging
population has an important public health value.
Studies have linked the MetS to physical decline in older
persons.9,10 Penninx et al9 revealed that older persons with the
MetS displayed a 50% greater chance of developing mobility
limitations compared with those without the MetS. Similarly,
Everson-Rose et al demonstrated that elderly men with
the MetS had an approximately 1-point lower performance
score and a 0.04 m/s slower walking speed than men without
the MetS.10 Moreover, several investigations in the current
literature have shown that individuals with the MetS display
lower muscle strength and cardiorespiratory fitness.11–14
Additionally, it has been shown that elderly women with
the MetS presented lower high-density lipoprotein (HDL),
higher glucose, creatine kinase, C-reactive protein, and
triglycerides as compared with elderly women without the
MetS, reinforcing the findings of metabolic disturbance in
older people with the MetS.13 However, to the best of our
knowledge, no previous study has been designed to compare
the physical performance and metabolic parameters in elderly
women with and without the MetS.
The aim of the present study was to compare the metabolic parameters, flexibility, muscle strength, functional
capacity and lower limb muscle power between elderly
women with and without the MetS. The initial hypothesis
was that women with the MetS could present more metabolic
risk factors and reduced physical capacity as compared with
those without the MetS.

Methods
Participants
Participants were recruited on a voluntary basis from
the Taguatinga community through posters and lectures
about the study. Forty sedentary elderly women older
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than 60 years were selected by convenience and were
not necessarily representative of the Brazilian female
population. They were considered sedentary by accruing
less than 2 hours per week of physical activity during the
past year. Participants completed a recall form and physical
activity questionnaire and were subjected to anthropometric
measures. Twelve subjects were excluded from the analysis
because of malignancy, immunosuppressive therapy,
known inflammatory disease (eg, arthritis, inflammatory
bowel disease, psoriasis), acute infection, or invasive
procedures (eg, surgery, catheterization) during the last
6 months as evaluated in the medical history questionnaire.
Following these exclusions, the study group comprised
28 older women assigned into two groups: with the MetS
(n = 14; 67.3 ± 5.5 years; 67.5 ± 16.7 kg; 1.45 ± 0.35 m;
28.0 ± 7.6 kg/m 2 ), and without the MetS (n = 14;
68.7 ± 5.3 years; 58.2 ± 9.9 kg; 1.55 ± 0.10 m; 24.3 ± 3.8 kg/m2).
The MetS was defined according to the criteria of the National
Cholesterol Education Program’s Adult Treatment Panel III
(NCEP-ATP III)15: waist circumference (WC) . 88 cm;
triglycerides .150 mg/dL; high-density lipoproteincholesterol (HDL-C) , 50 mg/dL; fasting glucose .110 mg/dL;
systolic blood pressure (SBP).130 mmHg; or diastolic
blood pressure (DBP) .85 mmHg. A Z-score was calculated
for each variable using individual subject data following
the ATP III criteria. The equation used to calculate the
MetS Z-score was as follows: Z-score = ([50 - HDL-C
mg/dL]/11.8) + ([triglycerides mg/dL - 150]/66.2) + ([fasting
blood glucose mg/dL - 110]/10.4) + ([WC cm 88]/9.2) + ([mean arterial pressure mmHg – 100]/8.7)/100.16
The Catholic University of Brasilia Ethics Committee for
Human Research approved the methods of the present study,
and all participants signed an informed consent document.

Blood pressure measurement
SBP, DBP, and mean blood pressure (MBP) were measured
with an oscillometric device (BP 3AC1-1 PC; Microlife AG,
Widnau, Switzerland) according to the recommendations
of the Brazilian Society of Cardiology.17 The cuff size was
adapted to the circumference of the arm of each participant
according to the manufacturer’s recommendations. SBP and
DBP values were used to determine MBP according to the
following equation: MBP = DBP + ([SBP - DBP]/3).

Anthropometric measures
The body mass measurement was taken with the individual
wearing light clothes and bare feet, using digital scales
(W110H, Welmy, São Paulo, Brazil) with a capacity of
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150 kg, and 100-gram divisions. Height was measured by
a wall stadiometer (Sanny, American Medical do Brasil,
São Paulo, Brazil), with capacity of 2,200 mm and 1-mm
divisions. Height and body mass were measured for the calculation of the body mass index (BMI). The waist circumference
was obtained using a nonelastic tape; measurements were
obtained in triplicate and then averaged. Waist circumference
was measured at the midpoint between the lower rib margin
and the iliac crest. Percent body fat and lean body mass were
determined by dual-energy X-ray absorptiometry (General
Electric-GE model 8548 BX1 L, Lunar DPX type, Encore
2005 software; Madison, WI, USA).

Functional capacity tests
Physical function was examined using a battery of tests
as follows. A 30-second chair-stand test that measured the
number of times that a subject was able to stand from a
standard chair and sit down again during 30 seconds was
evaluated.18 The 30-second arm curl test measured upperbody muscle function and was assessed by the number of
arm curl repetitions performed with a 2-kg dumbbell during
30 seconds.18 A Timed Up and Go (TUG) test was used to
determine the amount of time required for the subject to rise
from a standard armchair, walk 3 meters away, turn, return,
and sit down again.18

Flexibility
The sit-and-reach test was used to evaluate flexibility as previously described.19 Briefly, individuals sat on the floor with legs
stretched out straight ahead while the soles of the feet were
placed flat against the box with knees locked and pressed.
With the palms facing downward and the hands on top of each
other, the subjects were advised to reach forward along the
measuring line as far as possible and to hold that position for
1 to 2 seconds while the distance was being recorded.

Six-minute walk test
The six-minute walk test has been used as a one-time measure
of functional status and has a high correlation with peak oxygen uptake.20 The test was performed as recommended by the
American Thoracic Society.20 The six-minute walk test was
performed in a 30-meter long indoor hallway free of obstacles.
The length of the corridor was marked every 1 meter. Participants were instructed to walk at a self-selected regular pace to
cover as much distance as they were able during the allotted
time. If necessary, slowing down and stopping to rest were
allowed. Feedback regarding the elapsed time was provided at
the end of each minute, and standardized encouragement was
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expressed by statements such as “you are doing well, keep it
up” and “do your best.”21

One-repetition maximum muscle
strength test (1RM)
All participants completed a familiarization protocol on the
equipment before the test procedures took place.22 During
this period, standard instructions and explanations about the
procedures of the test protocols and the proper execution of
exercise technique were given to participants. To enhance
reliability, testing procedures were administered by the same
investigator. Two tests on two different days with a minimum
of 48 hours of rest were conducted (test-retest). The 1RM
test was used to determine the dynamic muscle strength of
upper and lower limbs using conventional isoinertial weight
training machines (Righetto, São Paulo, Brazil). The heaviest
weight that can be lifted once is the most common measure
of weight lifting strength.22
The 1RM protocol was conducted according to the
method of Brown and Weir,23 including load standardization,
exercise range of motion, and lifting technique during the performance of each exercise. Prior to the 1RM tests, two light
warm-up sets were interspersed with 2-minute rest periods.
Then, the participants had up to five attempts to achieve the
1RM load (ie, maximum weight that could be lifted once
with proper technique), with a 5-minute interval between
attempts and 10-minute interval between exercises. The tests
were conducted for leg press, bench press, and biceps-curl
exercises. The strength tests were performed on two different
days interspaced by a 48 to 72 hour period, allowing for the
determination of test-retest reliability (ie, intraclass coefficient) for both groups, r = 0.97, r = 0.99, r = 0.99 for leg
press, bench press, and biceps-curl, respectively. Both testing
sessions took place between 2 pm to 3 pm after lunch and
under a controlled standardized temperature.
Relative muscle strength was determined by the division
of absolute values by body mass. Moreover, relative muscle
strength has been recommended as a more accurate method
to compare muscle strength between individuals of differing
physical condition.24

Vertical jump test
A contact mat (Pro Model; Cefise Sports Biotechnology,
Nova Odessa, Brazil) was connected to a computer running
Windows XP. The height of the vertical jump was calculated
using JUMPING PRO software (Sports Timing Systems,
http://www.sportstimingsystems.co.uk/) from the flight time
measured in each attempt. Individuals stepped on the contact
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mat and put their feet in a lateral position aligned with their
hips, hands around the waist.25 Volunteers were asked to perform four attempts of a countermovement vertical jump with
rest intervals of 40 seconds between trials. This procedure was
repeated 5 to 7 days after the initial testing period. Individuals
were asked to perform a maximal countermovement jump
to the greatest height possible after a signal from the evaluator. The joint angle of knee flexion was self-selected by the
volunteers. Additionally, participants were advised to avoid
knee flexion during the landing phase of the movement. This
procedure could overestimate the height of the jump with an
artificial increment of flight time. If this maneuver occurred,
the jump was not validated, and the individual was required
to perform another attempt. Both testing sessions took place
between 2 pm to 3 pm after lunch and under a controlled
standardized temperature.

Biochemical measures
Individuals reported to the laboratory between 8 am to
10 am after an overnight fast, for blood withdrawal from the
antecubital vein. Plasmatic triglycerides and glucose levels
were measured by enzymatic cholesterol esterase/peroxidase
(CHOP-POD) and hexokinase methods, respectively. Highdensity lipoprotein was measured by the Automation Method

(Autohumalyzer, HUMAN Diagnostics GMBH, Wiesbaden,
Germany).

Statistical analysis
The significance level for all studied variables was fixed at
P # 0.05. Initially a descriptive analysis of the variables
was carried out with central trend and dispersion data.
Next, the Kolmogorov–Smirnov test and Levene’s test were
conducted to assess data normalcy and homoscedasticity,
respectively. Individuals were separated as having (n = 14)
or not having the MetS (n = 14). Differences between groups
for anthropometric data, body composition parameters, blood
pressure, biochemical, and physical function were evaluated
by the unpaired Student’s t-test. In addition, the correlation
between the MetS Z-score and physical performance
parameters was evaluated by the Pearson’s correlation
coefficient. Correlation coefficient values between ±0.1
and ±0.3, ±0.4 and ±0.6, and .0.7 were considered weak,
moderate, and strong, respectively. Data were analyzed using
SPSS® version 19 (IBM Corporation, Armonk, NY, USA).

Results
Table 1 presents the anthropometric, biochemical, and hemodynamic variables of the groups with and without the MetS.

Table 1 Anthropometric, biochemical and hemodynamic parameters of the study population
Variable

MetS
(n = 14)

Anthropometric parameters
Age (years)
Body mass (kg)
 Height (m)
Waist circumference (cm)
Waist-to-height ratio
Body composition
Body mass index (kg/m2)
Body fat (%)
Fat body mass (kg)
 Lean body mass (kg)
 Leg lean body mass (kg)
 Relative leg lean body mass
Biochemical parameters
 Glucose (mg/dL)
Triglycerides (mg/dL)
 HDL-C (mg/dL)
Z-score of MetS
Hemodynamic variables
 Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Mean blood pressure (mmHg)

Without MetS
(n = 14)

Difference between
means (95% CI)

P-value

67.3 ± 5.5
65.5 ± 16.7*
1.45 ± 0.35
82.7 ± 21.3*
0.54 ± 0.15*

68.7 ± 5.3
58.2 ± 9.9
1.55 ± 0.10
79.0 ± 8.6
0.51 ± 0.06

1.42 (-2.8; 5.6)
-12.9 (-20.2; -5.6)
0.02 (-0.04; -0.08)
-9.3 (-17.2; -1.5)
-0.07 (-0.12; -0.01)

0.49
0.001
0.46
0.02
0.02

28.0 ± 7.6*
42.6 ± 5.1
28.6 ± 7.1*
37.6 ± 4.6*
11.5 ± 1.6
0.16 ± 0.02*

24.3 ± 3.8
39.3 ± 6.8
22.7 ± 7.1
33.8 ± 2.8
10.5 ± 1.2
0.18 ± 0.02

-6.38 (-9.5; -3.3)
-3.24 (-8.3; 1.8)
-5.97 (-12.0; 0.07)
-3.85 (-7.15; -0.54)
-0.99 (-2.19; 0.21)
0.02 (-0.01; -0.04)

0.0001
0.19
0.05
0.02
0.10
0.01

93.2 ± 28.0*
185.4 ± 95.3*
40.6 ± 10.2*
1.29 ± 0.06*

90.1 ± 9.6
137.4 ± 66.7
50.6 ± 7.7
1.25 ± 0.03

-10.2 (-22.0; 1.6)
-69.3 (-132.6; -5.9)
9.1 (3.7; 14.6)
-0.04 (-0. 07; 0.01)

0.05
0.03
0.002
0.05

117.7 ± 29.7
74.0 ± 18.5
88.5 ± 22.2S

121.8 ± 7.7
79.3 ± 2.7
93.5 ± 3.2

-1.78 (-9.7; 6.1)
1.42 (-2.1; 4.9)
0.35 (-3.8; 4.6)

0.64
0.41
0.86

Note: *Significant difference between groups.
Abbreviations: MetS, metabolic syndrome; n, number of subjects; CI, confidence interval; HDL-C, high-density lipoprotein-cholesterol.
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There was no difference between groups with respect to
age (P = 0.49), height (P = 0.46), body fat percentage
(P = 0.19), leg lean body mass (P = 0.10), SBP (P = 0.64),
DBP (P = 0.41), and MBP (P = 0.86). However, women
without the MetS had lower body mass (P = 0.001), BMI
(P = 0.0001), WC (P = 0.02), waist-to-height ratio (P = 0.02),
fat body mass (P = 0.05), lean body mass (P = 0.02), blood
glucose (P = 0.05), triglycerides (P = 0.03), and Z-score of
MetS (P = 0.05), higher HDL-C (P = 0.002), and relative
leg lean body mass (P = 0.01) when compared with women
with the MetS.
Functional performance and muscle strength tests are
presented in Table 2. There was no difference between
groups for 30-second chair rise (P = 0.57), 30-second arm
curl (P = 0.73), leg press 1RM (P = 0.51), bench press 1RM
(P = 0.77), and biceps curl 1RM (P = 0.85). However, women
without the MetS presented a greater performance on TUG
(P = 0.01), sit-and-reach (P = 0.03), the six-minute walk
test (P = 0.04), vertical jump (P = 0.05) and relative muscle
strength on the leg press (P = 0.03), bench press (P = 0.04)
and biceps curl (P = 0.002) exercises (Figures 1 and 2).
Correlations among the variables of the study are summarized on Figure 3 and Figure 4. There was a moderate
correlation of Z-score of MetS with TUG test (P = 0.001;
r = 0.55) and with relative leg lean body mass (P = 0.01;
r = −0.46). Moreover, there were moderate negative correlations for risk factors of the MetS with relative leg lean body
mass (P = 0.001; r = −0.55), six-minute walk test (P = 0.01;
r = −0.44) and vertical jump (P = 0.01; r = −0.44). Thus, the
higher were the risk factors, the lower were muscle capacity
and relative lower limb lean mass.

Discussion
The aim of this study was to compare the metabolic para
meters, flexibility, functional capacity, lower limb power and
muscle strength of older women with and without the MetS.
Confirming the initial hypothesis, elderly women without
the MetS had greater functional capacity, muscle flexibility,
lower limb power, muscle strength, and fewer metabolic risk
factors as compared with elderly women with the MetS.
Additionally, the Z-score of MetS and risk factors of MetS
were correlated with functional capacity tests and relative
leg lean mass.
Cardiometabolic parameters of MetS can be associated
with several diseases and mortality, and low HDL-C can
be correlated with mortality in geriatric individuals.26,27
Cabrera et al28 reported, in a 12-year longitudinal study with
800 individuals, that hypertension, diabetes, hypertrigly
ceridemia, and the MetS increased the risk of cardiovascular
events. Additionally, Cabrera et al29 conducted a follow-up
study for 6.6 years in 516 women and demonstrated that there
are positive associations between the MetS and cardiovascular diseases independent of age and previous cardiovascular
disease. Thus, high cardiometabolic parameters can represent
a risk to health.
Evidence also suggests that high cardiometabolic parameters of the MetS are related to physical capacity and mobility in elderly individuals.9,10,30 In the present study, women
with the MetS presented lower functional capacity and
muscle strength when compared to women without the MetS.
Similarly, Penninx et al reported in a follow-up study of 4.5
years with elderly women and men that there was a strong
association between mobility limitations and the number of

Table 2 Functional capacity, flexibility and muscle strength tests of the study population
Variable
Functional capacity
30-second chair timed-stand (repetitions)
30-second arm curl (repetitions)
Timed Up and Go (seconds)
Flexibility sit and reach (cm)
 Six-minute walk test (m)
Vertical Jump (cm)
Muscle strength
 Leg press (kg)
 Relative (leg press kg/body mass)
Bench press (kg)
 Relative (bench press kg/body mass)
Biceps curl (kg)
 Relative (biceps curl kg/body mass)

MetS
(n = 14)

Without MetS
(n = 14)

Difference between
means (95% CI)

P-value

17.6 ± 3.2
20.8 ± 3.2
6.7 ± 1.2*
21.3 ± 5.0*
458.4 ± 80.1*
9.3 ± 2.4*

18.1 ± 4.1
21.7 ± 3.6
6.2 ± 0.9
26.3 ± 5.0
527.9 ± 33.9
11.6 ± 2.6

-0.78 (-3.6; 2.0)
-0.42 (-2.9; 2.1)
-1.05 (-1.9; -0.2)
5.93 (2.1; 9.7)
52.3 (2.1; 102.5)
2.56 (0.45; 4.7)

0.57
0.73
0.017
0.03
0.04
0.05

97.3 ± 30.4
1.44 ± 0.40*
21.7 ± 5.6
0.32 ± 0.07*
14.6 ± 3.1
0.21 ± 0.04*

105.7 ± 39.2
1.78 ± 0.55
22.4 ± 5.1
0.39 ± 0.08
15.5 ± 2.8
0.27 ± 0.04

8.8 (-18.4; 36.2)
0.41 (0.03; 0.78)
-0.59 (-4.83; 3.6)
0.61 (0.00; 0.12)
0.22 (-2.11; 2.55)
0.05 (0.02; 0.08)

0.51
0.03
0.77
0.04
0.85
0.002

Note: *Significant difference between groups.
Abbreviations: MetS, metabolic syndrome; n, number of subjects; CI, confidence interval.
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Figure 1 Comparison of the flexibility, functional capacity and vertical jump between elderly women with and without the metabolic syndrome.
Notes: *Statistically significant difference between women with and without the metabolic syndrome (P , 0.05). Panel A, sit-and-reach test; panel B, Time Up and Go test;
panel C, six-minute walk test; panel D, vertical jump test.
Abbreviation: MetS, metabolic syndrome.

MetS components. In addition, elderly subjects with the MetS
presented a 50% increased chance for developing mobility
limitations than those without the MetS.9 Everson-Rose et al
reported that high triglycerides, low HDL, hyperglycemia,
and higher BMI were associated with poorer performance
scores on physical capacity tests. Women without the MetS
demonstrated greater performance on a gait speed test
(capacity to walk 6 m at a normal pace as fast as possible),
balance test (capacity to walk within a 20 cm wide path
that extended over 6 m as fast as possible) and chair stands
(ability to rise five times off the chair without using arms,
as fast as possible).10
In the present study, elderly women without the MetS also
presented lower body mass and BMI when compared with
elderly women with the MetS. In this regard, Messier et al
reported that weight loss can reduce mechanical stress on the
knee-joint during walking. This relationship between weight
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loss and patellofemoral compressive force on the knee is 1:4
(ie, for every pound of weight loss there is a 4-fold reduction
of mechanical stress on the knee).31 In this sense, excess body
weight can be related to mechanical stress, pain, reduction of
daily living activity, and consequently, the degree of physical
mobility.31 BMI has also been shown to be an independent
predictor of functional capacity, demonstrating an inverse
association with functional capacity, which highlights the
importance of weight control for preservation of physical
mobility.32
Another important finding is that elderly women without
the MetS showed greater relative muscle strength and muscle
power. Our study is in accordance with the results of Tibana
et al, which demonstrated that middle-age women without
the MetS had greater relative muscle strength as assessed by
handgrip strength when compared with women with MetS.12
In a cohort study, Sayer et al evaluated handgrip strength
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Figure 2 Comparison of relative muscle strength between elderly women with and without metabolic syndrome.
Notes: *Statistically significant difference between women with and without the metabolic syndrome (P , 0.05). Panel A, leg press relative muscle stregth; panel B, bench
press relative muscle strength; panel C, biceps curl relative muscle strength.
Abbreviation: MetS, metabolic syndrome.

in 2,677 men and women aged 59 to 73 years and reported
that lower handgrip strength is associated with high fasting
triglycerides, blood pressure, waist circumference, insulin
resistance, and the MetS.33 Regarding muscle power, Sartorio
et al reported that lean body mass showed a positive linear
relationship with muscle power in a stair-climbing test in
1,298 obese women and men.34
Thus, muscle strength and power are import factors
that contribute to functional capacity and mobility in the
elderly.35–37 Hanson et al reported that changes in muscle
power, muscle strength, lean body mass, and body fat
are predictors of functional test performance, such as the
six-minute rapid walk test, five-time chair stand, stair climb,
and get up and go (similar to TUG).35 In the present study,
we used the vertical jump to estimate jump height, which
is a relevant and indirect measure of muscle power of the

Clinical Interventions in Aging 2013:8

lower limbs.23,25 Regarding this, our results demonstrated that
women without the MetS showed lower values of fat mass
and greater values of muscle strength, vertical jump, relative
leg lean mass, and physical performance in functional tests
when compared with women with the MetS. These results
reinforce the evaluation of muscle strength and power as an
important tool for determining the degree of compromise
in functional capacity for elderly individuals. Also, women
with the MetS may require additional health care attention,
as they present lower scores for muscle force and mobility
as compared with women without the MetS.
Skeletal muscle can play an important role in functional
capacity and also in cardiometabolic factors associated with
the MetS, as the MetS is associated with muscle strength
and power.38 Moreover, skeletal muscle has been shown
to be essential for glucose and triglyceride uptake.39,40
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Figure 3 Correlation of relative leg lean mass (A), six-minute walk test (B) and
vertical jump (C) with number of metabolic syndrome risk factors.
Notes: *P0.05; **P0.01.

Additionally, individuals with lower leg lean mass show
a greater functional limitation.41 Regarding this, women
without the MetS presented greater relative leg lean mass.
Moreover, there were positive correlations between relative
leg lean mass and functional performance in the six-minute
walk and TUG tests. In addition, negative correlations were
found between relative leg lean mass with Z-score of MetS
and the number of factors of MetS, which highlights the
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A

importance of lean mass to functional performance and
control of cardiometabolic risk factors.
Our results also revealed that women with MetS had
lower relative muscle strength and leg lean mass. Hence,
nondrug treatments, such as resistance training (RT), have
been used in patients with cardiovascular risk factors. Several
systematic reviews and meta-analyses have highlighted the
effectiveness of RT in improving lipid profile,42 SBP, and
DBP43 and glucose metabolism.44 Recently Tibana et al45
analyzed the effects of 8 weeks of RT on MetS risk factors,
muscle strength, and muscle thickness in overweight/obese
middle-aged women. The study revealed that chronic RT
induced an increase in rectus femoris muscle thickness and
muscle strength. Therefore, RT can be considered a component in a physical activity program designed to prevent and
treat physical decline in patients with the MetS.
Some methodological limitations of the present study are
worth mentioning. It is a cross-sectional study, with a reduced
number of participants, which hinders the establishment of a
cause-effect relation between the MetS, functional capacity,
and relative muscle strength. Moreover, additional metabolic
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parameters and different types of muscle strength tests, such as
isokinetic and isometric tests, could be included. Longitudinal
and experimental studies could be required to establish this
association between cardiometabolic parameters, lean body
mass, muscle strength, muscle power, and functional capacity
in elderly individuals with and without the MetS.

Conclusion
The present study has demonstrated that women with the
MetS presented greater metabolic risk factors and less functional capacity, lower limb power, muscle strength, and relative leg lean mass. Therefore, physical activity programs with
RT should be included for the prevention of physical decline
in elderly women with the MetS. Moreover, the decreased
muscle strength and power in elderly women with the MetS
reinforces the importance of preventive programs, including
exercise, in this population. Future studies should focus on
correlations between physical capacity and chronic kidney
diseases in elderly individuals with the MetS.
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