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SUMMARY

OBJECTIVES: This study examined the association between handgrip strength and body composition, physical fitness, and biomarkers in
postmenopausal women with metabolic syndrome.

METHODS: A total of 75 postmenopausal women were diagnosed with metabolic syndrome participated in this study. Muscle strength was
assessed via a hydraulic grip strength dynamometer; physical fitness tests included a timed-up-and-go, arm curl test, and 30-s chair stand.
Body composition was assessed via bioelectrical impedance, from which estimates of fat mass, body fat percentage, fat-free mass, and visceral
fat area were determined. Fasting plasma glucose and glycated hemoglobin were measured via blood sample analyses. Multiple linear regression
analyses were conducted using handgrip strength as the dependent variable and using body composition, physical fitness, and biomarkers as
independent variables.

RESULTS: The results revealed that 52% of the total sample were classified as obese, 37.3% as overweight, and only 10.7% as normal weight.
Significant correlations were present between handgrip strength and fat-free mass (p=0.002; R=0.590), mean blood pressure (p=0.002; R=0.450),
and arm curl (p=0.001; R=0.795).

CONCLUSION: This study showed that handgrip strength was predictive of fat-free mass, blood pressure, and upper limb strength performance.
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INTRODUCTION

Metabolic syndrome is a physiopathology with high worldwide
prevalence and is characterized by multifactorial and progres-
sive risk factors'. Generally, metabolic syndrome is diagnosed
when the individual has four of the following conditions: dys-
lipidemia, presenting high low-density lipoprotein (LDL) and
triglycerides, and low high-density lipoprotein (HDL); over-
weight and obesity, especially with abdominal fat concentra-
tion; elevated blood pressure (BP); and insulin resistance, with
high levels of fasting glucose>. Metabolic syndrome increases
cardiovascular morbidity, with progressive development of ath-
erosclerosis and coronary artery disease (CAD), hypertension,
and increased risk of stroke’.

Prospective studies have found that physical fitness is inversely
related to the prevalence of metabolic syndrome®. This can be
attributed to sedentary behavior, with high amounts of sitting

and reduced physical activity, which may increase cardiomet-
abolic risk’. Since cardiorespiratory fitness is generally used
as an indicator of functional capacity, it is an independent
predictive factor of improved cardiometabolic risk profile,
associated with a higher HDL concentration, lower waist cir-
cumference, and fasting glucose®. Bentes et al.” reported in a
previous study, with 40 postmenopausal women, that muscle
strength was associated with the reduced serum glucose con-
centrations and might be a key indicator of metabolic health.
Moreover, postmenopausal women exhibit an increase in vis-
ceral adipose tissue and proinflammartory cytokines increasing
cardiovascular risk®°.

Since grip strength is generally used as an index of gen-
eral muscle strength and frailty, it has been used in clinical
trials and considered a simple approach to evaluate muscle
function’. Studies that assessed grip strength found it to be
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Physical fitness and metabolic syndrome

associated with body composition parameters and physical
fitness performance”?. This is important to consider since pre-
vious studies reported associations between changes in body
composition, especially the increases in body fat and meta-
bolic syndrome!’. Other studies revealed associations between
handgrip strength and other chronic diseases, such as type
2 diabetes, hypertension, and depression'?’. Therefore, the
purpose of this study was to examine the association between
handgrip strength and body composition, physical fitness,
and biomarkers in postmenopausal women with metabolic

syndrome.

METHODS

Research Design

Subjects were advised for fasting for 12 h and refrained from
drinking water for 2 h before testing. Subjects were asked
not to engage in any physical activity for 24 h before testing.
Upon arrival, BB, fasting blood glucose, glycated hemoglobin
(HbA1lc), anthropometrics, and body composition via elec-
trical bio-impedance were first measured. Then, all physical
tests were performed in a randomized order as follows: hand-
grip strength (dominant arm), timed-up-and-go (TUG), 30-s
chair stand, arm curl, and sit-to-stand.

Patients

A total of 75 postmenopausal women with metabolic syndrome
participated in this study (Table 1). The National Cholesterol
Education Program criteria were used to diagnose metabolic
syndrome'?. During the experimental procedures, patients
remained on their typical diet, avoiding any nutritional supple-
mentation. All subjects read and signed an informed consent
in accordance with the Declaration of Helsinki. Patients who
had any functional limitations or medical conditions that
could be aggravated by the tests were excluded. The study
protocol was approved by the local ethics committee (CAE:
23081213.6.0000.5269).

Anthropometry and body composition

Body composition was measured via octopolar electrical imped-
ance (InBody 720, Biospace, Seoul, South Korea), previously
validated''°. Body mass (BM), fat mass (FM), lean body mass,
fat percentage, fat-free mass (FFM), and visceral fat area (VFA)
were measured. Body height was measured with a stadiometer
(Stadiometer Seca 208 Bodymeter), and waist, iliac, abdom-
inal, and hip circumferences were measured with an anthro-
pometric tape.
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Table 1. Patient characteristics (mean = SD).

95% Confidence
Mean +SD Interval

Age (years) 579+11.14 553 60.4
Height (cm) 157.6+6.79 156.0 159.1
Body mass (kg) 76.7+15.17 73.2 80.2
g?cduorr:f'e”fe'nce () 96.4%11.90 937 | 991
Waist-hip ratio 0.9+0.08 0.9 0.9
Lean body mass (kg) 23.7+4.00 22.8 24.6
Fat mass (kg) 33.8+10.33 31.5 36.2
Visceral fat area (cm?) 126.4+31.30 119.2 133.6
Resting metabolic rate 1304.6+134.21 | 1273.7 | 1335.5
éﬁzzgiebégf&g) 131342368 | 1259 | 1368
Er'gii'r'g ?r':rzﬂg) 829+1233 801 | 857
Mean arterial pressure 99.1+14.79 95.6 102.5
Handgrip strength 243+ 6.61 22.8 25.8
Relative force 0.3£0.10 0.3 0.3
Arm curl 13.2£3.66 12.4 14.1
Timed-up-and-go 11.2£2.22 10.7 11.8
30-s chair stand 11.0£4.06 10.1 11.9
Sit and reach (cm) 19.0+4.61 17.9 20.1
(ﬂéﬁgd 2 meElelein 714178 6.7 75
Fasting glucose (mg/dl) 1470£56.51 134.0 160.0

SD: Standard deviation.

Handgrip strength

To determine muscle strength, a hydraulic grip strength dyna-
mometer (Jamar Hydraulic Hand Dynamometer Model J00105,
Lafayette Instrument Company, Inc., IN, United States) was
used. During the test, each subject had three attempts with a
1-min rest interval, and the highest value was recorded. The hand-
grip test was performed in a seated position, with the domi-
nant arm, with the shoulder adducted, neutrally rotated, and
elbow flexed at 90°. Moreover, relative strength was calculated
with the equation: handgrip strength (kg) + body mass (kg).

Physical fitness test

To determine functional capacity, the TUG test was used. A pre-
vious study reported that this test could predict fall risk in older
adults". This test involves the time taken to rise from a chair, walk

3 m, turn around a marker, walk back to the chair, and sit down'”.

Rev Assoc Med Bras 2022;68(3):323-328



Miranda, H. et al.

To determine upper limb strength, an arm curl test was uti-
lized, consisting of maximal repetitions performed in 30 s'é.
During this test, subjects were seated without bending the trunk
forward, and dumbbells weighing 2.3 kg were used'®. To deter-
mine lower limb strength, a 30-s chair stand test was utilized,
consisting of the maximal number of rises from a chair that
could be done in 30 s. During this test, the arms were folded
across the chest, and the total number of rises was recorded’.

Blood sample analysis

Blood samples were collected after fasting for 12 h to determine
fasting plasma glucose and HbAlc. Serum HbAlc concentra-
tions were assessed by high-performance liquid chromatogra-
phy, and fasting glucose was measured by using the enzymatic
colorimetric method.

Statistical analysis

A series of three multiple linear regression analyses were con-
ducted with handgrip strength as the dependent variable.
The independent variables included in analyses were clinical
and body composition variables (e.g., age, BM, abdominal cir-
cumferences, waist-hip ratio, body mass index [BMI], muscle
mass, FM, VFA, resting metabolic rate [RMR], systolic BP
[SBP], diastolic BP [DBP], mean arterial pressure [MAP]),
physical fitness variables (e.g., handgrip strength, arm curl
repetitions, TUG, 30-s chair stand), and biomarkers (glucose
and HbA1c). The level of significance was set at p<0.05 for all
comparisons. All statistical analyses were performed using SPSS
statistical software package version 20.0 (SPSS Inc., Chicago,
IL, United States).

RESULTS

Descriptive results and comparisons

between body mass index classifications

The sample was stratified by BMI classification as outlined
by the WHO?. The results of the frequency analysis showed
that out of the 75 patients in the total sample, 52% (39) were
classified as obese, 37.3% (28) as overweight, and 10.7% (8)
as normal weight.

Relationship between handgrip

strength and body composition

variables, blood pressure, functional

capacity, and serum glycated hemoglobin

For the first multiple linear regression analysis, handgrip strength
was the dependent variable with the following independent

325

variables: body composition, waist-hip ratio, FM, VFM, and
FFM; SBP, DBP, and mean BP; and age. According to the study
by Pestana and Gageiro?', this model revealed a significant
variance of p=0.002 and a moderate correlation of R=0.59".
The coeflicient of determination (R2=0.35) showed that 35%
of handgrip strength variability could be explained by the
independent variables. Then, the stepwise method revealed
that mean BP and FFM showed the greatest regression coefli-
cient, coeflicient of determination, and significance (ANOVA;
F=9.138 and p=0.002, and the regression values are R=0.450
and R2=0.202, respectively; see Figure 1).

In the second multiple linear regression analysis, handgrip
strength was the dependent variable with the following inde-
pendent variables: relative handgrip strength, arm curl repeti-
tions, TUG, and 30-s chair stand. According to the study by
Pestana and Gageiro?, this model revealed a significant variance
of p=0.001 and a strong correlation of R=0.80. The coefficient
of determination (R?=0.65) showed that 65% of the handgrip
strength variability could be explained by the independent vari-
ables. Then, the stepwise method revealed that arm curl rep-
etitions showed the greatest regression coefficient, coefficient
of determination, and significance (ANOVA; F=61.938 and
p=0.001, and the regression values are R=0.795 and R?=0.632,
respectively; see Figure 2).

In the third multiple linear regression analysis, handgrip
strength was the dependent variable with the following inde-
pendent variables: handgrip strength and HbAlc and fasting
glucose. According to the study by Pestana and Gageiro', no
significant results were observed (p=0.978) with a weak cor-
relation (R=0.02).

DISCUSSION

The key findings of the present study showed that 52% of
the total sample could be classified as obese, 37.3% as over-
weight, and 10.7% as normal weight. In addition, based
on linear regression analysis, handgrip strength was predic-
tive of the following variables: muscle mass, MAP, and arm
curl repetitions.

Stefll et al.”? examined the association between handgrip
strength, muscle mass, and physical performance in 69 com-
munity-dwelling elderly women. The results showed a high
association between variables and concluded that muscle mass
and handgrip strength were more predictive of sarcopenia than
physical fitness status. In the present study, the first linear regres-
sion showed that handgrip strength was predictive of FFM. In a
literature review, Bohannon® concluded that handgrip strength
was associated with the presence of metabolic syndrome and
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A: Handgrip strength and lean body mass; B: Handgrip strength and mean arterial pressure.

Figure 1. The regression results between variables.

Figure 2. Handgrip strength and arm curl regression results.

was predictive of mobility and mortality. The mechanism to
explain these associations might be connected to adipose tis-
sue-releasing adipocytokines that promote chronic systemic and
regional inflammation, related to poorer functional capacity,

and reduce muscle strength®.
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Furthermore, in the present study, mean BP showed an
inverse association with the handgrip strength based on the first
linear regression analysis. Mainous et al.?> studied the associ-
ation between handgrip strength, diabetes, and hypertension.
The results showed that patients with hypertension had lower
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levels of handgrip strength when compared to healthy patients.
Our results showed an inverse association between mean BP
and handgrip strength; this result has clinical relevance for con-
trolling high BP. Besides that, general strength training is a key
strategy to prevent hypertension, including isometric handgrip
training as reported in the literature®.

In the second linear regression analysis, only one indepen-
dent variable, the arm curl test, was associated with handgrip
strength. Jeoung and Lee* studied the association between frailty
and physical performance in 114 elderly women. The results
showed that functional and physical fitness tests, mainly the
handgrip strength test, in elderly women could be used to pre-
dict the risk of weakness. As the handgrip strength test is easy
to administer, it can easily be applied in clinical settings in an
elderly population. In the third linear regression analysis, there
was no significant association between HbAlc and fasting glu-
cose with the handgrip strength.

In this study, body composition was evaluated based on
BMI, which can be considered a methodological limitation
and future studies should use dual-energy X-ray absorptiom-
etry or other assessments to determine overweight and obese

subjects. However, for a large sample, BMI is a good and easy
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