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Introduction

The measurement of handgrip strength (HGS) provides an 
indicative of overall strength, nutritional status, muscle 
mass, physical fitness and general health condition, besides 
being a predictor of time spent on hospitalization and func-
tional exercise capacity, mainly for middle-aged and elderly 
subjects.1 Nevertheless, the HGS is much more practical and 
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less costly when compared to the isokinetic dynamometer 
(the gold standard for muscle strength assessment), which 
favors its application.

Regarding the association between HGS and muscle 
strength from other segments, such as knee extensor mus-
cles, cross-sectional and cohort studies showed moderate-to-
strong correlations in elderly.2,3 Although the relationship 
between HGS and global strength (sum of the peak torque 
(PT) of muscle groups of the trunk and dominant lower 
limbs) and/or isolated muscle function of upper and lower 
limbs has been widely addressed,4 previous studies suggest 
that the HGS must be used with caution to represent the 
strength of other body segments5,6 questioning the utilization 
of this index to estimate the overall strength.

In addition, little is known about the prospective correlation 
between the HGS and the muscle strength from other body seg-
ments, as well as its ability to predict these aforementioned 
values. Xue et al.,7 in a cohort study, reported a weak correla-
tion between the decline of HGS and the muscle strength from 
hip and knee in older women. Although the muscle strength 
decline arises from the fourth decade of life, its progression 
varies depending on the muscles and also between upper and 
lower limbs.8 Thus, evaluations that can predict global strength 
decline in middle-aged and elderly asymptomatic subjects may 
be necessary to identify early alterations and to develop pre-
ventive strategies directly oriented to this population.

Considering the divergent data about this theme and the 
fact that we are unaware about studies that investigated the 
association between HGS and isokinetic muscle function, 
especially in upper limbs, we hypothesized that the HGS 
might not be suitable to predict the global muscle strength 
prospectively. Therefore, we aimed to evaluate the associa-
tion between HGS and isokinetic muscle function for both 
knee and elbow joints in a cross-sectional design as well as 
over 1-year follow-up in asymptomatic adults.

Methods

Experimental approach to the problem

To evaluate the association between HGS and isokinetic mus-
cle function of both knee and elbow, we used data collected 
from a cohort design of clinical assessment over 1-year fol-
low-up with asymptomatic adults. These variables were cho-
sen due to their recognized relationship to muscle function.

Participants

This study is part of the Epidemiology and Human Movement 
Study (EPIMOV study). The EPIMOV study, funded by São 
Paulo Research Foundation (Grant No. 2011/07282-6), is a 
cohort study that was kicked off in late 2013. We conducted 
the study in the metropolitan area of the city of Santos, São 
Paulo, Brazil.

Our study includes EPIMOV participants evaluated pro-
spectively from 2013 to 2016, over the first year of follow-
up (n = 923). The EPIMOV study includes adults (18–80 years 

of age), which at baseline are free of cardiopulmonary and 
locomotive diseases. Participants diagnosed with electrocar-
diogram disturbance, indicating that the individual would 
not be able to perform physical exercises safely, and spiro-
metric abnormalities, suggesting obstructive lung disease, 
are excluded. Thus, 780 individuals are part of our sample 
(Figure 1). The volunteers are recruited by announcements 
in social media, in regional universities, magazines and local 
journals. After the selection, the subjects were informed 
about the procedures should be performed and then all par-
ticipants provided written informed consent.

After 14 ± 3 months have passed since the first evalua-
tion, all participants are invited by telephone to repeat the 
entire research protocol. The loss to follow-up and the 
excluded participants in the second evaluation can be seen in 
the flowchart (Figure 1).

The Research Ethics Committee of human beings 
approved the EPIMOV study (CEP: 186.796), which was 
conducted according to 466/12 resolution from the National 
Health Council.

Data collection

Assessments from the EPIMOV study were carried out over 
2 days, 1 week apart. In the first visit, participants underwent 
general health screening, anthropometrics, spirometry and 
cardiopulmonary exercise testing. At the end of the first 
assessment, participants were informed about the use of the 
triaxial accelerometer for the subsequent 7 days. In the second 
visit, they returned the accelerometer, and then underwent 
assessments of heart rate variability, body composition (bioel-
ectrical impedance), HGS and muscle function of the knee and 
the elbow directly using an isokinetic dynamometer.

General health screening

Before tests evaluation, we questioned the volunteers about 
past health problems, regular use of medication and risk factors 
for cardiovascular diseases, such as age, family history, hyper-
tension, dyslipidemia, diabetes mellitus, physical inactivity 
and obesity. Moreover, we tracked possible contraindications 
to performing the physical exercise using the Physical Activity 
Readiness Questionnaire (Supplemental material).9,10

Anthropometry

We measured height (m) and body mass (kg) using a digital 
balance with a stadiometer (Toledo®, São Paulo, Brazil). The 
body mass index (BMI) was calculated through weight 
divided by height squared.

Accelerometer-based physical activity

We used a triaxial accelerometer previously validated11,12 
(ActiGraph GT3x, MTI, Pensacola, FL) and attached to the 
waist by an elastic band to assess the physical activity level of 
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the participants. Carefully, we instructed all volunteers about 
the use of the devices above. The assessments were performed 
during a week after the first-day test in this study. Each day of 
evaluation has, at least, 12 h of awakening hours of monitor-
ing. Thus, the assessment provides a pattern representative 
from a physical activity of the week of the participants. We 
obtained the intensity of activity and energy expenditure by 
the average of two valid days. The minimum level of physical 
activity was considered as 30 min of moderate-to-vigorous 

physical activity (MVPA) for, at least, 5 days a week as a mini-
mal recommendation.13 Subjects that did not achieve this level 
were considered physically inactive.

Body composition

We determine the body composition using bioelectrical 
impedance (310e BIODYNAMICS, Detroit, EUA) at ambi-
ent temperature. The impedance and the reactance were 

Figure 1.  Flow diagram of the study participants.
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collected from the subject in the supine position with arms 
and legs in 30° and 45° of abduction, as the following proce-
dures described.14,15 After cleaning the skin, two electrodes 
were positioned on hand and foot at the same side of the 
body. Using the equation developed for healthy subjects,16 
we calculated lean body mass (LBM) and fat body mass 
(FBM). Before the test, we carefully instructed volunteers 
not to ingest any liquid or food for the previous 4 h and not to 
practice exercise for 12 h before the test.

Isokinetic muscle function

We assessed muscle function of elbow and knee through an 
isokinetic dynamometer (Biodex System 3 PRO, Lumex 
Inc., Ronkonkoma, NY, EUA) as recommendations previ-
ously described.17,18 In seated position, the dominant upper 
body and the dominant lower limb were fully fixed by strips. 
We aligned the mechanical axis of rotation of the device to 
the rotational axis of the assessed joint. For elbow evalua-
tion, we kept the position described and instructed the volun-
teer to perform the movement with the forearm in a neutral 
position. For both assessments, we adjusted the angles and 
positions of the chair and the dynamometer as recommended 
by the manufacturer. Equipment software has properly cor-
rected the influence of gravity and the weight of the evalu-
ated limb during all tests. To warm up and get familiar with 
the trials, the participants performed three to five submaxi-
mal repetitions. The PT of knee extension and elbow flexion, 
in Nm, was achieved by two tests with five movements each 
at 60°/s. After a rest period of 2 min, the subjects executed 30 
repetitions at 300°/s to collect the total work (TW) of flexion 
and extension of elbow and knee, in kJ. Finally, the peak 
isometric torque of the elbow flexion and the knee extension, 
registered in Nm, was obtained by performing three tests 
against a fixed resistance at 60° of range of motion, for 5 s of 
a maximal isometric contraction, followed by 30 s of recov-
ery between each repetition. We selected the greater absolute 
value for further analysis in all the tests above mentioned. In 
addition, we calculated the absolute change of isokinetic 
muscle function of elbow and knee joints to prospective 
analysis.

HGS

We also obtained the muscle function by performing a HGS 
test. The HGS from a dominant hand was evaluated using a 
hydraulic dynamometer (SH5001 SAEHAN®) as sug-
gested.19 We defined the dominant hand as the priority hand 
to realize the daily living activities. We positioned the sub-
jects in seated position with an adducted arm, elbow flexed 
at 90° and forearm in a neutral position. Wrist hyperexten-
sion of up to 30° and ulnar deviation of up to 15° was allowed 
during the tests. Each volunteer executed three tests with an 
interval of 30 s between them. We submitted the greater 

absolute value obtained for further analysis for both baseline 
and follow-up. In addition, we calculated the absolute change 
of HGS to prospective analysis.

Statistical analysis

The statistical analysis was performed using SPSS, version 
23 (SPSS Inc., Chicago, IL, EUA), and the level of statistical 
significance was set at p < 0.05. Initially, the data were ana-
lyzed descriptively for baseline assessment and 1-year fol-
low-up. We present the continuous variables as means ± SD. 
In turn, we present the categorical variables as frequency and 
percentage. For cross-sectional analysis, we used the values 
obtained on the first evaluation. Regarding the prospective 
analysis, we calculated the absolute change as a result of the 
variation data between the baseline and the 1-year follow-up 
assessment of each participant. We performed a paired t-test 
to compare the baseline and 1-year follow-up data. Then, we 
evaluated the correlations between continuous variables by 
Pearson’s or Spearman’s coefficients according to data dis-
tribution. At last, we developed several multiple stepwise 
linear regression models to identify the main predictors for 
PT, TW and peak isometric torque and their respective abso-
lute changes. First, we verify the multicollinearity among the 
main variables of interest to enter the model. Among the 
anthropometric and body composition variables, an univari-
ate analysis was performed to verify which one was more 
relevant to be added to the model. We also verified the uni-
variate association of variables related to cardiovascular risk, 
to know which variables really influence the outcome and 
should be included in the model. We estimated the sample 
size based on the number of independent variables of interest 
for inclusion in multiple regression models. Thus, we reached 
a total of 12 predictors for inclusion in the model, that is, 
HGS, height, age, sex, body mass, lean mass, LBM, MVPA, 
diabetes, dyslipidemia, obesity and hypertension. Therefore, 
considering 15 observations for each predictor, we fixed at 
least 150 individuals for inclusion in the baseline analyses 
and 180 individuals for follow-up analysis. Nevertheless, 
even if all variables were included in the model, the sample 
size would be enough to perform this analysis. In the follow-
up analyses, we also adjusted the multiple regression models 
for the 1-year absolute change in MVPA obtained in the first 
assessment.

Results

We selected 780 (297 men and 493 women) subjects from the 
EPIMOV study from 2013 to 2016. After 1 year, all the vol-
unteers were invited by phone. Among the total sample of our 
study, 242 (62 men and 180 women) subjects returned to our 
laboratory and completed the second evaluation (Figure 1).

The sample of our study was composed of middle-aged 
and overweight subjects, mainly by women. Also, our 
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sample presents a significant prevalence of hypertension, 
dyslipidemia and obesity (Table 1).

When compared to the baseline with the 1-year follow-
up, we found significant differences for HGS, peak isometric 
torque of knee flexion and elbow extension, and TW of 
elbow extension. The 1-year absolute changes in peak iso-
metric torque of the knee extension and the elbow flexion 
were negative, as well as TW of elbow flexion, which indi-
cate a decrease in 2.6%, 14.2% and 10% in muscle strength 
from the first to the second evaluation, respectively. 
However, we did not observe the same decrease for the oth-
ers isokinetic indexes. The HGS also decreased after 1-year 
follow-up (Table 2), reducing, on average, 2.2% in muscle 
strength.

The cross-sectional correlations between HGS and isoki-
netic muscle function indexes were moderate-to-strong, with a 
range r = 0.41 to r = 0.76 (p < 0.01). However, the prospective 
associations between HGS and 1-year absolute change in 
isokinetic muscle function of the knee were weak-to-moderate 
(r = 0.26 to r = 0.34), whereas the correlations with muscle 
function indexes of elbow were non-significant (Table 3).

In the cross-sectional multivariate models, the HGS was 
selected as a strong predictor for isokinetic muscle function, 
explaining alone 17.1% to 58.3% of the total variability of 
isokinetic muscle function. Therefore, the HGS was the main 
independent predictor of the isokinetic muscle function for 
both elbow and knee joints. Regarding the isokinetic muscle 
function of the knee, the anthropometric variables were 

Table 1.  Baseline characteristics of the studied sample.

Total sample 
(n = 780)

Follow-up 
sample (n = 242) 

Age (years) 44 ± 14 46 ± 14
Males/females 297/493 158/84
Weight (kg) 76 ± 17 76 ± 17
Height (m) 1.63 ± 0.09 1.63 ± 0.09
Body mass index (kg/m2) 28 ± 6 28 ± 6
Moderate-to-vigorous physical activity (h) 5.06 ± 2.56 5.19 ± 2.72
Lean body mass (kg) 52 ± 10 52 ± 10
Lean body mass (% of total) 68 ± 8 68 ± 9
Fat body mass (kg) 24 ± 10 24 ± 10
Fat body mass (% of total) 31 ± 8 31 ± 9

Risk factors for cardiovascular disease, n (%)

  Arterial hypertension 139 (17.8) 49 (20.2)
  Diabetes 83 (10.6) 24 (9.9)
  Dyslipidemia 212 (27.2) 75 (30.9)
  Obesity 278 (35.6) 90 (37.1)

Data are reported as means ± SD or frequency (%).

Table 2.  Muscle function assessment variables of the studied sample at baseline, 1-year follow-up and the 1-year absolute change 
values.

Muscle function assessment variables Baseline total 
sample (n = 780)

1-year follow-up 
(n = 242)

p value 1-year absolute 
change (n = 242)

Hand grip strength (kgF) 34.05 ± 9.73 34.99 ± 10.62* 0.040 −0.76 ± 5.51
Peak torque of knee extension 60°/s (N m) 133.41 ± 53.53 134.94 ± 56.60 0.236 2.62 ± 32.17
Total work of knee extension 300°/s (kJ) 1528.43 ± 622.34 1555.11 ± 664.19 0.674 11.27 ± 389.44
Peak torque of knee flexion 60°/s (N m) 64.73 ± 28.91 62.10 ± 31.10* 0.000 4.75 ± 17.30
Total work of knee flexion 300°/s (kJ) 833.62 ± 451.66 819.10 ± 519.56 0.112 34.10 ± 309.63
Peak torque of elbow extension 60°/s (N m) 42.30 ± 20.66 38.46 ± 18.73* 0.023 4.59 ± 17.73
Total work of elbow extension 300°/s (kJ) 855.39 ± 413.86 755.93 ± 521.66* 0.004 102.94 ± 308.95
Peak torque of elbow flexion 60°/s (N m) 34.71 ± 13.93 32.57 ± 14.70 0.098 1.64 ± 8.79
Total work of elbow flexion 300°/s (kJ) 735.35 ± 274.89 724.10 ± 388.98 0.338 −74.00 ± 686.19
Isometric peak torque of knee extension (N m) 159.12 ± 59.94 164.30 ± 60.63 0.109 −4.27 ± 38.51
Isometric peak torque of elbow flexion (N m) 41.60 ± 18.11 41.67 ± 26.43 0.281 −5.92 ± 48.77

Data are reported as means ± SD or frequency (%).
*p < 0.05 versus baseline.
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included and, at least, one comorbidity and one variable rep-
resentative of physical activity and fitness (Table 4).

Regarding the prospective multivariate models, we found 
that the HGS was selected as the main predictor only for the 

isokinetic muscle function of the knee, but not of the elbow. 
However, HGS could not explain more than 13.4% of the 
variability of the isokinetic muscle function of the knee 
(Table 4).

Table 3.  Bivariate correlations between handgrip strength and isokinetic muscle function indexes (n = 780).

Total sample 
(n = 780)

1-year absolute 
change (n = 242)

  r r

Peak torque of knee extension 60°/s (N m) 0.71* 0.34*
Peak torque of knee flexion 60°/s (N m) 0.69* 0.29*
Total work of knee extension 300°/s (kJ) 0.68* 0.33*
Total work of knee flexion 300°/s (kJ) 0.64* 0.31*
Isometric peak torque of knee extension (N m) 0.70* 0.09
Peak torque of elbow extension 60°/s (N m) 0.71* 0.19
Peak torque of elbow flexion 60°/s (N m) 0.76* 0.19
Total work of elbow extension 300°/s (kJ) 0.45* 0.18
Total work of elbow flexion 300°/s (kJ) 0.41* 0.26*
Isometric peak torque of elbow flexion (N m) 0.41* 0.06

*p < 0.01.

Table 4.  Results of multiple linear regressions with handgrip strength and its 1-year absolute change as the main predictor and 
isokinetic muscle function variables as outcomes.

Outcomes Cross-sectional

  B (SE) R2 ∆R2 Other significant predictors

Cross-sectional  
  Peak torque of knee extension 60°/s (N m) 1.223 (0.341) 0.650 0.504 Age, height, lean body mass and sex
  Peak torque of knee flexion 60°/s (N m) 0.740 (0.188) 0.617 0.484 Age, sex, height, moderate-to-

vigorous physical activity
  Total work knee extension 300°/s (kJ) 16.530 (3.963) 0.629 0.463 Age, sex, weight and dyslipidemia
  Total work of knee flexion 300°/s (kJ) 17.710 (3.287) 0.549 0.416 Age, sex and moderate-to-vigorous 

physical activity
  Isometric peak torque of knee extension (N m) 1.291 (0.4) 0.621 0.065 Age, lean body mass and sex
  Peak torque of elbow extension 60°/s (N m)a 0.687 (0.120) 0.563 0.511 Sex, age and lean body mass
  Peak torque of elbow flexion 60°/s (N m)a 0.545 (0.082) 0.668 0.583 Sex, age, dyslipidemia and weight
  Total work of elbow extension 300°/s (kJ)a 20.175 (5.040) 0.220 0.207 Sex
  Total work of elbow flexion 300°/s (kJ)a 17.978 (2.922) 0.187 0.171 Weight
  Isometric peak torque of elbow flexion (N m)a 1.35 (0.19) 0.174 0.174  
1-year follow-up  
  Peak torque of knee extension 60°/s (N m) 1.97 (0.377) 0.134 0.117 Arterial hypertension
  Peak torque of knee flexion 60°/s (N m) 1.026 (0.202) 0.113 0.113 –
  Total work knee extension 300°/s (kJ) 19.734 (4.670) 0.108 0.088 Age
  Total work of knee flexion 300°/s (kJ) 17.308 (3.642) 0.121 0.099 Arterial hypertension
  Isometric peak torque of knee extension (N m) 1.895 (0.498) 0.07 0.07 –
  Peak torque of elbow extension 60°/s (N m)a – – – Weight
  Peak torque of elbow flexion 60°/s (N m)a – – – –
  Total work of elbow extension 300°/s (kJ)a – – – Weight
  Total work of elbow flexion 300°/s (kJ)a – – – –
  Isometric peak torque of elbow flexion (N m)a – – – –

aThe absolute change in HGS was not selected as a significant predictor of the absolute change of the predictive models of isokinetic muscle function of 
the elbow. The models were adjusted by hand grip strength, height, age, sex, body mass, lean mass, lean body mass, moderate-to-vigorous physical activ-
ity, diabetes, dyslipidemia, obesity and hypertension.
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Discussion

In this study, we investigated the cross-sectional and pro-
spective associations between HGS and isokinetic muscle 
function of elbow and knee joints. Despite the moderate-to-
strong cross-sectional correlations found, we observed that 
these correlations became weaker for the knee muscle func-
tion and lost the statistical significance for the elbow after 
1-year follow-up. Although it was selected as one of the 
main predictors in the multivariate models developed, the 
HGS did not explain the variability of the isokinetic muscle 
function of the knee, especially in prospective analysis. 
When considering the elbow muscle function, the HGS was 
not even included in the multivariate models.

Our sample was composed mainly of middle-aged and 
overweight women in agreement with the Brazilian popula-
tion (Table 1). Also, we found higher prevalence of obesity 
and diabetes in our sample, but lesser arterial hypertension 
when compared to Brazilian population.20 When compared 
to women, men are still in an unfavorable health situation.21 
This fact may be related to the lower demand for health ser-
vices by this population, leading to the identification of dis-
eases in later stages. Mortality indicators show that men die 
by preventable deaths more than women. Other studies with 
populations with chronic diseases show that women have 
more self-care when compared to men.22,23 These facts can 
contribute to explain our predominantly female sample.

The relative decrease in muscle strength was greater on 
elbow function in contrast to the increase in HGS (Table 2), 
which is consistent with previously described. Previously, 
Vidt et al.24 observed muscle mass decreased in abductors of 
the shoulder and flexors and extensors of the elbow. In addi-
tion, instead of the decreased muscle mass in the proximal 
muscles, the authors found that wrist extensors presented 
muscle mass increased. It is important to consider the sig-
nificant differences between the peak isometric torque meas-
urements of the shoulder in comparison with the elbow 
muscle function and, especially, when compared to the wrist. 
This fact suggests that the shoulder muscles are relatively 
weaker than the muscles from proximal to distal segments of 
the upper limb in older adults.24 Thus, these findings com-
plies with our results, suggesting that the decline of the mus-
cle strength and muscle mass is greater in the proximal 
compared to distal segments and, hence, contributing to 
explain the absence of HGS in the predictive models of 
elbow muscle function prospectively.

Regarding 1-year absolute change in isokinetic muscle 
function, we found significant decrease just for PT of knee 
flexion while HGS increased (Table 2), which agrees with 
previous literature.25,26 We attributed these differences to our 
brief follow-up and our sample characteristics. Despite this, 
we associated this result to the loss of muscle mass26 and also 
the impact that sedentary behavior secondary to aging may 
present on lower limbs muscle function, while the muscle 
strength and muscle mass of the upper limbs remain pre-
served because of its functional demand in daily living 

activities.27 According to Xue et al.,7 this may occur in an 
attempt to compensate for the decrease in functionality 
resulting from the loss of muscle strength through the modi-
fication of lifestyle, suppressing the physical activity to 
maintain the baseline performance and, hence, slowing up 
the subsequent decline. With a similar sample to ours, 
Ferreira et al.28 showed that the activity level for the upper 
limbs grows, while the activity of lower limbs decreases, 
when comparing older adults with young subjects.28 Also, 
the reduction of fine motor function of the hand precedes the 
decline of the muscle strength, leading to the older adults to 
raise the force control to compensate for the precision loss 
and, thereby, keep their functionality stable until they reach 
the age of 65 years.29,30 These previous findings in addition 
to our results imply not only the need to evaluate HGS but 
also the importance to use specific and accurate measure-
ments to predict and monitor upper and lower limbs muscle 
function decline over time.

As expected, the cross-sectional correlations between 
HGS and the isokinetic muscle function were moderate-to-
strong2,3,25 (Table 3). The previous literature2,3 reported mod-
erate-to-strong correlations (r = 0.51–0.80) in elderly, 
similarly to our findings. Nevertheless, these correlations 
showed moderate-to-weak coefficients when submitted to 
the prospective analysis, reinforcing the results of previous 
studies5–7,31 regarding the lower limb strength. In addition, 
Xue et al.7 obtained even weaker correlations in a prospec-
tive analysis (r = 0.10). Thus, our results are in agreement 
with previous literature.

Also, we were able to observe that the HGS was selected 
as the main predictor for the isokinetic muscle function, 
notably for the knee and in the cross-sectional models (Table 
4). In contrast, the best model developed was not able to 
explain the major variability of our outcomes. The ISCOPE 
study, with follow-up similar to ours, reported, based on two 
linear regression models (with and without adjustment for 
sex and age), a coefficient of determination closed to those 
obtained in this study (R2 = 0.16 and R2 = 0.17, respec-
tively).31 Despite the cross-sectional design, Akbari and 
Mousavikhatir8 observed that, in asymptomatic women aged 
20–80 years, stratified into six age groups, the muscle 
strength of hip extensors and dorsiflexors suffer reduction 
from the fourth decade, while hip abductors and knee exten-
sors start to present significant lower values from the fifth 
decade. Although there was a different progression of the 
decline of muscle strength between muscle groups, Xue 
et al.7 observed in a 10-year follow-up study that there is a 
plateau on such decline, especially for HGS. It has been sug-
gested that HGS declines faster up to 75 years when a plateau 
can be observed. Therefore, we attributed our prospective 
results to these previous studies, which may explain the loss 
of significance of the association between HGS and isoki-
netic muscle function and the absence in the predictive mod-
els, especially prospective and for the prediction of elbow 
muscle function.
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In addition, we found that sociodemographic and anthro-
pometric variables were the main predictor of isokinetic 
muscle function in cross-sectional and prospective analy-
sis.18,32 In cross-sectional models, age, sex, height and 
weight were selected as significant predictor of elbow and/
or knee muscle function in accordance with previous litera-
ture. MVPA was only included in the models for cross- 
sectional prediction of knee muscle function, which may be 
attributed to physical activity level related to age span of our 
sample as previously discussed.6,33,34 Regarding isometric 
PT of knee extension and PT of elbow extension, the LBM 
was also selected for inclusion in cross-sectional models. 
Previous studies35 shows that measurements of lean mass 
and skeletal muscle quality can assist in better predicting 
skeletal muscle strength, which could explain this finding. 
Among the risk factors for cardiovascular disease, only dys-
lipidemia was included (TW of knee extension and PT of 
elbow flexion) in the cross-sectional models and only hyper-
tension was included (PT of knee extension) in the 1-year 
follow-up models. This can be credited to a decrease in 
strength in hypertensive individuals, as previously dis-
cussed in the literature.36 As widely addressed, obesity can 
affect muscle function due to bearing additional weight dur-
ing daily activities, but, as described by Tallis et al.,37 the 
obesity effect may be attenuated after adjustment to weight. 
These findings contributed to explain the inclusion of 
weight, but not obesity, in our multivariate models, espe-
cially in the prospective analysis.

This study has some limitations that should be consid-
ered. The convenience sample composed mainly of middle-
aged subjects and the short period follow-up are the main 
limitations, as well as the great loss of follow-up. Our sam-
ple characteristics, especially the mean age, largely explain 
our main results since the muscle strength decline for some 
muscle groups starts from this age span for instance. But 
even in a short period of follow-up, we are able to observe 
that the change in muscle function of upper and lower limbs 
cannot be predicted through HGS. Therefore, our study also 
has strengths. To our knowledge, the literature about this 
topic is still scarce, which makes our study even more rele-
vant. In addition, the larger proportion of women, as well as 
the prevalence of comorbidities, is due to the convenience 
sample, but it has similarities to our population. The evalua-
tion protocol also is an important strength of our study, high-
lighting the use of isokinetic dynamometer to obtain precise 
measurements of muscle function, triaxial accelerometer to 
quantify physical activity level and bioelectrical impedance 
to provide body composition. Also, our general health 
screening must be considered, which allowed us to adjust 
our main analysis to the risk factors for cardiovascular dis-
ease. Finally, although we had a great loss of follow-up, our 
sample size was enough to perform the statistical analysis. 
Thus, we are confident about the generalizability of the 
results presented here.

It is evident the relevance of HGS as indicative of global 
muscle strength, proving useful in initial clinical evaluations 

and health screening. However, HGS cannot be used as a 
parameter of force variation in other body segments to avoid 
misinterpretation, such as the muscle function of the knee 
and elbow. Therefore, HGS does not replace isokinetic 
dynamometry to obtain more precise measures of muscle 
function and its monitoring over time. In addition, their val-
ues should be associated with considerations about the level 
of physical activity of the subjects and the presence of risk 
factors for cardiovascular disease.

Conclusion

We can conclude that, despite these moderate-to-strong cross-
sectional correlations between the HGS and the isokinetic 
muscle function of upper and lower limbs, the absolute 
change of HGS over time seems not to be able to predict the 
absolute change of the isokinetic muscle function of the 
elbow and the knee expressively, even in a short period fol-
low-up. Therefore, in addition to HGS, specific strength 
measures are required for assessing muscle function in epide-
miological studies, as well as to ensure an adequate and more 
complete clinical assessment routine and health screening.
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