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Abstract

Hand grip strength (HGS) is recognized as an important health indicator, but validated refer-
ence values that can be applied to the evaluation of individuals in different populations are
still lacking. This work aimed to identify correlations between HGS and anthropometric vari-
ables and to establish HGS reference values for adult and elderly populations. This is a pop-
ulation-based cross-sectional study considering the subsets of individuals with healthy right
or left upper limbs from a sample of 1,609 adults and elderly residents in Rio Branco, Acre,
Brazil. Descriptive statistics of anthropometric measures and HGS values at maximum per-
formance based on three measurements of the two hands were obtained, and Pearson cor-
relations between these variables were applied. Percentile distributions were estimated for
right and left HGS by sex and age group. Men presented, in general, a maximum HGS 57%
higher than women (43.4 kg vs. 27.6 kg), and also higher HGS levels in the different age
groups. In both sexes, the highest HGS values were observed in the age group of 30 to 39
years (men, 46.9 kg; women, 29.4 kg), with a subsequent decline. HGS presented a nega-
tive correlation with age and a weak to moderate positive correlation with anthropometric
variables, among men and women. The median HGS of men was reduced by about 46%
between the ages of 30 and 39 years and 80 years and over (right hand, 46.4 to 23.7 kg; left
hand, 42.2 to 23.5 kg) and by about 44% in women (right hand, 29.0 to 16.4 kg, left hand,
27.3to 15.2 kg). The values identified are a reference for HGS behavior among healthy
adults and seniors, although they do not discriminate individuals with specific health condi-
tions. They can be used in rehabilitation programs and subsidize future studies aimed at
exploring their potential application in the evaluation of the health condition of adults and
elderly individuals.
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Introduction

Hand grip strength (HGS) is used clinically in the rehabilitation area [1,2] and has been rec-
ommended as a basic measure in the determination of musculoskeletal function, as well as of
weakness and disability [3-5]. The HGS, measured by manual dynamometry, produces a mea-
sure of isometric strength that allows identifying not only muscle weakness of the upper limb,
but also providing an indicative of overall strength, since it reflects the strength of the lower
limbs [6]. This gives it an important role in the evaluation of functionality [1]. Manual
dynamometry is a relatively simple, fast, inexpensive and non-invasive test; thus HGS is con-
sidered a good health marker [7].

HGS is influenced by age, sex, anthropometric variables (height, weight, hand size, arm cir-
cumference) and hand dominance [8-11], and is associated with different health outcomes
[9,12], especially in elderly people [7]. It plays an important role in the evaluation of clinical
and surgical treatment prognoses [13-15], functional evaluation of the elderly [16], identifica-
tion of potential sports talents [17] and in the composition of the battery of admission tests in
different professional activities such as police, armed forces and fire brigade [18]. Thus, the
availability of reliable and up-to-date population reference values to which individuals can be
compared is paramount [19].

There is a growing number of studies reporting HGS reference values [9,20,21], but their
generalization is hampered by the variability of measurement instruments and protocols
[22,23], differences between baseline populations, and use of non-representative samples
[8,16]. Brazilian studies published on reference values for the population [8,24,25] are neither
comparable nor generalizable to the entire Brazilian population, which presents diverse physi-
cal, cultural, social and economic variation from region to region. It is possible to observe very
different HGS patterns from one region to another in the country.

The establishment of HGS reference values for different populations makes it possible to
detect differences between them but also serves to subsidizing efforts to construct more com-
prehensive or generalizable reference values. The understanding of the behavior of HGS in the
population is important to create parameters in physical rehabilitation programs, as well as for
the exploration of HGS levels discriminating the risk of occurrence of health conditions. This
study aims to identify correlations between HGS and anthropometric variables and to establish
HGS reference values for adult and elderly population groups based on data collected by the
Study of Chronic Diseases (Estudo das Doengas Cronicas—EDOC), conducted in Rio Branco,
Acre, Brazil.

Material and methods

The EDOC is composed of two domiciliary surveys conducted between April and September
2014: EDOC-A with adults (18-59 years) and EDOC-I with the elderly (60 years and over)
residing in Rio Branco, AC. Pregnant women and individuals with cognitive impairments that
could prevent communication or the understanding of the questions were excluded from the
research population. Sampling plans were selected in two stages, census enumeration area
(CEA) and domicile, being the first stage common to both surveys. The selection of the CEAs
was made with a probability proportional to their number and private households in the IBGE
Demographic Census 2010 (CD2010). Households were selected by systematic sampling with
random starts and distinct intervals by survey. In the households selected for the EDOC-A, all
adult residents were interviewed, and in the households selected for the EDOC-], all the elderly
were interviewed.

The sample size was calculated considering the prevalence of renal impairment of 15% in
adults and 40% in the elderly [26,27], with 95% confidence level and 3% absolute error [28] for
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simple random sampling of proportions. Considering that the sampling plan is a conglomerate
per CEA, a sampling plan effect of 1.95% was used to determine the sample sizes, with an addi-
tional of 20% for the EDOC-A and 12.5% for the EDOC-I to compensate for the expected
missing responses. This procedure resulted in samples of 652 adults and 1,148 elderly. Divid-
ing these sample sizes by the average number of adults and elderly people per household
obtained in demographic census DC2010 and defining the selection of 11 households per CEA
for the EDOC-A and 73 households for the EDOC-I, a size of 40 households was obtained for
the sample of CEAs. The effective sample consisted of 685 adults and 1,016 elderly people
interviewed.

Sample weights were calculated inversely to the probabilities of inclusion at each stage and
were later calibrated to population data according to sex and age groups using a post-stratifica-
tion estimator in order to deal with the typical biases of household surveys and to correct for
differential missing responses [29]. The population data used for calibration of sample weights
were estimated for July 1, 2014, using the linear trend method [30] that the IBGE applies in its
population estimates per municipality. However, 42 adults and 50 elderly people of the original
samples did not have HGS measured, which generated subsamples that had their sample
weights corrected and recalibrated to produce estimates for 211,902 adults and 23,416 elderly.
Further details on the EDOC sampling plan, calculation and calibration of sample weights and
subsamples was showed by Amaral and cols. [31].

The surveys involved home interviews based on a structured questionnaire that included
socioeconomic, demographic and health information.

As described by Amaral e cols. [31] all data collection procedures were performed by
qualified personnel, trained and supervised by the coordination of the study. The team of
interviewers was composed by students and health professionals who participated in a pre-
paratory course promoted by the coordination to understand the role, function and impor-
tance of the interviewer in scientific research, in addition to the familiarity, understanding
and application of the instruments. To standardize the interviews, a manual for study and
activities basis was prepared. The team responsible for the physical assessment, vital signs
and collection of biological samples, named the health team, was composed of health profes-
sionals: nurses, physical education professional, nursing and laboratory technicians. All
professionals were previously trained in order to understand and standardize the proce-
dures adopted.

Anthropometric evaluations were performed, considering the mean of two measurements
collected for weight, height and right arm, waist, hip and right calf circumferences, according
to measurement protocols recommended by the American College of Sports Medicine [32].
With participants wearing light clothes and without accessories, barefooted, erect body and
weight equally distributed between the two feet, arms at the side of the body, and looking
straight ahead, the height was determined by a Sanny™ mobile stadiometer, with resolution in
millimeters and base placed on a flat surface. The weight was measured through a G-Tech™
Bal G1 200 digital scale, with a resolution of 50 grams, laid out on a flat surface.

The circumference measurements, in centimeters, were made with a Cescorf™ inelastic
anthropometric tape, with resolution in millimeters, positioned in the body regions in an
adjusted manner, without crinkling the skin or compressing the cutaneous tissues, with read-
ing on the side of the assessed individuals. In order to obtain the arm circumference, the tape
was placed on the midpoint of the right arm, parallel to the ground; and to waist circumfer-
ence, on the midpoint between the iliac crest and the first rib, with participants breathing nor-
mally, relaxed abdomen, and reading of the measurement at the end of the expiration. The
measurement of the hip circumference was made with the tape positioned at the largest cir-
cumference of the buttocks in the horizontal plane, with participants with arms slightly
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distanced at the front and with feet together. The calf was measured with the individual in the
orthostatic position, feet slightly distanced, and body weight equally distributed, the tape
placed in the portion with largest circumference [32].

The body mass index (BMI) was defined as the weight (kg) divided by the square of height
(m?).

HGS was expressed in kg and measured using a hydraulic hand dynamometer (SAEHAN
SH5001"), previously calibrated, with a resolution of 2 kg, following the procedures adopted
by the American Society of Hand Therapists [33]. Measurements were obtained in standard-
ized conditions, with the participants in the seated position, elbow at 90°, handle adjusted to
the second position and after receiving explanation on the procedures and after familiarizing
with the instrument, they should apply the maximum grip strength for 3 to 5 seconds. The pro-
cedure was performed three times with each hand alternately, with an interval of one minute
between each measurement.

In the analyses presented here, all individuals with both upper limbs defined in the study as
not healthy due to reports of previous injury, recent acute pain or malformation that could
affect the performance in the HGS test were excluded. Two subsets were defined taken from
the set of 1,462 individuals with at least one healthy upper limb, corresponding to 217,477
individuals in the population, one subset with 1,310 observations on the right hand, and
another with 1,358 observations on the left hand, allowing inferences about the right and left
HGS of 193,894 and 206,124 people in the population, with the right and left upper limbs con-
sidered healthy, respectively.

For the analyses of this study, the highest HGS value of three observations for each hand
was considered. The variables "HGS R" and "HGS L", were created to designate, respectively,
the maximum strength of the right and left hand. Additionally, the variable "Max HGS" was
created to express the largest value between "HGS R" and "HGS L", or the only one existing, in
case one of the upper limbs was not healthy. All data is available in S1 Dataset.

Descriptive statistics were obtained focusing on measures of central tendency and disper-
sion (mean, median, minimum value, maximum value, standard error and coefficient of varia-
tion), identifying the number of observations of the sample (n) and population estimates (N),
in addition of the percentile distribution of HGS of the right and left hands stratified by sex
and age group (18-29, 30-39, 40-49, 50-59, 60-69, 70-79 and 80 and over). Pearson correla-
tion coefficients between the right and left HGS values and the variables age, weight, height,
BMI and arm, waist, hip and calf circumferences were estimated, considering the significance
level of 5%. In all the analyses, the effect of the sample design (complex sample) and the
weights of the observations were taken into account using the "proc survey" procedures of the
SAS™ statistical package version 9.4.

The survey was approved by the Research Ethics Committee (REC) of the Federal Univer-
sity of Acre under CAAE: 17543013.0.0000.5010, all participants signed an Informed Consent
Term. This study, specifically, was also approved by the REC of the National School of Public
Health Sérgio Arouca, CAAE 50895015.2.0000.5240.

Results

Among the population of adults and elderly people with at least one healthy upper limb, 37.9%
were men and 62.1% were women, and the age ranged from 18 to 102 years, with an average of
37.6 (£ 0.5) and a median of 33.1 years.

Males presented mean and median greater HGS values and anthropometric measurements
than those observed in women, except for BMI and hip circumference (Table 1). Mean values
of right and left HGS were, respectively, 42.4 and 40.6 kg in men, and 27.1 and 25.9 kg in
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Table 1. Measures of central tendency and dispersion of right and left HGS (kg), age and anthropometric variables according to sex in adults and elderly individuals
in Rio Branco-AC. Brazil, 2014.

Variables Sample Population Estimates
n Min Max Mean SD Median Cv

Men
HGSR 496 10.0 74.0 42.6 10.17 42.2 0.239
HGSL 516 6.0 67.0 40.9 9.58 40.1 0.234
Age 554 18 102 37.6 14.80 32.7 0.394
Weight (kg) 554 34.4 133.7 75.3 16.70 73.0 0,222
Height (cm) 548 1.42 1.88 1.69 0.08 1.69 0.047
BMI (kg/mz) 548 13.4 46.8 26.2 5.20 25.5 0.198
AC (cm) 550 13.0 46.0 31.3 4.78 30.9 0.153
WC (cm) 552 53.0 138.0 87.0 12.78 85.9 0.147
HC (cm) 550 53.0 148.0 97.7 9.28 96.8 0.095
CC (cm) 548 18.0 48.0 355 4.09 35.8 0.115
Women
HGSR 814 6.0 51.0 27.1 6.32 26.0 0.233
HGSL 842 3.0 54.0 25.8 6.36 24.7 0.247
Age 908 18 109 37.6 14.72 33.3 0.391
Weight (kg) 907 25.8 120.0 66.1 13.50 64.6 0.204
Height (cm) 902 1.29 1.95 1.58 0.07 1.57 0.044
BMI (kg/m2) 901 12.5 51.1 26.7 5.16 26.1 0.193
AC (cm) 906 10.0 47.0 29.9 491 29.9 0.164
WC (cm) 907 45.0 138.3 81.3 12.14 80.0 0.149
HC (cm) 905 51.0 150.0 99.4 10.73 98.8 0.108
CC (cm) 900 14.0 81.0 34.5 4.12 34.5 0.119

HGS R = right hand grip strength; HGS L = left hand grip strength; BMI = body mass index; AC = arm circumference; WC = waist circumference; HC = hip
circumference; CC = calf circumference; n = sample size; Min = minimum; Max = maximum SD = Standard Deviation (Estimated by Taylor Series Linearization
Method); CV = coefficient of variation.

https://doi.org/10.1371/journal.pone.0211452.t001

women. In both men and women, right HGS was greater than the left HGS, and the left lateral
dominance was 8.0% in the population.

Despite the lower and upper limits of the measurements obtained, the distributions of HGS
values and anthropometric variables in the population, based on the coefficients of variation
estimated, are not so heterogeneous.

The mean maximum HGS observed among men (43.4 kg) was about 57% higher than that
observed among women (27.6 kg) and, for both sexes, it reached the apex in the age range of
30 to 39 years—46.9 kg and 29.4 kg, respectively, in men and women (Table 2).

From the age of 40 onwards, there was a progressive decline in HGS, which was more evi-
dent in the 50-59 age group in the case of women, and 60-69 years in men. From the age of 60
onwards, men had a relative greater loss than women.

In both sexes, a strong correlation was observed in the crossing of right and left hand
dynamometry. In men and women, negative, statistically significant correlations of right and
left HGS with age were found. Among men, right and left HGS were significantly and posi-
tively correlated with height, weight, and arm, hip and calf circumferences; BMI and waist cir-
cumference were positively correlated only with left HGS. Among females, statistically
significant positive correlations of HGS in both hands were observed with height, weight, BMI
and arm, hip and calf circumferences. It is worth emphasizing, however, that, except for the
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Table 2. Mean and standard deviation of maximum Handgrip Strength (HGS) according to sex and age in the population of Rio Branco-AC. Brazil, 2014.

Total Men Women

Age (years) n Mean SD n Mean SD n Mean SD
18-29 183 36.2 11.57 46 44.7 10.56 137 28.6 6.29
30-39 136 38.0 12.05 48 46.9 10.39 88 29.4 6.39
40-49 131 35.1 10.05 40 42.7 8.79 91 28.3 5.66
50-59 143 32.7 10.97 50 41.2 8.65 93 24.2 6.06
60-69 415 29.4 9.27 169 36.2 8.15 246 23.0 5.55
70-79 298 25.5 7.95 131 31.3 6.97 167 20.3 5.05
80 and over 156 21.1 6.78 70 25.7 5.81 86 17.1 4.98
Total 1,462 35.2 11.55 554 43.4 10.50 908 27.6 6.58

n = sample size; Mean = mean of the highest HGS value among three measurements of each hand whose upper limb was classified as healthy; SD = Standard Deviation

(Estimated by Taylor Series Linearization Method).

https://doi.org/10.1371/journal.pone.0211452.t1002

correlations between right HGS and left HGS with height and the right HGS with arm circum-
ference among men, which were moderate, all correlations of HGS with anthropometric mea-
surements were considered weak or very weak (Table 3).

The percentile distribution analysis of HGS showed an increase in strength up to the age
range of 30 to 39 years, followed by a progressive decline with advancing of age in both hands,
in both men and women. Among the age groups considered, the median values of right and
left HGS ranged from 46.4 to 23.7 kg and 42.2 to 23.5 kg among men, and from 29.0 to 16.4 kg
and 27.3 to 15.2 kg among women (Tables 4 and 5).

Among men, the reduction of the mean right and left HGS observed at each decade after
reaching the peak (30 to 39 years), varied between 4.3 and 22.7 kg and 2.7 and 18.5 kg. The rel-
ative reduction between the ages 30 to 39 years and 80 years and over was 48.9% and 44.0% in
the right and left hand (Table 4).

Women, on the other hand, presented a reduction of HGS in each decade since the age 30
and 39 years onwards varying between 2.4 and 12.6 kg and 1.6 and 12.1 kg for the right and
left hand. The relative reduction of HGS in the right and left hands since the apex up to 80
years and over was 44.3 and 44.4% (Table 5).

Discussion

This is, to our knowledge, the first study to present HGS reference values for the general popu-
lation above 18 years of age in the Brazilian Amazon region, with the advantage of the possibil-
ity of extrapolation of these results to the adult and elderly population residing in the capital of
Acre, because statistical techniques were used to sampling population data from household
surveys.

HGS reference values were identified, ratifying the maximum performance of the variable
in the fourth decade of life, the tendency of reduction with advancing age after reaching the
maximum performance and the fact that the men are stronger than women [20,24,34,35]. Dif-
ferences were observed in the typical values found and not, necessarily, in the behavior of HGS
in the different age groups.

A systematic review with HGS reference values in different countries [20] found that the
magnitude of HGS relates to the level of development of the country. For example, men from
developed regions had a mean HGS of 52.8 kg, while in developing countries, men had a HGS
of 43.4 kg, similar to that value found in the present study.
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Table 3. Correlations between right and left HGS and age and anthropometric variables according to sex in the population of Rio Branco-AC. Brazil, 2014.

HGSR Age Height Weight BMI AC wC HC CC
Men
HGSR 1 -0.261* 0.524* 0.371** 0.163 0.431* 0.154 0.269** 0.308"*
HGSL 0.867* -0.284* 0.508* 0.340* 0.140** 0.369* 0.134** 0.237** 0.311*
Women
HGSR 1 -0.300* 0.324" 0.291* 0.160* 0.220* 0.086 0.175* 0.320*
HGSL 0.854* -0.321* 0.331* 0.294* 0.147** 0.221* 0.060 0.179** 0.367*

HGS R = right hand grip strength; HGS L = left hand grip strength; BMI = Body Mass Index; AC = circumference of the right arm; WC = waist circumference; HC = hip
circumference; CC = circumference of the right calf.

* p-value < 0.001;

** p-value < 0.05.

https://doi.org/10.1371/journal.pone.0211452.t003

The first Brazilian study to provide HGS reference values had a convenience sample of indi-
viduals aged 20 to 59 years with healthy upper limbs and found the highest averages of 46.3
and 42.7 kg in men aged 25 to 29 years, and 32.9 and 29.6 kg in women aged 35 to 39 years, for
dominant and non-dominant hands [25]. In another study carried out in Pelotas, the highest
mean HGS values were 43.4 and 40.4 kg in men aged 18 to 30 years and 24.0 and 20.9 kg in
women aged 31 to 59 years, considering the dominant and non-dominant hands, respectively
[8]. Although the present work used the same measurement technique and the hydraulic dyna-
mometer of the last study, the results presented here are not comparable due to the option of
considering the mean of the measurements and grouping the larger age groups (18 to 30 years,
31 to 59 years and 60 years and over). Moreover, none of the two studies mentioned allow
extrapolations for the general population.

A population-based study conducted in Rio de Janeiro also found that the highest mean of
HGS occurs between 30 and 39 years in both sexes, being 46.5 and 44.5 kg in men, and 28.0
and 26.7 kg in women, in the right and left hands, respectively [24]. Despite the differences in

Table 4. Percentile distribution of right and left HGS according to age group in men from Rio Branco-AC. Brazil, 2014.

18-29 years | 30-39 years | 40-49 years | 50-59 years | 60-69 years | 70-79 years | > 80 years
Percentile Right hand grip strength (kg)
05 19.3 23.8 19.8 20.4 17.9 19.3 12.3
10 24.3 30.4 27.1 23.7 21.5 20.4 15.0
25 35.1 37.9 38.4 36.9 29.8 25.2 19.7
50 42.9 46.4 42.1 42.1 35.3 30.0 23.7
75 51.5 50.5 51.6 45.9 39.7 35.8 28.6
90 55.6 60.0 54.4 49.5 45.7 39.7 33.0
95 57.5 64.0 55.4 50.4 48.6 43.0 35.9
Left hand grip strength (kg)
05 21.1 25.3 25.0 17.7 20.5 18.4 11.0
10 26.9 29.8 27.0 22.7 22.9 19.7 16.2
25 34.8 37.9 35.4 30.7 28.6 23.9 18.7
50 42.2 42.0 39.3 38.2 34.9 28.5 23.5
75 48.4 51.0 46.5 44.1 38.8 33.3 28.6
90 53.9 53.9 49.6 48.2 44.2 38.6 32.0
95 55.3 62.4 52.7 49.8 47.4 40.6 33.7
https://doi.org/10.1371/journal.pone.0211452.t004
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Table 5. Percentile distribution of right and left HGS according to age group in women from Rio Branco-AC. Brazil, 2014.

18-29 years 30-39 years 40-49 years 50-59 years 60-69 years 70-79 years > 80 years

Percentile Right hand grip strength (kg)

05 19.0 18.0 19.4 14.3 12.0 10.2 7.9
10 19.7 20.6 20.3 16.8 15.7 13.2 9.8
25 22.1 24.1 23.0 20.3 19.0 16.6 11.7
50 26.3 29.0 26.6 23.0 21.1 19.5 16.4
75 31.2 33.0 29.5 28.3 25.6 22.4 19.7
90 36.5 37.1 333 30.5 28.8 26.5 21.9
95 39.5 39.2 37.2 319 317 28.7 25.4

Left hand grip strength (kg)

05 17.4 15.2 16.1 12.3 12.1 9.7 6.0
10 18.7 19.3 18.4 15.3 14.0 11.4 7.6
25 21.4 21.8 21.6 18.8 17.7 14.5 11.3
50 25.3 27.3 25.7 21.6 20.4 17.8 15.2
75 29.9 30.9 29.7 25.4 24.5 21.4 18.1
90 35.0 34.4 33.7 28.6 28.0 26.3 20.3
95 38.1 37.1 34.6 31.2 29.2 29.1 26.0

https://doi.org/10.1371/journal.pone.0211452.t005

technique and measurement instrument employed, these results are close to those presented
here, suggesting that the estimation of HGS in the Brazilian population in general, coming
from population bases, may be little affected by the choice of measuring techniques and/or
instruments, or even regional characteristics. Further population studies are needed in differ-
ent regions of the country to consolidate a base of information that results in national HGS ref-
erence values.

In a previous population study carried out in Rio Branco that analyzed the association of
HGS with referred morbidities, the mean peak of HGS also occurred in both sexes up to 39
years of age [12], with maximum HGS values close to those reported here.

The analysis of the mean decline in HGS per decade after the age of 40 revealed that men
have a greater proportional loss of strength than women in all age groups except 50-59 years.
This finding is in agreement with a longitudinal study in which the HGS peak was found at 36
years of age in both sexes, with the most expressive decline starting first among women,
around the age of 50, and a little later among men, from the age of 60 years onwards [36].
From the age of 60, men have higher proportional HGS loss than women [37].

HGS is directly related to muscle mass and this is reflected in the differences of strength
observed between the sexes; men, in general, have a greater muscle mass than women. Hor-
monal differences may explain higher levels of muscle mass and strength in men [38] and are
strongly affected by the process of sexual maturation, which occurs earlier among women. The
behavioral influence determined especially by culture is also undeniable. This influence estab-
lishes a distinction between physical and labor activities of men and women since childhood
[39]. These biological and cultural elements explain at least partially the differences in both the
maximum HGS levels and their earlier reduction in females.

Although recognizing that in general the pattern of variation of HGS at the onset of life
occurs similarly in the sexes, it should be noted that possibly due to lower levels of strength
than those observed among men, older women tend to suffer the consequences of loss of
strength in a more drastic manner, as observed in a study that identified a higher risk of all-
cause mortality in this group [40]. On the other hand, strength loss was associated with a
higher risk of mortality or occurrence of cardiovascular events among middle-aged men [41].

PLOS ONE | https://doi.org/10.1371/journal.pone.0211452 January 31, 2019 8/13


https://doi.org/10.1371/journal.pone.0211452.t005
https://doi.org/10.1371/journal.pone.0211452

®PLOS | one

Hand grip strength: Reference values for adults and elderly people

The reference values presented herein may be useful for the early detection of low HGS, allow-
ing the implementation of resistance training, which seems promising to prevent the adverse
effects of low strength in both sexes.

In studies of HGS, it is necessary to take into account the differences between the sexes and
age groups, but it is also important to recognize its relation with anthropometric variables
indicative of nutritional status [42]. In this study, both men and women showed negative cor-
relations of HGS with age and positive correlations with weight, height, BMI, and arm, hip
and calf circumference. These findings are corroborated by a study carried out in the United
Kingdom, analyzing the HGS of people aged 39-73 years that confirmed the superiority of
HGS in men in relation to women and identified an inverse correlation of HGS with age
(-0.18, right hand; and -0.18, left hand, p < 0.01) and a positive correlation of HGS with height
(0.67, right hand; and 0.66, left hand, p < 0.01) [34]. They are also endorsed by a recent study
with Portuguese elderly that identified negative correlations of HGS with age (-0.44 and -0.42
for women and men, p < 0.001) and positive correlations with height (0.34 and 0.40,

p < 0.001), arm circumference (0.19 for males, p < 0.001) and calf circumference (0.19 for
females, p < 0.001). The latter study also showed a correlation between HGS and nutritional
status measured by a questionnaire (0.19 and 0.16 for women and men, p < 0.001) [43], sup-
porting the usefulness of HGS to assess changes in nutritional status [2,13,44].

It is worth noting, however, that since the correlations observed in the present study were
moderate or weak, the stratification of percentile values of HGS by categories of anthropomet-
ric variables, such as height or BMI, as adopted in previous studies, was not considered neces-
sary [34,45]. The choice of stratification of HGS only by sex and age group facilitates its use as
a reference in health evaluations [24].

Additionally, the study did not account for the role played by physical activity and diet on
HGS, despite the recognition of their importance in exploratory or prospective evaluations
involving HGS. There is evidence that mid age recreation and occupational physical activity
[46], as well as healthy diet [47], affect positively HGS levels in the elderly.

The option for presenting reference values according to laterality (left and right hand) and
not to hand dominance (dominant and non-dominant) was justified by the fact that only 8%
of the respondents had the left-handed. The literature indicates that only 10% of right-handed
people have higher HGS in the left hand and among the left-handed there is no statistically sig-
nificant difference between right and left HGS [23].

Although out of the scope of this study, it should be emphasized that about 10% of men and
women aged 18-29, men aged 40-59, as well as women in the 50-59 age group could be classi-
fied as having the phenotype of sarcopenia based on the HGS cut-off points established by the
European Consensus (30 kg for men and 20 kg for women) [48]. The proportion of elderly
people of both sexes who would be classified as presenting sarcopenia at age 60 exceeds 25%, at
age 70, 50%, and more than 75% in the population aged 80 and over. This reinforces the need
for studies on HGS and sarcopenia.

We recognize as a limitation of this study the non-discrimination of healthy people from
those with chronic or acute health conditions potentially related to HGS. However, to mini-
mize this limitation, we considered only data from people with no current or previous prob-
lems in the upper limbs, including the shoulder girdle and cervical region, which might impair
performance in the HGS test. HGS values presented herein as a reference may be employed in
the clinical habilitation of upper limb function. They also serve as a global assessment compo-
nent for adults and elderly individuals, especially in primary care, providing criteria for early
identification of subjects with strength below the expected. Such subjects could be sent to a
more specific evaluation to identify health problems and prevent future limitations and
disabilities.
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We believe that the results presented here can serve as a basis for proposing generalizable
reference values at the national level.

Conclusion

The values identified are a reference for HGS behavior among adults and seniors with healthy
upper limbs, although they do not discriminate individuals with specific health conditions.
They can be used in rehabilitation programs and subsidize future studies aimed at exploring
their potential application in the evaluation of the health condition of adults and elderly
individuals.

Further studies that may contribute to the understanding of the relationship between HGS
and morbidity and mortality in adults and elderly people, as well as the quality of life, physical
activity and functional autonomy, are therefore recommended.
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