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A B S T R A C T

Objective: Hand grip strength (HGS) is frequently used in clinical practice, resulting in a potential marker of
nutritional status. This study aimed to develop reference values of HGS in Italian women with different cate-
gories of body mass index (BMI). Additionally, the main predictors of HGS were identified.
Methods: A cross-sectional study was conducted in Italian women between ages 16 and 55 y with different
categories of BMI at the Department of Clinical Medicine and Surgery, Federico II University Hospital, Naples
Italy. The whole sample was divided into tertiles according to BMI: 15 to 17.29 kg/m2 (T1), 17.3 to 19.9 kg/
m2 (T2), and 20 to 25 kg/m2 (T3). Anthropometry, bioimpedance analysis, and muscle strength by an HGS
test were evaluated. The cut-off values for HGS were developed for all participants and stratified by age
group. Finally, a multivariate linear regression analysis was performed to assess the main predictors of HGS.
Results: A total of 529 women with a mean age of 23.2 § 7.0 y and an average BMI of 18.9 § 2.5 kg/m2 were
analyzed. HGS was higher for the dominant hand than for the non-dominant hand in all BMI tertiles. On both
sides, according to age groups, HGS increased with increasing age in T1 and T3, whereas it increased in the
women between ages 20 and 30 y in T2 only. Multivariate linear regression analysis showed that predictors
of HGS varied according to tertiles. Specifically, we found that body weight (R2 = 0.252) was the main predic-
tor in T1, whereas phase angle (PhA) was the main determinant in both T2 (R2 = 0.240) and T3 (R2 = 0.216).
Conclusion: This study defined the normal reference values of HGS in Italian women with different BMI
ranges, stratifying the sample group by age. Additionally, the main predictors of HGS were assessed for each
BMI tertile. In primary malnutrition (T1), the main predictor of HGS was body weight, whereas in the other
two tertiles (T2, T3), the PhA was the main predictor of HGS.

© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Hand grip strength (HGS) is used in clinical practice as a repeat-
able and inexpensive measurement. HGS is considered a useful
functional capacity test for evaluating muscle strength and repre-
sents a dynamic indicator of muscle mass [1]. In recent years, HGS
has also become a popular marker of nutritional status and repre-
sents a useful variable in nutritional intervention studies to evalu-
ate early malnutrition risk [2].
It has been studied in the clinical environment and as a diag-
nostic tool for assessing malnutrition, overall nutritional risk, and
mortality [3,4]. Additionally, HGS is a method used in clinical set-
tings because it has been shown to be an indicator of coronary
heart disease risk even in youth. High levels of HGS are associated
with improved muscle quality and a reduction in both cardiometa-
bolic risk and mortality [5]. Therefore, the important relationship
has been demonstrated between future health risk and changes in
body composition parameters (Fat Free Mass) and phase angle
[PhA]) and HGS values [6].

Recently, the European Working Group on Sarcopenia in Older
People (EWGSOP2) used low muscle strength as the primary
parameter of sarcopenia since sarcopenia is probable when low
muscle strength is identified [7]. As a result, a low HGS is a predic-
tor of poor patient outcomes, such as prolonged hospital stays [8],
increased functional limitations [9], enhanced health care costs
[10], and poor health-related quality of life [11].
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Considering the increasing use of this measurement, several
studies have been published about the normative values for HGS in
different age groups of elderly individuals [12,13]. The studied
populations included different ethnic groups from Greece [14],
China [15], Brazil [16], Japan, Korea, and Australia, but there are
few data about Italians. Recently, Wang, et al. [17] presented nor-
mative reference values of HGS based on data obtained from a US
population, stratified by sex and age within the last 10 y. Addition-
ally, a previous study measured HGS in a Spanish population and
reported baseline values by sex and age [18].

Therefore, providing cut-offs of upper limb strength for Italian
people could be clinically useful for monitoring changes in muscle
strength in patients with different clinical conditions and compar-
ing these patients to subjects of different ethnicities.

The present study was conducted on Italian women according
to body mass index (BMI) tertiles and stratifying the sample by
age. The first objective of the study was to provide HGS reference
values for Italian women since these values are potentially useful
in both clinical and research fields. The second objective was to
identify the possible predictors of HGS among anthropometric
(age, weight, height) and bioimpedance (bioimpedance index [Bi-
index], PhA) variables.
Methods

Subjects

A cross-sectional study assessing HGS values was performed in Italian women
with different classes of BMIs. Data from outpatients for eating disorders, charac-
terized by primary malnutrition, as well as from healthy controls were collected at
the Department of Clinical Medicine and Surgery, Federico II University Hospital,
Naples, Italy, from January 2015 to October 2019. The study population had the
following characteristics: an age range between 16 and 55 y, a body weight range
of 35 to 76 kg, and a BMI range between 15 and 25 kg/m2.

Informed consent was obtained from all subjects before participation. The
study protocol was approved by the Ethical Committee of the Federico II Univer-
sity Hospital (Prot. n. 37/17).
Anthropometric assessment

Body weight and height were measured according to standardized methods.
Body weight was measured at the nearest 0.1 kg using a platform beam scale and
height to the nearest 0.5 cm using a stadiometer (Seca 709; Seca, Hamburg, Ger-
many). Body weight and height were used to calculate BMI (weight in kilograms
divided by height in meters squared).
Table 1
Anthropometric characteristics, body composition, and hand grip strength
measurements

T1 (n = 177) T2 (n = 176) T3 (n = 176)

Age (y) 21.9 § 6.5 23.6 § 7.4 23.9 § 6.9
Weight (kg) 42.0 § 3.4* 48.1 § 4.0 57.3 § 5.2
Height (cm) 161 § 5 161 § 6 161 § 5
BMI (kg/m2) 16.2 § 0.6* 18.5 § 0.7 21.9 § 1.3
Bioimpedance analysis

Bioimpedance analysis (BIA) was performed using Human IM Plus II (DS
Medica, Milan, Italy) at a room temperature of 22°C to 25°C in a fasting state for 12
h after voiding the bladder and cleaning the surface of the skin to adhere the elec-
trodes. Participants were asked to remain in the supine position for at least 10 to
15 min before starting the measurement, with lower limbs and upper limbs
slightly abducted at 45° and 30°, respectively, to avoid any contact between the
extremities and the trunk. Resistance (R) and reactance (Xc) were measured at
50 kHz, and the PhA and BI-index were calculated as follows: PhA
(degrees) = arctan (Xc/R) � (180/P), and BI-index (cm2/Ո)= height2(cm)/R [19].
Body composition assessment, fat free mass, and fat mass, were estimated using
the Marra equation [20] for women with BMI of <18.5 kg/m2 and the Sun BIA
equation [21] for women of normal weight.
BI-index (cm2/V) 37.7 § 4.7* 40.6 § 5.9 44.5 § 5.8
FFM (kg) 37.4 § 2.6* 39.9 § 3.2 41.7 § 3.6
FM (kg) 4.6 § 1.4* 8.2 § 3.1 15.5 § 3.5
FM (%) 10.7 § 2.9* 16.7 § 5.6 26.9 § 4.6
PhA (degrees) 5.68 § 0.75* 6.05 § 0.89 6.26 § 0.75
HGS (kg) 20.0 § 3.5* 21.3 § 5.3 22.6 § 5.4

BI-index, bio impedance index; BMI, body mass index; FFM, fat free mass; FM, fat
mass; HGS, hand grip strength; PhA, phase angle
Data are expressed as mean § SD
T1 = BMI 15�17.29 kg/m2; T2 = BMI 17.3�19.9 kg/m2; T3 = BMI 20�25 kg/m2

*P < 0.005 between groups.
Hand grip strength test

Muscle strength was assessed by HGS. HGS was measured in both dominant
and non-dominant hands with a Jamar dynamometer (JAMAR, Rolyan, UK).
Patients performed the test standing with their upper limbs by their sides, and
they were instructed to squeeze a dynamometer at maximal voluntary isometric
contraction. The measurement was repeated three times alternately on both sides
(dominant and non-dominant arm) with 1 min between repetitions to avoid
fatigue. The dominant hand was determined by asking subjects if they were right-
or left-handed. The mean value was recorded in kilograms [22].
Statistical analysis

Statistical analyses were performed using IBM SPSS (version 24.0, IBM Corp,
Armonk, NY, USA). The Kolmogorov-Smirnov test was used to perform the nor-
mality of all numerical continuous variables. The test showed a normal distribu-
tion; therefore, a parametric analysis was performed. Data are presented as the
mean§ SD, and statistical significance was defined as P< 0.05. For the comparison
between means of groups, one-way Analysis Of Variance (Tukey’s test) was used.
Pearson’s correlation was applied to evaluate associations between variables. Mul-
tivariate linear regression analysis was performed to assess the main predictors of
HGS in the following variables: age, weight, height, and raw BIA variables (BI-
index and PhA). The coefficient of determination (R2) and the standardized regres-
sion coefficients (b) were considered.

Results

A total of 529 participants with a mean age of 23.2 § 7.0 y, a
mean body weight of 49.1 § 7.6 kg, and an average BMI of 18.9 §
2.5 kg/m2 were recruited. Subsequently, the whole sample was
divided into tertiles according to BMI: the first tertile (T1), 15 to
17.29 kg/m2; the second tertile (T2), 17.3 to 9.9 kg/m2; and the
third tertile (T3), 20 to 25 kg/m2. Specifically, participants with eat-
ing disorders were included in the first two tertiles, showing the
following characteristics: T1 (100% anorexic restrictive) and T2
(55.7% anorexic restrictive and 44.3% unspecified eating disorders),
while all controls were included in the last tertile (T3).

Both anthropometric characteristics and body composition of
the entire sample according to tertiles are presented in Table 1. All
considered variables significantly differed among the three groups,
except for age and height.

Cut-offs of HGS

The cut-offs for HGS values for all participants are reported in
Table 2, whereas data according to age group (age = <20 y, 20�30
y, and >30 y) are described in Table 3. Overall, data were expressed
as the mean, SD, and respective 10th, 25th, 50th, 75th, and 90th
percentiles for HGS values.

Our findings showed that muscle strength was higher for the
dominant hand than for the non-dominant hand in all BMI tertiles.
Specifically, on both sides, we found that HGS values were higher
for women in T3 than in the other tertiles (Table 2).

The cut-offs of HGS and their percentiles stratified by age are
presented in Table 3. Overall, on both sides, we found that HGS
values increased with increasing age for both T1 and T3 but not in
T2 owing to increased values observed only in the age group
between 20 and 30 y. In addition, the mean values according to
age group and for both sides are shown in Figure 1. On the



Table 2
Cut-off HGS measurements (in kg) by side in all participants according to tertiles

Dominant hand (kg) Non-dominant hand (kg)

Percentiles Percentiles

n Mean (SD) 10 25 50 75 90 Mean (SD) 10 25 50 75 90

T1 177 21.3 (3.7) 16.0 18.6 21.3 24.0 26.3 18.7 (3.7) 14.0 16.0 19.0 21.3 24.0
T2 176 22.3 (5.5) 15.3 18.6 22.1 26.0 29.7 20.2 (5.4) 13.3 16.6 20.0 24.0 28.0
T3 176 23.9 (5.5) 16.0 20.3 24.0 28.0 30.7 21.4 (5.4) 14.0 18.0 22.0 25.2 28.6

HGS, hand grip strength; SD, standard deviation
T1 = BMI 15�17.29 kg/m2; T2 = BMI 17.3�19.9 kg/m2; T3 = BMI 20�25 kg/m2

Table 3
Cut-offs of HGS measurements (in kg) by side and age groups

T1 T2 T3

Mean (SD) percentiles Mean (SD) percentiles Mean (SD) percentiles

n kg 10 25 50 75 90 n kg 10 25 50 75 90 n kg 10 25 50 75 90

<20 y D 87 21.0 (3.6) 16.0 18.3 20.6 24.0 26.0 73 21.9 (4.9) 15.8 18.5 22.0 25.5 28.5 59 22.8 (5.4) 15.3 19.3 22.6 24.5 26.0
20�30 y D 74 21.4 (3.9) 17.3 18.6 21.3 24.1 27.0 72 23.2 (5.4) 15.3 19.3 23.3 27.6 30.6 89 24.4 (7.6) 16.0 20.3 24.6 29.3 31.3
>30 y D 16 22.0 (3.8) 14.9 20.2 22.0 24.5 27.2 31 21.4 (6.8) 14.0 17.3 20.3 26.0 31.6 28 25.3 (5.1) 16.6 22.1 26.0 29.5 32.1
<20 y n-D 87 18.4 (3.7) 14.0 16.0 18.0 21.3 23.3 73 19.6 (5.0) 12.6 16.0 20.0 22.8 26.2 59 20.1 (5.1) 13.3 17.3 20.0 23.3 27.3
20�30 y n-D 74 18.8 (3.7) 13.6 16.0 19.3 21.3 24.0 72 21.2 (5.1) 14.4 17.4 21.0 24.6 28.9 89 21.6 (5.7) 14.3 18.0 22.0 26.0 29.3
>30 y n-D 16 20.1 (3.9) 13.3 17.2 20.3 23.8 25.0 31 19.6 (6.7) 12.0 16.0 18.0 24.6 29.1 28 23.6 (4.9) 14.9 20.8 22.3 28.0 30.0

HGS, hand grip strength; SD, standard deviation
D = dominant; n-D = non-dominant; T1 = BMI 15�17.29 kg/m2; T2 = BMI 17.3�19.9 kg/m2; T3 = BMI 20�25 kg/m2

Fig. 1. HGS measurements by age groups according to BMI tertiles. BMI, body mass
index. HGS, hand grip strength
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dominant side, we found no difference among tertiles in subjects
younger than 20 y. In the 20 to 30 y age group, the data were lower
for T1 than for T3, and among women older than 30 y, HGS values
were significantly reduced for subjects in T2 compared with those
in T3. Similar results for HGS values were found on the non-domi-
nant side in the youngest subjects. However, we observed signifi-
cant differences in the group with ages 20 to 30 y, which had the
lowest HGS values for women in T1, and in the group of
Table 4
Multivariate linear regression analysis

T1 T2

Main predictor b P R2 Main predictor b

Weight 0.365 0.000 0.252 PhA 0.389
PhA 0.266 0.000 Height 0.236
BI-index 0.200 0.013 BI-index 0.180

BI-index, bio impedance index; PhA, phase angle
T1 = BMI 15�17.29 kg/m2; T2 = BMI 17.3�19.9 kg/m2; T3 = BMI 20�25 kg/m2
participants older than 30 y, which had reduced HGS values for T2
compared to T3.
Predictors of HGS

Pearson’s correlation coefficients between HGS and both
anthropometric and bioimpedance variables were calculated. Body
weight (r = 0.408), PhA (r = 0.331), and height (r = 0.289) gave the
best correlation with HGS at T1, T2, and T3, respectively.

Finally, a multiple linear regression analysis was carried out to
identify the main predictors for upper limb strength (Table 4).
Multivariate linear regression analysis showed that the main pre-
dictor of HGS at T1 was weight (R2 = 0.252), while PhA was the
main determinant at both T2 (R2 = 0.240) and T3 (R2 = 0.216).
Discussion

This study first aimed to propose reference values for HGS in
Italian women affected by primary malnutrition as well as from
controls according to BMI tertiles and by stratifying the whole
sample by age. Our results showed that muscle strength was
higher for the dominant hand than for the non-dominant hand in
all BMI tertiles and, according to age groups, HGS increased with
increasing age in T1 and T3 but not in T2 since HGS values
increased in the women aged between 20 and 30 y.
T3

P R2 Main predictor b P R2

0.000 0.240 PhA 0.342 0.000 0.216
0.003 Height 0.280 0.001
0.024 BI-index 0.162 0.037
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According to our findings, Wang, et al. [17] proposed reference
values for a population residing in the United States, but they
found that the mean dominant HGS for underweight and normal-
weight patients was 25 kg and 27 kg, respectively. These reference
values were lower than those observed in the present study
(21.3 kg and 23.9 kg for underweight and normal-weight women).
Another study, conducted in a Colombian university student, sug-
gested reference values of HGS. They studied men and women of
normal weight and found that HGS increased with increasing age
in both sexes. These results are similar to our HGS values found in
T3 that included normal-weight women [23].

Nevertheless, Schl€ussel, et al. [16] presented both right and left
HGS mean values according to sex and age in healthy Brazilian
adults. HGS increased slowly with age (20�39 y category) on both
sides and significantly decreased after 50 y of age. In addition, they
found that in men, there was a clear tendency of higher HGS on
the right side, with increasing BMI at each age category, but this
tendency was not evident in women.

Also, Ramírez-V�elez, et al. [24] have observed a decrease in HGS
cut-off with increasing age in older adults of �60 y.

Despite the large difference in BMI, we observed that the mus-
cle strength of the upper limbs did not differ much between ter-
tiles. There is a difference of approximately 5 kg between
underweight and normal weight on both sides. On the dominant
side, the lowest mean value of HGS was 21 kg (T1), and the maxi-
mum value was 25.3 kg (T3), while on the non-dominant side, the
lowest mean value of HGS was 18.4 kg (T1), and the maximum
value was 23.6 kg (T3).

The second aim of this study was to identify the possible pre-
dictors of HGS between both anthropometric variables (age,
weight, height) and some row BIA parameters (BI-index, PhA).

The main predictor in T2 and T3 was PhA, except in T1, where
the greatest predictor was body weight. However, it is likely that
in patients with primary malnutrition, body weight was the
parameter most correlated with nutritional status among anthro-
pometric variables.

Therefore, variations in PhA associated with decreased HGS could
be useful in clinical practice for monitoring patients because both PhA
and HGS are qualitative indexes of the nutritional state [6,25�28].

However, some limitations need to be considered. First, regard-
ing HGS methods, subject cooperation was required, and some-
times, women with primary malnutrition had to be very
encouraged for maximum force to be applied. Second, although
the sample was relatively large, perhaps the tertiles were rather
small to justify age stratification. Therefore, this study is the first to
establish specific cut-offs of HGS for both underweight and nor-
mal-weight women.

In conclusion, normative data for both women with primary
malnutrition and normal weight provided in this study may be
useful in both clinical and research fields as early screening. Refer-
ence cut-offs and possible PhA variations could be used in a clinical
setting to monitor nutritional status changes in individuals with
similar ages and BMIs.
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