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Normative reference values for hand grip dynamometry in Spain.

Association with lean mass
Valores de normalidad de dinamometria de mano en Espana. Relacion con la masa magra
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Federico Soriguer', Montserrat Gonzalo', Gemma Rojo Martinez'? y Gabriel Olveira'?
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Abstract

Background and objectives: The objective of this study was to establish reference values for hand grip strength, compare the results obtained
with Collin and Jamar type dynamometers and determine their association with anthropometric and lean mass measurements.

Material and methods: This cross-sectional population-based study was undertaken in Pizarra (Malaga, Spain). The grip strength of the dom-
inant hand was measured using Collin and Jamar dynamometers. Skinfolds (triceps, abdominal, biceps of dominant arm and subscapular) were
measured, and body composition was estimated. Eight hundred seventeen adults randomly selected from the census were recruited. Dynamometry
reference values are presented for the dominant hand, by gender and age groups.

Results: No determinations could be made with the Collin dynamometer in 69 women due to the difficulty in grasping the dynamometer. We

Key words:

y found significant positive correlations between the measurements with Jamar and Collin dynamometers (r = 0.782; p < 0.001) and between grip
Hand strength. strength and lean mass index (LMI), determined by both dynamometers (r = 0.538, p < 0.001 and r = 0.462, p < 0.001, respectively). Malnour-
ﬁefedfe”@ values. ished patients according to LMI had significantly lower grip strength than normally nourished patients (p < 0.001 for Jamar; p < 0.02 for Collin).

and grip.
Dynani’ofnetry, Conclusions: Dynamometry reference values in the Spanish population are presented. We recommend the use of the Jamar type dynamometer
Nutritional status. versus the Collin type dynamometer. Hand grip dynamometry is associated with lean mass, which confirms its usefulness in nutritional assessment.

Resumen

Antecedentes y objetivos: no existen valores de normalidad en Espafia con el dinamémetro Jamar. El objetivo fue determinar valores de
normalidad de fuerza muscular, comparar los resultados obtenidos con los dinamémetros tipo Collin y tipo Jamar entre si, y determinar su
asociacion con medidas antropométricas y de masa magra.

Material y métodos: estudio transversal de base poblacional en Pizarra (Malaga). Se determind la fuerza de prension de la mano dominante
mediante dinamometros Collin y Jamar. Se midieron los pliegues cutaneos (tricipital, abdominal, bicipital del brazo dominante y subescapular)
y se estimd la composicion corporal. Se reclutaron 817 adultos seleccionados aleatoriamente del censo. Se presentan valores de referencia de
dinamometria para la mano dominante, por género y grupos de edad.

Resultados: no se pudieron realizar determinaciones con el dinamémetro Collin en 69 mujeres debido a la dificultad para agarrar el dina-

Palabras clave:
mometro. Encontramos correlaciones positivas significativas entre las medidas de los dinamémetros Jamar y Collin (= 0,782; p < 0,001) y

Fuerza muscular. entre la fuerza muscular determinada mediante ambos dinamémetros y el indice de masa magra (IMM) (r = 0,538, p < 0,001 yr=10,462, p <
Valores de y 0,001, respectivamente). Los pacientes desnutridos segin IMM presentaron una fuerza muscular significativamente menor a la de los pacientes
ggrg“#]'gﬁg Prension normonutridos (p < 0,001 para Jamar y p < 0,02 para Collin).

Dinamometria. Estado Conclusiones: se presentan valores de referencia de dinamometria en poblacion espafiola. Recomendamos el uso del dinamdémetro tipo Jamar
nutricional. frente al dinamometro tipo Collin. La dinamometria de mano se asocia con la masa magra, lo que avala su utilidad en la valoracién nutricional.
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INTRODUCTION

There is a great variety of techniques to evaluate the nutritional
status of a patient, although there is no single parameter available.
Malnutrition implies a decrease in muscle mass, which is reflected
in poorer performance on functional tests and alterations in body
composition (1-3). This decrease in muscle strength appears
before changes in anthropometric measurements and laboratory
parameters are observed. Accordingly, the measurement of
muscle strength may be a useful tool in screening and assessing
malnutrition (4). The American Society for Parenteral and Enteral
Nutrition has included the assessment of grip strength by
dynamometer as one of the six criteria to define malnutrition (5),
encouraging the use of cut-off points in each population by age
and gender (6).

There are numerous clinical studies in hospitalized individuals
or outpatients (surgical, elderly, oncological, etc.) that demonstrate
that decreased grip strength, measured by hand dynamometry,
is associated with increased stays, mortality and complications
(3,7,8). Similarly, in epidemiological studies performed in different
age groups, decreased grip strength is also associated with higher
mortality and impaired functionality (3). Some body composition
measures, like lean mass, seem to have a close relationship with
hand strength as well as with physical function (9).

The hand dynamometer evaluates the isometric force of the hand
and the forearm providing a quick, easy to use, and inexpensive
method to assess the grip strength and, thus, the nutritional
status of patients (10). Currently, the Jamar dynamometer is the
most commonly used in clinical practice (4,11-13). Over the last
few years, dynamometry reference values have been published
in different countries, usually for the Jamar-type dynamometer
(4,11,14,15), including a meta-analysis (16).

In Spain, the normative data are from another type of dynamometer
(17-19) with no studies using the Jamar dynamometer. Likewise,
there are no data comparing the results of the two different types
of dynamometers, so it remains unknown if the measurements of
both dynamometers are comparable in clinical practice. There are
only a few studies relating dynamometry results to body composition
(15,20). The objective of this study was to contribute reference
values in a sample of subjects belonging to the general population
in Spain using the Jamar dynamometer, to compare them with
the Collin dynamometer, and to assess the relationship between
dynamometry and anthropometric parameters, especially lean
mass.

MATERIAL AND METHODS

Our sample comprised a total of 817 healthy adults recruited
from the population-based Pizarra study (Malaga) (21). These
individuals, aged between 18 and 65 years, were randomly
selected from the municipal census. Individuals who were
institutionalized, pregnant, or who had severe physical or
psychiatric conditions were excluded as were morbidly obese
subjects (body mass index [BMI] > 40 kg/m?). All subjects gave
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their written consent, and the study was approved by the Ethics
and Clinical Research Committee of the Regional University
Hospital of Malaga.

Anthropometric measurements included weight, obtained with a
scale adjusted to 0.1 kg (SECA 665, Seca, Germany), and height,
using a stadiometer adjusted to 0.01 m (Holtain Ltd., Croswell,
UK), to calculate BMI. Skinfold thicknesses (subscapular, triceps,
biceps, abdominal) were measured at standard sites (22) by a
single investigator using a plicometer (Holtain Ltd., Croswell,
UK) with the precision of 0.2 mm. Three measurements were
taken and the mean was calculated. Arm circumference was
measured using a flexible measuring tape to the nearest 0.1 cm
at the midpoint of the arm. Lean mass and fat mass percentages
were estimated using the Durnin (23) and Siri (24) equations.
Hand dynamometry was performed using a Collin dynamometer
(Medizintechnik AS, Germany) and a Jamar dynamometer (Asimow
Engineering Co., Los Angeles, CA).

In the case of the Jamar dynamometer, the subjects were
instructed to adjust the device so that the grip would be comfortable
for their hand to obtain the best performance (25), although most
chose to use the second position (3.8 cm). The subjects were
instructed to squeeze the dynamometer with the maximum force
they could apply after receiving a verbal command (26).

The measurements were taken with the patients sitting in a
straight back chair with both feet on the ground, shoulders close
to the body in a neutral position, and the elbow flexed at 90°
without rotation (27).

Three measurements were obtained in the dominant hand with
a rest period of at least one minute between trial (28). There
was a minimum ten minute break between Collin and Jamar
measurements, in that order.

The mean was calculated and the highest value was used to
represent hand grip strength.

STATISTICAL ANALYSIS

Data analysis was performed using SPSS Statistics software
v22. Descriptive data are shown as means and standard
deviations. The Kolmogorov-Smirnov test was used to establish
whether the variables followed a normal distribution.

In the hypothesis testing for continuous variables between
groups, the Student’s t test was used in the variables that followed
a normal distribution and a non-parametric test (Mann-Whitney)
was used for variables that were not normally distributed. We
rejected the null hypothesis with an alpha of 0.05 for two tails. The
degree of association between hand dynamometry, BMI and body
composition measurements was analyzed using the Pearson’s
correlation coefficient.

RESULTS

A total of 817 adults, 364 men and 453 women, were studied
(Table 1.
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Table I. General and anthropometric
characteristics of the study population

Total Men Women
Variables n =817 n = 364 n =453
Mean = SD | Mean = SD | Mean = SD

BMI (kg/m?) 088 (+4.4) | 293(+41) | 284 (+46)
Age (years) 497 (x9.6) | 509 (959 | 488 (x9.6)
Weight (k) 763 (+13.9) | 842 (= 127) | 70 (x11.5)
Height (cm) 162.7 (+ 4.4) | 1697 (= 7.1) | 157.1 (= 5.9)
Arm
circumference 302(x3.5) | 31.1(x3.3) | 29.6 (=35
(cm)
Treops skinold | 16675 | 1135 | 21163
(mm)
(E:T']Crigjs skinfold 144 4 (258 | 84(£39 | 13859
Subscapular 23173 | 201 (6.9 | 248(+72)
skinfold (mm)
Abdominal
saniold () | 258682 | 261(:85) | 265(79)
Arm muscle
circumference 249 (x37) | 276(x3.2) | 229(x27)
(cm)
Fat mass 341265 | 29152 | 381 (x44)
percentage
Lean mass (kg) | 50 (+10.4) | 591 (+7.5) | 42.6(+55)
Lean mass
ndox gy | 18727 | 205623 | 172(2)

n: number. BMI: body mass index.

The measurements were valid for the Jamar dynamometer in all
subjects studied, but only in 748 cases for the Collin dynamometer
(364 men and 384 women), due to the difficulty for grasping the
dynamometer. A total of 69 women could not apply the necessary
force. Their mean age was 54.6 (x 9.2) years, significantly higher
(p < 0.001) than in the group of women who were able to perform
the test (47.8 + 9.2 years). Tables Il and lll show the grip strength
values for the two dynamometers used, grouped by gender and
distributed by age, together with their corresponding percentiles.

A high correlation was found between the data obtained with
the Jamar and Collin dynamometers (r = 0.782; p < 0.001)
(Fig. 1). Mean strength was higher in men than in women with
both instruments and in all age groups (p < 0.001). There was
a tendency towards a negative correlation between age and grip
strength with the Jamar dynamometer (r = -0.67; p = 0.58),
which was significant with the Collin dynamometer (r = -0.143;
p < 0.001). This significant correlation was observed with the
Collin dynamometer in the subjects between the ages of 45 and
60 (r=-0.1; p = 0.04), and those above 60 years (r = -0.22; p
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= 0.02), which was not the case in those under age 45 (r = 0.02;
p = 0.74). With the Jamar type dynamometer, this correlation was
significant in the group of subjects under age 45 (r=0.12; p =
0.04), in those between the ages of 45 and 60 (r = -0.12; p =
0.023) and in subjects over 60 years of age (r = -0.2; p = 0.02).

A positive correlation was found between grip strength using
the Jamar dynamometer and BMI (r = 0.086; p = 0.014). This
relationship increased when subjects were classified as normal
weight (r = 0.268; p < 0.001) or overweight (r = 0.146; p =
0.006). No association was found between BMI and grip strength
in obese patients.

The values obtained using the Jamar dynamometer showed a
positive correlation with weight (- = 0.514; p < 0.001), height
(r=0.714; p < 0.001), and arm circumference (r = 0.249; p
< 0.001), and a negative correlation with fat mass in kg: (r =
-0.597; p < 0.001), triceps skinfold (r = -0.497; p < 0.001),
biceps skinfold (r = -0.404; p < 0.001) and subscapular skinfold
(r=-0.209; p < 0.001). There was also a significantly positive
correlation between muscle strength and lean mass in kg (r =
0.774; p < 0.001) and lean mass index (LMl) (r = 0.538; p <
0.001) (Figs. 2 and 3).

Mean values obtained using the Collin dynamometer showed a
positive correlation with weight (r = 0.434; p < 0.001), height (r =
0.663; p < 0.001) and arm circumference (r = 0.206; p < 0.001),
and a negative correlation with fat mass (kg): (r = -0.569; p <
0.001), triceps skinfold (r = -0.518; p < 0.001), biceps skinfold (r
=-0.404; p < 0.001) and subscapular skinfold (r = -0.214; p <
0.001). There was also a significantly positive correlation between
grip strength and lean mass (kg) (r = 0.683; p < 0.001) and LMI
(r=0.462; p < 0.001).
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Figure 1.

Relationship between hand grip strength measured by Collin dynamometer and
Jamar dynamometer.
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Lean mass (Kg)

Hand grip strenght (Jamar Dynamometer, Kg)

Lean mass index (kg/im2)

Hand grip strenght (Jamar dynamometer, Kg)

Figure 2.

Relationship between hand grip strength (Jamar) and lean mass.

Figure 3.

Relationship between hand grip strength (Jamar) and lean mass index.

Table Il. Strength of the dominant hand by gender and age,
measured with a Collin dynamometer

Age group (years)

Grip strength (kg)

Mean=SD | Maximum=SD| P5 | P10 | P25 | P50 | P75 | P90 | P95
Men
Total n = 364 31.4+13.6 34+ 14 8 15 25 35 43.8 52 56
Under 45 years n = 125 35.8+12.6 38.3+12.9 15 20.2 33 40 45 55 56.7
From 45 to 60 years n = 164 32213 35+13.4 11.3 15.5 26.3 36 43 50.5 55.8
Over 60 years n = 71 22 +12.3 244 +£12.9 6.6 8 16 24 30 45 50.8
Women
Total n = 384 103+74 12+7.6 11 17 22 25
Under 45 years n = 161 126+7 143+7 15 20 24 26.9
From 45 to 60 years n = 181 8.6+73 105+7.8 1.1 4.5 9 15 20 23.9
Over 60 years n = 38 84+7 10+7.2 1 1.9 3 9.5 16.3 20.1 23.2
SD: standard deviation.
Table lll. Strength of the dominant hand by gender and age,
measured with a Jamar dynamometer
Grip strength (kg)
Age group (years) =
Mean+SD | Maximum=SD | P5 | P10 | P25 | P50 | P75 | P90 | P95
Men
Total n = 364 457 +9.9 478 +10.3 30 34 40 48 54 62 64.8
Under 45 years n = 125 472 +10 495+10.4 32.6 37.6 42 48 57.5 64 64.7
From 45 to 60 years n = 164 472 +9.2 495 +9.5 34.5 37.5 44 50 55.8 62 66
Over 60 years n = 71 39.5+9.3 40.9+9.6 26.6 29.2 34 40 47 54 58.2
Women

Total n = 453 242 +6.2 26 +6.3 16 18 22 26 30 34 36
Under 45 yearsn =175 24754 26.4+54 18 20 23 26 30 33.4 36.4
From 45 to 60 years n = 216 24.7 6.6 26.4 +6.7 15 18 22 26 30 34 38
Over 60 years n = 58 21.3+6.4 225+6.7 12.8 14 18 22 28 311 34

SD: standard deviation.

[Nutr Hosp 2018;35(1):98-103]
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Stratifying our population by European Society of Clinical
Nutrition and Metabolism criteria (LMI of 17 kg/m? for men and 15
kg/m? for women [29]), patients considered as malnourished due
to low lean mass had significantly lower mean grip strength than
normally nourished patients, both with the Jamar dynamometer
and with the Collin dynamometer (Table V).

Table IV. Hand grip strength for both
dynamometers according to lean mass
index as malnutrition criteria

| LowLMI | NormalLMI | pvalue
Total
Collin 143=9 211 +15.4
n =649 (n=>52) (n=597) 0.002
Jamar 26.6 + 8.3 34,6 +13.7
n =709 (=57 (n = 652) < 0.001

LMI: lean mass index. Low LMI interpreted as LMI < 17 kg/m¥ in men and
LMI < 15 kg/n? in women.

DISCUSSION

In this study, we present normative reference values for
the Spanish population using a Jamar hand dynamometer, a
dynamometer for which there were no previous references in
Spain, providing cut-off points to define malnutrition. Our results
are similar to those of other studies that have published reference
values for the Jamar-type dynamometer in Caucasian populations
(14,20,30).

In the total sample, the cut-off points to define malnutrition (5
percentile) were 29 kg in men and 14 kg in women for the Jamar
dynamometer, although this varied depending on age (Table Ill).
These values are similar to those of other studies (15,20) and
may be related to poorer functionality, as some authors suggest
(31,32).

Similar to other studies (4,20,27), our values were significantly
higher in men than in women for all age groups and negative
correlations with age were observed, finding a decrease in grip
strength (4). This has been attributed to age-related sarcopenia,
since the weight loss that occurs with aging is primarily due to
the loss of lean mass, thus leading to loss of grip strength (17).
In our sample, no significant differences between the groups
of individuals under 45 years and between 45 and 60 years
were found, possibly because age-related sarcopenia appears
especially in subjects aged 60 and older (4).

As in other studies, a positive association was found between
grip strength and anthropometric measures such as weight, BMI,
arm circumference, and height (11,33), although the association
is weak (14).

A close correlation between dynamometry values and lean
mass was also observed. Patients who met criteria for malnutrition
according to LMI (29) presented lower hand grip strength. Since
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malnutrition due to low lean mass is primarily associated with
increased morbidity and mortality related to malnutrition (29),
dynamometry becomes a measure that provides a clear added
value to nutritional assessment.

In subjects with acute or chronic disease, numerous factors may
influence decreased muscle strength, including immobilization,
decreased intake, inflammation, oxidative stress, electrolyte
disturbances, use of drugs (corticosteroids, muscle relaxants,
etc.). In this respect, grip strength is an excellent marker of
functionality as, unlike weight, it can discriminate between
malnourished individuals and those who are simply underweight
and share the same BMI (10).

Furthermore, nutritional intervention studies have demonstrated
significant improvement in muscle strength in the short and
medium term, which also supports hand grip usefulness in patient
follow-up (3,34).

We found good correlations between grip strength measured
with both dynamometers. Although the Collin dynamometer is
significantly more economical, we believe its use may be less
suitable than that of the Jamar dynamometer because some
people (especially older women) have some difficulty in correctly
grasping the device and applying force, so the measurement may
not be valid. This may be of special relevance in the hospital
setting, where the mean inpatients age is high.

STRENGTHS AND WEAKNESSES

Our work was carried out in the context of a population-based
epidemiological study with an adequate sample size. Moreover,
we measured anthropometric parameters enabling us to relate
muscle strength to body composition, especially to lean mass.

Nonetheless, this was a cross-sectional study in which other
parameters of functionality were not evaluated, nor was the long-
term effect on morbidity and mortality verified. Measurements
were only taken in the dominant hand, although some studies
suggest that dominance does not affect grip strength (15,33,35).
Finally, there was a large percentage of subjects with obesity,
which could have partially conditioned the results.

CONCLUSIONS

We present reference values for hand dynamometry using a
Jamar hand dynamometer for a Spanish population, providing cut-
off points to define malnutrition. We recommend using the Jamar
dynamometer as opposed to the Collin dynamometer in clinical
practice. Hand dynamometry is associated with lean mass, which
supports its usefulness in nutritional assessment.
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