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The purpose of this study was to report age- and gender-specific distribution of the hand
grip strength (HGS) using data from the Korea National Health and Nutrition Examination
Survey (KNHANES) VI-3 (2015) survey and determine cut-off values for low muscle
strength of HGS of Koreans. Of a total of 7,380 participants, 4,553 were subjected to
measurements of HGS, including 1,997 men and 2,556 women with a mean age of 49.3
years (range, 19-80 years). The mean ages of men and women were 49.0 and 49.5 years,
respectively. HGS was measured using a digital hand dynamometer. It was defined as
maximal measured grip strength of the dominant hand. The cut-off value for low muscle
strength was defined as the lower 20th percentile of HGS of the study population.
Maximum grip strength of men was significantly higher than that of women (40.2 kg in
men vs. 24.2 kg in women, P < 0.001). The mean HGS was increased from the age of 19
to 39 years. It was peaked in the age of 35 to 39 years range for both men and women. It
was then decreased after 39 years. The cut-off values of HGS in male and female elderly
healthy populations were 28.6 and 16.4 kg, respectively. These data might be used as
reference values when evaluating sarcopenia and assessing hand injuries.
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INTRODUCTION

Hand grip strength (HGS) is a simple, fast, and reliable measure-
ment to assess hand injuries and the maximum voluntary force.
(1) It is an indicator of overall muscular strength, nutritional
status, muscle mass, and walking performance (2-4). Recently,
HGS has been used as important index of low muscle strength
to diagnose sarcopenia because low HGS is a clinical marker of
poor mobility and a better predictor of clinical outcome of low
muscle mass (5-7). According to guideline for European work-
ing group on sarcopenia in older people (EWGSOP, the Sarco-
penia Working Group), low muscle strength using cut-off point
for HGS at two standard deviations below the mean reference
value is defined as < 30 kg in men and < 20 kg in women. (8)
Low muscle strength of HGS in the Asian Working Group for
Sarcopenia (AWGS) is defined as < 26 kg in men and < 18 kg
in women. (9) However, there is no formal data regarding HGS
for Koreans.

The Korea National Health and Nutrition Examination Sur-
vey (KNHANES) designed to assess the health and nutritional
status of adults and children living in Korea was initiated in 1998.
The Korea Centers for Disease Control and Prevention (KCDC)
administers this nationally representative survey. KNHANES is
a nationwide representative cross-sectional survey for the Ko-
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rean population with a clustered, multistage, stratified, and roll-
ing sampling design. KNHANES consists of three sections: a
health interview, a health examination, and a dietary survey.
Survey data are collected through household interviews and di-
rect standardized physical examinations conducted in specially
equipped mobile examination centers. The KNHANES VI-3
(2015) survey measures HGS (10).

The purpose of this study was to report age- and gender-spe-
cific distributions of HGS using data from the KNHANES VI-3
survey. In addition, cut-off values for low muscle strength of hand
grip of Koreans were determined.

MATERIALS AND METHODS

Participants

Through the KNHANES VI-3 survey program, data were collect-
ed from 7,380 participants. Exclusion criteria were: those who
were under the age of 20 years (n = 1,435), those whose data
were unavailable to evaluate HGS (n = 510), and those who had
chronic diseases such as chronic kidney disease and liver cir-
rhosis and those who had history of stroke, myocardial infarc-
tion, diabetes, or malignancy (n = 882). After these exclusions,
a total of 4,553 healthy participants were analyzed for the pres-
ent study (Fig. 1).
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Health examination survey

A health questionnaire was used to obtain information on age,
gender, socioeconomic status, and educational status. Body wei-
ght and height were measured in light clothing without shoes.
Body mass index (BMI) was calculated as weight (kg) divided
by height squared (m?). Information for comorbidity including
chronic disease and malignancy were examined through health
interview survey.

Measurement of HGS

HGS was measured using a digital hand dynamometer (Digital
grip strength dynamometer, TK.K 5401, Takei Scientific Instru-
ments Co., Ltd., Tokyo, Japan). Grip strength was measured in a

Total n = 7,380 assessed for eligibility
KNHANES VI-3 (2015, n = 7,380)

Exclude chronic disease
and malignancy (n = 882)

Exclude those with
age < 19 years
(n=1,435)

A

\ 4
5,063 healthy participants

No data of HGS
(n=510)

\
4,553 Participants > 19 years

(Men: 1,997, Women: 2,556)

Fig. 1. Selection process of study subjects from KNHANES VI-3.
KNHANES = Korea National Health and Nutrition Examination Survey, HGS = hand
grip strength.

Table 1. Demographic characteristics of subjects used in this study

standing position with the forearm away from the body at the
level of the thigh. Participants were asked to apply the maximum
grip strength three times with both left and right hands. Between
each measurement, at least 30 seconds of resting interval was
allowed. Grip strength was defined as the maximally measured
grip strength of the dominant hand (11).

Cut-off value of HGS to determine sarcopenia

The EWGSOP recommends the use of normative (healthy young
adult) rather than other predictive reference populations with
cut-off value (for muscle strength) at 2 standard deviations be-
low the mean reference value (8). However, reference data from
a normative Korean population were unavailable to determine
cut-off value for HGS. In the absence of normative reference
populations, previous studies have used healthy older adults as
their reference groups (applying cut-off values derived from the
lowest gender-specific quartiles or quintiles) (9). To overcome
this limitation, a healthy elderly population was selected from
our study. Their gender specific quintile points (lowest 20%)
were used as cut-off values.

Statistical analysis

All data entered into the database were verified by a second in-
dependent person. Descriptive statistics such as mean and stan-
dard deviation for normally distributed continuous variables
and relative frequencies for categorical (qualitative) variables
were generated for all variables.

In order to compare means between the non-sarcopenia group
and the sarcopenia group, the Student’s t-test was used. To com-
pare proportions, the ¥’ test was used.

The cut-off values for HGS were calculated using the lowest

Variables Total (n = 4,553) Men (n = 1,997) Women (n = 2,556) Pvalue
Age, yr 49.3 £ 16.5 (19-80) 49.0 £ 16.8 (19-80) 49.5 £+ 16.3 (19-80) 0.301
Height, m 163.0 + 9.4 (129.0-192.5) 170.4 + 6.9 (147.3-192.5) 157.3 + 6.6 (129.0-181.9) < 0.001
Weight, kg 63.7 + 12.3 (32.7-141.5) 71.0 £ 11.9 (40.6-141.5) 57.9 £ 9.3 (32.7-109.3) < 0.001
BMI, kg/m? 23.8 + 3.5(14.1-43.8) 24.4 + 3.3 (15.4-43.8) 23.4 + 3.5 (14.1-40.4) < 0.001
Dominant hand 0.240

Right 4,030 (88.5) 1,752 (87.7) 2,278 (89.1)

Left 232 (5.1) 115 (5.8) 117 (4.6)

Both 291 (6.4) 130 (6.5) 161 (6.3)
Education level < 0.001

< Elementary school 774 (17.0) 244 (12.2) 530 (20.7)

Elementary school 4159.1) 160 (8.0) 255 (10.0)

Middle school 1,478 (32.5) 694 (34.8) 784 (30.7)

> Middle school 1,469 (32.3) 687 (34.4) 782 (30.6)
Income 0.645

Quartile 1 (lowest) 1,060 (23.3) 461 (23.1) 599 (23.4)

Quartile 2 1,122 (24.6) 486 (24.3) 636 (24.9)

Quartile 3 1,182 (26.0) 536 (26.8) 646 (25.3)

Quartile 4 (highest) 1,158 (25.4) 497 (24.9) 661 (25.9)

Values are presented as number (%) or mean % SD (range).
BMI = body mass index, SD = standard deviation.
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quintile points (lowest 20%) after adjusting for gender. Statisti-
cally significance was considered at P < 0.05. All statistical anal-
yses were carried out with the statistical package SPSS Version
21.0 for Windows (IBM Corp., Armonk, NY, USA).

Ethics statement

This study’s protocol for performing an analysis of the 2015 KN-
HANES data was reviewed and approved by the Institutional
Review Board of the KCDC (Approval No. 2015-02CON-21-C).
Informed consent was obtained from all participants when the
2015 KNHANES were conducted.

RESULTS

0f 4,553 healthy participants, 1,997 were in men and 2,556 were

Table 2. Distribution of HGS (kg) in Korean adults by age category

women. The mean age of this study population was 49.3 + 16.5
years (range, 19-80 years). The mean ages of men and women
were 49.0 + 16.8 and 49.5 + 16.3 years, respectively. BMI of men
was significantly (P < 0.001) higher than that of women. Educa-
tion level also showed a significant (P < 0.001) difference be-
tween men and women (Table 1). The mean HGS was incre-
ased from 19 years to 39 years. It peaked in the range of 35 to 39
years in both men and women. After 39 years, it was decreased.
The mean HGS of men was significantly higher than that of
women (40.2 kg in men vs. 24.2 kg in women, P < 0.001; Table
2). A total of 935 (20.5%) participants (415 men and 520 women
with mean age of 72.2 + 5.1 and 72.6 + 5.1 years, respectively)
were included in the healthy elderly population to determine
the cut-off values of HGS (28.6 kg for men and 16.4 kg for wom-
en; Fig. 2).

i Men Women
es
o No. (%) Mean SD Range No. (%) Mean SD Range
19-24 186 (9.3 40.61 7.73 20.1-68.3 199 (7.8) 24.61 4.69 13.4-37.2
25-29 143 (7.2) 42.31 7.49 18.8-61.1 140 (5.5) 2412 418 14.9-36.3
30-34 132 (6.6) 43.85 8.16 21.4-711.7 200 (7.8) 25.27 4.62 12.5-39.2
35-39 166 (8.3) 44.87 6.87 20.6-65.6 216 (8.5) 27.00 4.49 15.1-39.3
40-44 211 (10.6) 4411 7.22 22.7-64.4 248 (9.7) 26.03 4.48 12.0-38.8
45-49 156 (7.8) 43.07 6.22 21.9-58.1 264 (10.3) 25.79 4.82 12.9-43.2
50-54 189 (9.5) 4110 6.35 26.1-64.9 273 (10.7) 25.22 4.23 11.9-38.6
55-59 234 (11.7) 4017 6.11 22.8-55.6 275 (10.8) 24.26 414 11.4-36.9
60-64 165 (8.3) 38.67 6.61 10.8-54.7 221 (8.6) 23.82 3.90 12.1-33.0
65-69 165 (8.3) 36.90 5.64 21.0-53.2 184 (7.2) 22.76 4.58 6.1-35.4
70-74 102 (5.1) 33.72 5.39 18.7-46.3 145 (5.7) 21.12 4.46 9.7-31.8
75-79 92 (4.6) 31.76 6.55 8.1-48.6 107 (4.2) 18.88 4.23 9.3-29.0
>80 56 (2.8) 26.87 6.02 13.7-44.4 191 (3.3) 16.73 4.49 6.5-25.5
Elderly (> 65) 415 (20.8) 33.63 6.72 8.1-53.2 520 (20.3) 20.53 4.95 6.1-35.4
Total 1,997 40.24 7.87 8.1-71.7 2,556 24.23 4.96 6.1-43.2
HGS = hand grip strength, SD = standard deviation.
60 | Cut-off value: 28.6 kg 60 |- Cut-off value: 16.1 kg
50 - [ = 50 - _
40 ] ] 40 - mEREEE
5 5 71
E st E gl - n
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Fig. 2. Determination of cut-off values (kg) in men (A) and women (B) using lowest quintiles ( < 20%) in healthy elderly population.

HGS = hand grip strength.
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Fig. 3. Regional reports of HGS in men (A) and women (B) by age groups.
HGS = hand grip strength.

DISCUSSION

Although several studies have determined HGS, standard and
nationally representative HGS reference values for Koreans are
currently unavailable. For the first time, this study demonstrat-
ed age- and gender- specific distributions of right-hand and left-
HGS using data from the KNHANES VI-3 survey. We also sug-
gested the cut-off values for low muscle strength of HGS of Ko-
reans. The principle findings of this study showed that the mean
HGSs in men and women were 40.2 kg and 24.2 kg, respective-
ly. It was increased from 19 to 39 years in age and peaked at age
of 35 to 39 years for both men and women. After the age of 39
years, it was then decreased. In addition, cut-off values of HGS
in the elderly healthy population were determined to be 28.6 kg
for men and 16.4 kg for women.

In this study, the mean HGSs of Korean men and women old-
er than 20 years were 40.2 kg and 24.2 kg, respectively. Compar-
ing our data to those of other countries, data from France (46.2
kg in men and 28.2 kg in women) and Canada (44.1 kg in men
and 26.4 kg in women) were higher than our results. However,
data from Taiwan (35 kg in men and 21.2 kg in women) and Ja-
pan (36.6 kg in men and 23.7 kg in women) were lower than our
findings (Fig. 3A and B) (12-15). Comparing other studies per-
formed in Korea, our findings were slightly lower than those of
other studies using Koreans. For example, Shim et al. (16) mea-
sured HGS using 300 healthy participants between 20 and 77
years of age and reported that the mean HGS was 43 kg in men
and 26.6 kg in women. Han et al. (17) have reported that the mean
HGS using 515 healthy participants (234 men and 281 women)
between 10 and 84 years was 41.8 kg in men and 25.2 kg in wom-
en. Lee et al. (18) have reported that the mean HGS using 479
healthy participants (248 men and 231 women) between 20 and
74 years was 40.8 kg in men and 25.1 kg in women. Although
measurement methods, instrument, and participant’s demo-
graphics were diverse in most studies, these studies all showed
that HGSs had ethnic differences.

HGS is considered as an important value when diagnosing

https://doi.org/10.3346/jkms.2017.32.5.868
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sarcopenia. Lower muscle strength using HGS is mandatory to
diagnose sarcopenia. EWGSOP group recommends that the
mean reference cut-off value of hand grip is < 30 kgin men and
< 20 kg in women. The AWGS group has defined the cut-off val-
ue of <26 kginmenand < 18 kg in women. However, evalua-
tion methods of the 2 representative guidelines are different.
EWGSOP group assessed the cut-off value of HGS from healthy
population. It used receiver operating curve analysis represent-
ing cutoff value to determine walking ability of participants.
AWGS recommends the lower 20th percentile of HGS of the
study population as the cut-off value for low muscle strength. In
Japan, grip strength threshold was measured from healthy old-
er adult population aged over 65 years with a mean age of 71.2 +
4.9 years. It uses grip strength in the lowest 20% as reference af-
ter adjusting for gender. They reported that the cut-off values of
HGS in elderly population were 28.8 kg in men and 18.2 kg in
women. In this study, cut-off values of HGS in the elderly popu-
lation were 28.6 kg in men and 16.4 kg in women. When our re-
sults are compared to cut-off values of HGS of AWGS and Japan,
the cut-off values in men were similar. However, the cut-off val-
ue for women in this study was lower than that of other Asian
references.

This study has several limitations. First, data used in the pres-
ent study were from a cross-sectional design study. Prospective-
ly designed studies are necessary to clarify the relationship be-
tween sarcopenia and HGS. Second, there were no data on phys-
ical performance. Therefore, it was impossible to determine the
cut-off values to reflect the physical performance of EWGSOP
or the foundation for the National Institutes of Health algorithms
(8,19). Finally, comparison with other studies is very limited due
to different measurement methods and/or instrument used for
HGS and different demographic characteristics such as ethnic,
age, gender, and BMI. Therefore, global standardizations of grip
strength measurement are necessary to overcome these prob-
lems. In spite of these limitations, this study is worthy to first na-
tionwide Korean study regarding grip strength.

In conclusion, the present study demonstrated that the mean
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HGSs in Korean men and women were 40.2 and 24.2 kg, respec-
tively. The cut-off values of HGS in the elderly were determined
to be 28.6 kg for men and 16.4 kg for women. These data could
be used as reference values when evaluating sarcopenia and
assessing hand injuries.
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