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Grip strength is used in the various field to assess the disorder of
upper limb, Normative data on the grip strength of population is
needed to assess decreased grip strength, In this study, we tried to
make a estimating model considering age and anthropometry
investigation data, by analyzing 2014-2015 Korean National Health and
Nutrition Examination Survey data, The subjects of this study were
10,430 participants who measured grip strength of both hands, have
no missing data on anthropometry data and survey, Analysis showed
that the grip strength had a curve-shaped correlation which could best
be explained by the cubic expression of age, and linear correlation
between height, weight and waist circumference, After the
stratification of the gender, a prediction formula with age, height, and
body weight as independent variables for dominant hand and non-
dominant hand grip strength was presented. In addition, the
distribution of estimated value to measured value ratio among subjects
was suggested, which can be used to assess the abnormal value of grip
strength, The distribution of non-dominant hand grip strength to
dominant hand grip strength was also suggested, which can be used to
determine decreased unilateral grip strength, Several studies have
suggested normative value for grip strength by gender and age of
Koreans, but there are no consideration for adjusting height and
weight, In this study, the model was developed to calculate the
predicted grip force considering age, height, and weight, With the
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distribution data of measured value to predicted
value ratio and non-dominant hand grip strength to
dominant hand grip strength ratio, the model can
be helpful to assess a reduction in grip strength,

Keywords: Grip, Hand strength, Statistical regression
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Table 1. General characteristics of participants

29

Male (n=4,767) Female (n=5,663) P value*

Age (yr) 45.5+20.35% 46.8 +£19.44 <0.001
Age distribution (gr)

10-19 752 (15.8%) 641 (11.3%)

20-29 463 (9.7%) 578 (10.2%)

30-39 642 (13.5%) 837 (14.8%)

40 - 49 702 (14.7%) 954 (16.8%)

50 -59 805 (16.9%) 978 (17.3%)

60 - 69 765 (16%) 831 (14.7%)

70 - 79 510 (10.7%) 655 (11.6%)

80 - 89 128 (2.7%) 189 (3.3%)
Height (cm) 169.0 £ 8.28 156.9£6.79 <0.001
Weight (kg) 68.5+13.15 56.9 +9.54 <0.001
Waist circumference (cm) 83.8+£10.34 77.9£10.13 <0.001
Dominant hand <0.05

Right 4,492 (94.6%) 5,390 (95.5%)

Left 275 (5.4%) 273 (4.5%)
Grip strength (kg) 39.5+£9.47 249+523 <0.001
Dominant hand
Non-dominant hand 37.5+£9.07 23.2+£5.07 <0.001

N: numbers, *P value was calculated by chi-square for categorical variable and independent t-test for continuous
variables. TContinuous value was presented as mean + standard deviation.
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Table 2. Description of grip strength by age and gender
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Male Female
Age Means Standard Means Standard P value*
Numbers  (minimum, L Numbers  (minimum, .
(years) maximum) deviation maximum) deviation
10-19 752 31.3( 7.0,65.0) 10.87 641 23.0( 7.0,41.0) 5.69  <0.001
20-29 463 43.2(12.0,68.0)  7.42 578 25.6 (13.0,40.0) 4.56  <0.001
30-39 642 46.8(19.0,72.0)  7.50 837 27.5(14.0,39.0) 457  <0.001
Dominant  40-49 702  45.0(22.0,65.0) 6.70 954 27.2(10.0,44.0) 455  <0.001
hand 50-59 805 41.6 (19.0,70.0)  6.60 978 26.0(11.0,41.0) 437  <0.001
60-69 765 38.3(11.0,59.0)  6.50 831 24.0( 9.0,37.0) 446  <0.001
70-79 510  33.2( 8.0,50.0) 6.08 655 20.7( 9.0,36.0) 4.52  <0.001
80-89 128  27.9(13.0,47.0) 579 189 17.0( 7.0,28.0) 430  <0.001
10-19 752 29.4( 7.0,55.0) 10.26 641 21.5( 8.0,39.00 539  <0.001
20-29 463 40.7 (13.0,64.0)  7.23 578 23.9(10.0,42.0) 446  <0.001
30-39 642 44.0(10.0,67.0)  7.26 837 25.7(13.0,42.0) 442  <0.001
Non-dominant 40-49 702  42.8(23.0,80.0) 6.49 954 25.5(11.0,40.0) 443  <0.001
hand 50-59 805 39.9 (18.0,65.0)  6.45 978 244 (11.0,38.0) 4.17  <0.001
60-69 765 36.6 ( 7.0,55.0)  6.39 831 224(9.0,39.00 420  <0.001
70-79 510  31.6( 6.0,49.0) 5.87 655 19.5( 6.0,31.0) 434  <0.001
80-89 128  26.7(12.0,44.0) 534 189 159( 7.0,26.0) 3.96  <0.001
*P value was calculated by independent t-test.
F A Aotk w3 Fdxele] 59 A9 agfefop sk a)loltt. I Y e A3
FAdA Y Ha g AEFE Ao o= ATEL A B ATE g FuAE FEI
A4 ofd gk olRE ] S8 madew  ANSA Rn vk Spruit Bl6le 4T AP
AHEE QS Aol ol M o] ote E3x7} A3 FAdAE Ztete
A" g A= 2 Ao 22 A3 A eletar A7 % Al sl F3lste] of= <]
HE BFste] Bas AN 25 T HeelA e BEE H3g bk gloy = o 8% AAQ
obg 4] BE[5|9 T A YAZ e FAE  AFL DA R} Yehe] FEWL A3
1% 4 3k bl Al Mo ololol 2R H ANl Bkel A&7 AGHA s 2
AFellMe ofgo] Mglelx Eeo]xjo}glel Ha] AFelME A9 o FrhE g FuAE AATS
L5 58 % ke AL wel vk glem13], o ZAom otele] 9L mAL a9lel A, 2%,
otele] Q1FW, FbE FuAL AN Bagel  AFS F3 A kel AZAS AN ot
Itk 2 HolFe Aol 235} S e w]o] REE Helsle] )ele] o
B AFellMe oo dARate] IS sl e, e oFs st 2wl He FaAE
dU 2Rl A 30ddA b Be otede uyt. AN,
ole 71EY oY A7 ZAHo dAs = A ATl F57F Dol vlsl 5-10% A=
Aot} (17,19,26]. A17416] B AF[27] A datthe 235 ®ola e8], & ATolre 5
AT ot BAZE AT o] Yol AHslel  okel o) A4 oy wle] BEE ANGAT, el
oo Ta AR FAL AsAM ABA FA AF 955 £ 9.9% 499 AF 94.0 £ 10.6%=



ol ofe HUHE A%k o & BY N 31
80,00 o 900071 S O Mal
0 F:r:aWe O :"‘n:r:ale
:: 60,007 ;: 60.00]
5
S 4000 T 40007
£ 2000 "‘-: 20,00
Q S
=z
00 007
2 a0 50 P 2 40 60 8
Age (years) Age (years)
Fig. 1. (A) Scatter diagram and regression curve line for age and dominant hand grip strength among male and
female. (B) Scatter diagram and regression curve line for age and non-dominant hand grip strength among male
and female. Analysis showed that the grip strength had a curve-shaped correlation which could best be explained
by the cubic expression of age.
Table 3. Correlation of height, weight, waist circumference and grip strength
Gender Hand Statistics*® Height Weight Waist circumference
Male Dominant hand Pearson's r 0.810 0.700 0.441
P value <0.001 <0.001 <0.001
Non-dominant hand Pearson's r 0.702 0.444 0.761
P value <0.001 <0.001 <0.001
Female Dominant hand Pearson's r 0.306 0.165 0.126
P value <0.001 <0.001 <0.001
Non-dominant hand Pearson's r 0.296 0.145 0.109
P value <0.001 <0.01 <0.05
*Pearson's r and P value were calculated by Pearson's correlation analysis.
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Table 5. The distribution of estimatied value to measured value ratio (%) among subjects

Measured value to estimation value ratio (%)

Dominant hand Non-dominant hand

Male Means + standard deviation 99.9 +15.99 99.9 £16.40
95 percentile 73.5 72.8
95% CI (lowest limit)* 73.1 72.5

Female Means + standard deviation 100.0£17.20 100.0 £ 17.71
95 percentile 73.5 72.8
95% CI (lowest limit)* 73.1 72.5

CI: confidence interval, *Calculated by mean-1.65xstandard deviation.

Table 6. The distribution of non-dominant hand grip
strength to dominant hand grip strength ratio (%) among
subjects

Non-dominant hand grip strength
/dominant grip strength (%)

Male Female
Means + SE 95.4+9.85 94.0 £ 10.60
5% 110.8 111.1
95 % 81.6 78.3
95% CI* 76.06 - 114.68  73.26 - 114.80

CI: confidence interval, *Calculated by means £ 1.96x
standard deviation.
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