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Grip Strength as a Predictor of Cerebrovascular Disease

Seok-Hwan Jung,’, Jae-Hyun Kim'?
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Cheonan, Korea

Background: Cerebrovascular disease is included in four major diseases and is a disease that has high rates of prevalence and
mortality around the world. Moreover, it is a disease that requires a high cost for long-term hospitalization and treatment. This study
aims to figure out the correlation between grip strength, which was presented as a simple, cost-effective, and relevant predictor of
cerebrovascular disease, and cerebrovascular disease based on the results of a prior study. And furthermore, our study compared
model suitability of the model to measuring grip strength and relative grip strength as a predictor of cerebrovascular disease to
improve the quality of cerebrovascular disease’s predictor,

Methods: This study conducted an analysis based on the generalized linear mixed model using the data from the Korea Longitudinal
Study of Ageing from 2006 to 2016. The research subjects consisted of 9,132 middle old age people aged 45 years or older at baseline
with no missing information of education level, gender, marital status, residential region, type of national health insurance,
self-related health, smoking status, alcohol use, and economic activity. The grip strength was calculated the average which measured
4 times (both hands twice), and the relative grip force was divided by the body mass index as a variable considering the
anthropometric figure that affects the cerebrovascular disease and the grip strength. Cerebrovascular diseases, a dependent
variable, were investigated based on experiences diagnosed by doctors.

Results: An analysis of the association between grip strength and found that about 0.972 (odds ratio [OR], 0.972; 95% confidence
interval [CI], 0.963-0.981) was the incidence of cerebral vascular disease as grip strength increased by one unit increase and the
association between relative grip strength and cerebrovascular disease found that about 0.418 (OR, 0.418; 95% Cl, 0.342-0.511) was
the incidence of cerebral vascular disease as relative grip strength increased by unit. In addition, the model suitability of the model
for each grip strength and relative grip strength was 11,193 and 11,156, which means relative grip strength is the better application
to the predictor of cerebrovascular diseases, irrespective of other variables.

Conclusion: The results of this study need to be carefully examined and validated in applying relative grip strength to improve the
quality of predictors of cerebrovascular diseases affecting high mortality and prevalence.

Keywords: Cerebrovascular disorders; Stroke; Predictor; Grip strength; Relative grip strength; Hand grip strength; Body mass index

—

M= e 5] 4, Hi o %@01 %ﬂkﬂ%ﬁé*éﬁ :
]_

x| E 25K cerebrovascular disease) S AT} ES FHQ1O0 &

Correspondence to: Jae-Hyun Kim

Department of Health Administration, Dankook University College of Health Science, 119 Dandae-ro,

Dongnam-gu, Cheonan 31116, Korea
Tel: +82-41-550-1472, Fax: +82-41-559-7934,, E-mail: Jaehyun@dankook.ac.kr
Received: April 4, 2019, Revised: June 10, 2019, Accepted after revision: July 2, 2019

© Korean Academy of Health Policy and Management

(@ This is an open-access article distributed under the terms of the

Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.

https://kshpa.jams.or.kr/co/main/jmMain.kci 303



Jung SH, et al. « Grip Strength as a Predictor of Cerebrovascular Disease

e el Tejan HE o] 2A7F AR o] 0] (T
o HEE, HABA, Heme] Ha 9 F2hS st AlAEA7
“HWorld Health Organization)®] =14 AEF 10%} 71 2H10th
revision of the International Statistical Classification of Diseases and
Related Health Problems)2] 160-169 =2 E-+5| = 14| &=3kA152] 2
Soleh3]. HEHATRS Hojl A TSk s Ae gl AlLE F
Shz A0 2[4], S HE oA 1 s A 0] A HE o)
28 FAEI AT Fadhe 97t 56}11 o= B
i HES), H o] HA w7} dlof= HEE(EEA HES), 17

e gk Ol SAEEE imao*qmm ol ]%3

%3] 9= Aol A-olcHe]
0] djopolut A7t BT AT A ,ﬂm—ﬂ, QYD

K s 011:}[12 14]. MOﬂ Kbl
73_%1} 133_%1 4r9] Ao QA QIALZ[15], W] R4 o] H- G- A T}2]
© 2 x}go| 71535} 16).

ofel v} g e gho] w4 of| gt A3 Aol A o ut HE
ST A A E HeITH12-14]. 8}
Sy-Eehy W E v eko Y

-

N
N
)
FIF
:10
o> r_?L'
O>“’

2o
ol
2
>
7
gk
o)

o

RS
=)

Voo
]
u
~

o
rl

RURE TR TR
o
Aw
o
_?l’,
s

19

i

=

L

°

o

2

ﬁ

2

ol

H1

i

Atk 2R AAISFAL17], =k A
(body mass index))E &8 A& HiLs}
(18]. g1 9] QIAISHA 2| =(A5 A1, Al

A
%7410*01 SEERE

-
=2
gl
>
mﬁObBl.J
oo
o

%E
mﬁ

oL 9

2 N

AN

T

210

1)1&

rr lo

00 g o

1;

U
R N (o Y o A w1 )

)
1o

H
fu)

fe o> o
i)
4

=

7 XJOH 3L AFE] B -85t B

At A9l oF (relatlve grip strength)% el
o =
FollA AT E 9l ot & Bl ooz 4

] _|1)1,
o
i

>
jﬁ
rﬂ
QL
N,
H1

wjaba] o] Ak Skt skl 4l id A Korean Longitudinal
Study of Ageing) .2 BH2-4] ol 2la} 1B yHA3ko] Tl 4L Tjop
S, HEwEete] WE]| GRS vlAl= ALFATE o84
QAUABHA A5 2ok A Q] o =3 e uage| B =

EABRILA} BFH17,23].

304 https://kshpa.jams.or.kr/co/main/jmMain.kei

1. SR & AR

o] AL 32184 2 o] sl Lyl d 2A12] 20064
HE 2016 @7H] A8 7] 2 6210]] AA Ayt FHEA AR S
STt Al et AT A A 2AIFALR| R Wil w2t
AR AR AI Y Bg ok dlol 282 7| 2At= S Artst

< dl 540] e AR, A1 9 FA P E 2 S0k Rldo] A

S StATHERARY] Y 22 20061 1R} TRERAL A
10,2540, 2008 23} ZA}o)| A= 8,675 2] 413»;_ ox)Elg0.
1], 2010 32} ZA}8,229%, 2012\ 47} A} 7,813
FAIBEATE 01520141 53} ZAL A= 7] E E2 8, 387Uﬂ(920rd Al
g F7h o] FES G251 0 20161 63} RAL A= 9,913
'8(87878 4ltuifd F7h 9] Fato] Z2ANE|GITH24). o] itel] 23
Ao xk= 200613 o] oA et =AM FAK10,254)E 71E 0= of
S} A degA| el gt =7k et 1,018, AR A4 Hamo]

S R&FOF

ok 4 R} e 24, 7S 2 1wl Tig At et
£ 802 4] 9f331 H% 9,132 0] HATh AR E ARl
2. SRl

1) o2y

o2 o} A|(NO.6103; TANITA, Tokyo, Japan)2 A &0

o, 240 olobA] WRA|E 717 BEO R ol B 24
SR 0EE ORI T Fof oA o] mgol 014 F]lsta 0.2

3} 9183 27 2 SSEEH2SL. T ] BRE

. — T 0o
A B SYRSE Bk
2) M=ol ol
Jei2]o] ofele ofe] of 2 ZAgHEe) HA) Hghle) S A

Health Policy Manag 2019;29(3):303-311



4, wEHS
R s EEEE EENG R L

%(ié— 015} T 15 US o), AE(EA, ), A% 54*11 o]

5A| o1d), BE AF(71E, EA Ez 0l &
A& "415*] A&, EAFEEA, A 9D, HEFR (AR,

U]‘g : 7‘]"‘

ojmgo), T AL F5 T e W e U,
O%E‘(H]“g_ Jaf) :E—IL%_) ‘g‘_ﬂ)’%—oﬂﬁ_(]ﬂ]»‘%—-‘—, %‘Tﬁ = z) ﬁlﬂ

5.

T

M

T A 7Hol Al T o] aE o] URISPF ERt R
% (generalized linear mixed model)& -85}t LH5}A1E

22 7|2A %2l 2006 E 201671 9] EHZRA|7HS 118
510 AIHE SAdo] el et 4 Qi 0] BA} 75l
FrzAle] AR A2 a o] g Aolchs). B AR
we PEA)ole] SYAS 2ahen)E Beha Ao
AR 2 A Esle] A} o) o] 5314
4w WA R S w8 2 e g
ejeli= 710 F-R3IcH27] g Ao <) okel Aol A<l el
Aol gk At A ARESh] fleiA] quasi—likelihood
information criterion (QIC)S E3jjA4] 2133t B2 A A|5F%.om,
R P P
2 o)A o gt 7152 A o] A p-value <0.055 WHESIT) I
= B2 SAS BAAZEY 0] 171X ver. 9.4 (SAS Institute Inc.,
Cary, NC, USA) & &85}t

o
"

2

1. 712ZA HOIKISS] Ui EA
Table 1 4]:= 20061 7]:&2At0] 3R 9,132 0] A4 g B

5 @RI ofato] ot AR ) ARk el B4 oo

BTk AA| AL AR} 242 9] meantstandard deviation

25.5648.67 ke, o128 AHTASE LRe APt e] et 1110]9)

o, 7 5 WA A ehS wR T2 2277 0. = A At

2}0] 2.5% S 2}A|5}5). 0.1, 0] 50] oF HW-222.49+7.93 kg © & 1]

|

HUSH TS W) SR TR oF] W79 25644867 kgl 1)

F 3.15 kg7 Sk A<l of ol HEede Adhe e o
/g2 o Fat20.9740.36 0.2, W Fe-Eek 7Tk /EA| F2 T

HZARASISIX| 2019;29(3):303-311

qauane) dEszAe] ok « HAS 9

Table 2= 2006 5-E] 2016714 10 Sk FHXAIAIRE S
ff 1-5210] 7] E2AF b= 0] Feho] gl thd o= 2481 o H,
2 W5 SRt g we HAste] HE v ehko) Il S A
S AT AR Aol A= ofgo] g ke ks HE ket
HFAIo] 0.9728}(odds ratio [OR], 0.972; 95% confidence interval [CI],
0.963-0.981), 65| B[R] /A= oF e o] gt et 9] S7ekp = HE
Z13ko] 1A o] 0.968HH(OR, 0.968; 95% CI, 0.950-0.986) .21, ©]
= BAACE FYF. 654 o)t gLl Al = ool S ke &
7¥aHE g yaske] hago] 0.971H(OR, 0.971; 95% CI, 0.961~

i

TR o] Z IR A 0 of2lat At Aol ofel ulawsty
Slsto] ANkElEA BAmgol Hates ANsteon], o A|Es
e 4ol mY AR ES oujgith QICEHS AN A o

(<) 0|2} 2 A 24 TF ol 4] & QIC= 11,193
101 o= 654 ko] T ol A 3,505, Z12] 31 654 o1 Tl
7

Table 3 0}2] W42 Q17 AIA150] 7} AR5 Liro] 1]
1=}

Baragiho] YRS BAS 2T, Table 20] FUG i of
2 w2 oAl Al ofel Mo Fatato] W YBHIL Table 3]
AR oA AL 2191 efelo] 8 er] Z7he S i e aste]
BFA0] 0.4184}|(OR, 0,418; 95% CI, 0.342-0.511) %2, 6541 u|7H ]
AP A = AR 221 02 0] BHEke] F7Ha 1 duase] whAy

©]0.286H}(OR, 0.286; 95% CI, 0.190-0.431) IT}. 6541 o] 4] thAkz}
=73 S o] ot a9l S FE | d e ghe] o] 0.466HH
(OR, 0.466; 95% CI, 0.370-0.588) & 7| 2.0 2 G057 Ljepyrh.
AR oS HE WA o SR A ST B A9
¥ QICE 11,1560] 8121 o]= 654 m]wke] th ol A] 3,480, Z12]aL
654 oAk TiAkoll A 7,668 % LreRgTh $19t Zo] QICTRE Sl#ut

BAIglol, o2k 2t madnh Arjalel ofehe 2t majo
A Aglom, ol Aol ofeluch A2l ofelo] H@uas
WP o 2 oItk 2 5 glon], Swn) YA FAR o

Sofat Aol gtk

https://kshpa.jams.or.kr/co/main/jmMain.kci 305



Jung SH, et al. « Grip Strength as a Predictor of Cerebrovascular Disease

Table 1. General characteristics of subjects included for analysis (2006)

Cerebrovascular disease

Characteristic Total pvalue
Yes No
Grip strength 25.5648.7 22.49+79 25.64+8.7 <0.0001
Relative grip strength (grip strength/BMI) 111404 0.97+04 1.1120.4 <0.0001
Education level <0.0001
<Elementary school 3,99 (43.8) 137 (34) 3,859 (96.6)
Middle school 1,559 (17.1) 4 (26) 1,518 (97.4)
High school 2,577 (282) 35 (1.4) 2542 (98.6)
>(ollege 1,000 (11.0) 14 (1.4) 986 (98.6)
Gender 0.002
Male 4,097 (44.9) 125 (3.1) 3,972 (97.0)
Female 5,035 (55.1) 102 (2.0) 4,933 (93.0)
Age (yr) <0.0001
<54 3,167 (347) 29 (0.9) 3,138 (99.1)
5564 2,582 (28.3) 64 (2.5) 2518 (97.5)
>65 3,383 (37.1) 134 (4.0) 3,249 (96.0)
Marital status 0.198
Married 7,315 (80.1) 177 (2.4) 7,138 (97.6)
Separated, divorced 1,738 (19.0) 50 (2.9) 1,688 (97.1)
Single 79 (0.9) 0 79 (100.0)
Residential region 0.625
Metropolitan 1,578 (17.3) 38 (24) 1,540 (97.6)
Urban 2,642 (28.9) 60 (2.3) 2582 (97.7)
Rural 4912 (538) 129 (2.6) 4,783 (97.4)
National health insurance 0.001
Health insurance 8,627 (94.5) 203 (2.4) 8,424 (97.7)
Medical aid 505 (5.5) 24 (48) 481 (95.3)
Self-rated health <0.0001
Very good 335 (3.7) 0 335 (100.0)
Good 3,345 (36.6) 11 (0.3) 3,334 (99.7)
Normal 2,9% (32.8) 43 (1.4) 2,952 (98.6)
Bad 2,022 (22.1) 127 (6.3) 1,895 (93.7)
Worst 435 (4.8) 46 (10.6) 389 (89.4)
Smoking status 0.000
Never 6,443 (70.6) 149 (2.3) 6,294 (97.7)
Former smoker 872 (9.6) 39 (4.5) 833 (95.5)
Smoker 1,817 (19.9) 39 (2.2) 1,778 (97.9)
Alcohol use <0.0001
Drinker 8,563 (93.8) 184 (2.2) 8,379 (97.9)
Former drinker 569 (6.2) 43 (7.6) 526 (92.4)
Never 0 0 0
Economic activity <0.0001
Yes 3,765 (41.2) 31 (0.8) 3,734 (99.2)
No 5,367 (58.8) 196 (3.7) 5171 (96.4)
Total 9,132 (100.0) 227 (2.5) 8,905 (97.5)

Values are presented as meansstandard deviation or number (%).
BMI, body mass index.
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Table 2. Association between grip strength and cerebrovascular disease
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Cerebrovascular disease

Variable o €5y 266 y
OR (95% CI) pvalue OR (95% Cl) pvalue OR (95% CI) pvalue

Grip strength 0.972 (0.963-0.981) <0.0001 0.968 (0.950-0.986) 0.001 0.971 (0.961-0.982) <0.0001

Education level
<Elementary school 1.022 (0.817-1.279) 0.846 1.843 (1.144-2.970) 0012 0.783 (0.607-1.009) 0.059
Middle school 1.121 (0.885-1.421) 0.344 2.241 (1.397-3.594) 0.001 0.793 (0.597-1.052) 0.108
High school 0.992 (0.789-1.247) 0.943 1.789 (1.132-2.828) 0013 0.776 (0.583-1.021) 0.070
>(ollege 1.000 1.000 1.000

Gender
Male 2626 (2.199-3.137) <0.0001 2.751 (1.900-3.984) <0.0001 2615 (2.131-3.210) <0.0001
Female 1.000 1.000 1.000

Age (yr)
<b4 1.000 1.000 NA
55-64 1.702 (1.307-2.216) <0.0001 1.624 (1.226-2.150) 0.001 NA
>65 1.619 (1.238-2.117) 0.0004 NA NA

Marital status
Married 1.626 (0.782-3.381) 0.193 3.778 (1.311-10.891) 0014 0.761 (0.261-2.221) 0617
Separated, divorced 1.567 (0.748-3.283) 0.234 2.770 (0.938-8.178) 0.065 0.775 (0.265-2.266) 0.641
Single 1.000 1.000 1.000

Residential region
Metropolitan 1.000 1.000 1.000
Urban 1.062 (0.916-1.231) 0.424 0.907 (0.677-1.214) 0511 1.128 (0.950-1.341) 0.170
Rural 0.785 (0.689-0.8%) 0.0003 0.694 (0.546-0.882) 0.003 0.823 (0.703-0.964) 0.016

National health insurance
Health insurance 0.900 (0.744-1.089) 0.280 0.605 (0.419-0.872) 0.007 1.026 (0.819-1.287) 0.821
Medical aid 1.000 1.000 1.000

Self-rated health
Very good 0.053 (0.019-0.144) <0.0001 0.023 (0.003-0.168) 0.0002 0.113 (0.035-0.360) 0.000
Good 0.098 (0.076-0.127) <0.0001 0.071 (0.044-0.114) <0.0001 0.137 (0.101-0.186) <0.0001
Normal 0.234 (0.192-0.285) <0.0001 0.209 (0.138-0.315) <0.0001 0.245 (0.195-0.308) <0.0001
Bad 0.621 (0.517-0.747) <0.0001 0.784 (0.533-1.151) 0214 0574 (0.465-0.709) <0.0001
Worst 1.000 1.000 1.000

Smoking status
Never 1.345 (1.116-1.620) 0.002 1.231 (0.879-1.724) 0.226 1.419 (1.126-1.789) 0.003
Former smoker 1.516 (1.257-1.828) <0.0001 1.330 (0.952-1.860) 0.095 1.623 (1.286-2.049) <0.0001
Smoker 1.000 1.000 1.000

Alcohol use
Drinker 0.791 (0.600-1.043) 0.096 0.604 (0.341-1.070) 0.084 0.883 (0.641-1.216) 0.447
Former drinker 0.691 (0.602-0.794) <0.0001 0.500 (0.385-0.651) <0.0001 0.778 (0.661-0.916) 0.003
Never 1.000 1.000 1.000

Economic activity
Yes 0.463 (0.400-0.535) <0.0001 0.448 (0.356-0.565) <0.0001 0511 (0.424-0.615) <0.0001
No 1.000 1.000 1.000

Year
2006 0.494 (0.408-0.599) <0.0001 0.593 (0.394-0.893) 0012 0.456 (0.363-0.572) <0.0001
2008 0.661 (0.549-0.795) <0.0001 0.828 (0.551-1.243) 0.362 0.610 (0.492-0.755) <0.0001
2010 0.717 (0.596-0.863) 0.000 0.872 (0.577-1.318) 0516 0.678 (0.543-0.837) 0.000
2012 0.773 (0.643-0.928) 0.006 0.981 (0.650-1.481) 0927 0.723 (0.587-0.890) 0.002
2014 0.814 (0.652-1.016) 0.069 0.807 (0.494-1.318) 0.391 0.815 (0.634-1.048) 0.111
2016 1.000 1.000 1.000

ac 11,193 3,505 7,682

OR, odds ratio; Cl, confidence interval, NA, not applicable; QIC, quasi-likelihood information criterion.
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Table 3. Association between relative grip strength and cerebrovascular disease

Cerebrovascular disease

Variable ol <65 yr >65 yr
OR (95% Cl) [pvalue OR (95% Cl) pvalue OR (95% Cl) [pvalue

Relative grip strength (grip strength/BMI) 0.418 (0.342-0511) <0.0001 0.286 (0.190-0.431) <0.0001 0.466 (0.370-0.588) <0.0001

Education level
<Elementary school 1.010 (0.808-1.264) 0928 1.758 (1.083-2.837) 0.021 0.787 (0.610-1.014) 0.064
Middle school 1.112 (0.877-1.409) 0.381 2.186 (1.360-3.511) 0.001 0.792 (0.596-1.052) 0.107
High school 0.986 (0.784-1.239) 0.902 1.765 (1.115-2.794) 0.015 0.772 (0.587-1.016) 0.065
>(ollege 1.000 1.000 1.000

Gender
Male 2.890 (2.422-3.447) <0.0001 3549 (2.460-5.121) <0.0001 2.748 (2.241-3.370) <0.0001
Female 1.000 1.000 1.000

Age (yr)
<b4 1.000 1.000 NA
55-64 1.679 (1.28%-2.187) 0.000 1.574 (1.188-2.085) 0.002 NA
>65 1.587 (1.215-2.075) 0.001 NA NA

Marital status
Married 1.541 (0.741-3.204) 0.247 3615 (1.250-10.455) 0.018 0.741 (0.255-2.158) 0583
Separated, divorced 1.476 (0.705-3.090) 0.302 2.662 (0.893-7.882) 0.077 0.753 (0.258-2.196) 0603
Single 1.000 1.000 1.000

Residential region
Metropolitan 1.000 1.000 1.000
Urban 1.055 (0.910-1.223) 0478 0.891 (0.665-1.193) 0438 1.124 (0.946-1.336) 0.184
Rural 0.787 (0.690-0.897) 0.000 0.682 (0.536-0.868) 0.002 0.826 (0.705-0.967) 0018

National health insurance
Health insurance 0.907 (0.750-1.098) 0318 0618 (0.428-0.892) 0.010 1.033 (0.824-1.296) 0778
Medical aid 1.000 1.000 1.000

Self-rated health
Very good 0.054 (0.020-0.147) <0.0001 0.024 (0.003-0.177) 0.000 0.112 (0.035-0.359) 0.000
Good 0.100 (0.077-0.129) <0.0001 0.073 (0.045-0.118) <0.0001 0.137 (0.101-0.185) <0.0001
Normal 0.236 (0.194-0.288) <0.0001 0211 (0.140-0.318) <0.0001 0.244 (0.195-0.307) <0.0001
Bad 0.623 (0.518-0.748) <0.0001 0.775 (0.528-1.138) 0.194 0.573 (0.464-0.707) <0.0001
Worst 1.000 1.000 1.000

Smoking status
Never 1.306 (1.084-1.574) 0.005 1.221 (0.872-1.709) 0.244 1.375 (1.091-1.734) 0.007
Former smoker 1.490 (1.235-1.797) <0.0001 1.279 (0.914-1.790) 0.151 1.600 (1.267-2.019) <0.0001
Smoker 1.000 1.000 1.000

Alcohol use
Drinker 0.792 (0.601-1.045) 0.099 0611 (0.345-1.083) 0.092 0.884 (0.642-1.218) 0452
Former drinker 0.693 (0.604-0.796) <0.0001 0510 (0.392-0.664) <0.0001 0.778 (0.661-0.916) 0.003
Never 1.000 1.000 1.000

Economic activity
Yes 0.469 (0.405-0.541) <0.0001 0.452 (0.358-0.570) <0.0001 0.515 (0.428-0.621) <0.0001
No 1.000 1.000 1.000

Year
2006 0502 (0.414-0.608) <0.0001 0577 (0.383-0.868) 0.008 0.465 (0.370-0.583) <0.0001
2008 0.668 (0.555-0.804) <0.0001 0.807 (0.537-1.210) 0.299 0.621 (0.501-0.769) <0.0001
2010 0.721 (0.600-0.868) 0.001 0.841 (0.557-1.269) 0.410 0.689 (0.558-0.850) 0.001
2012 0.785 (0.654-0.943) 0.010 0.956 (0.633-1.443) 0.830 0.739 (0.600-0.910) 0.004
2014 0.831 (0.666-1.038) 0.103 0.804 (0.492-1.315) 0.385 0.833 (0.648-1.071) 0.154
2016 1.000 1.000 1.000

ac 11,156 3480 7,668

OR, odds ratio; Cl, confidence interval; BMI, body mass index; NA, not applicable; QIC, quasi-likelihood information criterion.
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