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Association between Relative Handgrip Strength and C-Reactive Protein in Adults
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Purpose: The purpose of this study was to investigate whether obesity indicators are mediated in the association
between muscle strength and inflammation levels, and further confirm the association between muscle strength level
by sex and age and inflammatory levels.

Methods: In this study, 3,234 adults living in rural areas were surveyed from 2007 to 2015 and the data was finally
analyzed on 2,149 adults. To identify that obesity indicators are mediated in relation to the association between
relative grip strength and C-reactive protein (CRP) level, odds ratio (OR) and 95% confidence interval (Cl) were
calculated using logistic regression analysis (p<0.05).

Results: As confounding variables were adjusted, the odds ratio for high inflammatory conditions was lower at a
high (OR, 0.58; 95% CI, 0.40-0.85) or medium (OR, 0.64; 95% ClI, 0.46-0.90) level of relative grip strength than
a low level of relative grip strength. However, there were no significant results if the body fat percentage was added
for the confounding variable. When the association between relative grip strength and inflammatory conditions was
divided by sex, for women, the odds ratio about high inflammatory conditions was gradually decreased as the relative
grip level increased (medium level: OR, 0.55; 95% CI, 0.35-0.87; high level: OR, 0.49; 95% ClI, 0.30-0.82). The
association of relative grip strength with inflammatory conditions was shown differently in age groups.
Conclusion: In conclusion, improvement of muscle strength is a factor that can lower the level of inflammation, and
it is important to lower the level of inflammation that can cause cardiovascular disease through resistance exercise
differentiated by age and sex.
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Table 1. Baseline characteristics of study participants by sex
Total (n=2,038) Male (n=767) Female (n=1,271)
Characteristic Low High Low High Low High
of risk factor CRP CRP p-value CRP CRP  pvale CRP CRP p-value
(n=1,906) (n=243) (n=658) (n=109) (n=1,148) (n=123)
Age (yr) 60.20+10.31 63.09+10.02 <0.001 61.96+9.87 64.60+10.12 0.01 59.20+10.43 61.75+£9.78 0.01
Grip strength/ <0.001 0.082 0.001
BMI (%)
Low 31.67 45.69 31.76 42.20 31.62 48.78
Middle 33.89 29.31 33.74 31.19 33.97 27.64
High 34.44 25.00 34.50 26.61 34.41 23.58
eGFR 68.72+9.67 68.14+£10.94 0.394 71.50+£9.99 70.16+11.45 0.205 67.13+£9.12 66.34%+10.18 0.369
(mL/min per
1.73 m?)
Sleep time 32.72 37.07 0.186 33.43 37.6 0.394 32.32 36.59 0.338
<7 hr (%)
Low exercise 66.06 71.98 0.071 66.26 75.23 0.064 65.94 69.11 0.481
participation (%)
History of 6.76 517 0.360 7.90 5.50 0.380 6.10 4.88 0.588
diabetes
mellitus (%)
History of 19.49 21.55 0.458 18.09 21.10 0.453 20.30 21.95 0.665
hypertension (%)
Percent body 27.18+£7.20 28.34+7.69 0.022 20.85+5.02 22.63+5.33 0.001 30.81+£5.57 33.39%5.65 <0.001
fat (%fat)
Lean body 41.53+7.68 42.66+7.77 0.036 48.75+6.68 47.72+7.35 0.145 37.40+4.50 38.17+£4.84 0.074
mass (kg)

Values are presented as meanzstandard deviation or percent.
CRP: C-reactive protein, BMI: body mass index, eGFR: estimated glomerular filtration rate.
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Table 2. Association of relative grip strength with high level C-reactive protein

Characteristic of Age—sex

Multivariable adjusted OR (n=2,038)

risk factor adjusted OR (ﬂ=2,038) Model 1 Model 2 Model 3
Relative grip strength
Low 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Middle 0.64 (0.46—0.90) 0.64 (0.46—0.90) 0.62 (0.44—-0.87) 0.78 (0.55—1.12)
High 0.59 (0.40—0.85) 0.58 (0.40—0.85) 0.58 (0.40—0.84) 0.93 (0.60—1.45)
p-trend 0.003 0.003 0.003 0.650

Multivariable model 1 adjusted age, sex, sleep time, exercise participation, history of hypertension, history of diabetes
mellitus, estimated glomerular filtration rate. Model 2, model 1 plus adjustment for lean body mass. Model 3, model 2

plus adjustment for percent body fat.
OR: odds ratio.

Table 3. Association of relative grip strength with high
level C-reactive protein by sex

Table 4. Association of relative grip strength with high
level C-reactive protein by age

Characteristic

Characteristic Middle age Old age

of risk factor  Male (n=767)  Female (n=1,271) of risk factor (40—64 yr, n=1,216) (6588 yr, n=822)
Relative grip Relative grip
strength strength
Low 1.00 (Reference)  1.00 (Reference) Low 1.00 (Reference)  1.00 (Reference)
Middle 0.78 (0.47—1.29)  0.55 (0.35—0.87) Middle 0.89 (0.54—1.45)  0.45 (0.27-0.74)
High 0.72 (0.41—1.26) 0.49 (0.30—0.82) High 0.72 (0.43—1.19)  0.51 (0.27—-0.95)
p—trend 0.244 0.004 p—trend 0.200 0.004

Values are presented as odds ratio (95% confidence
interval). Multivariable adjusted age, sex, sleep time,
exercise participation, history of hypertension, history of
diabetes mellitus, and estimated glomerular filtration rate.

Table 29] 75- Aot E st w2 AIAEY] ATGE st
et st Yolths BARS o A o 30| EoldaE
2 PSAEE 9 ORo| AAFH0E Yol 2 SRlst
ATHZ7ZHFE: OR, 0.64; 95%CL 0.46-0.90; =2 oF2: OR,
0.59; 95% CI, 0.40-0.85). 27180 & 2HA|7E SE4e] A,

T W2 A oY sEE S AT $E0R, 0.64; 95%
CI, 046-0.90), 32 AT E(OR, 0.58; 95% CI, 040-0.85)
oA &2 F5/dHl tigt OrRo| Fastqlth. 282 24sk=

Values are presented as odds ratio (95% confidence
interval). Multivariable adjusted age, sex, sleep time,
exercise participation, history of hypertension, history of
diabetes mellitus, and estimated glomerular filtration rate.

>
ok
¢

O.
it
ok

7k2 BAS model 2014 model 17} S-ARSH
25 9l A|utk model 20 27}A 07 A HES
3 EAROR Qo3 ATE FlE

={

Lok jn

g lo
rO
i

0, HL i =L
o
&
4>

xQ ox!

Table 3014 A8 Arioelat 2 G54 ABgS
Solelsih olgl TRaS wAT 23, o4 AL A
e} 40] 014 £ QAL WHT OV A

o

o5t st

Table 494 FA 1(45-644)3} 1=01(65-88A)oll A At
oFETt &2 HSIHREY AT Aolg FRIsGIT). ofg Egt
891& BAYE f, 654 oAf 1919] A W2 of SEHr
Z7F Aok $2(0R, 045; 95% CI, 027-0.74), $7t 43
(OR, 0.51; 95% CI, 0.27-0.95)014 & #3544 24 OR
Azt wsiglont S99 A Ao =& A5
9k9] A f-oJ4do] RIFA AqkTh

A|38H A3 2020 | 167



DY Park, et al. Association between Relative Handgrip Strength and C-Reactive Protein in Adults

LA

2 AolAE AhE $ET CRP 5k 719 ABA]
et 9 7] ARSI & g9 A A, A o
28] L AL RS SYHoR CRP S}
Adso] Jen drjere] S7he AXYE Aaol ST
O 8 FAE) Y o] sl 2 Bl T 4 99k
7 WA, g 7 e a0 T CRP 5o 3lof Aot
Aom, oido] A Aot a0l #2505 B2 A5
0] it ORo] FaFe Ae AT & AL, §4Y
8% oI B2 w2 A57IE Tl it OrS] A2} S
U AHCE sl okt vhAEe. 2 FH(40-644)) 3}
L QAOSAl o1 AdriorHt 2 B5dEH T 7t dwde
AL 23} 654 o] koA BrietE 7t w2

o

3344 8l e 0} SAKE R 212
0-6419) 34 H2l0) 79 Arietezio) ne
Al T ORE) 1147} AR BALOE 5
Bag 4+ gtk

BAPHA A9 8700 2 e CRPE 260 ol

N
ro Ti’;

i)
of, 3

o u

L

<t

. o
)

s

0
)

AT ALE, A} PH uzs_rOl io}XVl TR 2 °§ 5 JEHA
olc}. o]&3t CRP B Z7}o] ZAZ 9l
% Hgto 2 OPEV% lom o]z H|gFRA]
Bog wyg vl 9ty
&9 X1 P2 Tt 1EYS S7M
LHMHHOH st Aol E7119] Wzt CRP
%7% %’o& A FAN7I= AR d#A Qlth
CRP L5 A7) Hlofl Slo] AAEE 4 25852

b 3174 7] e, Z8&Fo = QIgt 2
of M2 &2 AFAH AT A= dus
6}°ﬂ o}, SRAIRE oFA7HA| L eET w2
5 Oﬂ 3t HAY S B vrelzl vt
O} @A l l 2 FALY] £E0E Qg

of o el
I ool o
S
=
r_l
o>
mlo
PN
111

dm >
= B
jusl
o,y
L% N
i
olN QL
o
r_tﬂ
Ml

(N ofN FE off Y
(B
to
rE -
mSL'

N

—

r
E\‘ l-[']'r‘

§2 of 2 o
5
OL
B
o
)
roll

Hgoz HFOMH} %; 02 Y23p] g, ol vl
oS § 994, 9 5 e ML 5 B0

ohet @RH0 R} AAHOR 7h AT 2L ofe] 2o

FERI} P W0 GRSl st A0 Husler”
W, £ FULEL BATY B S50 A% vfo]
Tl Bzl Bug A JUFY 78S BT 93
A AolE71le) £418 FaAD 4 9L Ro2 AT

168 | ChstAm=o|5t5|3|

upelo R 283 AR AZIEt AYATIN CRP 5=
o] S7M= et ol WsHA Aslol 9L, ol HEHE
o R0 ) 2 S i B sk Ao

Ao

A %‘ﬁ:%— :‘ié B Zﬂ%%b’:% 3 & BSAMES] ofH 2
UR9] A5 S7HAA CRP 5 A & A3 Hargt
ATAI AT, gt B2 Aot B 28RS
dEshe NEZAS, B2 2ESES AW APA
FERL I VA O 28 1Y 5 98 Ao
A2, Table 3014 HAogoMe 2427 2 F54
Fickel Qo] ek ol ol /e el Sk g
otele] $710} Bl g AT AL AT Ee
E Uae 259 A(muscle quality)?] =3}2 913t 7+ ofAo]
BRch o Z7] ojFolAH”, 1 olg2 dAHLE ool 71t
U2 o ol Fojey] fzo] Z&9 A5 A&HoE FAT
T EE B o AT, o= MAZ 46-80415 o

Sk Aol A= EAT} o] AAZE FAFolE Elske
o Hdo] o ET o B2 AR Havt dolds Hslsl
2, Y Qo) A7 S FH40R Holne
A9 G2AR 248 A242 4 dnk A7E Bz
o39] P59 AATE Holel A4Hel $AL diur
w3jof] ojg 299] 4o 7aE HA o, o2 et £
8oz v £ oL A= HE gy} =2 Aog Azisit)
Table 404 e SlofA|4fek Ajorela CRP 5 7b] el
| ERtEe, 1 olg 65418 7R T4SE wste
o]5} LEjez 7hAa0l dTtEo] QI Aog A@;}Q;}” b e |
% 76 0l tho2 olte %Ak A0 $Hol]
01;1:1_?_ /\J-FH 0]117]‘:.’ M:L'S]‘E‘ﬂ /g}q-ﬂi]._o,] A I:]— %—‘% Oﬂéfﬂ-
% Q7o) viet 42be] el 2ol 774 oo} 19l
A9 52 okE AL 44 olF Yo HUSE 5T 5
sigiort 764 olstel 1-210] 29 oe] 47 cheyet el
PSS 9ol 22 BT 48 714 el
B glout, T2 o] mEd 919] &2 I8 $E2 289
RS TRk QET-FAMI AR (insulin-like growth factor
[ [IGF-)Q] F7}e} o9~ A3 Aol QloH, IGF- = 5=
UL 1162 oAl 2AAS AT 98e T
B Qe A 634 o4t e FHART Loz gt
T5F BA2 F GFuS0] Fash| fEo”, o9 &2

o

O



g 9. BN C-YISY TUET Aior 2o} ABy

T ZEeE Aol et AABAE
E‘r. 0}11‘4 E}E‘EQ} Al ﬂEﬂ 8 EH=TE A
9 458E lfolﬂz} 0}0“‘% T ‘?ML
CRP A28t B715137] Hzol B
THFEY ool Hid FEe g
HSAIH CRP= HERES A)o] 23 Q0= Zgily
71 wzoll CRP&} Fep27te] SRl ARgES Sl

Lo/ E A wWehA 5

A“,z
-oly
to
N
T
il
>
;ﬂ
_E
%
P
o
2
“!

filo
T
o
QL
2
re
-+

o

9% 42 8%
4 AolEzeIS 5

nR
o|N

ol
=

) Y

- [e)
AHtumor necrosis factor- @ [TNF-]) & -2 GSA Alo]E7}91
53} 97 R 42| 28423 SR ABHo] YLA

A8l
s A77E W8T Alow AHE:. Al B, ZHrES
oz 2 ASAH W d¥dS FAT] el
AAZEo] tet ARE fHsly]e offh 35 AFolMe
ofZEs AdEe I Aol i eAEol 2 9
CE 01 T2 A= 119} s
‘317741, = U3 JEH %‘“J} ”“HO

F

ox I

T |o
=
-IN

/\];(]]:Q]-E_,] 223 o]ﬁl
Fofste AAZE2 24
3 27 5ol 2 FRACKES, Y

&) S el
X] gelsfE &

OPN r
ST
lo
>
o
i
k}o_lr‘
o
.?l’.
4
Qg
$4°)
o,
o)

offt
N ol

l

fr el e Hu

Conflict of Interest

No potential conflict of interest relevant to this article was

reported.

ORCID

Doo Yong Park  https://orcid.org/0000-0001-7763-0412
Myung Sung Kang https://orcid.org/0000-0001-7084-7686
https://orcid.org/0000-0002-1267-6716
https://orcid.org/0000-0001-8503-2631
https://orcid.org/0000-0003-0115-5736
https://orcid.org/0000-0003-1447-0196

Jae Young Park
Mi Kyung Kim
Bo Yul Choi

Yeon Soo Kim

Author Contributions

Conceptualization: DYP. Data curation: DYP. Formal analysis:
MSK. Methodology: MKK, BYC. Project administration: YSK.
Visualization: JYP. Writing-original draft: DYP. Writing-review
& editing: YSK.

References

1. Liuzzo G, Biasucci LM, Gallimore JR, et al. The prognostic
value of C-reactive protein and serum amyloid a protein in
severe unstable angina. N Engl J Med 1994;331:417-24.

2. Rifai N, Ridker PM. High-sensitivity C-reactive protein: a
novel and promising marker of coronary heart disease. Clin
Chem 2001;47:403-11.

3. Pepys MB, Hirschfield GM. C-reactive protein: a critical
update. J Clin Invest 2003;111:1805-12.

4. Packard RR, Libby P. Inflammation in atherosclerosis: from
vascular biology to biomarker discovery and risk prediction.
Clin Chem 2008;54:24-38.

5. Shrivastava AK, Singh HV, Raizada A, Singh SK. C-reactive
protein, inflammation and coronary heart disease. Egypt Heart
] 2015;67:89-97.

6. Volaklis KA, Halle M, Koenig W, et al. Association between
muscular strength and inflammatory markers among elderly
persons with cardiac disease: results from the KORA-Age
study. Clin Res Cardiol 2015;104:982-9.

7. Smith JK, Dykes R, Douglas JE, Krishnaswamy G, Berk S.
Long-term exercise and atherogenic activity of blood mono-
nuclear cells in persons at risk of developing ischemic heart
disease. JAMA 1999;281:1722-7.

8. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW.
C-reactive protein in healthy subjects: associations with

obesity, insulin resistance, and endothelial dysfunction: a

potential role for cytokines originating from adipose tissue?

Arterioscler Thromb Vasc Biol 1999;19:972-8.

A|38H A|3% 2020 | 169



DY Park, et al. Association between Relative Handgrip Strength and C-Reactive Protein in Adults

9. Stenholm S, Sallinen J, Koster A, et al. Association between

10.

11.

12.

13.

14.

15.

16.

17.

obesity history and hand grip strength in older adults:
exploring the roles of inflammation and insulin resistance as
mediating factors. J Gerontol A Biol Sci Med Sci 2011;66:
341-8.

Danesh J, Muir J, Wong YK, Ward M, Gallimore JR, Pepys
MB. Risk factors for coronary heart disease and acute-phase
proteins: a population-based study. Eur Heart J 1999;20:954-9.
Lawman HG, Troiano RP, Perna FM, Wang CY, Fryar CD,
Ogden CL. Associations of relative handgrip strength and
cardiovascular disease biomarkers in U.S. adults, 2011-2012.
Am J Prev Med 2016;50:677-83.

Bassuk SS, Rifai N, Ridker PM. High-sensitivity C-reactive
protein: clinical importance. Curr Probl Cardiol 2004;29:439-
93.

Raison CL, Rutherford RE, Woolwine BJ, et al. A
randomized controlled trial of the tumor necrosis factor
antagonist infliximab for treatment-resistant depression: the
role of baseline inflammatory biomarkers. JAMA Psychiatry
2013;70:31-41.

Eknoyan G, Lameire N, Eckardt K, et al. KDIGO 2012
clinical practice guideline for the evaluation and management
of chronic kidney disease. Kidney Int 2013;3:5-14.

Koenig W, Sund M, Frohlich M, et al. C-Reactive protein, a
sensitive marker of inflammation, predicts future risk of
coronary heart disease in initially healthy middle-aged men:
results from the MONICA (Monitoring Trends and Deter-
minants in Cardiovascular Disease) Augsburg Cohort Study,
1984 to 1992. Circulation 1999;99:237-42.

Pedersen BK. Muscles and their myokines. J Exp Biol 2011;
214(Pt 2):337-46.

Olson TP, Dengel DR, Leon AS, Schmitz KH. Changes in

170 | CHEtARZO[8H3]R|

18.

19.

20.

21.

22.

23.

24.

25.

inflammatory biomarkers following one-year of moderate
resistance training in overweight women. Int J Obes (Lond)
2007;31:996-1003.

Bohannon RW. Muscle strength: clinical and prognostic value
of hand-grip dynamometry. Curr Opin Clin Nutr Metab Care
2015;18:465-70.

Shimokata H, Ando F, Yuki A, Otsuka R. Age-related
changes in skeletal muscle mass among community-dwelling
Japanese: a 12-year longitudinal study. Geriatr Gerontol Int
2014;14 Suppl 1:85-92.

Goodpaster BH, Park SW, Harris TB, et al. The loss of
skeletal muscle strength, mass, and quality in older adults: the
health, aging and body composition study. J Gerontol A Biol
Sci Med Sci 2006;61:1059-64.

Hughes VA, Frontera WR, Roubenoff R, Evans WIJ, Singh
MA. Longitudinal changes in body composition in older men
and women: role of body weight change and physical
activity. Am J Clin Nutr 2002;76:473-81.

Rothenbacher D, Hoffmeister A, Brenner H, Koenig W.
Physical activity, coronary heart disease, and inflammatory
response. Arch Intern Med 2003;163:1200-5.

Lauretani F, Russo CR, Bandinelli S, et al. Age-associated
changes in skeletal muscles and their effect on mobility: an
operational diagnosis of sarcopenia. J Appl Physiol (1985)
2003;95:1851-60.

Barbieri M, Ferrucci L, Ragno E, et al. Chronic inflammation
and the effect of IGF-I on muscle strength and power in
older persons. Am J Physiol Endocrinol Metab 2003;284:
E481-7.

Febbraio MA, Pedersen BK. Muscle-derived interleukin-6:
mechanisms for activation and possible biological roles.
FASEB J 2002;16:1335-47.



