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[ Abstract] Objective To study with quantitative computed tomography (QCT) the correlation between grip
strength and physical composition and waistand hip circumferences in young people with differentbody mass indexes (BMIs).
Methods A total of 1310 young people who came to West China Hospital, Sichuan University for physical checkups and
underwent chest QCT at our hospital from April to July 2021 were included in the study. Their data were collected and
their BMIs were calculated. The subjects were divided according to their BMIs into 4 groups, underweight group
(BMI<18.5 kg/m®), normal-weight group (18.5 kg/m’<BMI<24 kg/m’), overweight group (24 kg/m’<BMI<28 kg/m°),
and obesity group (BMI =28 kg/m®). The raw data were uploaded to QCT Mindways Pro 6.1 software to be processed for
measurement of the fat content (area) of the physical components of the L2 vertebral body, including total adipose tissue
(TAT), visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT), and abdominal fat ratio, or VAT/SAT. Grip
strength was measured with CAMRY EH101 digital grip dynamometer. Statistical analysis of the data was performed, and
the correlations between grip strength and various physical components, waist circumference, and hip circumference in
subjects of different BMIs were examined. In addition, stratified analysis of normal-weight and overweight subjects of
different age groups was conducted. Results In the normal-weight group, height, body mass, hip circumference and grip
strength were positively correlated with grip strength in males aged 21-40 years, SAT was negatively correlated with grip
strength in males aged 36-40 years, and VAT/SAT was positively correlated with grip strength in males aged 36-40 years.
In normal-weight females aged 21-25 years, SAT was negatively correlated with grip strength, while VAT and VAT/SAT
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were positively correlated with grip strength. In normal-weight females aged 26-40 years, height, body mass, and hip
circumference were positively correlated with grip strength. In normal-weight females aged 36-40 years, VAT/SAT was
positively correlated with grip strength. In overweight males aged 21-25 years, hip circumference and body mass were
positively correlated with grip strength. In overweight males aged 26-30 years, TAT, waist-to-hip ratio, and waist-to-
height ratio were negatively correlated with grip strength. In overweight males aged 31-40 years, height and body mass
were positively correlated with grip strength, while waist-to-hip ratio and waist-to-height ratio were negatively correlated
with grip strength. In addition, hip circumference was positively correlated with grip strength in overweight males aged
31-35 years. In overweight females aged 21-25 years, waist circumference, hip circumference, and waist-to-height ratio
were positively correlated with grip strength. In overweight females aged 26-30 years, height and body mass were
positively correlated with grip strength. In overweight females aged 31-35 years, TAT, SAT, waist circumference, waist-to-
hip ratio, and waist-to-height ratio were negatively correlated with grip strength. In overweight females aged 36-40 years,
SAT and waist-to-height ratio were negatively correlated with grip strength, while VAT, VAT/SAT, height and body mass
were positively correlated with grip strength. The height and body mass of males and females in the underweight group
were positively correlated with grip strength, and the hip circumference of females in the underweight group was also
positively correlated with grip strength. In the obesity group, TAT, VAT, and waist-to-height ratio were negatively
correlated with grip strength in males, but no such correlation was observed in females. Conclusion There is a close
association between abdominal fat content and grip strength in young people with different BMIs, indicating that young

people should control abdominal fat content and hip fat content in order to maintain the strength of corresponding
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muscles.

[Key words] Quantitative CT

index Waist circumference Hip circumference

B A= 356 o R 7 KPR 2D B vy, JLPRL ) g
Jo e e D RE AR AL oK B2 BB SCTE" . BFSESE T,
JUUPAS ) g 5 Bt AR I G R T R, ELULIA g iy
B SRR AR A O RO TP g Pl
AR, FRER TR AR ) i — R iR 5, PR
HICIRI & WUA 7712, HRER BB ARILIA ) K
S AN A A R E R R SR R B fE B A LK
PR i, AT R EAERR, (E i T TARRY A SR
AR5, A By BB, S IR R A MERR AT |
B T BRI . BRI R TR e T
AR N BT WS R TS A0 3 v A S 6 4 41
{8 Sy LN, [RlHE ) B8 255 | — R IR BN
(CAILATE S | O MBI ) , PIABIE SR 5 4F AR
PR PR i 07 5 et S5 40 0 A G o TR AR SR T 1Y
— i AL F) &2 Jg % % 2 CT(quantitative computed
tomography, QCT ) K A", RIFEAS 1 fin i 25 4 5 51 o 11
HIE T, ALRESRAS B3 1Ol 2, dRe i I QC T4k
e fE 2 (L2) BYAR G & &, IR SR a9 SCHE .
TRERES 2 S A SR TR AR AR T 22—, A
IS T 23 M A TR P 30 A [ R 45 8 (body masss
index, BMI) T i i i i 17 55 42 1 O RH SCHE, WLEEAN W)
BMIFYIE AR5 5 8 11 B ARG 25 5%, W] o0 1 &
e AR R B VR L M S R T ARG
P, BTE A TR L 9 (T A Al

Young people

Physical composition Grip strength Body mass

1 FAREFE

1.1 ERSkE

— BTk YR 20214F-4-7 H R TR BEUEA T R ARG I
AT 0 0 AR AREL 310001, A AbRiE: AF
21 ~ 40%, DU o0 A . WUPA % 5 — R0 R o2
PRI ; A RS EICE PERB AR AT B v L IR i L L T
R NTE . HEBRARE: IR AT 2 m LA Ty BT
A2, O I REANGE, B T i i DR sl (5%
TR BAELEEESE) 5 R NUA B T SO0 5E
18 IR AT o ARWFT 38 0 DU )1 K24V BB B AR
PEp AR B By etV (20214E 917779, IR BTEM 5
ChiCTR2200055595
1.2 HEXEHREEX

BMI: R (kg)/ B (m)? 715, MRPEHH T
A HLUE L, BMUR A i AR AR bR 2 1, B X)
SHRYEBMIA[H] 43 4 PU2H : BMI< 18.5 kg/m? Ay i 13 £ ;
18.5 kg/m’ < BMI< 24 kg/m* IE % 41; 24 kg/m’<BMI<
28 kg/m* AT A; BMI=28 kg/m’ WIEREAL . NE (cm)/
R (em) = B8 s HEERRl (em) /58 (em) = R T HE o
1.3 EORNE

K2 T35 (CAMRY EH101RECF 48 J1it, | %) it
A0, 0] IS BRI 90 G2 R s A, e A T A T
K, IR, TFHAST T



% 6 W] W M € BCTH U AR AU 5 18 F A 1083

14 FERASHINE

141 %% % M GE MEDICAL SYSTEMS
Revolution CTXJWFFEXT G AT 1 M QC T iy — il =
AR A, RO A EM, SR IR B2 T 4%,
PSRN 100 kv, N A Sh 2280, 34
PLEF500 mm, )2/ 1.25 mm, #2#50.992 ¢ 1, e H]
0.5 s, FHH HiT 14 FH 9 El Mindways/A F]QCT Pro 6.1k
TR E AP TR IE

142 MEFHF A E AR A% EQCT Pro
6.1 (Mindways) 4087, i I H Y “tissue
composition” U /A ] HH L2HEAA fucs )2 1 i R FRAR T, 4K
5 E XTI o34 €, DA RE LA b2 5 I8 N g 0
5 R IR DT, B A s A5 B L2HEAR T b 2 i I
BB (total adipose tissue, TAT) FIJE i A B i (visceral
adipose tissue, VAT), —H 0 N 2 T JE i (subcutaneous
adipose tissue, SAT), J i3 HI VAT/SAT, ULE1L, K2,

B 1 2 FAQCT Pro 6.13R {435 BU B L2442 T 22 L
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Fig2 In the L2 central fat distribution map rendered with QCT
software, the fat composition is automatically colored by the

software. The blue area is VAT, and the orange area is SAT
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Table 1 Comparison of basic data of the subjects (X % )

Variable Male(n=717)  Female(n=593) t P

Agelyr. 32.55+4.46 32.16%5.03 1479 0.139
Height/cm 171.8146.01 160.21+5.74 35.664  <0.001
Body mass/kg 71.84+10.67 53.79+7.93 35.082  <0.001
BMI/(kg/m”) 24.32+3.28 20.95+2.83 19.946  <0.001
R-Grip/kg 42.15%7.83 24.58+5.13 48.780  <0.001
L-Grip/kg 38.86%7.32 22.88+4.82 47333 <0.001
Waist/cm 81.82+8.32 70.66+6.92 26,514 <0.001
Hip/cm 97.11%5.79 91.8445.57 16.752  <0.001
TAT/cm’ 245.58+112.86  147.97+75.84  18.624  <0.001
SAT/em’ 89.54+45.77 86.82+44.38 1.090  0.276
VAT/em’ 156.04+76.69 61.16£38.27  29.042 <0.001
VAT/SAT 1.88+0.78 0.73+0.35 35343 <0.001
WHR 0.84+0.06 0.77+0.05 25.068  <0.001
WHItR 0.48+0.05 0.44+0.04 13.559  <0.001

BMI: Body mass index; R-Grip: Right grip strength; L-Grip: Left grip
strength; TAT: Total adipose tissue; SAT: Subcutaneous adipose tissue;
VAT: Visceral adipose tissue; WHR: Waist-to-hip ratio; WHtR: Waist-to-
height ratio.
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Fig 3 Distribution map of left and right grip strength, physical components, etc. of study subjects

R-Grip, L-Grip, VAT, SAT, WHR, WHIR, and TAT: The denotations are the same as those in table 1.
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Fig 4 Distribution of correlation between BMI and right/left hand grip (R-Grip/L-Grip) strength of the subjects

Right hand grip, male: y=20.98+0.08x, female: y=18.20+0.11x; Left hand grip, male: y=20.28+0.10x, female: y=18.13+0.12x.

TR S A M2 7 L AR SE, L JEAR S . A
IR HE AR B B S AR )
PR IEARSG, FLAE (8 20 55 PEAH G = T 1k (P< 0.05),
HABPIH AR T 2Pk (P< 0.05) o FEIEH 4B LIRS
1B R IEARSG, HI MG R T Lt (P<0.05) . 7EIE
WPV SIS 2 AR T R AR, ik
B8 Bl 5 2 L A A g B AT O U A i | IE R 4
BYETATIE @ E | AL 542 T 2 ARG, Lot JeAH
Ktk BYESATIEIE R 4154 M2 ) 2 ARG, Likqe

B SR R A . BEVATAENE A 545 M)
&SRO, WHEAE RS | BE WAL 58 S35 2 EAH
Ko BYEVAT/SATTEIEH A 54 MR 1 2 IEAE, Lotk
FEIEH  BEMWA 54 IR IEME, B e
A G4 AR T 2 RARSC, EToACE . B
FUAE D . R I ZE 28 2 SR OG, T M A i E 2
57E . AR T 2 AR
2.4 FEFEHEERESERRSENRNEXE
AR 4 ~ 7. T 5V Amds 20 R0 Lo PENE ALY



6 # ¥ A E BCTHE I H F ANRERI AR > 548 1 Rk 1085
*2 BHMTREBMISHKEERBS 51ESHEXHE
Table 2 Correlations between physical components and grip strength in groups of male subjects with different BMIs
Underweight group Normal-weight group Overweight group Obesity group

Variable (BMI<18.5 kg/m’, n=18)  (18.5 kg/m’<BMI<24 kg/m’, n=329) (24 kg/m’<BMI<28 kg/m’, n=282)  (BMI=28 kg/m’, n=88)

r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip)  r (L-Grip)
Agelyr. -0.007 0.149 0.055 0.002 -0.134" -0.096 -0.156 —-0.064
Height/cm 0.746" 0.818" 0.284" 0262 0233" 0.263" 0.158 0.029
Body mass/kg 0.678" 0.717" 0.328" 0.339" 0.251" 0.269" 0.060 0.041
Waist/cm 0.055 0.027 0.084 0.126° -0.108 -0.089 -0.161 —-0.134
Hip/cm 0.368 0313 0.236" 0.264" 0.206” 0.212" -0.006 0.026
TAT/em’ -0.056 0.050 -0.025 0.019 -0.119" -0.131 -0.287" -0.183
SAT/cm’ —-0.442 -0.429 -0.113 —-0.039 —-0.073 —-0.100 -0.196 -0.167
VAT/cm’ 0.319 0.466 0.022 0.044 -0.110 —-0.111 -0.256" -0.127
VAT/SAT 0.237 0.275 0.166" 0.104 —-0.037 —-0.029 0.076 0.137
WHR ~0.268 -0.253 ~0.069 ~0.036 -0263" -0.250" ~0.182 ~0.175
WHIR -0.462 -0.539" -0.061 -0.006 -0.258" -0.259" -0.242" -0.147
BMI, R-Grip, L-Grip, TAT, SAT, VAT, WHR, and WHtR: The denotations are the same as those in table 1. * P<0.05, ** P<0.01.
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Table 3 Correlations between physical components and grip strength in groups of female subjects with different BMIs
Underweight group Normal-weight group Overweight group Obesity group

Variable (BMI<18.5 kg/m®, n=99)  (18.5 kg/m’<BMI<24 kg/m’, n=420) (24 kg/m’<BMI<28 kg/m’, n=57)  (BMI=28 kg/m’, n=17)

r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip)  r (L-Grip)
Agelyr. -0.051 0.047 0.062 0.082 -0.118 -0.13 -0.25 0.138
Height/cm 0.407" 0377 03127 0315”7 0.460" 0.535" 0.455 0.259
Body mass/kg 0.348" 0.330" 0.383" 0.357" 0.339" 0.486" 0327 0.197
Waist/cm 0.019 0.014 0.110° 0.122° -0.088 0.078 -0.18 -0.368
Hip/cm 0.226° 0.205 0.268" 0.263" 0.134 0.259 -0.002 -0.456
TAT/cm® -0.089 -0.091 0.066 0.046 -0.108 0.051 0.049 -0.144
SAT/cm’ —-0.108 —-0.138 0.014 -0.029 -0.303" -0.211 0.013 -0.139
VAT/cm® -0.048 ~0.02 0.101" 0.109° 0.122 0.267" 0.085 ~0.096
VAT/SAT ~0.004 0.07 0.142" 0.175" 0.255 0.378" -0.019 0.072
WHR -0.132 -0.12 -0.072 -0.054 —-0.188 -0.087 -0.261 -0.17
WHIR -0.178 -0.165 -0.04 -0.031 -0.405" -0.269" -0.31 -0.437

BMI, R-Grip, L-Grip, TAT, SAT, VAT, WHR, and WHtR: The denotations are the same as those in table 1. * P<0.05, ** P<0.01.
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Table4 Correlation between physical components and grip strength of normal-weight males of different age groups

21-25 yr. (n=25)

26-30 yr. (n=98)

31-35yr. (n=121)

36-40 yr. (n=85)

Variable r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip)
Agelyr. 0.017 -0.08 -0.06 -0.108 0.14 0.09 0.162 0.073
Height/cm 0.545" 0.447" 0.292" 0.214' 0.266" 0.277" 0.208 0.217"
Body mass/kg 0.678" 0.623" 0.398" 0.387" 0.261" 0.293" 0231" 0236
Waist/cm 0.207 0.28 0.102 0.143 0.025 0.096 0.081 0.088
Hip/cm 0.608" 0.544" 0.287" 0.294" 0.173 0.208" 0.18 0216
TAT/cm’ 0.355 0.276 -0.035 -0.007 -0.075 -0.004 -0.077 -0.01
SAT/cm’ 0.236 0.301 -0.043 0.042 -0.114 ~0.067 -0.295" -0.201
VAT/cm’ 0.356 0.206 -0.023 -0.036 -0.05 0.025 0.031 0.075
VAT/SAT 0.251 ~0.015 0.018 ~0.082 0.109 0.126 0273" 0.251"
WHR -0.153 0 -0.083 -0.038 -0.107 -0.042 -0.03 -0.046
WHIR -0.105 0.014 -0.078 0.014 -0.103 -0.034 -0.017 -0.012

BMI, R-Grip, L-Grip, TAT, SAT, VAT, WHR, and WHtR: The denotations are the same as those in table 1. * P<0.05, ** P<0.01.
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Table 5 Correlations between physical components and grip strength in overweight males of different age groups

21-25 yr. (n=19) 26-30 yr. (n=59) 31-35 yr. (n=104) 36-40 yr. (n=100)

Variable

r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip)
Age/yr. -0.002 -0.132 -0.258" -0.208 -0.119 0.02 -0.042 -0.111
Height/cm 0393 0.34 0.138 0.191 0.262" 0.322" 0.19 0.214"
Body mass/kg 0513 0.411 0213 0.148 02817 0.339" 0.168 0.225"
Waist/cm 0.209 -0.013 -0.172 -0.208 -0.06 -0.037 -0.1 -0.03
Hip/cm 0.541" 0.406 0.164 0.13 0.173 0.225" 0.148 0.175
TAT/em’ -0.151 -0.401 -0.137 -0.278" -0.059 -0.049 -0.13 -0.042
SAT/em’ -0.118 -0.405 -0.066 -0.161 -0.033 -0.087 -0.142 -0.051
VAT/em? -0.137 -0.322 -0.132 -0.252 -0.057 -0.018 ~0.089 -0.026
VAT/SAT -0.043 -0.051 -0.074 -0.108 ~0.065 0.001 0.095 0.05
WHR -0.296 -0.328 -0.287" -0.297" -0.199 -0.212" -0.226" ~0.183
WHIR -0.166 -0.292 ~0.244 -0.305" -0.227" -0.242" -0.238" ~0.181

BMI, R-Grip, L-Grip, TAT, SAT, VAT, WHR, and WHtR: The denotations are the same as those in table 1. * P<0.05, ** P<0.01.
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Table 6 Correlation between physical components and grip strength of normal-weight females of different age groups

21-25 yr. (n=40) 26-30 yr. (n=102) 31-35yr. (n=142) 36-40 yr. (n=136)

Variable

r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip)
Agelyr. 0.155 0.018 -0.041 -0.002 0.068 0.099 0.048 0.07
Height/cm 0.183 0.2 0.201° 0.192 0301 0.253" 0.404" 0.463"
Body mass/kg 0.197 0.247 0.309" 0.292" 0367 0.277" 0486 0.499"
Waist/cm -0.017 0.124 0.143 0.187 0.111 0.088 0.104 0.086
Hip/cm 0.184 0.246 0.267" 0.284" 0.303" 0.253" 0.280" 0.275"
TAT/em’ 0.052 0.057 0.063 0.119 0.111 0.024 0.017 0
SAT/cm’ -0.337" -0.269 0.08 0.113 0.101 -0.021 -0.053 -0.092
VAT/cm® 0.355" 0.304 0.025 0.091 0.099 0.066 0.078 0.086
VAT/SAT 0.465" 0.408” -0.024 0.003 0.072 0.12 0.175" 0.214"
WHR ~0.154 -0.033 -0.081 -0.043 -0.073 -0.066 -0.086 -0.101
WHIR -0.108 0.022 0.048 0.098 -0.027 -0.026 -0.109 -0.16

BMI, R-Grip, L-Grip, TAT, SAT, VAT, WHR, and WH{R: The denotations are the same as those in table 1. * P<0.05, ** P<0.01.

®7 BEAXEETRFRENZERRS SEANEXYE

Table 7 Correlations between physical components and grip strength in overweight females of different age groups

21-25 yr. (n=3) 26-30 yr. (n=18) 31-35 yr. (n=16) 36-40 yr. (n=20)

Variable

r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip) r (R-Grip) r (L-Grip)
Agelyr. 0.685 0.994 0.217 0.33 0.211 0.196 0.21 0.172
Height/cm 0.996 0.698 0.634" 0.677" ~0.233 ~0.214 0.551" 0.689"
Body mass/kg 0.995 0.821 0.499" 0.559° ~0.367 ~0.237 0510 0.763"
Waist/cm 0.998" 0.718 0214 0.29 -0.740" -0.659" ~0.185 0.207
Hip/cm 0.997" 0.707 0.206 0.177 -0.101 0.045 -0.048 021
TAT/cm’ 0.941 0.934 0.169 0.287 -0.572" ~0.545 ~0.13 0.229
SAT/cm’ 0.861 0.984 0.05 0.095 -0.716" -0.607" —0.484" ~0.288
VAT/cm’ 0.981 0.869 0.208 0.344 -0.25 -0.308 0.294 0538
VAT/SAT 0.987 0.644 0.114 0.258 0.105 ~0.008 0.528" 0.668"
WHR ~0.994 ~0.68 0.16 0272 -0.655" -0.655" ~0.19 0.082
WHIR 1.000” 0.755 -02 -0.14 -0.767" -0.680" ~0.549° -0.231

BMI, R-Grip, L-Grip, TAT, SAT, VAT, WHR, and WHtR: The denotations are the same as those in table 1. * P<0.05, ** P<0.01.
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