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Abstract

Body mass index (BMI) is currently a commonly used global measure of body weight and health
situation. This article used correlation analysis, principal component regression, logistic regres-
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sion, and Lasso regression to study the relationship between height, weight, waist-to-hip ratio,
visceral adipose tissue (VAT), obesity, etc., totaling 12 indicators based on the physical examina-
tion data collected from 199 adults in China, under the Chinese standard BMI as the evaluation ba-
sis for obesity level. Based on principal component regression, the factors that have a significant
impact (p = 0.05) on visceral adipose tissue include BMI, waist-hip ratio, abdominal sagittal di-
ameter, and the ratio of sagittal diameter to right and left diameter. There is a significant positive
correlation (y = 0.785) between body mass index and visceral adipose tissue. Based on logistic re-
gression with dichotomous variables, the principal factors influencing body mass index were
waist-hip ratio, abdominal right to left diameter, and visceral adipose tissue. The fluctuation of
body mass index indicates that there may be changes in visceral adipose tissue, which may cause
health risk and require timely evaluation and intervention; the increase or decrease in visceral
adipose tissue may also lead to changes in BMI, and analysis shows that visceral adipose tissue is a
better indicator to judge the obesity of a person.
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P EFEE(BMI) A2 H A b A AN R R FE R DL R TR e bRite, & XONME (T o) bR DL S e
HIF I CP A AK) . A BAEMA S FRE: BMI KT 18.5 NIAET S, 18.5~24.9 NAHEIER; KT&ET 25N
REEE: AR 25.0~29.9. AERE 30.0~34.9. HEEALRE 35.0~39.9. WAL TET 40, PREIBHCLR
STt RIS ROZAT VAL, RIS, WINARRR T AERE O — A R R I 8, e
NS 5 LS AR 1] fE— 28 E S, AEREM AR AW EFH2] [3]. ARG DAEH LS (WHO) )
Guit, 1975 44 2016 4F[A], ABRALRERATR VT8 T =65[4] [5]. HEEIEFKGE 7805 E A RERERIFRTE,
LN BMIfH 24 b E R E SRR, BMI 28 J9EMERI AR SSPERERE > 85 cm, ZoPEfEH > 80 cm
NIEERIRII BRI SR 6] [7]. Bofi kAR ChE EREFRSEIERRGRE (2020 ) Bx, HRACI8
DN F Y 34.3%. AERERN 16.4%, HE/EMESENCIE 8], £ 11 A H, EEAAERERILESR
BRI R, ot IR s R AR 2 AL = TR T, T AR A AT 9] [10].

— MR, RS B BMI B E R, AR5 10 51 1 T 17 AT IR 55 25 S A FH 2 335 0 JES JRE AP D32 95 1140 PR
[11][12]o WRENEWT & (VAT N2 S EBUE AL R % R, FERE AU AR RS . K EEIT
*8, BML. WHEARNI & Z2(VAT) ML BAFER Z VIR R, £ BMI AE A A7 m] LA PF A%
PR G 07 2 B AR Ak, DABRAR A BE XSS . 4RTT, BMI A 9 IR XU (3R b R YE, B ARAREA
e KR P A i i PR O, AT SIS IR AR 13]. #e )i, JRAERTA BMI 7E {8 FE vl 25270
Bl 3 P B NG R AR B, AR, A ATTRT REA AR I N IEAR I, 7T e B v A O I XU

AT, ENRS TR bR S IR R R A b, KRR — g R R M. Verma WS
R BMI 5 Tl S R 7 AMA S m AR E 2 (A5G R, (HE AR B & P IE R I & E(VAT) 51 A
SEPERT AR [13]; Tukaram  FORTF 7T 2% B JE L (WHR) A2 T A IR G 9 2 B (VAT AR X B I O 4 A 141,
Oliveira IIHF 78 WA AR Z S H S ARG & & 2 IAAEAE AR DG, (FOX — 38 h5 3 2 AR B NI,
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AR AEARIT[15], ASBEAT RN I RETS L -

ARSI 7 8 2 = W R e A i SR (AR Kl J@ TSR M. 2 ek bk lml A, FE o) 1]
EETTE, At NAR B RE & SR(VAT) I L ZE2Ma PR 2 o AR o FE AR AE T i 7R 4R BMID XA X &
#ATIr2E, M logistic [>T IR NG & E(VAT) LAHSC I Z S LRI R, e 28T P AR 4R
PR .

2. BRI

ST SPSS 25 12.0 JiR(SPSS Inc). Python 3.8.0 #1 R & 5 3.6.1 X Hdi #4770 47 . Python i
ARG, M BT B A G AR B AR, 3 B R A OC AR AR AR B [ (1) e M A DG SR A
R EN, REMKTANp=005.

N AARABEAG G & (VAT LR &, ZREnl. R, S5, E ., BMIL ERE(WC).
B HEIHC). B LL(WHR). JEH IR (ASD) ML 12(ARL) R4/ L4 42(SDLR), HLit 11 M8
VRN AR B (BN AR &), JE4r B 2 ngk M FE . ZB EIE . E RS IR Lasso [81VA SRR s Xt
P i 77 B A 2 R [ e e FL kAT A AT

T AR R A B AT 2, KGR SO — AT AR R, BMI 28 LA FONAERE, (N
1; 28 AN AAERERE, {625 0. DA BMIMENEZ R, HAi 11 /MAGNESHE AR, il FE s
MExd 11 AL AR R AT T B 4E, @i logistic [F1JA%F PR 4R ST AL, 08 FH Wald #5656 IF A AL ) 5t
THEE.

WCEESETE 199 I Eidls, HERR—BIEHE %, & 198 BRI R T HFUREAS . BAFEAE S 12
MEPME. TR 431 5, 21 B3] 67 SATE, FENFME; BMIFE 15.86 £ 35.35 Z[AA1L,
Horp 2.86% 10 Lo A 28.13% 0 55 1 I FFE

FALR(E DR, SRR mA ; BMI BRI L IEGALT ERRSI L, B virEr eSS
GrAT:s WENRNT & E(VATBIE A wor A, AL, KA EmCT BRI ar80m P IME.
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Figure 1. Box plot: From left to right, age, height, weight, BMI, WC (waist circumference), HC (hip cir-
cumference), WHR (waist to hip ratio), ASD (sagittal abdominal diameter), ARL (right to left abdominal
diameter), SDRL (sagittal diameter/right to left diameter), VAT (visceral fat content)

1. #H%&E: XHMNEZEGRXAER. 5. A=, BMI. WC (BEE). HC (BE). WHR (B
BLL). ASD (BEERIKE). ARL (FEEAELR). SDRL (RRB/AELER)M VAT (RNAERERH S
82), Yi#-BE
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R RB R E(E 2)EoR, FER. SEA BMI 2 ARAE B R, AE, BEE. B,
PR 17 A0 BMIL 2 B 45 58 B R (0 TEAR DG o AR08 5 G i A IR 7 R0 AR G RR FEALAIR, AR R0 il R
H 0.16 5 0.054; 117 BMI. [ DL 5 A G D7 () 2 AR SRR FE AT, AR R B s 2 T 0.79
0.71 5 0.71, XUt BA P9 B AR 1) 32 BER2 M R R T BE 2 BMI. BRI DL . 5 Btk — B AR A ¢ R4
BEVR, 2HIEUSE, BFE BMIL. B L (WHR)A A IR & B (VAT)Z 8 B AR S (5 3).
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Figure 2. Thermogram: BMI: Body Mass Index; WC: Waist circumference; HC: Hip cir-
cumference; WHR: waist to hip ratio; ASD: Abdominal sagittal diameter; ARL: Abdominal
left and right diameter; SDRL: sagittal diameter/left right diameter; VAT: visceral adipose
tissue

2. BAE: BMI: hEIRH; WC: JEE; HC: BE; WHR: RELL; ASD: f&
EBRIRTE; ARL: BEERAATR; SDRL: KREBF/AHRR; VAT: WAL
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Figure 3. Scatterplot showing the correlation between VAT and BMI, WHR
3. BSE R VAT 5 BMI, WHR Z [BIA9HE <14

3. ANFARBERER EERE RS

{FH W RERE & B (VATWE N IER AR &, 43 il 82 25 (Rl 3 A0 =6 il 43 Rl $R B AL e s VIF AR &
A EACE DRERE 7 BMI. Y5, AR E(ASD)FERE(WC) MR AR &, BT &0 N 0.799
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AR (1), HEZFVEART p 0y 0.05, B AAGG 2R L.

VAT =-120.417-31 .241(Gender) + 3.974(BMI) + O.693(WC) +2.835 (ASD) )
Table 1. Stepwise regression estimates of visceral fat content
F 1. ZLEAEEARERSE
VoL o W FrifE 2= P53 BMI WC ASD R* (%) R? (%)
Adjust.
1 —71.652 18.1811 - 6.295 - - 61.6 61.4
2 —95.947 14.6715 —25.813 7.966 - - 75.1 74.9
3 105.309 13.4970 —28.680 4913 - 3.654 79.1 78.8
4 120.417 13.2524 —31.241 3.974 0.693 2.853 79.9 79.5

BMI: {AEEH, WC: JER,; ASD: EEBFIRAE: VAT: WD &&.

I FE AT HT(PCA), PREE e R BRI RIUA EE 5y, 408 BMI. EREL(WHR). JIEEB
RARZE(ASD)FIRARAR/ /2 A1 42 (SDLR),  IEFEX VYA AT BT E oo ¥, BT Z TR E N 89.057%.
TR EARE R P [EE T R R(Q2), RIS HULE 2.

VAT =-96.494 —9.04( Gender) - 0.126 (Age) —0.79(Height) + 0.244( Weight ) +2.055(BMI)
+0.355(WC)+1.6937(HC)+37.581( WHR ) +0.5121(ASD) — 0.452 (ARL) + 38.947(SDRL )

Table 2. Estimation of visceral fat content by principal component regression

2. ERSEAGERRERSE

2

FEAREL R EL o )

it RPN FrifE R 5L t Sig.
B bR Rz

T 82.715 1.111 - 74.419 0.000
B 1 22.235 1.114 0.759 19.954 0.000
1 %) 7.290 1.114 0.249 6.542 0.000
A5 3 —2.003 1.114 —0.068 —-1.798 0.074
547 4 8.135 1.114 0.278 7.301 0.000

VAT: WRERENTAHZN: B 7R R 3 7

TES TR AR B AL /N Cp Siih &4 9.2258 (32 3), Lasso FIHERZARE T 9 MR, iHH

HAART R0 A AR AT R R AU, 733 Lasso [BIHTTREANTTFE(3).

Table 3. Cp statistics for Lasso regression

% 3. Lasso Y3 Cp GtitE

DF RSS Gp DF RSS Cp
1 168899 785.1768 7 33810 12.4132
2 108253 434.8680 8 33314 13.3093
3 81202 279.7241 9 33620 13.5315
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4 70271 218.2204 10 32229 9.2258
5 40674 48.2875 11 32190 11.0000
6 38152 35.6357

DF: HHEZ; RSS: BRZEFIr Al Cp Giiti: fil THME b,

VAT =-134.2155-33.66(Gender) +0.236( Age) + 3.675(BMI) + 0.314( Weight)

3
+0.401(WC)+0.286(HC) +24.098( WHR ) +3.07(ASD) -1.22(ARL) )

4. BHEERWERSH

W 3 AR ER, Fra RN Wald Ziit S0 MR K p E, FHEAE — BRI HEN.

A RE S RONAR B 2 (A7 (6 P SR () 2 B SRR v, DR RE e 32 o0 o0 RN R o M 5 B 22 BSR4 1k,
Eﬁﬂ%Q%T%%ﬁhﬁ,ﬁ_ﬁﬁi%mmmﬁﬁﬁﬁéo

Bartlett BRI IRH A 2] T 2598, ﬁf%pwmm TE o = 0.05 B2 MHKCE N AE4art ¢ KRR N
B R JEARSE, YONE AR B AAEAEAROGE, 1& G R . B KMO (EB T F H, KMO %iit
%%ﬁ%ommtﬁuﬁﬂ,Twﬁiimwm%ﬁﬁ,E%Eiﬁ%ml%ﬁﬁoﬁﬁlA&%l%
BT B 0T, HBRT Z TR RIA ] 88.405%. e K7 2 IE AT e ik kAT IR T lie ks, &1
ISRORFF IEAS PIRAS OIS % D5 - 75 72 22 e as B oK, BRI #far 7 07 Ak B K (% 2). MR LLAE SR
— F G AR BT R E DR B — R MO IR L [R) B 58 — 3 A A A B R /2 45 42 (ARL);
HZF AR/ 242 (SDLR): 35 U E R M N R & B (VAT). #R4% Wald Geitdkirit—
AR, (RE T RGN R ERLL(WHR). 5842 4 12 (ARL)FI A T fig 17 S:(VAT). Logistic
A R H(E HEY, =ADBEERDEEN(p = 0.05), #HXH BMI A3 BURANEZ K50, 1288 i F50 1E
TZR 1A 93.4%. BT HEAE L (WHR) X B2 A BUAELIZE K T I8 2 45 42 (ARL) A P G 5 25 B (VAT) R B ) L
B, BAMREAAER OR BT 1, FRUGIER =R a0 IR A B2 5 mm . RSB L (WHR) A AE
FAE(ARL)ERE, W IEAR T & bk, AEREMIMER R, 2805 WA —3, I ES8 T RS
iR EN.

Table 4. Rotated component matrix of the four principal components of principal component analysis

4. EMS DO T ER S BIEEE R 2 5B

3% 1 2 3 4 5 6 7 8 9 10 11

Gender 0.228 0.233 0.341 0.123 0.87 0.055 0.03 0.011 0.015  0.003  0.000

Age 0.013 0.043 -0.104 0.125 0.036 0985 0.018 0.003 0.006  0.001  0.000
Height 0.209 0.097 0926 0.015 0263 -0.132 0.047 -0.014 0.008  0.004 —0.002
Weight 0.759 0.265 0.437 0.21 0.279  —-0.033  0.056 0.181 0.021 —-0.016 0.056

BMI 0.859 0.278 -0.01 0263 0226 0.048 0.049  0.239 0.017 -0.029 —0.019
wC 0.757 0.49 0.183 0254 0246 0.038 0.039 -0.044 0.029 0.151 —0.001
HC 0.917 0.088 0232 0.199 0.048 —0.05 —0.023 -0.217 -0.068 —0.022 —0.005

WHR 0.415 0.833 0.131  0.201 0.25 0.066  0.092 0.02 0.017 -0.016 0.001
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ASD 0.729 0.281 0.119 0.443  0.202 0.101 0.206 0.035 0.289 0.005  0.001
ARL 0.765 0.258 0.167 0.124  0.071 0.071 0.542 0.01 0.028 0.002  0.001

SDRL 0.379 0.177 0.025 0.884 0.109 0.173  0.033 0.005 0.000  0.003  0.001

BMI: {REFRE: WC: JER,; HC: BH; WHR: BB, ASD: EIFIRE: ARL: E#A A4 SDRL: FiR
BIEAR.

5. &g

AR SRR N A BEAR B AT RSN A JE R P K S N7 1 0000 A A AR s A 5 B (VAT R B R 5
IR . S MR E . B LE(WHR) 3676 A5 A5 (ARL) AN P JIE G 7 25 B (VAT) 2 TR AR 5 75 1) 2 22
PRIZR o AH EL ARG PN AR A R FE AR B KA A IR DL, A ST R 5225 logistic Al lasso [B] 5752 Tl
DN PA EE P A 25 B (VAT R BE A, I AT 30 2 e R 512 R AR S50
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