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Abstract: [ Objective] To explore the effects of body weight and waist circumference on static and dynamic balance
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function in overweight and obese adults. [ Methods] Participants (n=103) were selected by cluster random sampling from
the Hypoglycemic Weight Loss Clinic of the Endocrinology Department of the Third Affiliated Hospital of Sun Yat-sen Uni-
versity. All participants were assessed for basic data collection, biochemical test, body weight, waist circumference and
height measurement, static balance function assessed by balance error scoring system (BESS) and dynamic balance func-
tion assessed by functional reach test (FRT). The BESS score and FRT distance of all participants were compared among
groups according to different BMI grades and WC grades. Multivariate linear regression was used to analyze the influencing
factors of participants’ dynamic and static balance functions. [Results] ) With the increase of BMI grading, the BESS
score showed an upward trend, and the difference between groups was statistically significant (P = 0.004). The BESS
score of normal WC patients was lower than that of central obesity patients (P < 0.001), which indicated that compared
with normal BMI, overweight and obese people had poor dynamic and static balance ability ; @ With the BMI grading, the
FRT distance increased , showing a downward trend (P < 0.001). The FRT distance in normal WC patients was significant-
ly higher than that in central obesity patients (P < 0.001), which indicated that the static and dynamic balance ability of
central obesity patients was worse than that of normal WC patients; @) In BMI overweight group, the FRT distance de-
creased significantly with the increase of WC (P = 0.02). The results showed that under the condition of no difference in
BMI, Compared with normal WC, the dynamic and static balance ability of central obese patients was worse ; @) The influ-
ence of BESS score on BMI(B=4.12, P =0.027, 95% C1=0.48-7.75)and WC(B = 3.47,P = 0.046, 95% CI = 0.07 — 6.88)
was significant. The influence of FRT distance on BMI(B = -5.68,P = 0.001, 95% CI = -8.95 — 2.41)and WC(B = -4.71,
P =0.003, 95% CI = —7.83 to —1.61) was significant, which indicated that the static and dynamic balance ability of obese
people was worse with the increase of BMI, and the ability of dynamic and static balance of central obesity was worse than
that of normal WC. [Conclusion] Waist circumference is an independent factor affecting the dynamic and static balance
function of overweight and obese people. Under similar BMI, the dynamic balance function of central obese people is worse
than that of people with normal waist circumference, leading to higher risk of falling.
Key words: weight; waist circumference ; overweight and obesity; central obesity; balance function
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Table 1 The baseline analysis of 103 participants

Group Whole Cohort BNG BOWG BOG 12/% P

BMI/(kg/ m?) 28.13+5.82 20.78+1.86 26.10+1.36 32.37+3.39 21.843 0.000"
Gender 2182 0.336
Male 63 (61.17%) 16 (55.17%) 8 (50.00%) 39 (67.24%)

Female 40 (38.83%) 13 (44.83%) 8 (50.00%) 19 (32.76%)

Agelyears 29.26+9.72 24.41+6.52 30.25+8.62 31.4110.57 7.704  0.021
WC/em 91.34+16.03 71.51+5.46 88.03+9.38 102.17+9.97 11.341  0.003
Height/cm 164.93+8.24 164.27+8.40 164.59+7.05 163.93+8.60 0.862  0.956
FBG/(mmol/L) 5.12+0.78 4.52+0.33 4.95+0.46 5.46+0.83 26.136 0.000"”
TG/(mmol/L) 1.55+0.80 1.17+0.21 1.20+0.46 1.84+0.93 54.109 0.000"
TC/(mmol/L.) 4.94+1.14 4.63+0.93 4.47+1.05 5.23+1.18 2.054 0.012
UA/(mmol/L) 377.88+94.20 326.93+39.75 342.68+34.16 413.06+108.94  42.983 0.000"
Physical activity intensity 4259 0.641
None 48 (46.60%) 15 (31.25%) 8 (16.67%) 25 (52.08%)

Low intensity 17 (16.50%) 7 (41.18%) 1(5.88%) 9 (52.94%)

Moderate intensity 17 (16.50%) 3 (17.65%) 3 (17.65%) 11 (64.71%)

High intensity 21 (20.39) 4 (19.05%) 4 (19.05%) 13 (61.90%)

BMI: body mass index; BNG: body mass index normal group; BOWG: body mass index overweight group; BOG: body mass index obesity

group; WC: waist circumference ; FBG : fasting blood—glucose; TG : triglyceride; TC: total cholesterol; UA: uric acid. " P < 0.001.
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Table 2 BESS score and FRT distance in different BMI groups and WC groups (x +s)
Demographics  characteristics N Percentage/% BESS/score F/i P FRT/cm F/i P

BMI BNG 29 28.16 14.62+8.82 447 0.014  42.01+7.54 11.62 0.000"
BOWG 16 15.53 15.56+5.32 39.05+6.33
BOG 58 56.31 19.74+6.28 31.31£6.59

WwC WNG 30 29.13 15.46+8.53 5.16  0.001 37.46+7.28 9.04 0.000"
WCOG 73 70.87 18.94+6.37 32.64+7.21

BMI: body mass index; WC: waist circumference; BESS: Balance Error Scoring System; FRT: functional reach test. Y P<0.001.
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POIEE WC S IR R 22 54 Ge it
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B WC ELHR, o P IR Bk 1 3 57 g T 2
RN GRS
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Table 3 BESS score and FRT distance between WNG and WCOG in BOWG

(x +s)

BMI/
Groups N N f P BESS/score t P FRT/cm t P
(kg/ m*)
WNG 6 26.18+1.09 0.034  0.851 12.66+3.72 3.599  0.070 43.60+5.05 6.678  0.021
WCOG 10 26.05+1.55 17.30+5.20 36.33+5.65

WC: waist circumference; WNG: WC normal group; WCOG: central obesity group; BESS: Balance Error Scoring System; FRT: functional

reach test.
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Fig. 1 Single factor linear regression scatter plot of WC
and BESS scores

40 .
°
301 ° “ ¢ e ..
® e e % ‘: . =
AT SR
20 .: . e o o .-/"/."/‘/"
. o
.4-—1”.*" . «® . b :
= © . ) ® . A .
10 - . .:...‘o.o. . ® (13 °
0 .
15 20 25 30 35 40
BMI/kg-m?
l Fitted values . BESS(score)]

El2 BMISBESSTHBEZELMEEIRB AR

Fig. 2 Single factor linear regression scatter plot of BMI
and BESS scores
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Fig. 3 Single factor linear regression scatter plot of WC
and FET distance
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Table 4 Multiple linear regression analysis of influencing factors of BESS score

Ttems Predictor Category b S, b’ P R
FBG n/a 0.592 0.941 0.064 0.782 0.050 5
sl TG n/a 0.191 0.753 0.019 0.844
WC WNG 1 1
WCOG 2.887 1.836 0.184 0.119
FBG n/a 0.264 0.966 0.034 0.782 0.082 1
TG n/a -0.134 0.754 -0.012 0.863
Model 2 BMI BNG 1 1
BOWG -0.156 2.152 -0.011 0.937
BOG 3.953 2.021 0.267 0.054

b: Beta; S, : standard error; b ’: standardized regression coefficient; R*: R square; BESS: balance error scoring system; FBG: fasting blood

glucose; TG: triglyceride; BMI: body mass index; WC: waist circumference; BNG: body mass index normal group; BOWG: body mass index

overweight group; BOG: body mass index obesity group; WNG: WC normal group; WCOG: central obesity group.
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2 P AE BESS 132 i %) 2 B0 5 5 22 (P < 0.001)
AT A Dy e S 2 R AR o Sarkar 5 22 H
IARFE E P £ Tetrax X 728 44 {dt HE 371t 1
oS-t 25 S o, 510 H 4L He e, A k4
MEEHN —WRE R 2, ER AR EME
(P<0.05),
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SRali & wA K, i S AiA . R
DIgeJr i, AR A R BRI A Z I E R, 5
WNG H#, WCOG Y FRT 5 85 5 2k /0, F 0 gy
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5 Hue %7 BF 58 25 5 — 30, Hue S5 fd H R KK )
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Table 5 Multiple linear regression analysis of influencing factors of FRT distance

ltems Predictor Category b S, b’ P R
FBG n/a 0.002 1.192 0.022 0.999 0.205 9
TG n/a -1.843 1.012 -0.194 0.071
Model 3 TC n/a -0.521 0.641 -0.066 0.423
WC WNG 1 1
WCOG -3.412 1.827 -0.208 0.066
FBG n/a 0.314 1.214 0.027 0.753 0.206 6
TG n/a -1.801 0.986 -0.143 0.167
TC n/a -0.382 0.605 -0.031 0.730
Model 4
BMI BNG 1 1
BOWG 1.694 2.224 0.093 0.391
BOG -3.529 3.831 -0.320 0.012

b: Beta; S,: standard error; b ’: standardized regression coefficient ; R*: R square; FRT: functional reach test; FBG: fasting blood glucose;

TG: triglyceride; TC: total cholesterol; BMI: body mass index; WC: waist circumference. BNG: body mass index normal group; BOWG: body

mass index overweight group; BOG: body mass index obesity group; WNG: WC normal group; WCOG: central obesity group.
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