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Abstract The purpose of this study was to investigate the relationship between the fasting blood sugar and serum
lipid levels (TC, TG, HDL-C, LDL-C) and obesity indices (BMI, body fat rates, waist circumference, waist to hip
ratio). The study sample consists of 1,473 manufacturing workers aged from 30 to 59 years, who underwent a health
check-up at a university hospital during the period from Jan. to Dec. 2015. A data analysis was conducted to classify
the subjects into the normal and abnormal groups according to their fasting blood sugar levels depending on the
average values of the serum lipids and obesity indices. Multiple regression analyzes adjusted for sex and age were
conducted for the factors affecting the fasting blood sugar level. As a result, the Serum TC, TG, LDL-C, BMI and
waist circumference were found to be significantly higher in the abnormal fasting blood sugar level group than in
the normal one, but the HDL-C was significantly lower in the abnormal group than in the normal one The fasting
blood sugar level had a significant positive correlation with the TC, TG, LDL-C, BMI and waist circumference. The
TC, TG, BMI and body fat were the significant factors affecting the fasting blood sugar. The above results suggest
that the fasting blood sugar and serum lipid levels (TC, TG, HDL-C, LDL-C), obesity indices (BMI, body fat rates,
waist circumference, waist to hip ratio) of manufacturing workers are significantly associated with each other.
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FZe 2 E(total  cholesterol;  TC),
(triglyceride; TG)®] 4L FAWES o] &3 WA
o= 3y, ILEEATHZY 2 E(high density
lipoprotein cholesterol; HDL-C) g7to] & AW} &
2035 o] &3 nj A o 7 BTl A EX T E e

F474

i

2H|E(low density lipoprotein cholesterol; LDL-C)-
Friedwald®] &2}(LDL-C = TC - HDL-C - TG/5)l 2]

3] 2FEFAT15].

2.2.3 H|9tX|®

A A F A A9 (Body Mass Index; BMI)+ A5 (kg)/A]
X(}(mz)ii AFalAt). 2 A W-E(percentage of body
fat; % fat)S Y WS ARE3to] Bioelectrical
Impedence Fatness Analyzer(GIF-891DX, Gilwoo. korea)=
Ak slEEe AdAANA EAE o] &5t
59 FHsldRe 9 F5(iliac crest)Alel 2] 71
7he 95 0den7bA S slElEe d9el
Ed9] H](waist to hip ratio; WHR)T= slg|Ed+YJH ]

=2 AEskiith

2.3 Xl2Xz| U EAEM
Ar2.9] 5742 SPSS WIN(ver. 19.0) EAIZ2 1

ANOVA)E 314t 354 "33 g9, gA4A 2
HTA . 7ke] AABAI= Pearsond] AWAFE -3}
Fom, FEA o] JFS WA= 80E dolr|
fste] A3 dHE 249 o5 394 (multiple
regression analysis)= HA|SFATE BE SARS] #9

FFL p<0.05% 3Tk

3.1 Mol mE g9,
x| ¥ H[2HX|EO

ZAM L] A A, ]
WA H|AE [Table 113 Zrh Hodwe dxpt

45.75%11.354], 27} 48.30+12.33 4|2 FApR T o2}

N F23HA T A (p<0.001). TGE A7} 106.61+
63.52mg/dl, FA7} 138.89493.14mg/ = o] AHR T
2l A oA E%a(p<0.001), HDLL A7)
44.50+11.74mg/dl, oIA7}F 47.27+10.60mg/d0= I AFE
o gzl A frofshAl wekom(p<0.001), LDLS H2t
7} 112.50+£30.02mg/dl, A7} 117.72+33.00mg/dE
AR o2l A F-o] a3 =9 THp<0.001). A S
& 27} 21.5646.46%, A7} 28.5546.21%= HALE
th Azl A FelatA w3 (p<0.001), ==
o] 2}7} 78.75£9.50cm, BA7} 82.84+8.38cmE o] AHE.TH
bl A F-2l 8l 3= 9eH(p<0.001). 12Lt TE Al &
3, TC, BMI % &j2]¢} o= vleA e g 1t
frolgh zkol7h glSdrh

Table 1. Comparison of mean score of age, fasting

blood sugar, serum lipid level and obesity
indices by sex.

Total Male Female
Variable (n=1,473) (n=808) (n=665) p-value
Mean+SD Mean+SD Mean+SD
46.89+ 45.75+ 48.30+
Agelyean) 11.86 1135 133 P00l
f:’;:r“g blood g9 53 9039:  ss4s: 0007
(mg/d0) 21.35 23.24 18.74
Total
cholesterol 185.47+ 184.78+ 186.32+ 0.369
(mg/d0) 34.17 3245 36.19
Trigl i 12438+ 138.89+ 106.61+
riglyceride( 38 38.89 06.6 P<0.001
mg/dl) 82.72 93.14 63.52
High density
lipoprotein 45.75« 44.50+ 47.27+ P<0.001
cholesterol 11.32 11.74 10.60
(mg/dl)
Low density
lipoprotein 114.85+ 112.50+ 117.72+ p<0.001
cholesterol 31.49 30.02 33.00
(mg/d0)
i‘;‘g MASS 94374 24,53+ 2417+ 0054
(kg/mz) 3.39 3.13 3.67
Body fat 2471+ 21.56+ 28.55+
<
rate(%) 7.4 6.46 621 p=0.001
Xaci;fcrcncc 80.99+ 82.84+ 78.75% o001
9.13 8.38 950 %
(cm)
Waist to hip 0.89+ 0.87+ 0.90+ 0.267
ratio(%) 0.49 0.06 0.73 :

32 3= A HZ TEO 02 9, WX
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WEA| % o] HtX| H|alE [Table 2]9F 2th 3
| o] AR ol A 46.26:11.954),
52.55£9.63 M2 AR B

A E=9h(p<0.001). TCE & A] 3
2l Loﬂﬁ 183.47433.42mg/dl, H]AAH<)
202.67+36.28mg/ 0= AT R v AT A frolE
A =%a1(p<0.001), TGE 25 Fo] ARl el
A1 119.09+75.56mg/dl, HIZ7d<1 ol A 168.44+121.85
mg/dE Gt EC) A FreatA Eoktt
(p<0.001). HDL-Cx= THA] dgdo] HAEQ] w4

o

41.47£10.41mg/dl, 73731 el 4] 46.26+11.34mg/ 0= 7
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Rk vpPgdel el Sk o (p<0.001),
LDL-CE 3% Al Eo] AR ol Al 113.39+30.82mg/

de, B8 ol A 127.51434.63mg/d0 2 A gt Tt
H G4 ol abAl =9 th(p<0.001). BMI= &5
Al o] Aakel Foll A 242143 36kg/m’, A
oA 25.67+3.39kg/m’ 2 AR v Ao A fo
Al E=SE(p<0.001), FH B T8 A ddo] BA
Q1 el A 80.50+9.04cm, H7 3 el A 85.32+8.85¢cm
2 AR BTl A o8l = U THp<0.001).
a8y AABET et el HldAE Fod

2kl 7k AL

F—LJ

O

3.3 HxiolAel 35 Al €Y F20| mE
H|OHX|Eo| THX| H|
g ol o g, 3
| W3 [Table 3] %
A= Fo] gl el A 45.09+
11.34A), ¥Rl FHoll A 51.66£10.01412 AT HT}
U)ol Al frol sl =9 th(p<0.001). TCE= 345 Al
Frro] Akl oA 182.55+31.23mg/dl, H]BAFSl
oA 204.24437.18mg/dlE  BATHTE H]GAlA
FrolsHAl E4kaL(p<0.001), TGE &8 A o] AAel
ol A 131.81483.46mg/dl, Hl@*&‘ﬂ oA 199.60+
144.15mg/d 2. AATRTE A4 fosiA =
UTHP<0.001). HDL-C= 35 A] o] HIZ/dQl atollA]
41.26+10.93mg/dl, Ael FollA] 44.90+11.81mg/dlE
BT R vl A FolakAl Sek o H (p=0.009),
LDL-CE 34 A] Edo] 4249l vl A] 111.28428.89mg/dl,
HgARel oA 123.05437.52mg/dlE BATRT} B
Aol A st Al =8kth(p=0.008). BMI+
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Table 2. Comparison of mean score of age, serum
lipid level and obesity indices by fasting
blood sugar in total subjects.

Abnormal Normal
group of group of
Variable FBST FBS% p-value
(n=150) (n=1,323)
Mean+SD Mean+SD
52.55+ 46.26+
Age(year) 0.63 11.95 p<0.001
202.67+ 183.47+
Total cholesterol(mg/dl) 36.28 3342 p<0.001
. . 168.44+ 119.09+
Triglyceride(mg/d{) 12185 75.56 p<0.001
High density lipoprotein 4147+ 46.26+ P<0.001
cholesterol(mg/d() 10.41 11.34
Low density lipoprotein 127.51% 113.39+
cholesterol(mg/d() 34.63 30.82 p=0.001
. 2 25.67+ 2421+
Body mass index(kg/m”) 339 336 p<0.001
25.63+ 24.64+
0,
Body fat rate(%) 6.66 730 0.102
L 85.32+ 80.50+
Waist circumference(cm) 385 .04 p<0.001
0.90+ 0.88+
. . .
Waist to hip ratio(%) 0.05 0.52 0.709
t . Abnormal group was over 100mg/d{ of fasting blood sugar
(FBS)
% : Normal group was under 100mg/d¢ of fasting blood sugar
(FBS)

Table 3. Comparison of mean score of age, serum
lipid level and obesity indices by fasting
blood sugar in male subjects.

Abnormal Normal
group of group of
Variable FBS* FBS¥ p-value
(n=92) (n=716)
Mean+SD Mean+SD
51.66+ 45.09+
Age(year) 10,01 1134 p<0.001
204.24+ 182.55+
Total cholesterol(mg/dl) 3718 3123 p<0.001
. . 199.60+ 131.81+
Triglyceride(mg/d{) 14415 8346 p<0.001
High density lipoprotein 41.26+ 44.90+ 0.009
cholesterol(mg/d() 10.93 11.81 ’
Low density lipoprotein 123.05+ 111.28+ 0.008
cholesterol(mg/d() 37.52 28.89 :
. 2 26.00+ 24.35+
Body mass index(kg/m”) 32 3.08 p<0.001
23.54+ 21.34+
0,
Body fat rate(%) 6.19 6.46 0.004
L 87.70+ 82.23+
Waist circumference(cm) 323 323 p<0.001
. . . 091+ 0.87+
0,
Waist to hip ratio(%) 0.05 0.05 p<0.001
t . Abnormal group was over 100mg/d{ of fasting blood sugar
(FBS)
% : Normal group was under 100mg/d¢ of fasting blood sugar
(FBS)
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Frgo] AL el A 24.3543.08kg/m’, H]HARL ] Table 4. Comparison of mean score of age, serum
A 26.00+ 322kg/m2i AT R v AT A 9 lipid level and obesity indices by fasting
B = a(p<0.001), AAWE-L o] Aol ol blood sugar in female subjects.
A 2134+ 6.46%, B4R oAl 23.5446.19ke/m’ & Abnormal Normal
- - group of group of
AR WAl A FolahAl 3=k tH(p=0.004). 3 Variable FBS* FBSt  povalue
S 3E A] dulo] AAlel Tox + (n=58) (n=607)
dEeis g A del 4 141 82.23+8.23cm, MeantSD  MeantSD
HAQ) el Al 87.7048.23em® A/t R T WA 3572 17 65
_ Age(year) .15 1251 p<0.001
oA Fol8H E=kaLp<0.001), 32t JPolEen]= 200895 el
B ) "@ido] AAFOl ol A 0.8740.05%, BRI T Total cholesterol(mg/d() 35:41 35:92 p<0.001
o] 44 0.9120.05%% A H e} vjAA Tl A 25 Triglyceride(mg/d() lié'ifﬁ 12?"12‘* 0.003
%9)\'E](p<0.001). High density lipoprotein 41.70+ 47.93+ <0001
cholesterol(mg/d() 9.85 1050 P
Low density lipoprotein 132.62+ 115.97+ <0.001
3.4 OXtofMe] 2E Al €Y 20 ME A cholesterol(mg/d() 30.48 ng7
. 2530+ 24.03+
2, BNUA L UIEKES] B B s o) o e M0
AN odAbe] FE Al g el mE A, ¥ Body fat rate(%) 2§.g(2)i 22?;* 0.451
2] A =] 2 plulx]z o] Witz Hl = pas
JOXI Ex‘ = ]?—X]jiv’] JOLX] ]JL [Table 4]9]— Waist circumference(cm) 82.60« 78.30% p<0.001
o Wl T A dto] A4l TolA 47.68+ 880 .48
. N 0.89+ 0.91=
12514, W84kl Eoﬂf\i 53.5740.154 2 Ay Waist to hip ratie(%) 0.05 0.78 0.832

B] Xé*& T_I_Loﬂ/‘i f 01?5 }ID]’(p<0 001) TCE= &5 7\] t . Abnormal group was over 100mg/dl of fasting blood sugar

o] el el 184.61i35.92mg/d15, Bl At ¥ I&Eﬁiil group was under 100mg/d{ of fasting blood sugar (FBS)
ol A 200.89+35.41mg/d0= A HT} v dtoll A

Felabl EAAp<0.001), TGE 5 A Aol 44 35 2= Al Horxle SHXK Y 2|
el oA 103.52+61.14mg/de, v ol A FQlO| Abmtmty|

132.83+76.54mg/d0 2 A BT} BT F-2]38) A Ae] BB A d] el HAX A 2 u]uky]
Al 3= 8kEH(p<0.001). HDL-C= &35 A &Fel ML g o) apppin —t—[Table s)st ek A EAMWXM

TolA 41.7049.85mg/dl, Al FellA
10.50mg/d0E AAFTRTE v AAEAA o shA] Sk
O H(p=0.009), LDL-C= &% A] o] ARl w4
115.97+32.87mg/dl, ¥ A4

A= AgTHT  H|
(p<0.001). BMIE= ¥ A] o] AAA oA o5t ako] ATTAZ Bl uhe HDL-CO= G938 &
24.03+3.66kg/m’, HIBAF o)A 25.30+3.56kg/m’ = o ARBAS BT
Rt vl A el el = 3%kaL(p=0.006), 3

EYE T A dido] Al ol 78.30+9.48cm, 3.6 ZE Al &
H 7441 ol A 82.60+8.80cm=. A g Rl BT

A% Be), dAoldel 8 4 o
= TC, TG, dlg&=d % seEdel ddol=d]
Q1 ol Al 132.62+30.48mg/ o} o3k oko] AWUAZ welon, ozt Ao &
BT oA =St B 9= TC, TG, LDL-C, BMI 2 32599} &

&S vA = AEe
oA A E e p<0.001). Q2 aoliy] Slal st P 24T B
AY}E [Table 6]% Zoh T5 A] Pl J&ks nA&=
Qolo®E TC, TG, BM A -Eol frofgk Bg=
MR =, TC, TG, BMI 2 AAWEo] =542
TEA o] frojabA mokon, B HeyEe A
BEL 17.2%S UeEhASIHh
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Table 5. Correlation coefficients between fasting
blood sugar(FBS) and serum lipid level,
and obesity indices.

Fasting blood sugar(FBS)

Variable Total Male Female
Coefficient Coefficient Coefficient
Total
172% .175* .176*
cholesterol(mg/d() 0.17 0175 0-176
Triglyceride(mg/dl) 0.186* 0.167* 0.214**
High density
lipoprotein -0.075 -0.019 -0.156*
cholesterol(mg/d()
Low density lipoprotein " "
cholesterol(mg/d() 0.116 0.093 0.160
Body mass " %
index(kg/m?) 0.100 0.085 0.118
Body fat rate(%) 0.011 0.073 0.022
Waist circumference(cm) 0.141* 0.123* 0.156*
Waist to hip ratio(%) 0.042 0.188* 0.051

** 1 p<0.01, * : p<0.05((significant difference)

Table 6. Age and sex adjusted multiple regression
analysis of factors affecting to the fasting
blood sugar.

Variable B SE  Beta t p-value
Total cholesterol(mg/d¢) 0.06 0.01 0.09  3.42 0.001
Triglyceride(mg/d() 0.02 0.00 0.10 345 0.001
High density lipoprotein
cholesterol(me/dt) 0.04 0.05 -0.02 -0.87 0383
Body mass indcx(kg/mz) 060 023 097 261 0.009
Body fat rate(%) 038 0.12 0.13  3.13  0.002
Waist to hip ratio(%) 085 108 002 079 0430
Constant 59.07 3.05 16.62  0.000

Adjusted R® = 0.172
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32 4 @9 89 9w Eeke) Baiy

e Qe g TC, TG, BMI % AAWEo] 93
WE AAEG o o] AEEE 172%E YER
Aok nHFE AHPA o] FHE SYHAAE &
214 9lo1[21,22,23], Ao} UlAEFae] £L A
b Ha glon, 99 2 AF AL gRe] d
HAAAG B OA Fi= 38 A] ol BAo] mrhs
A& 4§ ek AFAFI = A g 2T
AN Uo7t e AFEAA Asita
Z 93 AAL 9 ez aRs AAF 43 129 F
of &Y 9 oA T A & FHAI} Fo
SHA AAstvhal Baste] AFre] RS xst
ATH24]. 53] ofrlolle AMEIEL ZA|Folut Hint
FEo] ol B etal A2y Y] fHEe] =
= A[25] At ), oY vA gl o G
2] 71Eg ARl th2A Hgsteis et gle
v, Sy Fol AH3 nuARE MAYsto ARE3t
= Aol npghAE Aolri26]
Sl

vyl sh

ol el WHES Zo|7] YIME TC, TG,

HDL-C ¥ LDL-C 59 832 4 BMI, AMALE,

s, 59 A EES AR oJFlR A5
st wHo] Had AoF R
5. 8 B

BoATs Az 22AE] F8 A E(FBS)I

YA AX(TC, TG, HDL-C, LDL-C) % H[7H=]%

BMI, AAYE, =, =t dFolEd
B])sa}g] HHAL HETSH Eﬂoi 7\]4—0}9}‘:} o‘i:rLEH
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. TC, TG, LDL-C, BMI %

B} oo A frolahA| =9kew, HDL-CE oA}
B} Gzt A] fofshAl skokrl.

2 e Ede
ol AdurEel vl A A28k
HDL-CE 35 A] 89| A dwr} A3

A frefshAl St

T8 4] 3

i)

=9kl

o]

.38 A d9AE TC, TG, LDL-C, BMI % 3¢

Selsh frold o) JUwAE ug
F8 A @Y 93 ML agloRE TC,
TG, BMI 50 A o] fol3 W 13

8 3o
TC, TG, LDL-C9} £ 83x]dx] 9 BMI, AA L&}
22 BREA F o} fFofek FaAo] S-S AlAFRIT)
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