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Relationships between Blood Profiles and Physical Activity
in Pre-Diabetic Adults:
-Based on the 6"-7" (2014-2016) Korean National Health
and Nutrition Examination Survey (KNHANES)-
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ABSTRACT

This study investigated the relationship among fasting blood glucose levels and glycosylated
hemoglobin, physical characteristics, blood lipid profiles, and physical activities in Korean adults.
A total 6,712 non—diabetic adults aged 30~64 years from the Korean National Health and Nutrition
Examination Survey V were included and divided into normal and prediabete groups. To test
the differences in the physical characteristics, blood lipid profiles, and physical activities between
the prediabetes and normal groups, t—test, Chi—square tests, correlation, and regression analysis
were used. Men had higher incidence of prediabetes compared to women. In addition, the prediabetes
group showed higher BMI, waist circumference, and total cholesterol, but lower HDL-C and
hand grip strength per body weight than normal group. Furthermore, the normal group participated
more in strength exercise than the pre—diabetic group did for adult males. Therefore, to maintain
proper blood glucose and glycosylated hemoglobin levels to the normal range, people should
maintain their body weight within the normal range as well as participate in aerobic and strength
exercise.
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2017 A= AWIDP AT A A G
W 8xto] £7F Al 4.259] HellA 2045 <F 79
o R F7ke Flofet dllEakel o (Intemational Diabetes
Federation 2017), $-2lygtoll e = FHE0)
w27 F7kste] 2030dellE = #5008t
Hol Y& AR o&3la 9JrHKorean Diabetes
Association 2018). @2 A7|7F 18 Aer}

A&Es Ao w Pupolu A%, A7 5o vAd

ol ol g fshe] U, A, HRAY, A
FWAAE 5 T FHFS BT Ao

2005; International Diabetes Federation 2017). A2
g wae] Fa golozi njiln £F ¥ Sl
w5, g Beee] Al 1, mAY olsh
22 ATshe Agd Fol delA ok(Kitagawa
et al, 1998; Arslanian 2000). ool WHOIME B
W oiel] dlal 9 A JPAe A A
Al AAEE, 2EjaL A3 AT SV HAlsh=
Bzt Sevet 9 7

g Ao Qlal A8d AAgE T A2

Fha glon, ol s Fuwe TS hoyet

=
g FHER Skt Sl FAloltH(Choi

& Cho 2018).

P fulshs thakel 99l & uwke IS
Y 1 3 A £ Sle e adle
2 B3E9)on|(MacMahon et al, 1987), A28 D=

H 32le] 60-90%7} H]WFe 2 YERGTHHalpern &
Mancini 2003; Stumvoll et al, 2005), ¥3k $-2uzt

o] A% L B 34 5%2 T3] HolAlE A

02 HI3EI lo](Ministry of Health and Welfare
2018), HIvko 2 913 Pixre] WY F7e Ao
/gt HRk2 Aol Hedl S4E dH =,
Hjkl A9 A 24 W) S22 RIZHd 2
o] EobA AP Fai7t S7HEAL o= ls
AL Bt FlEle Ao®E ekttt
(Roden et al. 1996). S7Hd &3 fre] APke 2%
I el Trde] A3 9 o8-S oAlste] < 2
9] S AstAZ B o} tolup 25
A& FEA A JFE Fo=2M Aded AL o
3A71E Ao 2 Ve tHRoden et al. 1996).
HIRh: thFe] oA A F et Al AAEE] 3
22 QIgh oA|e] Extgel ol LAY = (National
Health Service 2019), ©]% 72431 2IA|&F2 H]
v oAIE B ozl Bwe] 1R Y Sl
2 B3 EcH(National Health Service 2019), 113
o) AAEL Pl oL oels slee
wnsgen, Fe APab] s vl Pt

o= T - =S ke e Ha 308, F
A

(Colberg et al, 2016), $-eUetM = Age Fx8}
31, oheket v AESES dlisly] f1gk Al

S 2F A3
< o, A% il AAEES dFY
o 150 o B IFE ke AAEES dF

2¢

doll 75 o]} Axskal, 2EeES dFd
o] AAIBIEE PRSI YrHMinistry of Health
and Welfare 2013), 221}, 20160 k= Adgle] §-4F
2 AASE AHES 47.8%=2 Hashks FA0]7]
ol AAIgs FEo] gk Adele] eIF acle]
F IS Aoz WIET JrHMinistry of Health
and Welfare 2019).
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AR 24959, olAbe 421790l dabe
47.9%9} oJzbe] 34,7%7) FReHGATEO R YERY
e w} FHA

(p0.001)E 3t A AFoM =
Zo] PAde] B fFHEe] AR e A
o2 Yept oM (Bullard et al, 2013; Kang 2015),
o= A<l FAbe] vnkgo|u} B uvkgo] ofxjr
o} =3, vjvke} R o) #eo] &) ujiEo R

B3E1 Jvk(Kang 2015).

Table 1. Distribution of normal and pre—diabetes
in the participants

n(%)
Group Normal  Pre—diabetes Total
(n=4053) (n=2659)  (n=6712)
Male 1299(52.1)  1196(47.9)  2495(100.0)
Female 2754(65.3)  1463(34.7) 4217(100.0)
X =114.922"""

CEEd

p<0.001

whE duha AR
o}

AT

Y
L

=] 2 23, dAtel
& Aol 44.044), BaATAT 47,5849
M, b Aol 43,954, BAeAlEo] 49.57
AR EY 25 Baddry] dgo] Arrt
FrolH o Eokth(p(0.001). A8 Aeli®E Fix
AGAEe] Ao ArHt fojHos wgton,
Age] S71rE G =} dufold

7Fele AR Haste] dfo] Aol FAH<

=

=
Jeks = Ao 2 YERJUH(Kang 2015; Kwon &

92l &
AR 60.6%, FrARAIT 47.3%%.0H]
=490 A Aol 28.7%, FEATAT 32.6%E
et AR e met w55 3 fofnd
ztol7} 9l Ao = ERFTHp(0.001), &, o4
o] A AdtolrlE i oldol 49.8%n= 7 B
J1Z0] 40,602 7P &

of WAL ol uhet {5 Frelulat Fol

GFAF 5ol w2 AA2S] £52 2ol B
o]A] grokovt, wrte] A4 Aol ‘F3F(27.1%)
o] Hlgo] 7P #=9kal, FadehAlS S (26.5%)
7} 3F(26.4%) 2] Bl&o] A JERtth ofxbe] 4
‘Z3F(26.600)9F BF(27.000)2] Bl&o] 7P ¥kl
FATAREE “FF(25.00), 38 (25. 7909} B (25.6%0)
of Hlgo] 7HF & et

AR ol WE 2] Aols AuE A
ol dxbe] A9 #elFe] 25 3% 7MY =
I, FeAGAL-S 71520l 28.7%% 7P =7
Ef} froju] gt 2ol B Ath(p(0.01). oiAke] 7
At GRAeAT 2 220 nlgo] 7
kom, A delFo] 185%= Etd v
SAATES Au|2aFo] 21 3% =4 Yeht &

off ot Hf HJo £ 30
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Table 2. General characteristics of the normal and pre—diabetes subjects

n(%)
) Male Female
Variables - -
Normal Prediabetes Normal Prediabetes
Age 4404 £ 950V 47.58 + 942" 4395 £ 9.08  49.57 + 9.157
Elementary 68( 5.6) 96( 8.8) 170( 6.5) 198(14.4)
. Junior high 61( 5.1 125(11.4) 222( 8.5) 174(12.6)
Educational status ~
High 346(28.7) 357(32.6) 925(35.3) 559(40.6)
College/University 731(60.6) 518(47.3) 1,304(49.8) 447(32.4)
x*=58.175"" x*=145.344""
Upper 300(23.2) 266(22.3) 607(22.1) 338(23.2)
) Upper—middle 31124.1) 316(26.5) 668(24.3) 373(25.6)
Economic status
Lower—middle 350(27.1) 296(24.8) 732(26.6) 374(25.7)
Lower 332(25.7) 315(26.4) 744(27.0) 373(25.6)
x?=3.025 x?=2.282
Management 304(25.3) 231(21.2) 483(18.5) 151(11.0)
Office work 253(21.0) 185(17.0) 298(11.4) 109( 7.9)
Service 141(11.7) 129(11.8) 395(15.1) 293(21.3)
Occupation Farm/Fishing 47( 3.9) 57(5.2) 44( 1.7) 51( 3.7
Technical post 267(22.2) 313(28.7) 97( 3.7) 49( 3.6)
Physical work 80( 6.7) 72(6.6) 178( 6.8) 148(10.7)
None 110€ 9.2) 103(9.3) 1,122(42.9) 577(41.9)
x*=20.889"" x*=95.555""
Y Mean + SD
*p<0.01, """p<0.001
A ol vt AP Fofnlgh xol7t AT 7] dodt olehy] Aok A Akl TRy =5
(p€0.001), Keum & Suh(2016)¢] ATl ® Fi=H =2 120,09 mmHg$} 80.63 mmHgE eSO ™,

49 Felol Wl Bl §21490 Folr ik
2RI H, AAH SRl o)} gigithn
wuste] B ATAve} g B B,

i

3. HEXE +Z0 ME AN B, g #
YSAEXHE H|W

AT G Ak Ee] AR A EXT Sk w
ASAHAF L] 2Fo|E vndt HI= Table 37 2
o G2k ARle] A SAdALe] A, BMI, 3
22|, 75710k ol |8t FEU=EE, S84
"l [DL-Co] 0] AR S o7 =)o
H(p(0.001), A17H(p<0. oom)r HDL-C(p<0.01)L

°
~ T
oFog veit wste] A% AT 55

23 ool Z=EIh A
23.82 kg/m’$} 24,96
o ZJ}FHA O FHAT
91 BMI7} @%%HD} FrofwlatAl =8k (p<0.001),
gt FEYHEE Adre] A9 A Helel £
FEIR oy FeATdAES 202,44 mg/dLE
¢l 200 mg/dLET} E=9kT},

7154



Table 3. Comparison of physical characteristics, blood pressure, and blood lipid profiles in the normal and pre-diabetes subjects

Variables Male - -
Normal Prediabetes Normal Prediabetes

Weight (kg) 70.55 + 10.81Y 7314 + 11.24 56.58 + 7.96 59.96 £ 9.157
Height (cm) 17192 +  6.37 17096 + 624" 159.04 + 5.71 15781 + 573"
BMI (kg/m?) 2382 +  3.04 2496 + 31177 2238 + 296 2407 £ 34177
Waist circumference (cm) 83.87 = 8.20 8691 + 828" 75.74 £ 7.98 80.41 + 867
Systolic blood pressure (mmHg) 115.55 = 12.52 120.09 = 14.00""" 109.10 + 13.47 114.43 + 15.14™"
Diastolic blood pressure (mmHg) 77.94 £  9.00 80.63 + 9.78"" 7225 + 886 7455 £ 92377
Total cholesterol (mg/dL) 19223 + 31.56 20244 + 3468 190.14 % 32.90 200.21 + 3583
Triacylglyceride (mg/dL) 151.41 + 127.60 190.19 + 151.18"" 97.52 + 68.45 125.49 + 8398
HDL-C (mg/dL) 48.15 + 11.31 4692 + 11.207° 57.17 + 12.66 5323 + 12257
LDL-C (mg/dL) 117.69 + 30.73 12454 + 33107 114.22 + 29.87 123.74 + 3155

1) Mean + SD

BMI; Body max index, HDL-C; High density lipoprotein cholesterol, LDL-C; Low density lipoprotein cholesterol

ok

"*p<0.01, “*"p<0.001

vES

rEREYklYEid

[efe

v ROElY Yl

s

610¢



g A o

oAz} ARl FAb ARl rRZIAIR B
9] AT, BMIL, s, F5719 ol 18, &
FY2HE, $AT LDL-Co] FF0| FdrHt
FoHo 2 =90 H(p<0.001), 4177} HDL-C2
oFog Yth(p0.001). BMIS| %
22,38 kg/m’2 2 glol] = o, Bl
ATS 24.07 kg/m’E FAFo) EFEo] T Z7F
Frofulgh 2kl Bth(p(0.001). gt S737
o] 7 7 o BT gl ZeEou B
WA AL frejHow wghon) T2
< FaAgAlTo] 200.21 mg/dLE (190,14
mg/dL)Et} f-o)F8 o2 =t (p(0.001),

g ATtel w2 ke YA} BrES
do7lE Fa dfloR dejxlon, vkl A9
=ATA o] Erhe A o' YEth(Wang et
al, 2009a; Bullard et al, 2013; Chen & Yeh 2013).
£3), Byujge] gorlEel slekEert FHAGol
JEFE vl T8 82lo 2 BIEHE(Veghari
et al. 2014), EA} £25E FEAGo| Frof3
Al Ekom(Choi & Kim 2015), o] B3 H|gke=r}
$95E DolEURF $1F0] BolH7] WEom A
e 3 QTh(Castro et al, 2014), e F=ATA
o] el wHia) fremlshAl =3kl et Al
d I ] B dold A E ATe}
dlel B4 d7tell wh2H %7] Fto] 20 mmHg
Z7hsk A28 el sidlo] sev wolxl Zlow
ebsoH, oj¢k7] &9 10 mmHg S7FsHH A28
g o] fFo] 52 Fkeke Ao Halste] &
q ddo] LHgk #do] 3= AoR vt
(Emdin et al, 2015). &3, ZZH2HE 559 A2
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d e AH gl 9l

Moo Jo

(U cL )

e

=
5 = Aoz JEte
(Meikle et al, 2013), Y=oz <3 Yo I
I A g A3 28 S S 5 9o
Aol AY g0 Fold ¥ ol Aol

HEFOR AP FEE T ] ol Eole ASE
B = Ack(Huo et al, 2016), WpA|2O 2 HDL-C

Aol vial led Aol =AU e5IN7t

i

of MR SHI HUXE U MHESI| BRY AT 535

U= B SFApAN FofsHAl SHAl UebtaL B
2¥]o](Zhang et al, 2008; Choi & Kim 2015) 3<
AFTrEoR frABRE Aol Y s dAlstaL
3 A= o)

O
=
st =wel 2 5 9

;

AT AT Figel AFS I
=

AR se] At R ok A2% I
< el Ao g BHadkal gloj(Hu et al, 2004;

LaMonte et al, 2005) JA|E 50 W o7&
At AA| EFe] 2polE Ao, 1 A=
Table 49} 2t} @A} Ale] ERAIR F<Fol| wE
2A EFFe] Afolg AT ZF, ortel HHE
| 2 F AA &5F 25 fov)
gk ztolE Kol gkt et oz} Ale] -
T AA SRS el 132.69
AGATS] 77.88METsEU} f-2]n| sk
Al #OH(p(0.001), T} 7], F AA &F
F2 T Tz Aoyt gle Fed yEt
(p<0.01).
F=Ue o
Fo] Fxe]

o

Jo 2 g A ATel W= AlAE
W UL U B ohfzh W e
Ao 2H FEADY Dol RIENS FRE
U 2o 2 B a1E9]0 v(Thomas & Elliott 2010
Hu & Yu 2011), 7B o) Fa1d oz 3w o)t
o] 255 3 dEd AFAJo] T o] o] 9
o] Yolx= Zo g HuEHATHHoumard et al,
2004; Evans et al. 2005; Bajpeyi et al. 2009). o]&

2] AAEFo] led Ao T diiL &

_I‘:IL
H gl zlo] g4 9l wE.S ZylAZlo 24 ZAS
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=

of{

=2

(MO
=,
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IUIO 3
ol

7FA717] wEo 2 e
A THChrist-Roberts et al. 2004; O'Gorman et al.
2006; Wang et al, 2009b), Z12v} B Qo= A
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Table 4. Comparison of physical activities in the normal and pre—diabetes subjects

) Male Female
Variables - ;
Normal Prediabetes Normal Prediabetes

High intensity 294.88 £ 820.38 289.66 £ 834.00 132.69 = 491.64 7788 + 374.32°7
Moderate intensity 21549 £ 45375 219.09 £ 45375 187.22 £ 423.88 160.97 £ 397.31
Walking 823.46 + 1,242.68 929.60 + 1,415.38 824.03 + 1,085.50 860.34 + 1,301.21
Total 1,333.83 + 1,659.96 1,438.82 + 1,840.93 1,143.90 + 1,388.16 1,099.71 + 1,483.02
U Mean + SD
"p<0.001
Ql Aol I Te] AAEE o] A o uhE} T Ago] Wty| WiEo g HekEh sl ofF
FolH9l Rl T Wol NPT OhE AFE ¥ NWAT Ao AAFFo| AP UEw Puwe
o, o ¥ ZAIIAL) AALEE e uE  Alehs Ao Buekn glofilec e al. 2017) T

S |

3

2) EAR FEo HE HAtheE AP 2
ges W 2 AT o v

|
ST AAZES 247 308 o) e 1T Al
AL 1A 158 o) B ST} 14% 2
ALFS FAHOAL 18 F4E 28) 7 &5
FFehE AIRES ARG A Adskdokar Helska
o} 3 A, fAakk 252 sk i@ e
Aaro] 27.4%, BxAGAITo] 24.6%R.0.™, 70%
ol de] A2l FAE

o] fikk $EE AHHA) g
PN

[e]
1l =
Aoz e} WRAE S e fA0E 2
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_0|L
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= HEo] 12% Fe= wigton, dRAFE FF

2 FonEk Aol HolA] gttt
iAo 2 it G Ao 29 Alols
dolr 7] ofa = 2 QEE] AFY e v
& A, AT LBE oHe EAF el 0.00,
FrdgAre] 0,580 YEpow, ofz} Ale]
B9 o] 0.45, BaAGATE 0.4202 EL
e B Aare] Al 084 ool frojn|
A =QH(p(0.001). B, AFF 2 ofde] 7
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Table 5. Comparison of practice of aerobic exercise, frequency of resistance exercise, and handgrip
strength in normal and pre-diabetes subjects

n(%)
) Male Female
Variables ; -
Normal Prediabetes Normal Prediabetes
prctice of No 874(72.6) 827(75.4) 2,129(81.3) 1,169(84.8)
raciee of -y 330(27.4) 27024.6) 491(18.7) 209(15.2)
aerobic exercise —
x2=2.328 x2=7.984
Frequency of None 797(66.1) 783(71.4) 2,140(81.6) 1,149(83.3)
resistance Once 75( 6.2) 57( 5.2) 86( 3.3) 37( 2.7)
exereise More than 2 times 333(27.6) 257(23.4) 395(15.1) 193(14.0)
per week
x?=7.318" x?=2.069
Handgrip Right hand 0.60 £ 011" 058 £ 0117 045 £ 009 042 = 0.09"""
strength
(ke) Left hand 0.57 + 0.11 0.56 + 0.10 0.42 + 0.08  0.40 + 0.08
D Mean + SD
"p<0.05, “"p<0.01, """p<0.001
ke Aoz M3 dtel e AeS Yehid A3 6~77 2,

Aol mEE TEES IS5 Wl A ol8S T
TIAA B AAe] wEE vl QlEed WA
S ST B ol A2 A A A
ke S7MIA EES Akt e He 9%
S Fv Ao® BEIFHSHDuncan et al, 2003;
Goodpaster et al. 2003; Pruchnic et al. 2004; Kelley
& Kelley 2007). w2k, AAE5S 52l 4
P WG PR FEow §AT
Sl Aoz P, o] Sl 5 nARA
Rol B AABE AP ek 212 2

FF EE 2ULFL S Aol Bgo] @ Aoz

4

il

A 2 2AF e FEdE 9FE vAe

3
WAFE AE Z3N(Table 0),
HDL-C(3=-0.084, p{0.001)%}o] FEH o] 54 o
Fe A= Ao Yo, selEd|(8=0.141,
p<0.01), 57| E3H(B=0.063, p(0.01)F FZ& =
Bl 2(8=0.044, p(0.05) B4 TS mA= Zlo=
YEREAL, A YL 16.5%%00h. Bt el J3F
= vAE A 54 E Y AxE EAE A

A= HDL-C($=-0.003, p<0.01)°] Z3} 220
7 e vHE Aew i, sEEd(8=
-0.007, p<0.001), BMI(B=0.013, p(0.01), ===
Bl E(8=0.002, p(0.05)& AA d&F F= A=
vEbgem, AWge 17.0040. olelg A3+ 4
B A, ZEFEH dEgle] ERbRke] el
sEEdrt 22 B¢ TEERY deENATE B

. =
wohlths AL ofrjshs Ao B4

e}
REERCR BT

=2

1z



538 St=A|gAte|dantsta

X HM30# 43 2019

Table 6. Effects of physical characteristics, blood pressure, and blood lipid profiles on fasting blood

glucose and glycosylated hemoglobin levels

Fasting blood glucose

Glycosylated hemoglobin

Variables Model Model

yia t Vs t
Wiaist circumference (cm) 0.141 3.006™ 0.007 4033
BMI(kg/m?) 0.013 2.709"
Systolic blood pressure (mmHg) 0.063 3.332"
Total cholesterol(mg/dL) 0.044 2.569" 0.002 2.572"
HDL-C(mg/dL) -0.084 -3.690""" -0.003 -3.394""
R? 0.165 0.170

ok

"p<0.05, ""p<0.01, """ p<0.001

BMI; Body Max Index, TC; Total Cholesterol, HDL-C; High Density Lipoprotein Cholesterol

Table 7. Effects of physical activities and handgrip strength on fasting blood glucose and

glycosylated hemoglobin levels

Fasting blood glucose

Glycosylated hemoglobin

Variables Model Model
Vi ¢ 8 ¢

Handgrip strength per body weight -11.286 -9.300""" -0.167 -2.008"
R? 0.083 0.096
“p<0.05, "*"p<0.001
= v, 84 A5AAE AdTEeR AR 4 2007), AEIA ¥ 821 FEIIH FeAA L
gk =¥o] g% Zo= gkt F/AME YAl HDL-CE #olv= 2108 Halwg]

AA Gy 2o FEET U gl Ao ThHLee et al, 2018), webx] 7] AFd-25-S &
v|X= FEFS GolE A:(Table 7), AT AL 3 28 EAvhd A8 AEIAE HF E
ofgo] FEH(B=-11.286, p(0.001)3} FE M4 FAZE A2 fFAlste whgdste] 93s v

o

(B=-0.167, p<0.05)]l B 349] g wlAE A
o2 Yepton oo thgt AL 8 3%} 9.6kE

=74 WO Z(Kallman et al. 2010; Legard et al.
2013), 2E| BLFF BF AW 0|88
< = ol&d Ago] A7 HKeley & Kelley
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