ISSN 1229-8565 (print) ISSN 2287-5190 (on-line)
SH2 R o AF5) A ksl 5] A 30(4): 529~541, 2019
Korean ] Community Living Sci 30(4): 529~541, 2019
http://doi.org/10.7856/kicls.2019.30.4.529

By AGAQ g1 AAFH E4
A E 9 AAZETe] FHY A+
-A6-77] FNAFFLERAN2014-20161E)ARE 0]-8-5to]-

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)-

YiXin Zhang - Jung-Hyun Kim'
Dept. of Physical Education, Chung—Ang University, Seoul, Korea

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.

Key words: prediabetes, fasting blood glucose, glycosylated hemoglobin, physical activity, muscular
strength
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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

ool A28 Frlow Fukxz Jri(Malecki
2005; International Diabetes Federation 2017). A2
8§ Gage] o gelowe Hu} 95 2, S
3, et vhewe) s 3o, A Aol
2o A7a1E 49 Sol eeiA AlrkKiagawa
et al, 1998; Arslanian 2000), ©]ol] WHOXME B

2 opgs] Gl Y Sl s I A

& Cho 2018).

P fulshs thakel 99l & uwke IS
T 2 3SR < Sle T2 ajle
2 H3E9] o m(MacMahon et al, 1987), A28 T

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), Hlko = Qlgh Y] Mlw F7st o g
/gt HRk2 Aol Hedl S4E dH =,
Hjkl A9 A 24 W) S22 RIZHd 2
Aol EobA A Eeli7h S7HEAL o] 2 IS
FrelAte] Fert S7khe AoR yeht
(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
2= QIgh dUR|e] Ext@ell ofsf A =] (National
Health Service 2019), o|F 71242l AlA|&E2 ]
T oAl B ozl Hwe) R YR Zle
2 H 1%tk (National Health Service 2019). 713
Al AL TS AL oshs Aow
HuElon, Bars oelr] 98| vl dist
ot 5 W) fAkE $5E Hd 308, 7
591 o]k = Q] 1508 ol AL, 7 2
oPge] ARy £5e Wdsles AP o
(Colberg et al, 2016). F-eluetollr = AHg FA[at
a1, ThFe R SRS oelr] 913 AlAlEE AR
S ey, ST Ak A EE ¢
o 150 o B A=
Aol 758 o]} AHstar, 2HRES AFAel
ol AAFIEE ARSI ATHMinistry of Health
and Welfare 2013), 22}, 20168 3= A1) 4k
& 2ALE AL 47.8%2 FAshRE FAo]7]
ol AAIgs FEo] gk Adele] eIF acle]
% 9g AoF HiEIl Yrh(Ministry of Health
and Welfare 2019).
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3. MEH2 Y 24
2 AT AR FAAY % B 9450 555 250
& olgateion, BE BAolA] FelFEE pl0.05
2 Aol ATHIAE AT AT
o= A A, AF, A, B, B AADE
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E
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3
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[
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°E, 50
3 v 2 o) [e)
A Ee rAlE 9 I8, 4E 2 isFES

AR 24959, olAe 421790l Al
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

m
S

A 2 2y, gzl
§ o] 44.044), BT 47,5842
™, oz Ado] 43.954), Fdd Al o] 49.57
AR g BT SaddAlTe] dge] Rt
Fro|Hog E3tH(p(0.001). A& Aol e B
A7AREe] Aol At folHog Ehor,
ARl S7HFSE FadaAle]l A=t 4o

o

Hae g =
AT 60.6%, FEAGAT 47.3%9.0.H, 158t
=] A9 Aol 28.7%, BARARTE 32.6%=
veh} "% e wEt iseE 7 fofvls
Zpo|7} e A& YERETHP(0.001), B3k, o4
o] A oM tiE oldol 49.8%= 71
o}, G AdtAlF o= o] 40,0062 71 B
of QYA <ol whe} WSl Fofn|gh zjo)
5 ErH(p<0.001).
GFAF 5ol w2 AA2S] £52 2ol B
A Fgkont, Fake] A9 Are] Tk (27.1%)
o] Hlgo] 7P #=9kal, FadehAlS S (26.5%)
3} 3F(20.4%) 2] v]&o] EA YR ofxte] A9
‘Z381(26.6%)9F ‘5F(27.000)2] Bl&o] 7P =gkl
P SO (25.00), S3F(25. 7902} BF(25.6%)
o] Hlgo] 7 E=A et
AR ol WE 2] Aols AuE A
Al dxbe] A o] 25 3% 7MY =
I, addATEE 754 o] 28 7%= 7P A
Bl frofu]dl xbo]2 B ItHp(0.01). «J=ke] 7
At GRAeAT 2 220 nlgo] 7
gtom, Ao Beldo] 18.5%E Hd whd
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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 ™,

%9 el ute} mgszol
ov], BAIH ol
naste] B Q7dnel ge

I B33

=0 ME MUY £4,

T

°*XXI’§XIE Hlw

Ayt Frdzel

#o)22) wfol7} ik
Ael7} ggirhar
Fo W

&40+ Ol
=2-d

i

NH A EAT} B 1l

EAEA R AfolS Blagh B3 Table 39 2

o, W gele] B

527)9} olgh

&4,
v}l LDL-Ce] &
H(p0.001),

oJHoz skt dgtel 73

a‘i%ﬂ Ale] A5, BMI, 3

]}, EZY|2HE,

47(]

o] X—])\L:,L_]irjr SolHo g =9ko

A2 (pA0, 001)T+ HDL-C(p(0.01)2

°
~ T
AT 75

A2 W elel T A Fd
23.82 kg/m’$} 24,96
o ZJ}FHA O FHAT
91 BMI7} Xé*cJ{rLHD} FrofwlatAl =8k (p<0.001),
gl FEYZEES Ao A 43 Held £
FEATAITS 202,44 mg/dLE 753
¢l 200 mg/dLEt} =t}
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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’® Aol T o}, Gy
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
dovle Fa ddlom dejxlon, Hivel B¢ 7
=G o] Ere Ao® YEth(Wang et
al, 2009a; Bullard et al, 2013; Chen & Yeh 2013).
53, BRujge] Bebrlsl slelEart FEA
FFE HA= F8 8210 B uHEu(Veghar
et al. 2014), HAEA} £25% FEAGo| Frol3
Al kOB (Choi & Kim 2015), o] B3 H|gk=r}
EETE RIEUET o] o] wWEeR A
Wy tHCastro et al, 2014), U E FAGA
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g o] fFo] 52 Fkeke Ao Halste] &
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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

o] o]

A AT = A so] Gre] TS 9=
B AAE] vt FRADRNSL 429 T
< e Ao E Hadkal oj(Hu et al, 2004;

LaMonte et al, 2005) YA FE FFof ©}E o7}z
15k AA] EFFe] 2ol & BAE o, 2 A=
Table 49} 2t} HA} A4ele] AR o e
AA FFe] Apolg AuiE A, of7jel dE

d5F BT vl
gk 2fol & HolA] Fteh. Tyt ozt AgRle] ¢
IR Qg IAT AlA GFFE Aol 132.69
METs O 2 Fie7 o] 77 88METs ) from]sf
Al 3k M (p€0.001), T7d=s} 7], F AA| 25
Fe 7 Rt zert gle AR ekt
(p0.01).

THAS o= & daP 7o w=d A&
Fo] Fae] Wy SRS U= I ol B ke
Ao 2H FEADY Dol RIENS FRE
HEx= 7o 2 HE%) 0 W(Thomas & Elliott 2010;
Hu & Yu 2011), 670 o) 712d o g 7% o)
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 &
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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
FolHel o] F Mol HYATIE U2 AFL B HYAT Za} AABFo] FFL RFW Fuw
for, ol ¥ ZAhAe] WABEL S vlg  oldlshs Ao MTSkL gloliee et al, 2017)
_]
3

2) @A £F9 TE fAAEE AXI 2
g5 Rk 9 AT o 8

2 2R 5 e SeddAlTe] 4k
AE Axojiel 2EF Wn 9 AT e
zpo]E BAME A= Table 58 2t} 214095
2R Ao weh faka AlAEHE AHeL Ao
ST AAZEL 247 308 o) e QT Al
ANEEE 1ARE 158 o e T4 =} 3% 2l
ALFS FAHOAL 18 F4E 28) 7 &5
FFehE AIRES ARG A Adskdokar Helska
o} 3 A, fAakk 252 sk i@ e
Aodrtol 27 4%, FATAIT] 24,6092, 70%
o] e] Al EAlEo] Fikh 252 AR e
Ao Yeh} AR 5ol thE fathds A
AL Forst apol7t gle Ao yERgth o=k
el 7% Aol 18.7%, Fi=AeAlTe] 15.2%
2 I fAkA 25 g A4 e f¢
gk 2ols B ok (p(0.01), 80% ©]e] oJAde] &
A 5 AREA g AeE e 49l Ext

2 e VA4 o
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= o= Yo, ol AlA| EEdolut AAZ

oX
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lo,
o,
o
2,
rlr
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Mo
ol

flo
ol
ﬂF
N
o
ok
9,
oy
12
)
_0|L

= HEo] 12% Fe= wigton, dRAFE FF

2 FonEk Aol HolA] gttt
npAERo 2 gt YAl 29 Atol&
dolr 7] ofa = 2 QEE] AFY e v
& A, AT LBE oHe EAF el 0.00,
FrdgAre] 0,580 YEpow, ofz} Ale]
A Adte] 0.45, AT 0.420.8 UE}
e B Aare] Al 084 ool frojn|
A =QH(p(0.001). B, AFF 2 ofde] 7
Al T-o]

S, WAk el 057, G 0.5681.
W, ofzks gl 0.42, FddrlTe] 04002

U BT GgTel AT 94 o] B

TR FIHOE EIHp.00D, ok o]
5% FREYT FAPNT) bl 2 o]
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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(%)
) Female
Variables B -
Normal Prediabetes Normal Prediabetes

Practi ’ No 874(72.6) 827(75.4) 2,129(81.3) 1,169(84.8)

ractice oF - yeg 330(27.4) 270(24.6) 49118.7) 209(15.2)
aerobic exercise -

x?=2.328 x%=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 + 0.11Y  0.58 + 0.11"" 045 £ 0.09 042 + 009"
strength . e
(kg) Left hand 0.57 £ 0.11 0.56 £ 0.10 0.42 £ 0.08 0.40 £ 0.08

Y Mean + SD

"p<0.05, ""p<0.01, "p<0.001
She Aog Mol 2o AHS Jelyct A3 6~77 2,
AFNN 2 FHEES 25 Ul AW o8-S F WA B 24 ARl 3EER JFFs vAe

TIAA B A sEE vl led WA
S ST B ol 420 A A AR
el S7MAIA ddS skl e He 9%
< F= Aoz HIFYH(Duncan 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 54 2 EHAEE AHE I (Table 6),
HDL-C(3=-0.084, p<0.001)%}o] FEHT o] 34 o
Fe A= AR Yo, selEd|(8=0.141,
p0.01), 57| E3H(B=0.063, p(0.01)F FZ& 2~
Bl 2(8=0.044, p(0.05) B4 TS mA= Zlo=
YeRd L, A2 16.5%%th. e Al 3k
< Ak A 54 9 EY ARE 2%
A% HDL-C(8=-0.003, p(0.01)0] Fs}& 2o K-
7 e vHE Aew i, sEEd(8=
-0.007, p<0.001), BMI(B=0.013, p(0.01), ===
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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

Vo4 t Vg 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
8 ¢ 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
= vl 849 A5AEAS AdgEeR AR 4 2007), AEHA A8 8219 TEIRT T3 AL,
gk =¥o] g% Zo= gkt FAAS B3 HDLCE Fole A8 HuH]

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
ol#o] FEFHF(B=-11.286, p<0.001)} F3}3 M4 FAZE A2 fFAlste whgdste] 93s v

o

(B=-0.167, p<0.03)dl] B5F FA¢] J3kg mz= A
02 Yepgton olo thak AL 8 3%9} 9.6%E

=74 WO Z(Kallman et al. 2010; Legard et al.
2013), E5Fo| BETE A5 FeAlY o8&
S =9 Ed Ao TaAT|H(Kelley & Kelley

21 7} 3
olHi, FIAH JF& WXE 290& FFH
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