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Relationships among Fasting Blood Glucose, Physical Activity, and Dietary Intake
in Female Adolescents:
-Based on the 67" (2014-2016) Korean National Health and Nutrition

Examination Survey (KNHANES)-

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

ABSTRACT

This study examined the relationships among fasting blood glucose, anthropometric data, blood
lipid profiles, nutrient intakes, dietary habit, and physical activity in female adolescents. The
6"~7" (2014 to 2016) Korean national health and nutrition examination survey data were analyzed
using the SPSS 25.0 package program. The results showed that 0.3% and 5.9% of female adolescents
were diagnosed with diabetes and pre—diabetes. The pre—diabetic group had a significantly higher
body weight, BMI, waist circumference, and systolic blood pressure than the normal group.
In addition, pre—diabetic group showed a significantly lower intake of energy, carbohydrate,
fiber, and potassium than the normal group. On the other hand, there were no differences in
the frequency of meal intake and eating out, amount of work or leisure—related physical activities,
grasping power, and sedentary time between the two groups. The blood fasting glucose level
was negatively correlated with age, leisure—related total and moderate physical activity, walking,
and right hand grasping power but positively correlated with the body mass index (BMI).
Furthermore, the BMI and leisure—related moderate physical activity affected the fasting blood
glucose in female adolescents. These results suggest that female adolescents should consistently
participate in physical activities and maintain their BMI in the normal range to decrease the
risk of pre—diabetes. Therefore, to prevent diabetes in female adolescents, they should be educated
in how to maintain a healthy body weight and to participate a physical activity program. In
addition, physical education classes should be developed and promoted.
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2 pske Aol Eaoltt. 53], A} A2
Gl 23k geiel GagAe] s0-807} 100]
d ¥ gugos Agus Ao dud gom,
Gl o5 PHFE oln] FrARARE A
ThaL B31(Chun 201D )31 gle], P ARE of
£ oysta ABsh= Aol vhe Faslh =3, o)
$Re) Gy o FTEL AIE FHOE o
FolAl g7 whzel Badrlel ARG He o
¥ ojae SYshs Ao] o £84Y SO Wek
o meb] AT AT Gaeel o
A Radse] ABEEL s, FHAG]
P FE ABST 29, AANBEH AAAF, A5
L GPHAT Yok F, 2 BAYL FAHow
sfelete] G o] A% BBANE FHshe

1. gi7kte A SR ME

B A7 AR Ak Qe =
A7 QEzAe] 6771 AAAE F 2014320163 =
A5 kst Sdtgta s edse] Al
o] & Z¢]-8 Wholrh(1041078-201901-HRSB-001-01),
AAEE FUAZGRzAL] Efo] A (hip://
knhanes, ckc,go kr) oA ¢lito} A7d HEZAL &
H

ARl AR BEse] skt 1 Aol

Table 1. General characteristics of the subjects

Variables Category n(%)
Age (year) 1481 + 1.95Y
Elementary 66(11.5)
Educational Junior high 248(43.3)
status High 238(41.5)
College/University 210 3.7)
Upper 183(31.9)
Economic  Upper—middle 188(32.9)
status Lower—middle 133(23.3)
Lower 67(11.7)
YMean + SD

= 20143-2016 3% 77 gz A ol Frofdl Tk
12-18412] ofx} AHad F AlAEE, AR ZAR| gk

Asjstel & 5718 AP At
AT RS AuhA B Table 19} Lok,

2. T U BRAXE
1) Qubar
B AT Ak Ao A, B84, A
5 57, A%, 24 D AL body mass index,

BMDE ARE-3}3iT.

2) Bk ¥

N

=

I L G 4H) FeNE Lokr] Sis) 2 el
e oluA) Be F4, weshE, A, e v)
[eJe)

==

A2k} 2. M(The Korean Nutrition Society
2015), SEAQ] A% AH A o5 o F7E Fsh]
$8ke] AASE CAl|A7E 500 keal/day vlgko] Avt
5,000 keal/day ©]/3<] 2= AlJst vk, &gk, 25
S Ldotr7] Sfsf ok, A, A9AAike] A4t

o451l Oig ke AHgSlnt,

4) IAEs 72 5T

A AL AAEE AgE Yot S8 o
2 I8k AAIgET o7kE Q13 AAE TS Lol
AASEEFE T 22 o2 A7 JkEste] &
2FHITHKim & Jung 2016),
o IF%E 21AEEE(Metabolic Equivalent of Task,
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METs) = 8.0 x 1% AALFAMGE) x 17Y FHES Yol AdN(Table 2), FEEZo] 125
AT AT F mg/dL o]/d3] B2 0.3%°] B oM, G
o 7% NADEZHMETs) = 4.0 x FHE AAE AHAIE 5.9%, 4 93. 7%= Ut $-elu
FAGE) x 1797 A% AAGsd gho] g FHES AEHOR FopAlE AL
* 7] 2AGEFHMETs) = 3.3 x A7) 2AEEA HuEglon, dudtdE gl Af FHEEe]
HE) x 15793 271 4 & 25%2 Wl = AoZ WuHATHKown et al
o F AANTFHMETs) = 27] 5 + FH= A 2015), th-Ee] Bl #HHE A AdS Ui
ANSsdF + 1= AL F o0& AU, AE G Lol FAES o=
3l 97 (Lee 2011; Kim 2015)E HAWES] H A
5 <9 A FrEE g A= wle vEE Aol
g doliy] flsf ofes &83salom, 3t ofef] & AFtellx= «WE’ B =g ZlehkA] ok
A S7det 9& 02 of X9 g Akt 2 AAEES do s di 9 FunAle] £
sho] ARgsEATE ES A8 6.2%9] Hado] 7IEA] o)de
2 FHEGo] 2 Zo 2 Yeputh SRddA<l
6) FAAZE A5 @O R WS 7hs/do] w5 ol tf
A6-77] FFNZGJFZAL A Foll Ha 35 AlsSrolut AR Aght 22 vhgdsio s
gholr] HulE AR Alksle] AR8-3FSIt. A= Ao Akl vlEh v =7] wiol] ¥
2 WSS daty] Sl EdS Y FEoE
3. X=X & 2A Fejalor il RaEqrhKown et al. 2002
B AT 2R FAAE 9 29E 9Js) SPSS 25.0 Chun 2011; Stino & Amith 2017), 53] H2d7]5E|
< o]&slon, BE BXHA folsFe p(0.05 Ao] =] fA|=w g dgto 2o] zlgdo] w27
2 3t} AFNIAE B dedgAT e el = Q7] wiiel] FEARY] J3s = 82
2 URA A, A, ARGAS, AR s S Roh S AP FFo2 fAY S s
&, 22 A JdA A FT] Hite AolE ofsiar gefsh= Zo| v $a% ZloR vrkErt
EHFEE ttest2 EX3FN M, chisquare testsE

AReste] AT AR A4 2 923 Table 2. Classification of the groups according
S AR, 28 to the fasting blood glucose in female
adolescents

A& ol8dte] FHEIER TS F= QIS & Groups Fasting blood glucose
Qi om, FARATE e aclEe] FEAT Normal 538(93.7)
nAE e sHRMoR BAGI Pre-diabetes 34C5.9)
Diabetes 2(.0.3)
I 23 49 3%
2. 3= €9 #F0 ME 4 A= & T &
1. ZAHARIY) B2 HY +E0 B2 Yn U A 22
YA REE B 2AF ofzp Aande] gl $7F 0.3%9
B 2AaAse] B 8 Sxo mhE e Biato] o] A M T A ddgAlE
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159.34 cm, 54,06 kgQ 2 VRGO ™ A AR5}
seEdE 21.12 kg/m’e} 69.42 cm=Z H|RhEs} 2
Bt 2] 25 Gl TEEATHTable 3).

F=7] dstt olshr] deke 71EX1%] 120 mmHge}

80 mmHgHE T} $+& 106,27 mmHg, 66.51 mmHgE
velgon, d% FY2HEx SR, LDL-Zd
ZHEE V|EAHL Ye 166,15 mg/dL, 84.26
mg/dL, 97.76 mg/dLE A3 9ol ZF= T =
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3= 291 T PR B ES) o M(Macmahon et al.
1987), 53| A28 B At FaddA ES-
A2gelel vg| vvkgo] w2 Aow BHaugy g}
(Halpern et al, 2005; Stumvoll et al, 2005). &=3F
Aadz)e] vlvke AlAA 14 B ootzt FAlA A
Aol odeks = Ao HuEHI o(Jee & Kim
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Table 3. Anthropometric data and health-related factors according to the fasting blood glucose in

female adolescents

Fasting blood glucose

Variables Normal (n=538) Pre—diabetes (n=34) Toral (n=572)
Height(cm) 159.70 + 5.68Y 159.34 + 6.58 159.68 £ 5.73
Weight(kg) 53.76 + 40.53 58.78 + 14.47" 54,06 + 10.86
BMI(kg/m?) 21.00 £ 3.51 23.00 + 4857 21.12 £ 3.63
Wiaist circumference(cm) 67.15 = 8.28 73.68 + 40747 69.42 = 8.50
SBP(mmHg) 106.02 + 848 110.09 + 10.48™ 106.27 + 8.65
DBP(mmHg) 66.52 = 7.51 66.32 £ 9.96 66.51 £ 7.67
TC(mg/dL) 165.98 + 28.15 168.79 + 27.61 166.15 + 28.10
TG(mg/dL) 83.49 + 43.70 96.47 + 47.83 84.26 + 44.02
HDL-C(mg/dL) 53.37 + 10.39 51.87 = 8.03 53.28 + 10.26
LDL-C(mg/dL) 97.98 + 2371 94.09 + 25.61 97.76 + 23.77

"Mean + D

BMI; body mass index; SBP; systolic blood pressure, DBP; diastolic blood pressure, TC; total cholesterol, TG;
triglyceride, HDL-C; high density lipoprotein cholesterol, LDL-C; low density lipoprotein cholesterol

p<0.05, p<0.01
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Table 4. Nutritional intake according to the fasting blood glucose in female adolescents

Fasting blood glucose

Variables Normal (n=538) Pre—diabetes (n=34)
Energy(kcal) 1,898.14 £ 690.90" 1,617.41 £ 627.95
CHO(g) 281.27 £ 104.70 24143 £ 94.44
Fat(g) 53.19 +  30.11 4557 = 26.45
Protein(g) 68.17 +  35.06 59.01 £  28.62
Energy intake ratio(%)

CHO 59.99 +  10.20 6123 £ 13.19
Fat 2459 + 803 2443 £ 943
Protein 1430 = 4.0 1432 £+ 353
Fiber(g) 1672 + 881 1317 £ 584
Ca(mg) 43548 + 26848 402.04 = 264.41
P(mg) 969.94 £ 416.30 828.09 + 375.49
Fe(mg) 1400 £ 10.17 1257 = 961
K(mg) 2368.51 + 1,100.63 1,960.65 + 809.39
Vitamin A(ugRE) 601.01 = 844.74 933.41 + 3,061.12
Thiamin(mg) 179 £+ 090 156 + 086
Riboflavin(mg) 1.31 + 0.67 113 £ 0.67
Niacin(mg) 1389 =+ 735 1237 + 685
Vitamin C(mg) 7197 £ 78.22 5546 +  64.13

"Mean + SD
"p<0.05
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Table 5. Dietary habits according to the fasting blood glucose in female adolescents

Fasting blood glucose

T Normal (n=538) Pre—diabetes (n=34)
None 63(11.7) 6(17.6)
1~2 times 55(10.2) 6(17.6)
zi?;‘ge“:ywi kbreakfa“ 3~4 times 79(14.7) 8(23.5)
5~7 times 341(63.4) 14(41.2)
2=6.773
None 2(0.4) 1( 2.9
Frequency of lunch 1~2 times 2(0.4) 0( 0.0)
during a week 3~4 times 13( 2.4) 2(5.9)
5~7 times 521(96.8) 31091.2)
x2=5.723
None 2(0.4) 0( 0.0)
Frequency of dinner 1~2 times 8( 1.5 2( 5.9
during a week 3~4 times 54(10.0) 4(11.8)
5~7 times 474(88.1) 28(82.4)
x?=3.875
1~3 times/month 7( 1.3 00 0.0)
1~2 times/wk 10( 1.9) 1( 2.9
3~4 times/wk 10( 1.9) 1(2.9
Frequency of eating out  5~6 times/wk 256(47.6) 15(44.1)
1 time/day 174(32.3) 12(35.3)
More than 2 times/day 80(14.9) 5(14.7)

x?=1.063
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Table 6. Physical exercise activities and sedentary time according to the glycosylated hemoglobin
and fasting blood glucose levels in female adolescents

Fasting blood glucose

Variables -
Normal (n=538) Pre—diabetes (n=34)
High intensity 90.81 + 469.61 51.76 + 468.72
Work- ‘ N Moderate intensity 21584 + 524.54 168.82 + 339.60
related physical activity ' 49482 + 567.55 49888 + 510,51
(METS . mm/wk) ransportatlon . T . . xT .
Total 802.39 + 1,053.41 719.47 + 668.39
. _ High intensity 13887 + 468.72 273.55 + 650.83
Leisure=related physical 4 e incensity 14910 + 337.86 82.58 + 196.21
activity .
(METs - min/wk) Walking 669.19 = 759.38 441.13 £+ 483.85
Total 960.44 + 1,033.10 822.92 + 878.87
_ Right hand 2189 + 4580 2151 £ 5.55
Grasping power
Left hand 2069 £ 4.62 19.89 + 4.64
Sedentary time(min) 658.99 + 174.50 627.35 + 155.53

"Mean £ SD
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Table 7. Correlation with the fasting blood
glucose, anthropometric data, physical
activity, and nutrient intake

Fasting
blood
glucose
Age -0.180""
Weight -0.012
Height 0.049
BMI 0.087"
Waist circumference 0.069
Work-related total physical activity -0.003
:sz;—yrelated vigorous physical 0,024
:Ztc;rllftyrelated moderate physical 0,069
Work-related walking activity 0.038
j::;ij, related total physical 0.090"
ii;ljg_related vigorous physical 0,020
Iﬁiéu.refrelated moderate physical 0115
activity
Leisure—related walking activity -0.085"
Right hand grasping power -0.088"
Left and grasping power -0.075
Sedentary time -0.063
Energy intake -0.022
CHO intake 0.004
Protein intake -0.020
Fat -0.047
Calcium -0.023
Phosphorus -0.019
[ron -0.014
Vitamin A 0.050
Thiamin -0.005
Riboflavin -0.035
Niacin -0.016
Vitamin C -0.010

"p<0.05, “"p<0.01
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2007).
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Table 8. Effects of the BMI and physical activity on the fasting blood glucose level

) Model 1 Model 2
Variables
Ji4 t B t
BMI 0.151 3.374™ 0.171 3.914"""
Right hand grasping power -0.132 -2.956"" -0.080 -1.767
Leisure-rel hysical : :
el:su.re related moderate physica 0,106 2501 0.104 9490
activity
R’ 0.038 0.067
Adjusted R? 0.032 0.062
F 6.744™"" 12.755"""
Model 1: No adjust, Model 2: Age adjusted
"p<0.05, “"p<0.01, *""p<0.001
Ak ul S FUH o2& ofge oy 1Ay BEEAE FEo2H FAE Jidstta Baly
T geke A g Ao YePT) ol A= STHHU & Yu 2011), 58, A& A= 57
o] FEIZS A FoE FHB] A= A Zo] AlAIEFo] B 988 A= FeR
AL FAska, ool BHE SHT 2SS HI1E[o](Verma et al, 2018), v|= g3 ol
Zol Wol| ook = AL on|sitt = = fAkA 25E HA 308, T 5Y ol
E AT Ay} s BAgojrel Agdglo] A A=A e Yol 1507 o3 AAskaL, = 23] o)<
T FEEG JFS F= Ao YER o, o AP 258 A== At ok s2vEt
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T AQgATE G Aol A JFS
FE Ao UERkon, Cho014)9] ol A
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St ol Hivkel B A 24 W 2= vz

2ol 43S o2 993 Song et al (2012) 9]
Sl
=

A5 &2 (hormone-sensitive triglyceride lipase,
HSL)®] 27o] oA dF frelxte] s27) =
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