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Relation of Body Fat Distribution to Calorie Intake, Blood Glucose,
and Exercies in Female Diabetics

Choi, Mi Ja
Department of Nutrition & Food Science, Keimyung University, Taegu, Korea

ABSTRACT

This study was aimed to investigate whether abdominal obesity is associated with non-insulin
dependent diabetes. The distribution of body fat patterns was observed in 181 female patients
with diabetes, aged 33 to 83 years, living in the Taegu arca, Korea. The following anthropometric
measurements were made on all participants from October 1 to November 25, 1991 . weight,
height ; waist and hip circumferences in standing position. The waist hip circumference ratio
was used as an index of abdominal obesity.

The results were as follows ;

1) The mean fasting blood glucose of diabetic subjects was 145+ 50.3mg/dl and the mean
duration of diabetes was 4.7+ 7.5 years.

2) Obese subjects above the idcal body weight of 120% in the investigation are presently
52%,but 63% of subjects were reported to be obese in the past. The mean BMI of the subjects
is 2457+ 3.15 and the past mean BMI was 27.13+ 3.26,

One vear after reaching their highest body weight, 47% of the subjects developed diabetes.
Two years after reaching their peak body weight, 74% of diabetic subjects developed diabetes.

3) Using the waist-hip circumference ratio, subjects beloing to the upper body obesity (WHR>>
0.84) were 65.5%.

4) The average daily energy intake did not differ between the obese and non-obese diabetic
subjects, whether they were assessed with BMI or with RBW.

5) The average daily energy intake was higher in in the upper body obesity subjects than
in the lower body obesity subjects.
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6) Diabetics within the regular exercise group had lower fasting blood glucose levels than

the non-regular exercise group. Exercise did not effect the RBW, BMI, and WHR.

7) The waist-to-hip circumference ratio corrclated significantly in positive with waist-circumfe-

rence, but did not correlated with hip-circumference. Therefore, WHR may depended on the

increased accumulation of abdominal fat in female diabetics.

In conclusion, these findings suggest that caloric intake is more associated with abdominal

fat accumulation in diabetic women. Blood glucose concentration is independently effected

by exercise, and exercise does not affect the WHR. Therfore, control of caloric intake and

development of specific exercises to change the WHR secms important for controling diabetes

in female subjects.

KEY WORDS : diabetes * body fat distribution * caloric intake - exercise - blood glucose.
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1. ZEAlcid 3 712
Fol] #g @A A7 8713kl BA Rl
Ay e o HARAE o= 3t
zae) &35k & AATE 181F01%lem,
1991 109 192E 1149 25Y7HA ZAbetd o

2. TAL e 9 LB

ZAYAA S Qubd 545 doliry] AT
AR e} AFHHT A FolAF 4FH =A
BE ol&3ygu®, AdAze 4%, A%,
sy g ERE ARG, ZEAFTL 7387 9
#+e] Brocad (A% (Kg)= (2 (Cm) — 100) X 0.
9)(28)g olgstgen = AA AT (Relative
body weight | RBW= 44| A F/% & 5 X 100)&
Zatgen] 24 @A) 4 (Body mass index : BMI
=2 (Kg)/AA()D} =T HFA HI AFE
2A e #A A1 BMIS HESIET Hes
Fxo) 2] v&(wasvhip drcumference (Cm)
raio WaisyWHR)2 Fatgth. AFHHATS 94
& QFgow Fasted? Fx Aladel 14
AR5 vt

3. BAINE

B Q7259 A 42 E SAS(Stadstical Analysis
Systern) & o) §-5ka] FARAte Wb S48
Wiwel WEgs AAEI, RBW e FE3
o olora A ek, AMARAE, WHR & ¥l
W =& 4 (one-way ANOVA)?} Duncan’s Multiple
Range Testg o|&38I%H 21 WHRZ BMIo| £]3t
WelEe HIE ctestE, HASZ FWAA=

Pearson correlation ttest® A dHTH

Aot o D

AAE ZdE BAAR d7d Fde o

Table 194 A7 vole] FE=9 4
ALEE 2 F7H $E4TE vehided ol
ArhaAte] 83% 7t AAH Aol AA”
s e SFo|de] 85%, FT0| 45%, T5
old7} 20%Pom ATE FL #4%7t 3
AT gz AT RAAR 83% € Hol8W &
sxzow T okEo¥e Wl Ager A

adu o)£32 e A= 1222 JEbdTH

Table 1. General characteristics of subjects

Age distmibudon (yr) percent
50 ~ 39 1.7
40 ~ 49 13.9
50 ~ 59 45.0
60 ~ 69 31.1
70 ~ 19 7.2
80 ~ 89 1.1

Physical activity
High 105
Middle high 244
Middle 45.5
Low 19.7

Regular exercise
Yes 44.3
No 55.7

Blood glucose control
Exercise 4438
Diet 49.3
Medication 83.1
Insulin 3.4

Table 2. Diswmibution of body weight in subjects

Body weight Present Past
N=172(%) | N=172(%)
Underweight! 2 ( 1.0) 1 (0.5)
Ideal body wcight2 46 (26.7) 25 (13.4)
Overweight® 35 (20.3) 40 (28.3)
Obesity“ 89 (51.7) 108 (62.8)

1) Below 90 of relative body weight
9) 90~109 of reladve body weight
3) Above 110 of relative body weight
4) Above 120 of relative body weight
Relatige dbody ) V\gaight(RBW) =
ody weight
m“é‘albyngeigm X 100
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Table 204 AF9 EXEE e} e,
Brocal & ©]43ld HF #F(Ideal Body Wei-
ght) & F-8kd 4] Aol A A% (Relative Body Weight)
£ Falgon, AgE Hgo] 80894 o] A A
FTLE 90~1094}0] & BAAFTLE 110~119
Abol 2 FHASTe R, 123 120004 ¥R
2 BgSd HAFTL d7FUdAE 2B ez
1%29oH 267%7F AAAZTE AL Y0
20.8% 7} BA =2, 51.7% 7} wgtFe] &&grt. o

Table 3. Clinical characterisics of subjects

Variables Means 5.D.
Age(yrs) 574 8.5
Height(cm) 158.7 5.5
Body weight(kg) 58.4 8.5
Past body weight(kg) 64.5 8.8
% Ideal body weight! 120.7 15.8
Body mass index(BMI)? 24.6 3.2
Past BMI 27.1 3.2
Fasting blood glucose(mg/dI) 145.7 50.3
Duration of diabetes(yrs) 43 6.3
Waist circumference(cm) 874 8.9
Hip circumference(am) 96.1 6.2
‘WHR? 0.85 0.07

1) Ideal body weight(kg) = (Height(am)—100) X 0.9
2) Quetlet index(BMI) =Weight(kg)/Height(m?)
3) Waist/Hip circumference(em) ratio

Table 4. Average nutrient intakes of subjects

L

ol A A E AFe] 120~1294 0] o) &3
B}z2l7 25%, 180~139¢) &3 Ay}l 2%,
140~160 A}e]7} 5.7% Gt AA AAFET = 0.5
% A v REE 63% Q) o] Re /¥ A
Add FxREARY 6.6%7F AAF, 49%7F A
Higtela, 9% 7} A AAF, 70% 7 FA wH
o|Ath 3 Ao Hjste] AAFEol of d7A
oA g W Aol v£Egr

Table 3o A& AFddzte] 444 E4&
gigich BE dHe 5744, B AL 1587
an, EHFL 58.4kg, BT FF AT 1207
%Ak 183 HF 71 48309} 2
o BFad 2 ddTFe) Fa GFH L 494, HE
AL 156amB AFH 2 £ AFidEg @k
B AZE FobA vol7t 855 43 ARE
AaBAY) 2= AR, 23y HF AFL 574
kgo. 2 A o] A tfAAbe} vlszstEa Al A A
T2 B AR 1207% 24 28 A7
A 18%HT wokvt HF FE FGL 1457mg
Az 7o) Ficgkal gjare) 183me/dlE ) ¥t
€d oA B a7l AMAE Y A 3at
2AT FA= QT A9 A7 d3AE FY
B9 94 A= EFHAY ez &t
B AAZFAF(BMDE 246024 AT A+
oA Ael ool HF BMI 28793 A<l oA

Nutrient Mean SD RDA" % RDA
Energe(kcal) 1868.58 + 406.90 1900 9%
Protein(g) 70.45 + 21.45 60 117
Far(g) 46.42 + 19.40 - -
Carbohydrate 290.50 + 81.02 - -
Fe(mg) 17.59 + 4.30 10 176
Ca(mg) 814.86 + 183.08 600 135
Vit A(RE) 1548.25 + 408.48 700 221
Vit B,(mg) 1.13 + 0.25 1.0 118
Vit Be(mg) 1.29 + 0.50 1.2 108
Niadn(mg) 18.88 + 4.4" 13.0 145
Vit C(mg) 63.75 + 20.88 55.0 116
Weight(kg) 58.40 + £.50 54.0
Height(cm) 153.60 x 5.40 156.0

1) 3=9le] oJokfaak, Al 52k AZ 1989
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Gwd B2l 23,693 23922 Hule oA =9
ot 28 HA49 HI BMIZ} 27.10]014 #A9)
HgE $Fo] AYHED O 2%eS ¢ 4 A}t
B Fa e 458024 PN A
dgAsn FH7Ie #okey, dEHe ¥

2 87.4lcmZ 4] 88.82cmB T} Agku, B =9
o] W79 96.1cmEA 79 91.6emE.T} &)
2ot walA waistto-hip circumference ratio
(WHR)2 0.852 4 z71¢] 0968 T} 433] wiokch

Table 4cM= 4 44 F=B@AEL 19
B GdA AHFSE Yt 1d HE g%
M3 F2 1863KcalRZ A =<l Aok AFZF(RDA)
9] 98% & AH s At o)AL HZ W FAY
TA deleiAde) dFHAF 2247Keal B <f
380Kcal7l B-& 83% o a2H vk 283 FALE
w2 wjelgl A, By, By, C, niacin, AE, THS
% RDAEY} ®o| 4Hstz lith

Table 59| A& RBWE 7]&0 2 3o A=
Z& ZAAAY] 1%71 Aoz AAAZH
HA T HRHE .2 rolA] o #7R] MRlEE
H) @3k o} A TAte) o) QE o) Ficr o] @A),
P FH7, A AF, A%, 1852 FE

Frtolole FFel7t Mol ghsirh Teirk A

Table 5. The effect of RBW on each variable

Az s gd, ezt ATt fedAHd
Zo)7b 9l9len, BMIE vighyo] F4 Fe 7
AeTEG wov A3TH FAFT Abolo=
FAM2Z FoF Aol gl vivhEe]
AFwre} 54 veluth sjest EF- e vie
(WHR) H[REZ 3} A2 Atele] F2]3 Atol7}
fRer ARAF L AR Aloldle #9HU
Zrelzk ASich Al AT gt e B
AL, HAFTT, TSI FEF 4
HFe FA9F zel7} A
Table 6o A= BMI 250)4H2 djuiio g 71=
u?) wueEs vREe FEoz Wrie
o BT 44.7%, HOT R 553% [t 4
T o|&A7], g #HI0, A%, 75 E
=2 8

& fATh 2 ¥gkro] wju)dZe) wFA
dA AEF HYot FHEH, AAAF, WHRe
ol Fodoz EUch

Table 7ef A= AA D ZX P w2 oz ¥
AE 2] AolE VER At Aty REAFEA
52 ¢ EREd 9 H(WHR)Z o] &3}% =1 Ohl-
son?) ool A SlejA AFA ) eh-e WHR>L 0.80
olddm 2 ZhEEI)E A Peirs(28) o] what

Normal Over weight Obesity
Variables (90~110) (110~120) (<120)
N=46(27%) N=355(20.6%) N=89(52.4%)
Age 57.92 57.22 56.9
Diabetic age 49,72 53.32 53%.12
Duration 542 3.92 3.92
Present B'W 50.72 55.82 63.70
Past BW 58.72 62.2¢ 68.6°
Height 154.92 153.72 153,22
Waist circumference 79.22 87.9b 92.4¢
Hip dreumference 91.52 93.95 100.1¢
Fasting glucose 156.32 137.8* 140.5%
BMI 21.02 23.6 27.1b
WHR 0.86" 0.92b 0.93>
RBW 102.72 115.7% 183.4¢
Caloric intake 1860° 18792 18742

Means in the same column not sharing a common superscript significandy different at p<C0.05
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Table 6. Comparision of characteristic of obese and nonobese by BMI in [emale diabetc subjects

. Nonobes Obese
Variables P
BMI<{25(N=94, 553%) | BMI>>=25(N=76, 44.7%)

Age(Yr) 578 + 8.9 567 £ 7.8 NS
Diabetic age(Yr) 521 + 109 526 + 7.7 NS
Duration(Yr) 46 = 8.0 5.9 & 45 NS
Body Weight(Kg) 536 + 6.4 648 + 6.5 0.0001
Height(Cm) 1537 = 57 1536 + 5.1 NS
Waist! 836 + 7.1 932 & 8.4 0.0001
Hip circumference 93.0 £ 44 1008 = 5.7 0.0001
P. Body weight?) 608 = 7.5 696 £ 8.1 0.0001
Blood glucose® 151.7 £ 564 189.9 = 387 NS
BMIY 234 £ 1.7 274 + 20 0.0001
PBMI® 254 = 18 294 = 2.1 0.0001
RBWY 1098 + 8.9 134.7 + 11.0 0.0001
WHR” 0.89+ 0.06 092+ 0.05 0.005
Calorie Intake 1861.6 + 374 1866 =+ 454 NS

Diabetic duration total men(Yr)=4.392
1) Waist circumference 2) Past body weight 3) Fasting blood glucose
4) Body Mass IndeszD—Sg:-&—h,t)(ﬁ
5) Past body mass index

Body weight(Kg)
Ideal body weight(Kg)
7) Waist circumference/Hip circumnference ratio

6) Relatve body weight= X100

Table 7. Comparision of variables of upper body obesity & lower body obesity by WHR in female diabe-

lics
Variables Lower body obesity! Upper body obesin? p
(N=60, 55.5%) (N=110, 64.7%)

AgC(Yr) 590 £ 8.6 56.5 £ 8.3 NS
Diabetic age(Yr) 520 + 123 525 + 8.1 NS
D.B.(Yr)*? 6.7 = 11.2 525 £ 8.1 0.01
Body weight(Kg) 577 =+ 86 587 & 8.5 NS
Height(Cm) 1529 £ 4.6 1539 & 538 NS
Waist(Cm) 81.53+ 11.02 $8.90+ 7.66 0.001
Hip(Cm) 69.07+ 6.81 96.13+ 6.22 NS
P.Body weight(Kg)* 64.7 £ 96 644 = 8.5 NS
Blood glucose(mg/dl)5 142.0 = 499 146.7 = 50.6 NS
BMI 247 = 3.5 247 = 3.0 N§
PBMI 275 £ 34 27.1 £ 32 NS
REW 1204 £ 16.8 1209 + 154 NS
WHR 0.79+ 0.08 0.92+ 0.04 0.0001
Calorie intake 1735 =+ 308 1093 +£426 0.01

1. WHR<(0.84 2. WHR=">0.84 3. Diabetic duration
4. Past body weight 5. Fasting blood glucose concentration
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ol glevt WHRAME o)} glrkm shg o).
ek Ao T @A Py F9
Aagle] BRvyte] 1 Aoz B & QAo

EG FAu) T} spA ] ghAbo] o] EFe] Ao
= Yot dFaHTFY AoE B 4 ANk
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H T ol Bl ALl A S B 4 §llE AL R

FdFAHA 42 =BG glojA] B9
AAG F2 o AP A5 Atk § 3
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e d# 4Fr) e st g2 Rt WHRIT
A velsich BE Awe) AL Gy o]
g8 Ze A@pdAs doe!? =8 WHRE &
Z¢] HDL-Cholestrol 5%} 92 AaRAAd 3l
ol SRS U 87 |Adge] vigkA =
o g5 #do] Yrkn BT,
WHRE 491 oo Al &fde] HE%rt b
T F T,

Table 8 X= H4HA 5745 ety A
TAEETH ¥EAlold @33 WHR, BMI
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AT 58S she ARE A7TdAe #a9
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Jv ZREEo] AlH e AA EFol &S A
AFle FE Zolgn SHUY. o)A E¥I
T % B¢ Bodte T8 el A& Fgo
AL ®Bagich AFE ¥e BMIY
WHRY| & & 43S A=A g g 433
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Table 8. Effect of regular exercise on WHR, BMI, and fasting blood ghucose

. Regular Exercise
Exercise
L. Yes No P
Viariables
N=75(44.1%) N=95(55.9%) 0.01

Fasting blood glucose(mgydl) 134.5 +£58.72 155.5 485 *(0.01)

W H R 0.850%+ 0.066 0.859+% 0.072 NS(0.058)

B M I 2407 £ 2.88 2498 £5.29 NS(0.0619)
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Table 9. Onset of diabetes at highest body wei-
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Table 100 A= 8] W1 &E7+9] Pearson correla-
don coefficdentsE T3¢t} o] E2LFE A
T Aasaen Aze Agth 181 Frr e
lEEL dAHo] FIEFE Folr HAAATFY
AP RY HUAFNE T Fx 0|89 7]
7re Zgich AEe BMIg RBWY A#wr] =
KL AT )k EREH A W A AEE A
gEtth 4 ATAE Avleh W ey
N7l ABE(r=0.83)7F FeAozE Zola A
FE5717t Budoldd J#®E wAE ¢AE
gtk BMIP} S+ HUAF 712000 T
ololA AWFAAES LFAUT. WHRE AT}
BHAHZ=H 242t Pearson Correlaion Coefficient
gho] 1==0.39, r=0.362. 24 ABEs} WLsth
I22l3 WHRE 3 Ed ¢ Z3aA7} 5 e

ght
Year N %
Less than 1 71 46.7
- 2 41 27.0
2~ 3 10 6.5
F— 4 3.3
4~ 5 2.6
610 3.3
11~16 4.0
After diabetes 10 6.5
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Table 10. Variables of pearson correladon coefficients of anthropometric measurements in diabetic wo-

TTan

Age | BW |Height| Waist | Hip | Time' |past BW|Diabetic { BMI | PBMI* | WHR | Cal |RBW
1. Age
2. Weight —0.25%*
8. Height —0.29%*  0.48*%
4. Waist circurnlerence | 0.05 0:78%% 0.21%*
5. Hip arcumlcrence |- 0.04 0.81%% 0.26%% 0.71*
6. Time at HBW! 0.28%*—0.24 |-006 |-0.15 |-0.14
7. Past Body wight —0.08 0.82%% 0.49%F 0.69*% 0.72*"~0.01
8. Diabetic Onset 0.33**[-0.20 [-0.04 [-0.16 |-0.11 0.88%% 1 0.01
9, BMI —0.11 0.38*% 0.01 0.78%%  0.79%*~0.20* 0.677% |—-0.16
10. PBMI% 0.0% 0.67%%—0.01 0.66%% 0.65** 0.03 0.86%* | 0.03 0.77%7
11. WHR 0.10 0.59*% 0.05 0.77*% 0.11 [=0.01 0.36** 1—0.09 0.42%* 0.39*
12. Calorie intake —0.15 0.10 0.03 0.14 012 |-0.02 0.04 |-0.08 0.09 0.05 0.15
13. RBW —0.05 0.74**-021% | 0.717% 0.71%%~0.18 0.557% |—-0.13 0.97*; 0.75% | 0.40% | 0.07
14. Blood glucose“ —0.07 |—-0.13 [-005 =011 [-0.09 002 [-0.06 001 015 004 |~0.09 0.090.14

*%0.001 at P value

*0.05 at P value

1. Time at highest body weight 2. Past BMI 3. Fasing blood glucose
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o] By fue) Bl 2L & Ysich

3) BMI 250]4+-& B]%ko 2 7153 ) 45%, RBW
120 o]d-g H|gteE 58 w 52%, WHR 0.84
ol g AAvge g g w ZAFAY] 65
%7} ZAwwrez Zvzh el
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