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ABSTRACT

This study investigated the effect of enteral nutrition supplementation on glucose and lipid

metabolism it non-insulin dependent diabctes mellitus(NIDDM) patients(n="29). Nutrition

formula(400kcal/day) were supplicd daily for eight weeks as a substitute for a snack or a

meal. Subjects werc divided into three groups based on changes of fasting blood glucose(FBG).

glucose response area(GRA) on oral glucosc tolerance test(OGTT), before and after intake

of nutrition formula : group 1(the group of a decrease in FBG and GRA, n=20), group 2(the

group of a decrease in FBG and an increasc in GRA, n=4), and group 3(the group of an

increase in FBG and GRA, n=5). Before nutrition supplementation, group 3 showed a longer

tendency of DM duration and a lower tendency of insulin and C-peptide response area than

thosc of group 1 and 2. At 8 weeks after nutrition supplementation, group 1 showed a significant

increase in insulin and C-peptide response arcas but group 2 and 3 showed no change in

those areas.

After nutrition supplementation, all three groups showed a tendency of decrease in glycated

hemoglobin and no significant changes in the levels of serum triglycerides, HDL., LDL, total-
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cholesterol, albumin, transferrin, creatinine, GOT and GPT. The results suggest that using

an enteral nutrition formula in NIDDM patients is a good substitute for a meal or a snack

and could improve blood glucose control without any changes in lipid levels, and liver and

kidney functions. The beneficial effect of nutrition supplementation oa glycemic control resulted

from components of nutrition formula had such as additional fiber and high monounsaturated

fatty acid as the source of fat to be helpful tp glycemic control in diabetics.

KEY WORDS ! nutrition supplementation -
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NIDDM - glycemic control.
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Table 1. Age. duration of disbetes and blood pressure in three groups before nutdton formula ingestion

fasting glucose

Decrease in Increase in

fasung glucose

Decrease in Increase in Increase in
glucose areal’? glucose area glucose area

(n=20) (n=4) (n=5)
Age(yr) 55.2 = 2.0 553 + 1.0 61.0 £ 28
Duration of di abetes(yr) 7.2 = L1 83 £ 59 126 £ 2.6
Syswolic BP(mmHg) 141.5 # 4.8 126.7 + 6.7 188.0 + 1.6
Diastolic BP(mmHg) 89.4 + 3.0 86.7 = 5.3 88.0 + 5.7

1) Glucose arca : glucosc response area on oral glucose tolerance test

Values arc meant SE
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Table 2. Changes of anthropometric parameters and total energy expenditure before and after intake of
nutrition formula for diabetics

Decrease in Increase in
fasting glucose fasting glucose
Decrease in Increase in Increase in
glucose area') glucose area glucose area
(n=20) (n=4) (n=5)
Body weight(kg)
0 week 623 + 24 66.8 = 7.1 608 £ 34
4 weeks 620 = 24 655 + 7.6 61.2 + 54
8 weeks 617 = 2.5 654 £ 7.7 613 £ 5.0
Percent ideal body weight
0 week 119.0 = 4.5 113.2 + 7.5 1028 £ 4.5
4 weeks 1183 £ 44 1109 £ 835 1043 £ 49
8 weeks 1178 £ 4.2 1106 £ 85 1047 £ 43
Body far %
0 week 302 + 1.8 272 * 2.1 27.1 * 3.1
4 weeks 284 + 1.7 276 *+ 1.5 265 + 3.0
8 weeks 280 £ 1.3 265 23 269 + 09
Total energy expenditure(kcal/d)
0 weck 2112+ 74 2322 £ 158 2247 % 140
4 weeks 2109 £ 75 2366 = 185 2233 L& 157
8 weeks 2106+ 74 2591  + 179 2244 =+ 145

1) Glucose area : glucose response area on oral glucose tolerance test
Values are meant SE

Table 3. Nutnent intakes before and after administration of nutrition forrmula for diabetics

Decrease in Increasc in
fasting glucose fasting glucose
Decrease in Increase in Increase in
glucose area! glucose area glucose area
(n=20) (n=4) (n=5)
Calorie intake(kcal/d)
0 week 2115 £ 68 2877 £ 179 2288 L& 182
4 weeks 2068 £ 64 2832 + 209 2303 £ 189
8 weeks 2076 *+ 65 2857 £ 207 2341 *+ 165
Protein~ %
0 week 19 £ 1 22 + 8 19 = 2
4 weeks 20 £ 24 + 2 20 2
8 weeks 20 + 1 23 £ 2 20 + 2
Far %
0 week 20 £ 1% 23 £ 3¢ 17 £ 20
4 weeks 20 = 1% 23 £ o 17 £ 2
§ weeks 20 + 12k 24 + 98 17 £ 9
Carbohydrate %
0 week 61 + o=b 55 £ @b 64 + 40
4 weeks 60 + 2 55 = 4P 65 * 4%
8§ weeks. 60 £ 22 53 £ 4P 64 £ 4

1) Glucose area : glucose response area on oral glucose tolerance test Values are meant SE.
Values in the same row with different superscripts are signifcandy different from each other. If any lewer
combination matches, the difference between mean is not significant.
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Table 4. Serum glucose and ghcated hemoglobin before and after adminisiraton of nutrtion formula for

diabetics

fasting glucose

Decrease n

Increase in
fasting glucose

Decrease in

glucose area

1)

Increase in Increase in

glucose area glucose area

(n=20) (n=4) (n=5)

Serum glucose after 2hr(mg/dl)

0 week 2567 £ 11.0 230.5 £ 12.1 262.0 + 25.0

4 weeks 2286 + 145 2578 £ 135 24853 + 8.1

8 weeks 211.0 £ 12.5%* 234.0 + 102 274.0 = 464
Glvcated hemoglobin( %)

0 week 105 £ 0.5 108 £ 06 11.2 = 0.9

4 weeks 100 £ 04 102 £ 0.2 9.9 + 07

8 weeks 9.7 £ 04 9.9 £ 0.3 10.8 £ 07

1) Glucose area © glucose Tesponse area on oral glucose tolerance test

Values are meant SE.
#*p<0.05, **p<0.01, compared with 0 week.

Values in the same row with different superscripts are signifcandy different from each other.

If any leter

combination matches, the difference berween means is not significant,
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Fig. 1. Changes in plasma insulin concentrations on QGTTs before and after ingestion of nutnrion formula

for diabetics.

Values are meant SE, *p<C0.05, compared with group 1
Group 1 : decrease In AC and glucose area

Group 2 : decrease in AC and increase In glucose area

Group 3 :increase in AC and glucose area

Table 5. Insulin, C-peptide and free fatty acid responses to 75g oral glucose tolerance test before and

after administration of nutrition formula for diabetics

Decrease in Increase in
fasting glucose fasting glucose
Decrease in Increase in Increase in

glicose areal)

glucose area

glucose arca

(n=20) (n=4) (n=5)

Insulin response area(uU/dlIX hr)

0 week 89.5 £ 20.1 52.7 £ 151 345 * 4.4

8 weeks 1005 £ 19.28 415 =+ 100 527 £ 9.1b
Fasting C-peptide(ng/ml)

0 week 23 & 0.2 18 £ 0.4 1.9 * 04

8 weeks 24 + 0.3 2.0 + 0.5 1.6 = 0.3
C-peptide response area(ng/mlXhr)

0 week 6.9 & 0.9 6.3 £ 1.3 6.1 = 1.2

8 weeks 8.1 £  0.9% 54 £ 1.5% 49 £ 0sb
Fasting FFAz)(mg/dl)

0 week 8906 £ 763 785.5 = 96.0 8814 * 1864

8 weeks 821.1 £ 916 7135 £ 1222 828.1 £ 1579
FFA response area(mg/dlX hr)

0 week 1194.7 £ 1114 9494 * 137.0 1064.0 £ 226.0

8 weeks 1062,0 = 102.8 928.5 + 1474 982.5 £ 1884

1) Glucose area : glucose response area on oral glucose tolerance test

Values are mean® SE,
2) FFA : Free fatty acid

*p<(0.05 compared with 0 week.

Values in the same row with different superscripts are signifcandy different from cach other. If any leucr
combination matches, the difference between means is not significant.
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T 71 Forot §81% 2ol oh ATH(Ta-
ble 6). FLEE 87 AL N Wmato]
2 rotal-cholesterol, HDL-cholesterol, LDL-choles-
terol¥ S A 8 WEv gt dYSE
’EH 87 F 2 1Y zole HIH Mty
B g3 gH ol Z4g wolAM €4 F4

OH

2o JYER 43

Adre 71 1'1951'0‘31 HDL-cholesterol & 717 yt
tort 88 Aol ol th(Table 6).
5. B4, FHOMEIR, Osmolality, & 2/aj7=

e} Vlsceral Protein Status

Ty S A9 JEFSE 4HH ¥4,
SutE A8, osmolality$} & AH-TFE Al 17k
95 Aol 7t gigith(Table 7). U425 43 85
T 5o A7 vaste] A4, FotE AR osmo-
lality, & Q7o W7} A7) i FISE
AF sF T 2 F 319 Aolr} gk

P ARE HF gUdeE HAFA ¥R F
ol b0l mansferrin® A4 9 ol glgled
A 2l gt Ael7t gt (Table 7). 9%
+E A 3FF RoAT vadte I3 Foby,
T2 WEv glden dYes

transfertin® &3

Table 6. Serum lpids before and after administration of nutrition formula for diabetics

Decrease in

fasting glucose

Increase in

fasting glucose

Decrease in

glucose areal’

Increase in

glucose area

Increase in

glucose area

(n=20) (o=4) (n=5)

Total cholesterol(mg/d])

0 week 202.0 =+ 8.6 207.5 £ 18.1 2036 + 184

4 weeks 197.7 £ 9.0 1995 £ 154 1994 £ 169

8 weeks 196.1 £ 3.0 211.8 £ 19.1 196.8 + 17.2
Triglyceride(mg/dl)

0 week 217.5 £ 22.8° 1448 £ 256 119.4 £ 20.1°

4 weeks 1814 + 16.7 1738 = 70.1 1808 £ 579

8 weeks 225.6 + 258 165.5 + 387.7 181.0 £ 38.0
HDL-cholesterol (mg/dl)

0 week 418 + 21 505 £ 1.6 470 * 33

4 weeks 435 £ 25 425 + 13 444 £ 25

8 weeks 420 =+ 2.6 495 £ 2.3 455 + 2.3
LDL-cholesterol(mg/dl)

0 week 116.7 = 92 128.5 £ 16.0 182.7 &+ 18.1

4 weeks 1179 = 8.4 1225 + 8.4 1288 £ 11.8

8 weeks 109.3 = 9.6 1292 £ 16.6 125.1 + 123

1) Glucose area : glucose response area on oral glucose tolerance test

Values are mean+ SE.

Values in the same row with different superseripts are signifcantly different from each other. If any letter
combinaton matches, the difference between means is not significant.
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Table 7. Hemoglobin, hematocnt, total lymphocyte count, serum proten and osmolality before and after
administration of nutriton formula for diabetics

fasting glucose

Decrease in Increase in

fasting glucose

Decrease in

glucose area!

Increase in Increase in

glucose area glucose area

(n=20) (n=4) (n=35)

Hemoglobin{g/dl)

0 week 138 + 0.4 14.0 £ 0.3 13.6 & 0.6

4 weeks 13.7 = 0.4 139 £ 0.2 15.6 £ 1.1

8 weeks 136 = 0.4 144 £ 0.1 137 £ 0.7
Hemartocrit( %)

0 week 41.0 £ 1.1 444 £ 0.5 41.5 £ 1.7

4 weeks 39.8 + 1.3 418 £ 14 406 £ 23

8 weeks 40.1 £ 1.1 419 £ 0.7 409 2.7
Osmolality(mOsm/kg)

0 week 2890.0 & 1.1 288.5 & 03 201.0 = 0.3

4 weeks 288.0 = 1.1 287.0 © 1.7 290.0 = 1.1

8 weeks 286.5 1.8 291.0 £ 4.4 2913 &+ 2.8
Total lymphocyte count(/mm?)

0 week 2403 t+ 159 2107 =+ 534 1847 4+ 221

4 weeks 2365 = 164 2212 £ 458 2018 = 342

8 weeks 2356 = 150 2372 £ 559 1813 X 367
Total protein(g/dl)

0 week 75 & 0.1 74 % 0.5 7.6 £ 0.2

4 weeks 7.6 = 0.1 7.2 + 0.3 7.5 £ 0.2

8 weeks 76 £ 0.1 74 + 0.5 7.5 £ 0.2
Albumin(g/dl)

0 week 49 * 0.1 5.0 £ 0.1 48 £ 0.04

4 weeks 49 + 0.1 49 * 0.1 47 + 0.1

8 weeks 49 + 0.1 50 % 0.1 46 0.1
Transferrin{pg/d1)

0 week 211.9 + 6.7 9%8.% + 12.7 220.2 £ 12.1

4 weeks 217.8 + 7.6 2124 + 172 2072 £ 102

8 weeks 208.1 &£ 6.4 219.8 £ 11.6 2094 = 150

1) Glucose area : glucose responsc area on oral glucose (olerance test

Values are meanzt SE.

AH 8FF Al F el A7 Aot gk

6. 2715 H AET|S At

T FAE AT 9EEE AAd BrE
AArz Pl FA F bilirubin, alkaline phospha-
tase, GOT, GPTE A4 HHW Ao 4L

2§ Aol7)
44 8% T WP vnsd 1
a7t Ao

Y 92 99 AeeR 4A8 A5
AALZ 3332 A4 blood urea nitrogen, creatinine,
uric acide A HYWd e ZHEte] &

fits

2199t} (Table 8). Ak
AR

L{, L'[o
v
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Table 8. Liver and kidney function test before and after administration of nutriton formula for diabetics

Decrease in

fasting glucose

Increase in

fasting glucose

Decrease in Increase in

glucose areal’ glucose area

Increase in

glucose area

(n=20) (n=4) (n=5)

Total bilirubin{mg/dl)

0 weck 0.7 £ 0.1 0.7 £ 04 08 + 0.1

4 weeks 0.8 £ 0.1 0.7 £ 0.2 0.8 + 0.1

8 weeks 0.7 £ 0.1 0.7 £ 0.1 08 £ 0.1
Alkaline phosphatate(1U/L)

0 week 737 £ 44 775 £ 59 800 *+ 59

4 weeks 72.1 £ 4.3 795 + 54 79.0 £ 45

8§ weeks 758 £ 44 71.0 £ 69 818 £ 64
GOT(IU/L)

0 week 180 £ 1.9 16.0 £ 2.5 152 £ 1.5

4 weeks 187 = 1.6 185 =+ 12 144 £ 0.6

& weeks 189 = 1.8 143 £ 1.3 165 £ 19
GPT(TU/L)

0 week 24.7 £ 5.0 23.0 £ 49 150 £ 1.8

4 weeks 229 + 3.2 173 £ 1.2 132 = 0.8

8§ weeks 26.) + 3.2 178 £ 28 16.0 £ 3.7
Blood urea nitrogen(mg/d!)

0 week 16.6 = 0.9 20.7 £ 1.1 172 £ 1.9

4 weeks 17.0 = 0.8 205 £ 09 19.0 £ 15

8 weeks 16.5 = 0.9 197 £ 14 166 = 14
Creatine(mg/dI)

0 week 0.8 £ 0.04 1.1 £ 0.1 09 + 0.1

4 weeks 0.8 + 0.04 11+ 0l 09 + 0.1

8 weeks 0.8 £ 0.04 1.0 £ 0.1 09 = 01
Uric acid(mg/dl)

0 week 52 £ 03 52 £ 03 4.7 + 0.2

4 weeks 54 £ 03 4.7 £ 0.5 43 + 04

8 weeks 53 + 0.3 46 £ 04 44 + 03

1) Glucose area @ glucose response area on oral glucose tolerance test

Values are meant SE.
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