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ABSTRACT

Nonobese NIDDM patients were studied with respect to changes in visceral protein status,
serum glucose and lipids and insulin sccrction capacity before and after intake of enteral
formula. Patients with renal or hepatic disease, gastrectomy, malabsorption, weight gain over
past 6 months and poorly controlled blood glucose level were excluded. Eighteen patients
served as case and administered, in addition to their usual diet, 400ml of enteral formula
for 8§ weeks. Another 18 paticnts participated in controls and had usual food intake for &
weeks. In the begining, the levels of fasting and postprandial glucose, glycated hemoglobin,
triglyceride, HDL, LDL, total cholesterol, albumin, total protein and transferrin and glucose
response area on oral glucose tolerance test were not different between two groups. The response
areas of insulin, C-peptide and free fatty acid and serum IGF-1 level were higher in the case
than in the control group. Energy intakc of patients given enteral formula exceeded their estima-
ted cnergy requirements(108% ) and they consumed a mcan of 112g protein per day. Patients
given enteral formula showed an increasc in body weight(44% ), serum transferrin(10% ), IGF-
1(13%) and triglyceride(34%) while controls showed no changes in those parameters at 8
weeks compared to initial values. There were no significant changes after 8 weeks in the levels
of glucase, glycated hemoglobin, HDL, LDL, total cholesterol. 1otal protein and albumin and
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response areas of glucose, insulin, C-peptide and free fatty acid in both groups compared

to initial values.

This study suggests that nutrition supplement with enteral formula can increase body weight
and visceral protein status in nonobese NIDDM patients without changes in blood glucose.
However, excessive calorie intake could temporarily increase serum triglyceride. In addition,

this study indicates that serum transferrin and IGF-1 are more sensitive indicators to changes

of protein intake than serum albumin and total protein.

KEY WORDS : nutrition formula supplement - diabetes mellitus - IGF-1
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A% Feg BAE A 494 JEERD 1Y

299 4w gt 12ed 48 200mie
P GZ B 200keal®) SFH T 10g, A 4.44
g, B35 30z, T¥ 89mg, vitamin A 66.96 RE,
D 0.56yg, E 3.4 TE, B, 0.16mg, By 0.18mg, Bg 0.25
mg, Bjp 0.34mg, C 6.7mg, nicotinamide 2.0mg, folate
44.5ug, pantothenate 1.lmg, biotin 34pg, oFA 1.7
mg, <1 89mg, AE 1lmg ZTF 126mg, vlI2v|F
39mg, HEF 187mg, o] "t 2260 52 4
Gag TEIAC D9 FA F9RA F 30
%< sodium caseinae®] R 20% & soy protein©]
Aok Ak 2L GAE T A ubalo] ER]yke]
80%, TFEE oA EAke] 12%, EEpA}0) 3% F
AAstH o gBraE F92 malodexuin® T
Fe AT

Ztzto] 4k Abebe} 71 2 tiAME-S Harris-Benedict
A0 g e &3 Pe E%e S F
FEFT AF] FolBH ALY AT 9
7Vdetdch 46 S5 #2 AEEY 2T Y
BAAHR -rrZ]'?l’ A& AZstGch A7 A F
FQoll QA A7k A 7S

de dHFE

HP el o)) 71525}‘::i Ak Ao w=H
BEE A7) g8 AHridoz J'ﬂﬂ]u—q-
g4 AAE )‘]“36}%‘1} o)#d AL 37}
Al S 0FE sty 0F, 45, 850 Sﬁlé
38k 017'4]74]%-2:1 A%, ATE S
BEEAZe MM 1002 W Fre 098 FF
g ArRslga, AAweke 29 234 7] (Furex

500002 EARslgc].

A AMZE AT WEREL FEA ¥
AL 233l hemoglobin, hematocritd &7 5}1L,
FUHAF £ Technicon H-1, H-2(Technoland
Comp.) & AHE-3}9] 248} } Hydraton 28 &
Uehfe EA osmolarity!’®’¥= osmometer method
2 A8 eH. JUX)E R viceral protein status
w23 wae FA87] A8t 1GF1Unsulinlike
growth factor 1), transferrin, total protein, albuminS

£33 Ak IGF-12 °] &3] radioi-
mmunoassay kit(Bvk-Sangtec Diagnosica, Germany)

2 27339 Transferring

n ol
FE 35S

potentiomeny® 7

=
& total iron binding capacityZH-E doiz &
AHEEL AT B3 toal prowin® albumin® zhz

Biuret method9} BCG methodZ &8t H ™.

s Ars oFe sFol sz oer A
FY obF FEA AYH F 75ed TEHE AT
T Ehal 30, 60, 120% Fo 47 AFEsA. @
G E2F A8 ESMOR, Cpepridest ¢1& 9
F%T INC(Immuno Nucleo Cooperation, USA)
oM Az kg A&std A APz &
Fatdch =8 ¥H Fe/AwabS Hiachi 7150
Autoanalyzer® &3 shg oY)

ZZULHEY F4AYL AFRY7E ol&
st TAMOZ 4393, HDL(high density li-
poprotein)-cholestcrol: A AAE ©]-§3ed chylo-
micron, LDL{low density lipoprotein), VLDL(very
low density lipoprotein) & HH A7 5 Ao
= HDLFA ZH2HES thi] f4dor
R s g T

4 rotal bilirubin, glutnatc oxaloacetate transa-
minase(GOT), glutamate pyruvare transaminase
(GPT), blood urea nitrogen(BUN), creatinine, uric
acid= Kyokuto kit(Kyokuto Pharmaceutical Indust-
rial Co., Japan)-& AH&5te] Gilford AutoanalyzerZ
A

3 7q'.?..”’l SAHHE|

23 HEd Py @A T T

34"3" B2 figte] Ad@AF 0, 47, 85 o)
BE AEE ctest one-way ANOVAE 4 A58
ZE ERHAe ¥ BFEAE ZAEEeH
SPSS-PC" F 7| package® ©|&8te] TAIXE &
o), AdFe aFe vias YA FFER
°l9) F949L B71H3 resE AAEIHeY A
FAlelE Pgte] 005 MY W FAHCR &
S TSR E) 2 KO
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1. 918, O(#7(2F, AIMASE, FBLE W N
22

#2599 2T AEL
Folol vhol, Wi o] $7)3H,
9] gk 2ol 7t glRith(Table 1).
AP T AF o] A F
Table 1. Comparnison of age. duration of diabetes and

blood pressure between weight maintena-
nce and weight gain groups

Control Case
Weight Weight
maintenance gain
(n=18) (n=18)
Age(yr) 51.6+28 51.7% 2.6
Durati t
ur_a on © 7.0t1.7 7.4% 1.2
diabetes(yr)
Systolic blood
y%l() 1c OO 135 ig [20 i14
pressure(mmHg)
Diastolic blood
fastolic Lo 87 +5 7 %9
pressure(mmHg)
Male(% )/Female(%)  12(67)/6(8%) 12(67)/6(33)

Values are mnean® SE

-ol®H - Ft

nE

o HsFg ey sF o AYFAM=
v sty §o8 Fot ReBon gx
= Wit v (Table 2). 99 9%
A AZ A AR HET Aol A
om g&F oz syt glglvh 4 |
WA dHEFg 1) 48 A% A
xpololl zpolzl AL WE T
St g9 wad 4APe st
SR AT = F e F717E ARt HE
= P g8 42 (Table 2)2 =23
W %2 AF%e B Fon
& fostA gatrh

el=2l, C-pep-

B o1l

o)

I’

2. Y, glycated hemoglobin,
tide 3 FEIX|LYM ST

AR A =22 dET ] TE 9 gly-
cated hemoglobm—- o913t z}ol7t ¢l UTH(Table
3). 4ET, 2T EFA FEGFH glycated
hcmoglome’] A2 vlaste] 87 & Fo A
ol7} gl HAETI t2T AtoldE Aol 7}
St 43 A1 H 27 AP g gR
34 xR NA L vaIgen 87 & AL
BlaLsle HEr g1t (Table 4). T2 insulin®
C-peptide FEE AE AZ A 2P ujidle

Table 2. Comparison of body weight, total energy expenditure and calorie intake between weight maintena-

nce and weight gan groups

Contral Casc

Weight maintenance(n=18)

Weight gain(n=18)

Body weight(kg)

0 week 56.3% 2.7 54.8% 22

8 weeks 56.6 2.7 5721 227
% Ideal body weight

0 week 97.5% 7 958+ 359

8 wecks 97.7+ 3.9 1002+ 3.977=
Total encrgy expenditure(keal/d)

0 week 29248 + 77 2162 * 66

8 weeks 2316 117 2172 £ 95
Calorie intake(kcal/d)

0 week 2180 108 2130 + 99

8 weeks 2204 = 95 2355 113
Values are meanz SE
*p<0.05, “**p<(0.001, compared with initial values.
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BB @aelA AFF7t

ARTANM B2 AFE 2o} §9F Fol=
glsler 85 £ A3 ¥|Askq

g9l ch(Table 4). ’él’ﬁ AZE A PR
C-pepide AH L -3 H|Ldte] AP Fo] #
AstA BT 87 & "‘Té;‘ WE2T RFoA

-$_I‘
>
5
)
£
£
B

Protein intake(g/d)

7
L7 17

WT.maintenance WT.gain
LD Q week 8 wesks

Fig. 1. Comparison of protein intake between weight
maintenance and weight gain groups.
Values are mean+ S.E *p<008, compared
with initial values.
Values at the same time with different superscri-
pts are significantly different from each other,

Table 3. Comparison of fasting serum glucose and
glycated hemoglobin between weight mai-
ntenance and weight gain groups

Control Case
Weight Weight
maintenance gain
(n=18) (n=18)
Fasting serum glucose(mg/dl)
0 week 1594+ 9.3 180.1%12.7
8 weeks 166.5% 13.8 17254 11.6
Glycated hemoglobin( %)
0 week 10.6x 0.3 11.0% 07
8 weeks 10.1+ 0.8 9.9+ 0.7

Values are mean® SE.

— 1052

AEH vkl BRIA AF AT} Copeptide ¥
ol FofalA HEhA] gtomE 35 T
dEEEct AEFAHN &V} Cpeptide B o)
frofsiAl BetTh(Table 4). 3% §2) AWk 20}
TR FrEl AP WA 4 A H 22
vlEte) dEyelA f95A ggon §= &
AEd WiZete] fojg HWast §9cH(Table 4).

3 B8 A

= x -
4% Al A €3 FAAY, HDL, LDL, total

Table 4. Cormparison of glucose, insufin, C-peptide
and free fatty acid response to 75g oral
glucose tolerance test between weight mai-
ntenance and weight gain groups

Control Case
Weight Weight
maintenance gain

(n=18) (n=18)

Fasting Levcl
s-msulin{pU/mil)
0 week 72+ 1.9 128+ 4.9

8 weeks 4% 9.4 1.1 5.8
C-peptide(ng/ml)

0 week 1.6+ 0.3 19+ 0.3

8 wecks 1.8+ 03 2.0f 0.3
FFA(uFq/L)

0 week 683.2£41.8  878.6+ 57.6°

8 weeks 507.5% 26.1%  836.1% 77.47

Response area
glucose(mg/dIX hr)

0 week 5645541 575.1%479

8 weeks 54741388 55811t 523
Insulin(pU/miX hr)

0 week 340t 3.8" 594+ 1148

§ weeks 48.9L 13.7% 648+ 11.0°
C-peptide(ng/mi X hr)

0 week 3.9+ 0.9° 6.0+ 0.9

8 wecks 46% 1.1° 6.9+ 0.9%
FFA(uEq/LX hr)

0 week 7504+ 83,1 1073.9% 71.6%

§ weeks 733.5% 95.2>  1085.5% 90.0¢

FFA  Frec Fatty acid Values are mean: SE.
Values in the same row with different superscripts are
significantly differcnt from each other.



(Table 5). A ﬂl
AP TN e
Haprl gRenr 4y 87 &
AT FAAEl FaHA
HDL, 1LDL, total-cholesterol-£- A2
% o3 w7t givlen g7 i el
#pol . 19k (Table 5).

4. M4 iD=, osmolality, ST,
visceral protein status

Ald Az A& tHZ?IVJr A8 7t gA 4, &
olE ), osmoldity, 2YATE, B FuHd
obE e o3t Zolrt gmc}(nble 6). B,
#HulE I, osmolality, & Zolal 4R, A £ gz
@R %——-L vl mste] 85 ¥°ﬂ g7t |19
on 83 & AHTH thxd Lo Aol G}
{Table 6).

A gansferrind A% Ala A A¥EZ
7kl Zol7k glRow 48 8% 5 viE
vlmdte] Wyt A9 2L &Y

Table 5. Comparison of serum lipids between weight
maintenance and weight gain groups

<] r[o .‘E,'i
ofy A
Xode
m B

Control Case

Weight Weight
mainenance gain

(h=18) (n=18)

Triglyceride(mg/dl)
108.6+14.0 121.5%10.8
108.6£ 10.7° 162.4% 22 64

0 week
& wecks
Total-cholesterol (mg/dl)

0 weck 166.6+158.1 2054% 9.3

8 weeky 18741105 200.1%f 7.4
HDL-cholesterol(mg/dD)

0 week 4561 4.7 45.5% 3.2

& weeks 50.3% 3.7 444 36
LDL-cholesterot(mg/dt)

0 week 1130 9.1 130.2%11.7

8 weeks 1153+ 10.1 119.0£10.5

Values are meant SE.

=p<0.05, compared with inital value,

Values in the same row with different superscripts are
significantly different from cach other.

A% Q8%

cold@d - A

R HFig 2). ¥ IGF1& A48 Az A
HzzF vaste] dPTlA fredsA Ben
Ao vimstd 8% F gzTdME @57
931 AYFAME §2laA 2ostdad. 48 A%
85 T IGF-1& 27 vladte] AgaolA #
sjsHA wskeH(Fig. 3).
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Table 6. Comparison of hemoglobin. hematocrit, 0s-
molality, total lymphocyte count, total pro-
tein and albumin between weight mairte-
nance and weight gain groups

Control Case
Weight Weight
maintenance gain
(n=18) (n=18)
Hemoglobin(g/dl)
0 week 129+ 06 142+ 0.4
8 weeks 1345 04 141% 05
Hematocrit{ % )
0 week 40,6+ 1.5 429+ 1.3
8 weeks 408+ 1.2 422+ 1.6
Osmolality(mOsm/kg)
0 week 9847 3.5 2926+ 42
8 weeks 9801+ 33 2888t 1.9
Total lymphocyte count(/mm?*)
0 weck 1959 *155 1921 =+ 187
& weeks 2069 175 1350 133
Total protein(g/dD
0 week 7.0 0.1 74+ 0.1
8 weeks 72+ 0.2 73 01
Albumin(g/dl)
0 week s 01 47t 0.1
8 weeks * 07 8 0.1

Values are meanZ SE.
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Transferrin(ug/dl)
240

2204

200

H

AN\

T

180

160+

140 -

—

‘1207

100 . .
WT.maintenance

[:’ 0 week

£ 8 weeks

Fig. 2. Comparison of serum transfernn between weight
mantenance and weight gain groups.
Values are meant SE *p<{0.05. compared
with inital values.

FUbstgen 35 g9, @RI T2
C-peptide HA-L F2]3tA M8 &2 Zi_c’—
e T

gutd oz P BAle] AF FVHE AHA
dad PR go] 4HA 2 B TxTH
gF 43 F71E Qs o] Frise) EF
Z27o] ojgdkm e e} B Aol g4
e i7]‘°ﬂ£ Betn @de] F7hehA 2
RAe 4F 88 T4 AR 71d9%e AR 4
Zr Tl

B dTda AHE dU9EEe] 92 F9 F
90%E BxE FAY AR FEA @rEHE
FHo2 AAHEE gucosed] FHE7H F-L malo-
doxtring?® ALgat G VA A3 g3 28 &
ARAZ A S GPe 74 BEde®
32 AEHAT B 00kl FFLE AHA
g 230 2&-& FE 84 ’Fj Fr22031-80) of
5gQ_ @jqzn- = glg o A F2 4 = 80% = o

ZH T &8s & = =gy B¥s) A EFA) )\].,0_35)

E'ﬂ
r_(_)‘
i
T,

HE A A AF 7}

IGF-1(ng/ml)

*

400 -
350 -+
300 -+

250

200+

150 4~

N\
SN\

WT.maintenance

f{:] 0 week 8 weeks

WT.gain

L

Fig. 3. Companson of serum IGF-1 between weight
maintenance and weight gain groups.
Values are mean+ SE *p<(0.06, compared
with initial values.
Values at the same time with different superscri-
pts are significantly different from each other.
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Pl & gke] 83 & AP FeA WA transferrin
=5 10%, IGF-1 358 18% S7FAAGS 4
2+ t). B ransferrin® 2R Aol a1, A
AHBZEY GAHQ B 24T T 2718 4 gy
182 8 AP e 85 A9 hemoglobin® hema-
rocrit®) 7} A EE A 05 vnEted FoF 9
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Aoz FE oAk
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oz - #Ag  reF - US4 -
B} IGF-) 559 27} ATV} oha B4 Vet
D=y BN IGF1 FREE F% dHdE
Qler® BY ‘—;Jr g FEoE d™] Yotz
ok zev B A dPFeA A48 A A
Bl ate] 85 %’Z TEEG FRaA Z=TH
94 WA o] WP B g IGF] FEe F7T
e vdd g3 27t gro g AdEc
IGF-19] FEE o], A, 4% 385, J44,
FoddEl Soll 8l daFe BEDG?. 1GR9
gL Qledd gan AFseimzi), A
£dYZ Ao IGF-19] F5E Zaghriu g
00, 2 AFAE YT AR b 4%
Ag Aol ihe], A, QF T vRFNoR=
AR A P T3 wwdte 2T AA IGE]

o) Fx7} A2 o)fE WHIA Cpepidest ¢
¢ wFo] FostA A7 TR AlmEHT

ddwely guAn g YAl F718hHA
8% ¥ FH yanslerrin® IGF-10] F718F ¥
¥A albumin, £ A=A g5 & faFrt
WE7E Q9 ol AE AF Ald] F ok,
albumin, %%‘5’37‘-—5}_0] A 9ol et 7] vEd
Aolth = [GF-19] #77]E 3~-44]7F0] 5L wan-
sferrin 91771 E 40 ~109 0] 7] wjFol) 2% ~35 2]
albumin ¥H7H7] BT} Zepss) okl o9

atA Wtedte AR AErolA 1GF-13 wansfer-
ring] 7} ol % étgé—l-‘ & & Zeojth
AL FNE

S9d AF -—7+
Fo 97 —gﬁ:«wgq

st 9% 4t

e
£l2
> Sk
=

FRE- Y= - ] HE -

2
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o}
it

T

JEU R T ) I’J[ll

zAE g AF F7EU 48T 2 1850
Fglo.o] 44 %%‘%

400kcal 9] E"hﬁé
93‘:} Az FAL

AENF A BT A8, o dAT
. el "J";] Bk
o 3FEQ} HAAUHE HHEET.

]&]—ﬂ T8 89, glycated hemoglobin,

'ré}*] Tz, 8% F4A%, HDL, LDL, ¥-
cholesterol, hemoglobin, hematocrit,, 8% albumin,
total protein# transferrin A HFFH hRT ol
98 Zel7t gk ek gREA] Ad4d,
C-peptide, &AL 98F A IGF1 ==
A9 Az A dEdg vwste] dPTAN F
A3A otk dgTe AL vaste] 4HA<E
ghe. HW 225kaal, WA ML HIE 16g0]
F7tatgln 4F AR 85 F 4479 AFe] F
7t APEAA g vnste d4E 83
A oansferrin® 10%, IGF-1 $&& 13% 9
A T et dEFAME H87 gt 234
FAARE AT A& vinste §26hA
FZ7bst e xeA wEvl gk AT 2
&% FAT BRFAM AST vHEe sF ¥
FE 8, glycated hemoglobin, B%-3A X=T,
& @, Cpeptide, #3A¥4t, % HDL, LDL,
total-cholesterol, hemoglobin, hematocrit, E&

2 M S opk gk g (R

u*;&rﬂoiﬂ.i&m_&

Lol \0

1A

9, gRde f9% W8t gt

4 Az vlFo] Mep WY d&d
MR Bry BN YRF BAE A
FReE AL FGH QW Lujdo] WEE
74 93 AFE 32 & e AL T 4
sieleh et Ane 2% A3E LAdole
FAT BB FHNLE ZAIAT £ 4 ua

nsferrin® IGF-10] albumine]yv £ @z e} o
W gz Alefel Wal AkebA weshe #E
2o &
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