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A recent meta-analysis showed that foods with a Giywcemic Index (GI) have a clinically useful effean
glycemic control in patients with diabetes. Althbudjabetes-specific enteral formulas are commosgdufor
diabetic patients with insufficient oral intake tmouch is known about the Gl of these formulas.réfare the
purpose of this study was to assess the Gl of abdibetes-specific formulas and to compare thdath w
standard formulas. The randomised, double blindedssover study included twelve products which were
tested in 7 — 10 individuals from a pool of 14 li@alolunteers. After an overnight fast, volunteeere given

a portion of a product containing 25 grams of chytavate or the reference feed (200 ml containingyizén
glucose) on different occasions in random ordestftandial blood glucose levels were measured mowe
whole blood for two hours after intake of the produand positive incremental area under the cufdCl
was calculated for both the products and the raterdeed. The Gl of the test products was determinbe
dividing AUC (test products) by the AUC (referenced® Enteral formulas varied widely in their Gllwes
with the diabetes-specific enteral formulas beihgracterized by a significanP£0.004) lower Gl (average
+SEM: 19.4 + 1.8) than standard formulas (42.19).5-1dowever, there was an overlap between the yest

of formulas. Three of the diabetes-specific forrsutad significantly lower Gl than 3 of the standardducts.
Although there is some overlap with the Gl of digisespecific and standard formulas, certain diabspecific
formulas had very low Gl values, which may be clily beneficial due to better glycemic control.eféfore
the use of diabetes-specific formulas with a low $hould be the preferred option for the nutritional
management of diabetic patients in need of nutr@icupport.

Key Words: diabetes, hyperglycemia, clinical nutrition, glycemt index, nutritional treatment.

Introduction based on product composition ofif{f. Both the quantity,
A major nutritional treatment goal of diabetes asrior- as well as the quality of the carbohydrates apptais-
malize plasma glucose levels in both the fasting e fluence blood glucose response to a mealhe presence
postprandial state. Recently, a review by diabetes expertsf fibre in the diet has been shown to reduce postdial
concluded that besides fasting blood glucose, pastiial hyperglycemid? and the amount of fat in a meal has also
hyperglycemia is a risk indicator for micro- and ar&@ been shown to influence the glycemic response éseth
vascular complications, not only in patients wiilpeg 2 meals*®

diabetes but also in those with impaired glucoserance? In order to compare the effects of specifiod® on
In addition, several studies documenting postpeindblood glucose response, Jenkasl., introduced the Gly-
hyperglycemia and the risk for increased mortaditggest cemic Index (GI)** The Gl can be defined as the area un-
that lowering postprandial blood glucose levels thige der the glucose response curve after consumptienfadd
even more beneficial than lowering of fasting blagid- containing 50 grams of carbohydrate (CHO), exprbsse
cose level$® Therefore, treatment targeting post-prandiglercentage of the area under the blood glucoseomesp
blood glucose levels is expected to optimise oVeylgt curve after intake of 50 grams of CHO in a standamd
cemic control and thus improve long-term outcomeglucose solution or white breatf). The standard proce-
including reduction of cardiovascular disease didaaise dure is to assess the Gl in healthy volunteersieNleeless,
mortality>® Nutrition and diet are considered, both byhe concept of Gl appears to be a useful tool ipraving
medical professionals and health care organizati@ss glycemic control in diabetic patients as demonsttaby
important tools in optimising blood glucose levet§® several clinical triald>*>'®

Nutrition has a profound effect on changes in bighdose From a meta-analysis of randomised controtfeds it
and the postprandial blood glucose response isigliro was concluded that low-Gl foods in place of conimral
influenced by the specific composition of the di¢how- or high-GI foods have a clinically useful effect medium-

ledge on the postprandial blood glucose responggate - .
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term glycemic control (glycated proteins) in pateewith ~ The Medical Ethical Committee of Maastricht Universi

diabetes. On average, the glycated proteins (Heitt
fructosamine) were reduced by 7.4% when a low @&t di

approved the study protocol and informed conserg wa
obtained from all participants before the starthef study.

was compared with a high Gl diet, a similar benafit Twelve enteral formulas were tested in 7 to 10 hgalt
offered by pharmacological agents that also tapgst-  volunteers, drawn from a pool of 14. Prior to usibn
prandial hyperglycemia. The concept of Gl appeatsst volunteers performed an oral glucose tolerance test

a useful tool in improving glycemic control in digic
patients as demonstrated by several clinical tH£$The
Gl is considered as an important tool in the dietezat-
ment of diabetic patients by major diabetic andlthea
care organizations.

Especially in the elderly population the prevale of
diabetes is high, approximately 5—-20%. Elderly diab

(OGTT).

Criteria for healthy volunteers were a ifagt
glucose level below 6.5 mmol/l and for the OGTT a 2h
glucose level below 7.8 mmol/l and glucose levaml

11.1 mmol/l at all time&' Exclusion criteria were any
metabolic or inflammatory diseases, age below l&se

and a body mass index (BMI) above 30 kgg/nThe six
enteral formulas specifically designed for the aligt

patients admitted to nursing- or elderly homesaften treatment of diabetic or hyperglycemic patients] éme
malnourished and their nutritional status seenetine  six standard enteral formulas are all commercialhi-
lable. Seven of the formulas are drink feeds awd f
trition to these patients, special diabetic feeds fu-  formulas are used as tube-feeds. The macronuttent
position of the formulas is shown in Table 1. Amsoof
have, in comparison to standard feeds, a lowercearbthe formulas contain a relatively low amount of CHO
portions of 25 grams of CHO were chosen for altstes
on macro- and micro-nutrient composition (such asThis procedure had been approved in previous stu-

further during admission. In order to provide ol nu-
tritional support were developed. Such productemnof
hydrate (CHO)/fat ratio, mostly with further adapmias

fructose, MUFAs, protein and fibre). These produmte
designed to induce a delayed and limited rise ist-po
prandial glucose levels. However, the Gl of mdghese
products has never been assessed. For this rehsdd|
of different clinical nutrition products were datgned in
this study. Additionally, the Gl scores of spedalbetic

still commonly used in this patient group.

dies

9,10,14

Volunteers reported at the laboratory aftercaer-
night fast of at least 10 hours. After a Venfloasiyplaced
in a forearm vein and a baseline blood sample akent

either a portion of product containing 25 gram caika-

ble CHO or 25 gram of glucose dissolved in 200 ml o
formulae were compared with those of standard prisclu  water (reference food) had to be consumed oralthimi

two minutes. Venous blood samples were collecteldba

30, 45, 60, 90, 120, 150 and 180 minutes aftekantaf
The first 0.5 ml of every sample was d
The randomised, double blinded, cross over study wasarded because of dilution with saline, aftbr each

Materials and methods the product.

conducted at Maastricht University in the Neldreds.

Table 1a. Macronutrient composition of the standard entemahulas per 100 ml.

Nutridrink Biosorbt Nutrison Nutrison
Unit Fortimelt Multi Fibret Drink Standardt  Nutri-drinkt  Multi Fibret
Energy Kcal 100 150 100 100 150 100
Protein g (En%) 10 (40) 6.0 (16) 4.0 (16) 4.0 (16) 6.0(16) 4.0 (16)
CHO g (En%) 10.3 (19) 18.4 (49) 12.3 (49) 12.3(49) 18.4(49) 12.3 (49)
Fructose g 0 0 0 0 0 0
Fat g (En%) 2.1(41) 5.8 (35) 3.9 (35) 3.9 (35) BB) 3.9 (35)
MUFA g 1.2 35 2.3 2.3 35 2.3
Fibre g 0 2.3 0 0 0 1.5
MUFA: Monounsaturated fatty acidgNutricia N.V., The Netherlands..
Table 1b. Macronutrient composition of the diabetes-spe@ifhteral formulas per 100 ml.
Novasource
Unit Diasont Diasipt Glucernat  Glucerna SR} Diabet§ Diben{
Energy Kcal 100 100 100 89 92 90
Protein g (En%) 4.3 (17) 4.0 (16) 4.2 (16.7) 47)(2 3.4 (15) 4.0 (18)
CHO g (En%) 11.3 (45) 8.8 (35) 9.6 (34.3) 11.1 (45) 12.5 (54) 8.3 (37)
Fructose g 2.3 1.9 1.9 3.2 1.6
Fat g (En%) 4.2 (36) 5.4 (49) 5.4 (49) 3.4 (34) 3D 4.5 (45)
MUFA g 2.8 3.6 3.8 ?2?? 1 3.2
Fibre g 1.5 2.5 1.4 1.18 1.5 2

MUFA: Monounsaturated fatty acidiNutricia N.V., The NetherlandgAbbott Laboratories Inc., USANovartis Consumer Health SA,

Switzerland;fFresenius Kabi AG, Germany.
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sample the catheter was flushed with physiologiedihe.

The three diabetes-specific formulas Disilucern&

Glucose concentration was measured in whole bloodnd Diasofi had significantly lower Gl scores than the
using a glucose analyser (EML-105, Radiometer, Gope three standard formulas Nutridritk Nutridrink Multi
hagen, Denmark). The positive incremental areaeund Fibre® and Biosorb Drink. However, the other three

the curve (AUC) was calculated according to thedra

diabetes-specific formulas Dib&nGlucerna SR and

zoidal rule®® For each volunteer the AUC of the test pro-Novasource Diab&t had only significantly lower Gl
duct was expressed as a percentage of the AUCeof ttscores when compared with the standard feed Nutri-

reference feed tested in the same volunteer. Eisiglts
in a value representing the Gl for each produce ean
Gl for each test product was calculated and a antsif
analysis of variance (ANOVA) was performed to test
differences in Gl between the products. In ordeddter-
mine differences between the products a leastfgignt
difference (LSD) post-hoc test was performeifferen-
ces between products were regarded significant wien
LSD test showed significant differences (i/2<0.05)
between the GlI's.

Results

In total 8 male and 6 female volunteers particigatethe
study. Average age (x standard deviation (SD)) 226

+ 2.1 years, with a range from 20 to 26 and theape
BMI (= SD) was 21.7 + 2.0 (range of 19 to 26). Thks
of the different enteral formulas are shown in k.
The average Gl of the diabetes-specific formulas 18a4

+ 1.8 (mean + standard error of mean (SEM), rang®12
26). The diabetes-specific formulas showed a Sagmit

lower Gl (P=0.004, Mann Whitney U test) when com-

pared to the GI of the standard formulas (42.1+#a8ge
25 to 61).

drink®. They had no significantly lower Gl scores com-
pared to the other standard formulas. Significastlts
from the LSD test are indicated in Figure 1.

Discussion

In this study, the diabetes-specific formulas shosta-
tistically significant lower Gl values than standldior-
mulas (19.4 versus 42.1 respectively). Althougirdhis
some overlap with the GI of diabetes-specific atahs
dard formulas, certain diabetes-specific formulag wery
low Gls. These low Gl levels found for the diabetes
specific formulas and higher Gl levels found foe stan-
dard formulae are in line with previous findings @nery
limited number of feed®3' Diets with a low GI have
shown beneficial effects on glycemic contfdf and even
insulin resistanc&***Recently it has been reported that
consumption of a low Gl diet for a period of onknéeks
by type 2 diabetic patients showed improvement in
glycemic control, fasting plasma glucose, HbAlccoke
utilization and some lipid profiles, in comparisém a
high GI diet** This suggests that a low Gl diet might
play an important role in the treatment and praeenof
diabetes and related disorders. In addition, blbhod

Analysis of variance (ANOVA) showed that therestatus appears to improve as a result of the utmwo6Gl

were significant differences in Gl scores betwdenfor-
mulas P=0.032). In order to find which formulas
differed significantly from each other, a LSD mplé-
comparison analysis was performed.

Glycemic Index
0 20 40

foods’®3* This is of particular interest for diabetic pa-
tients as they often have dyslipidefiand an increased
risk of coronary heart diseaSe.Major health care and
diabetic organizations like the World Heafthganizatiofi?

Diasip
Glucerna
Diason
Diben
Glucerna SR

Novasource Diabet

Fortimel

Nutrison MF
Nutrison Standard
Biosorb Drink
Nutridrink MF
Nutridrink

c/ble

60 80 Gl £SEM |n
12 + 3¢ 7
15 £ 3¢ 9
17 £ 4° 9
22 £ 7°¢ 7
23 + 5be 9
26 + 5bc 10
25 + 8¢ 8
28 + 10bc |10
34 + gabc |10
50 + 168b |9
53 + 19%° |10
61 + 1% 10

: Gl scores without a common letter differ sigrdintly (P<0.05, LSD multiple comparison test)

Figure 1. Glycemic Index of tested enteral formulas (me&SEM)
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the Diabetes and Nutrition Group (DNSG) of the Euro
pean Association for the study of Diabétesind the
Dietitians Associations of Austraffaconsider the Gl as
an important tool in the dietary treatment of dibe
patients.

The GI of the 12 enteral formulas determinedhis
study vary widely from Gl=12 for a diabetes-spexféed

plications®***° |n another study, two of the diabetes-
specific enteral formulas that were also testedhiis
study (Diasiff and Diasofi) were compared with the re-
sponses of two standard enteral formulas (Biosaibk
and Nutrison Standaf)l Again, the diabetes-specific
formulas showed a lower postprandial glucose respan
diabetic patients!

up to GI=61 for a standard supplement. The standard Some of the enteral formulas tested in thisl\sthave

errors of some of the enteral formulas are reltitégh
(>15 for 3 enteral formulas). Methodological issui&e
testing the reference food only once, measuringnpda
glucose levels in venous blood and not in capillaipod
and the use of Glucometers could have been atdbiat
these large standard errd?s’ However, despite these
large standard errors, three diabetes-specific dtasn
Diasip®, Glucern& and Diasofi had significantly lower
Gl scores than the three standard formulas Nuté@ri
Nutridrink Multi Fibre® and Biosorb DrinR. A com-
parison between the composition of enteral formulilks
a low GI (diabetes-specific formulas) and thosehwat
high GI (standard formulas) shows that, in generagw
Gl formula is characterized by a lower carbohydiats-
tent, the presence of fructose and a higher faecomcon-
taining more MUFA'’s. Furthermore, the low Gl forlasi
contain relatively high amounts of fibre while sand
enteral formulas, especially sip feeds, often docoatain
fibre. The fibre containing standard formulasedshere,
Nutridrink Multifibre® and Nutrison Multi-fibr&, contain
only 3.1g fibre per portion given while the amougft
fibre for the formula with the lowest GI (DiaSipis much
higher (7.1g fibre per portion given). This indicatinat
the presence of fibre could also influence the &lus.
Previously, the choice of carbohydrates (e.g. &se),
and fibres has been shown to influence the podipabn
glucose responses positivefy** 38 3°

Similarly to the effect of low Gl diets, aldeéets with a

high MUFA and low CHO content have been shown tog.

improve glycemic control as well as lipoprotaiatus’®+?

In 1998, the consensus statement on nutritiongd @t f
tube-fed patients with diabetes already acknowlddge
these results and stated that replacing part oCtH® of
a product with MUFAs can be an effective way toctea
the objectives for good management of diab&tea.
meta-analysis of the data concludes that thereoad g
scientific support for high MUFA diets as an altime
to high CHO diets for medical nutrition therapy dra-
betes'*** Recently, Hung and co-workers concluded,
based on a review of the available evidence, tletsd
high in MUFAs and fibre and with a low Gl appearb®
beneficial regarding insulin resistance, glycemimteol
and blood lipid$®

Similar to the effect of diets with low Gl taw CHO
and high MUFA content, the use of an enteral foamul
with a relative low CHO and high MUFA content for a
period of 12 weeks in diabetic patients has shawret
duce fasting and postprandial plasma glucose, pldsm
pids and HbAlc. It also improved clinical outconwa
meters, i.e. reduction in fevers, pneumonia, uyirteact
infection, and pressure ulcéfs. A reduction in post-
prandial plasma glucose has most likely lead torthe
duction in infectious complications as hyperglycens
associated with an increased incidence of infestmmm-

a low CHO and a high fat content. The use of aGhO,
high fat diet for diabetic patients is often dismed
because of the concern that such diets may leaebight
gain? It is important to realize that the enteral fotas
that were tested in this study are clinical nudnitipro-
ducts. These clinical nutrition products are used
support hospitalised or otherwise institutionalipadgients
with an insufficient oral intake who require nutital
support. Such products are used under controled ¢
ditions and are given according to the energy requi
ments of the patient.

In summary, this study shows that diabetesifipe
enteral formulas are being characterized by a loGer
than standard formulas. However, only half of tibgted
diabetes-specific feeds had a very low Gl wherbagé-
maining ones showed some overlap with the GI df-sta
dard formulas. As diets with a low Gl have beeavah
to improve glycemic control, it is to be expectadttthe
use of certain diabetes-specific formulas with & IGI
show beneficial effects in the nutritional managetnaf
diabetic patients in need of nutritional suppor ahould
therefore be the preferred option.

to
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