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Abstract. - The aim of this study was to
investigate whether two specific diabetes enter-
al formulas could improve nutritional as well as
metabolic parameters in elderly patients with di-
abetes mellitus type 2.

A population of 30 elderly patients with dia-
betes mellitus type 2 with recent weight loss
was recruited. At basal time diabetic patients
were asked to consume randomly two cans
per day of two different specially designed
high monounsaturated fatty acid diabetes-spe-
cific supplement: one with 49.95% of calories
provided by fats (l), the second with a 34% of
calories provided by fats (ll), for a ten week
period.

A significative decrease of glucose (119.8 %
42 vs 95.1 * 16.8 mg/dl: p < 0.05) and Hbalc
(8.2 2.8 vs 5.8 + 0.7%: p < 0.05) levels was ob-
served in group | with a significant increase in
serum albumin levels (3.1 £ 0.8 vs 3.5 £ 0.5
g/dl: p < 0.05). A significant increase of serum
albumin (3.1 £ 0.4 vs 3.7 * 0.6 g/dl: p < 0.05)
and total proteins (6.3 £+ 0.5 vs 6.9 £ 0.3 g/dl: p
< 0.05) was observed in group Il. Patients of
group Il had a significant improvement in
weight (56.5 * 16 vs 58.3 * 15 kg: p < 0.05),
body mass index (21.8 * 5.6 vs 22.5 + 5.3
kg/m2: p < 0.05) and fat mass (15.7 £ 6.4 vs 16.9
1+ 6.2 kg: p < 0.05).

In conclusion, high monounsaturated fatty
acid diabetes-specific enteral supplement im-
proved glucose, HbA1c and albumin levels. A
diabetes-specific supplement with lower fat
percentage than the first improved weight and
protein levels without significative metabolic
effects.
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Introduction

The effect of glycemic control on long-term
clinical outcome is well known in patients with
diabetes mellitus', where hyperglycemia may re-
sult in life-threatening complications and comor-
bidities. Patients with diabetes are known to be
admitted to the hospital more often than other pa-
tients groups?. Many of these hospitalized pa-
tients will require nutritional support, secondary
to undernutrition. And, an increasing number of
patients received home enteral tube feeding, in-
cluding those with diabetes mellitus*.

Standard enteral formulas are high in carbohy-
drate, low in fat and low in fiber. These formulas
may compromise glycemic control in patients
with diabetes melitus, due to a rapid nutrient as-
similation and rapid gastric emptying rate>. How-
ever, diabetes-specific formulas contain a defined
nutrient composition designed to control
glycemic levels. Such nutrients include soy pro-
tein®, monounsaturated fatty acids’, fiber® and
fructose’. The nutritional recommendations for
patients with diabetes have varied widely over re-
cent years, with a tendency, depending on the di-
etary habits of the patient, to increase the per-
centage of calories coming from lipids, provided
they are mainly monounsaturated. However,
there are no specific guidelines for patients with
diabetes who are at risk for malnutrition, requir-
ing nutritional support.

Malnutrition is observed in several patients with
diabetes mellitus in the elderly'. In these patients,
malnutrition is associated with increased suscepti-
bility to infections, failure to heal and functional
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decline'’. In the other hand, age magnifies the haz-
ard of hypoglycemia in the elderly. The normal
physiologic response generated by the body in an
attempt to correct hypoglycemia is diminished in
the elderly due to the decrease of counter-regula-
tory hormonal response to hypoglycemia and hy-
perglycemia is more common and potentially
more serious in the elderly'?. Perhaps, nutritional
support using diabetes-specific formulas in these
patient groups may prevent such complications.

The aim of our study was to investigate
whether two specific diabetes enteral formulas
could improve nutritional variables as well as
metabolic parameters in elderly patients with dia-
betes mellitus type 2.

Materials and Methods

Patients

A population of 30 elderly (> 65 years) pa-
tients with diabetes mellitus type 2 with recent
weight loss (> 5% during previous 3 months)
were enrolled and randomized (sealed envelops).
Exclusion criteria included; severely impaired
hepatic function (total bilirubin concentration
>3.5 mg/dl) and/or renal function (serum creati-
nine concentration > 2.5 mg/dl), ongoing infec-
tions, major gastrointestinal disease, autoimmune
disorders, steroids treatment and medication
could modulate weight.

Patients participating in the study were not al-
lowed to receive mineral or vitamin supplemen-
tation during the study period, and administration
of hypolipidemic drugs or oral hypoglycemic
agents was considered a reason to removal of the
patients form the study. Patients received subcu-
taneous insulin doses with the goal of maintaning
blood glucose levels between 80 and 160 mg/dl.

The study was a prospective randomized trial
carried out from November 2005 to November
2007. Baseline studies on all patients consisted of
complete history taking and physical examination.
General assessment of nutritional status included
measurements of height, body weight, body mass
index (kg/m?) and additional bioimpedance.

Nutrition

At basal time, diabetic patients were asked to
consume two cans per day of either a specially
designed high monounsaturated fatty acid dia-
betes-specific supplement with 49.95% of calo-
ries provided by fats (I) or other diabetes-specific
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supplement with a 34% of calories provided by
fats (II) for a ten week period. Table 1 shows the
composition of the two supplements. Three day
diet diaries completed at baseline (week 0), and
weeks 10 were used to assess the patient’s di-
etary intakes. One weekend day and two week-
days were studied to account for potential day of
the week effects on dietary intake. A dietitian in-
structed patients on how to record food and bev-
erage intake. Mean total energy and macronutri-
ent intakes were calculated using country specif-
ic computerized dietary analysis packages. Total
dietary intake was calculated by adding oral sup-
plement consumption to spontaneous food in-
take, asking to record the number of cans of sup-
plements or parts therefore.

Patient Monitoring

At the initial assessment body weight was
measured to an accuracy of 0.1 kg and body
mass index computed as body weight/height?).
Bipolar body electrical bioimpedance was used
to determine body composition'3. An electric
current of 0.8 mA and 50 kHz was produced by a
calibrated signal generator (Biodynamics Model
310e, Seattle, WA, USA) and applied to the skin
using adhesive electrodes placed on right-side
limbs. Resistance and reactance were used to cal-
culate total body water, fat and fat-free mass.
BIA measures the geometrical components of
electrical impedance Z, i.e., resistance R (the
sum of in-phase vectors) and the capacitive com-
ponent, reactance X (the sum of out-phase vec-
tors) derived from Z? = R? + X 2. The phase angle

Table I. Composition of supplement.

Group | Group lI

(1 unit (1 unit

250 mil) 230 ml)
Total energy (Kcal) 245 205
Protein (g) 10.5 10.7
Total lipid (g) 13.6 7.8
MUFA 10.3 (37%) 5.82 (24%)
PUFA 1.67 (6%) 0.94 (4%)
SFA 1.62 (4%) 0.69 (3%)
Carbohydrate (g) 20.3 26
Dietary fiber (g) 3.6 1

Group I (Glucerna®): carbohydrates (60.8% maltodextrine,
18.9% fructose, 20.3 soy polysaccaride). Dietary fiber
source: soy polisacaride.

Group II (Glucerna SR®): carbohydrates (49% Maltode-
strine, 22% Maltitol, 26% fructose). Dietary fiber source:
oligofructose. MUFA: monounsaturated fatty acids. PUFA:
polyunsaturated fatty acids. SFA: saturated fatty acids.
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a is determined by the equation [PA° = (X/R) x
(180°m)]. Precautions taken to insure valid BIA
measurements were: no alcohol within 24 hours
of taking the test, no exercise or food for four
hours before taking the test.

Hypoglycemic events (glucose levels < 50
mg/dl and clinical symptoms) and exitus were
recorded. Gastrointestinal problems related to en-
teral feeding were also recorded (diarrhea).

Assays

Fasting blood samples were drawn for mea-
surement of albumin (3,5-4,5 g/dl), prealbumin
(18-28 mg/dl), transferrin (250-350 mg/dl) (Hi-
tachi, ATM, Mannheim, Germany), and limpho-
cytes (1.2-3.5.10%/uL) (Beckman Coulter, Inc,
LA, CA, USA).

Serum total cholesterol and triglyceride con-
centrations were determined by enzymatic col-
orimetric assay (Hitachi 917, Roche Diagnostics,
Mannheim, Germany). Glycated haemoglobin
was measured as HbA,, by HPLC (Menarini,
Florence, Italy). Plasma glucose levels were de-
termined by using an automated glucose oxidase
method (Hitachi 917, Roche Diagnostics,
Mannheim, Germany).

Statistical Analysis

The results were expressed as mean + SD. The
distribution of variables was analyzed with Kol-
mogorov-Smirnov test. Quantitative variables
with normal distribution were analyzed with two
tailed paired or unpaired Student’s t-test and
analysis of variance (ANOVA) as needed. Non-
parametric variables were analyzed with the
Friedman and Wilcoxon tests. To minimize the
potential for introducing bias, all randomized pa-
tients were included in the comparisons, irre-
spective of whether or not and for how long they
complied with their allocated regimen (intention-
to-treat analysis). A p-value under 0.05 was con-
sidered statistically significant.

A power calculation based on weight improve-
ment was performed. Twelve patients in each
group were necessary to detect an improvement
of 2 kg, with a error type I < 0.05 and a statistical
power of 80%.

Results

Thirty patients with diabetes mellitus were en-
rolled in the study. The mean age was 76.1 £ 9.95

years (17 females/13 males). There were 16 pa-
tients in the group I and 14 patients group II.
Characteristics of the patients on enrollment
were similar for the two groups, reflecting the
homogeneity of the patients. There were no sig-
nificant differences with regard to gender, mean
age, body weight and basal glycaemic control
(Table II). Twelve patients died during the study,
37.5% in group I and 42.85% in group II.

To assure adherence to study supplementation
program, we dispensed enough formula to our
patients to provide 2 units per day. The volumet-
ric consumption rates of the formula were identi-
cal for the two groups, with an average of taken
units (1.6 £ 0.62 units/day). Final total calorie
and protein consumption, based on both formula
and dietary intake with 3 days food records, were
similar in both groups, (calories: group I 1667 +
300 vs group II 1610 = 119 cal/day; p: ns) and
(proteins: group I 79.8 + 25 vs group II 82.4 +
17.8 g/day; p: ns). Formula consumption repre-
sented a 23.9% of caloric intakes in group I and
22.85% of caloric intake in group II.

A significative decrease of glucose and Hbalc
levels was observed in group I with a significant
increase in albumin levels (Table III). A signifi-
cant increase of albumin and total proteins was
observed in group II without changes in metabol-
ic parameters (Table III).

Patients of group II (Table IV) had a signifi-
cant improvement in weight, body mass index
and fat mass. Parameters in group I remained un-
changed.

Gastrointestinal tolerance (diarrhea episodes)
with both formulas was good, without statistical
differences (6.25% vs 7.14%; p: ns). No subjects
experienced nausea, cramps, abdominal disten-
sion, or vomiting. There were no dropouts due to
intolerance.

Hypoglycaemic events were similar in both
groups, two episodes in the same patient in both
groups (12.5% vs 14.28%: p < 0.05).

Table Il. Patients characteristics.

Group | Group Il

N=16 N=14
Age (years) 74.6+£7.1 77.1£8.7
Women/men 9/7 8/6
Body weight (kg) 569+ 15 56.4 16
BMI (kg/m?) 22447 21.8+5.6
Diabetes course (years) 14.7+4.2 143 5.7

No statistical differences.
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Table Ill. Metabolic control, blood protein concentrations and linphocyte count.

Group | Group Il

Parameters Baseline 10 weeks Baseline 10 weeks
Glucose (mg/dl) 119.8 £ 42 95.1 +16.8% 122.4 £22.8 130.6 £ 41.4
Total chol (mg/dl) 143 + 38 155 + 37 157.5+52 176.1 £ 49.8
TG (mg/dl) 136 £ 56 142 + 48 130.7 £ 61.8 134.6 = 43.7
HbAlc (%) 82+28 5.8+0.7 7.58+1.7 738+1.5
T. protein (g/dL) 6.3 + 0.7 6.8 0.8 6.3+0.5 6.9 £0.3*%
Albumin (g/dL) 3.1+£0.8 3.5+£0.5% 3.1+x04 3.7 £ 0.6*
Prealbumin (mg/dl) 13.8+4.2 16.1 4.9 149+53 20.2+9.1
Transferrin (mg/dl) 215 +49 233 +49 188.2 + 63 223.6 +71
Limphocytes 1511 =980 1566 =908 1650 =475 1575 £ 506

(10° microL/mm?)

Chol: Cholesterol. TG: Triglycerides. T. Protein: total protein. t student test and Wilcoxon test were used as statistical meth-

ods. (*) p < 0.05, in each group with basal values.

Insulin dose at the end of the study did not
show statistical differences (group I: 35.3 £ 5 vs
group II: 36.5 + 6 Ul/day; p: ns). The require-
ments per gram carbohydrate ingested was lower
in group I than II (group I: 0.21 = 0.05 vs group
II: 0.39 + 0.06 Ul/day: p < 0.05).

Discussion

Our data show that a high monounsaturated
fatty acid diabetes-specific supplement with
49.95% of calories provided by fats improved
metabolic control and albumin levels. Secondly,
diabetes-specific supplement with a 34% of calo-
ries provided by fats improved weight and pro-
tein levels without metabolic effects.

Three long-term clinical trials involving en-
teral tube feeding!>!'® and oral supplements'’ re-
ported favorables effects of diabetes-specific

Table IV. Evolution of anthropometric parameters.

formulas on Hbalc and fructosamine concen-
trations, as our high monounsaturated-en-
hanced formula.

In previous studies'®!?, no significant effect on
total cholesterol was found of those fed diabetes-
specific formulas, as our data. Other studies'® did
not report significant differences in LDL or HDL
concentrations. In the majority of the studies, the
diabetes-specific formulas showed lower triglyc-
eride concentrations than the standard formulas'+
16,18

Only two studies!*!” have been reported com-
plications as an outcome, and neither showed a
significant difference in overall complication
rates between standard formulas and diabetes-
specific formulas on enteral tube feeding. How-
ever, the study of Graig et al.'* post-hoc analysis
demonstrated a tendency for a lower incidence of
pneumonia, urinary tract infections and episodes
of fever in the diabetes-specific formula. Only
one study'’ of enteral tube feeding in critically ill

Group | Group I
Parameters Baseline 3 months Baseline 3 months
Weight (kg) 569 + 15 57.4+14.8 56.5+16 58.3 = 15%
BMI (kg/m?) 224 +47 229 +4.1 21.8+5.6 22.5 +5.3%
Fat free mass (kg) 45+ 15 452 + 14 40.2 =12 41.5+ 10
Fat mass (kg) 39+£5.6 145+5.1 157+6.4 169 + 6.2*
PA(°) 6.1+24 59+x15 54+18 55+1.1

BMI: body mass index. PA(°) : phase angle. (*) p < 0.05, differences between time 0 and at 3 months in each group.
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patients reported data on mortality, without sig-
nificant differences in the 2-week study period,
as our data.

Only one study has been evaluated anthropo-
metric data'. In this study, oral supplements pro-
vided 85% of total energy intake, and no signifi-
cant differences in body mass index, weight, total
body fat, or waist-to-hip ratio between those fed
diabetes-specific versus standard formulas were
found. Our study showed a significative increase
in anthropometric parameters in group II. Per-
haps different composition of both formulas
plays an unknown role in anthropometic im-
provement without a clear explanation.

The requirements for medication have been
evaluated by 4 studies'*'3!720 in patients with di-
abetes mellitus type 2. These studies reported re-
duced insulin requirements in those receiving di-
abetes-specific formulas versus standard formu-
las. The insulin requirements differences were
26%" and 71%'7 lower in the specific formula
groups than standard formula groups. The re-
quirements per g carbohydrate ingested were
low, too. In our study, high monounsaturated fat-
ty acid diabetes-specific supplement showed low-
er requirements per g carbohydrate ingested than
the other specific formula. Different authors?'
have suggested that control of metabolic parame-
ters in hospitalized patients is more closely relat-
ed to the carbohydrate supply than to the source
of carbohydrates or to the overall composition of
the feed. One hypothesis in our study is that the
overall composition of the formula (fructose,
starch, soluble fiber and MUFA) contributes to a
better glycemic control in group I than II rather
than the total amount of carbohydrates alone. It
has been demonstrated that moderate amount of
fructose improves sensitivity to insulin in diabet-
ic patients (123) and that MUFA, as saturated fat-
ty acids (SFA) substitute, reduce insulin response
to glucose levels?®. However, Hofman et al** have
demonstrated that special feeds with a low carbo-
hydrate, high MUFA and high fibre content im-
prove glycemic balance (peak glucose concentra-
tion and area under the curve) in healthy volun-
teers and patients with diabetes mellitus type 2 as
our data showed.

All previous studies have been perfomed in
patients with diabetes mellitus type 2. Only
one study? has been designed in diabetes mel-
litus type 1 population. In this work a enteral
nutrition formula for diabetes (45% carbohy-
drates, 38% lipids, 16% soy protein and 15
g/1000 ml fibre) provoked lower increases in

postprandial glycemia, with no changes in
lipid levels compared to a standard diet with
and without fibre.

Gastrointestinal side effects of these formulas
are not usual to be evaluated in previous study.
Only in a study®, patients in standard formula
group arm showed a significantly higher inci-
dence of diarrhea than patients in specific dia-
betes formula. Our study did not detect signifi-
cant differences between formulas.

In conclusion, a high monounsaturated fatty
acid diabetes-specific supplement improved glu-
cose, HbAlc and albumin levels. A diabetes-spe-
cific supplement with lower fat percentage than
the first improved weight and protein levels with-
out metabolic effects.

References

1) UK ProspecTiVE DIABETES STubY (UKPDS) Grour. In-
tensive blood-glucose control with sulphonylureas
or insulin compared with conventional treatment
and risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet 1998: 352: 837-
853.

2) CoursiIN DB, CoNNERY LE, KeTzLErR JT. Perioperative
diabetic and hyperglycemic management issues.
Crit Care Med 2004; 32(suppl. 4): S116-S125.

3) JonEes BM, STRATTON RJ, HoOLDEN C, RusseLL C, GLEN-
CORSE G, MICKLEWRIGHT A. Trends in Artificial Nutri-
tional support in the UK 2000-2003: Annual report
of the British Artificial Nutrition Survey (BANS).
Redditch, UK, BAPEN, 2005.

4) DE Luis DA, ALLER R, Izaola O, TErRROBA MC, CABEZAS
G, CueLAr LA. Experience of 6 years with home
enteral nutrition in an area of Spain. Eur J Clin
Nutr 2006; 60: 553-557.

5) Coutston AM. Clinical experience with modified
enteral formulas for patients with diabetes. Clin
Nutr 1998; 17(suppl. 2): 46-56.

6) HERMANSEN K, S@NDERGAARD M, H@IE L, CARSTENSEN
M, Brock B. Beneficial effects of a soy-based di-
etary supplement on lipid levels and cardiovascu-
lar risk markers in type 2 diabetic subjects. Dia-
betes Care 2001; 24: 228-233.

7) GarG A. High-monounsaturated-fat diets for pa-
tients with diabetes mellitus: a meta-analysis. Am
J Clin Nutr 1998; 67(Suppl. 3): 577S-582S.

8) DRUETZLER A, BOWEN P CASHMERE K, HORwITZ A.
Acute and chronic response of glucose tolerance
to a soy polysaccharide enriched liquid formula
diet. Fed Proc 1985; 44: 1499.

9) Kowisto VA, Yk-JARVINEN H. Fructose and insulin
sensitivity in patients with type 2 diabetes. J In-
tern Med 1993: 223: 145-153.

265



D.A. de Luis, O. Izaola, R. Aller, L. Cuellar, M.C. Terroba, T. Martin, G. Cabezas, S. Rojo, M. Domingo

10)

11)

12)

13)

14)

15)

16)

17)

18)

SINCLAIR AJ GADsBY R, PENFOLD S, CROXSON SC, BAYER
AJ. Prevalence of diabetes in care home resi-
dents. Diabetes Care 2001; 24: 1066-1068

TurnBULL PJ, SINcLAR AJ. Evaluation of nutritional sta-
tus and its relationship with functional status in old-
er citizens with diabetes mellitus using the mini nu-
tritional assessment (MNA) tool-a preliminary in-
vestigation. J Nutr Health Aging 2002; 6: 185-189.

Mortey JE, PErRry HM 3rD. The management of di-
abetes mellitus in older individuals. Drugs 1991;
41: 548-565.

Lukaski HC, JOHNSON PE, BOLONCHUK WW/, LYKKEN
Gl. Assessment of fat-free mass using bioelectri-
cal impedance measurements of the human
body. Am J Clin Nutr 1985; 41: 810-817.

CRAIG LD, NicHOLSON S, SILVERSTONE FA, KENNEDY
RD. Use of a reduced-carbohydrate, modified-fat
enteral formula for improving metabolic control
and clinical outcomes in long-term care residents
with type 2 diabetes: results of a pilot trial. Nutri-
tion 1998; 14: 529-534.

MAYR P, MERTLE-ROETZER M, LAUSTER F, PoHL M,
HastBeck M, ERrikseN J et al. Metabolic control in
type 2 diabetes tube fed patients after brain dam-
age during long-term treatment with a new low
carbohydrate, high monounsaturated fatty acid
containing enteral formula versus a standard-like
formula: a randomized, prospective controlled,
double blind multicentre trial. Clin Nutr 2005; 23:
1497-1498.

MCcCARGAR LJ, INNIS SM, BOWRON E, LEICHTER J, DAW-
soN K, TotH E, WALL K. Effect of enteral nutritional
products differing in carbohydrate and fat on in-
dices of carbohydrate and lipid metabolism in pa-
tients with NIDDM. Mol Cell Biochem 1998; 188:
81-89.

Meseso A, ACosTA JA, ORTEGA C, VILA J, FERNANDEZ
M, FERRERES J, SANCHIS JC, Lorez . Comparison of a
high-protein disease specific enteral formula with
a high-protein enteral formula in hyperglycemic
critically ill patients. Clin Nutr 2003; 22: 295-305.

PeTers AL, DavibsoN MB. Effects of various enteral
feeding products on postprandial blood glucose

266

19)

20)

21)

22)

23)

24)

25)

26)

response in patients with type 1 diabetes. J Par-
enter Enteral Nutr 1992; 16: 69-74.

FINNEY SJ, ZexkverDd C, Eua A. Glucose control and
mortality in critically ill patients. JAMA 2003; 31:
359-366.

GRrRAHM TW, HARRINGTON TR, Isaac RM. Low carbo-
hydrate with fiber enteral formula impedes devel-
opment of hyperglycaemia in patients with acute
head injury (abstr). Clin Res 1989; 37: 138A.

CAmPBELL S, ScHILLER M. Considerations for enteral
nutrition support of patients with diabetes. Top
Clin Nutr 1991: 7: 23-32

PeTers A, Davibson MB. Effects of various enteral
feeding products on postprandial blood glucose
response in patients with type 1 patients. J Par-
enter Enteral Nutr 1992; 16: 69-74.

CarRG A, BANTLE JP HENRY RR. Effects of varying
carbohydrate content of diet in patient with non
insulin-dependent diabetes mellitus. JAMA 1994;
271:1421-1428.

HoFmMAN Z, vAN DRUNEN JD, DE LATER C, KuiPErs H.
The effect of different nutritional feeds on the
postprandial glucose response in healthy volun-
teers and patients with type | diabetes. Eur J Clin
Nutr 2004; 58: 1553-1556

DEL CARMEN CResPILLO M, OLVEIRA G, DE ADANA MS,
RoJo MARTINEZ G, GARCIA ALEMAN J, OLVERA P,
SORIGUER F Muroz A. Metabolic effects of an en-
teral nutrition formula for diabetes: comparison
with standard formulas in patients with type 1 dia-
betes. Clin Nutr 2003; 22: 483-487.

LEON-SANZ M, GARCIA-LUNA PP SANZ-PARiIS A, GOMEZ-
CANDELA C, CAsIMIRO C, CHAMORRO J, PEREIRA-CUNILL
JL, MARTIN-PALMERO A, TRALLERO R, MARTINEZ J, OR-
DOREZ FJ, GARCIA-PERIS P CAMARERO E, GOMEZ-ENTER-
RiA P CABRERIZO L, PEReEZ-DE-LA-CRUZ A, SANCHEZ C,
GARCIA-DE-LORENZO A, RODRIGUEZ N, UsAN L; ABBOTT
SPAI-97-004 STupy COOPERATIVE GROUP. Glycemic
and lipid control in hospitalized type 2 diabetic
patients: evaluation of 2 enteral nutrition formulas
(low carbohydrate-high monounsaturated fat vs
high carbohydrate). J Parenter Enteral Nutr 2005;
29: 21-29.



