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Epidemiological surveys and prelimi-
nary intervention studies have
shown that postprandial hyperglyce-

mia is a direct and independent risk factor
for the development of cardiovascular
disease in type 2 diabetes (1–4). More-
over, it has been reported that postpran-
dial spikes in blood glucose concentration
are even more relevant to the onset of car-
diovascular complications than merely el-
evated fasting blood glucose levels (5–7).

Protein hydrolysate/leucine co-
ingestion could represent an effective
nutritional intervention to stimulate
postprandial insulin secretion, augment
postprandial blood glucose disposal, and
improve blood glucose homeostasis in
type 2 diabetic patients (8–10). Though
promising, the clinical relevance and ap-
plicability of such a nutritional interven-
tion remains to be established.

In the present study, we applied con-
tinuous glucose monitoring to assess the
impact of protein hydrolysate/leucine co-
ingestion with each main meal as a nutri-
tional intervention strategy to improve
daily glycemic control in long-standing
type 2 diabetic patients.

RESEARCH DESIGN AND
METHODS — Eleven long-standing
type 2 diabetic patients (aged 58 � 1
years, BMI 28 � 1 kg/m2, HbA1c 7.4 �
0.3%) and 11 matched healthy control

subjects (aged 59 � 2 years, BMI 28 � 1
kg/m2, HbA1c 5.5 � 0.1%) participated in
this study. All subjects were screened for
type 2 diabetes according to American Di-
abetes Association guidelines (11). Type 2
diabetic patients had been diagnosed for
8 � 1 years and were using metformin
with (n � 8) or without (n � 3) a sulfo-
nylurea derivative. Blood glucose–
lowering medication was continued
throughout the experimental trials. Sub-
jects maintained normal dietary and
physical activity patterns but refrained
from exhaustive physical labor and exer-
cise training for 3 days before each trial.

Each subject participated in a cross-
over study with two trials during which
blood glucose concentrations were re-
corded for 40 h under free-living condi-
tions using a continuous glucose
monitoring system (CGMS) (GlucoDayS;
A. Menarini Diagnostics, Firenze, Italy)
(12). Subjects received three beverages
containing a protein hydrolysate/leucine
mixture or a placebo beverage. Prepacked
beverages were consumed directly after
each main meal. All meals, snacks, and
beverages were provided in preweighed
packages and were ingested at predeter-
mined time points to ensure fully stan-
dardized dietary modulation during both
trials. The standardized diet provided 121
kJ � kg�1 � day�1 (64% carbohydrate, 25%
fat, and 11% protein). Beverages con-

tained 4 ml/kg water (PLA) or water con-
ta in ing 0 .3 g /kg case in pro te in
hydrolysate and 0.1 g/kg leucine (PRO).
Both trials were performed in a random-
ized and double-blind manner.

The acquired data were downloaded
from the CGMS onto a personal computer
with GlucoDay software (version 3.0.5).
Values reported by the CGMS were con-
verted into glucose values using self-
monitoring blood glucose (SMBG) values.
To quantify and compare the prevalence
of hyperglycemia between groups and tri-
als, the amount of time during which glu-
cose concentrations were �10 mmol/l
was calculated. A multiway ANOVA or a
Student’s t test for paired or unpaired ob-
servations were applied where applicable.
All data are expressed as means � SE and
significance was set at P � 0.05.

RESULTS — Total 24-h glucose con-
centrations were higher in the diabetic
group versus the control subjects group
(10.2 � 0.4 vs. 6.2 � 0.6 mmol/l, respec-
tively, P � 0.01). In the diabetic patients,
24-h glucose concentrations in the PRO
trial were significantly lower compared
with the PLA trial (9.6 � 0.6 vs. 10.8 �
0.5 mmol/l, respectively, P � 0.05) (Fig.
1). PRO ingestion resulted in a 11 � 3%
decline in the overall glucose response in
the diabetic patients (P � 0.05). In the
control subjects, differences between tri-
als did not reach statistical significance
(6.2 � 0.4 vs. 6.3 � 0.2 mmol/l).

Despite a healthy standardized diet
and the continued use of oral blood glu-
cose–lowering medication, hyperglyce-
mia (�10 mmol/l) was prevalent during
55 � 7% of the 24-h period in the dia-
betic patients in the PLA trial. In the con-
trol group, hyperglycemia was hardly
present (2 � 1% or 25� � 15� min). In the
diabetic patients, the prevalence of hyper-
glycemia was significantly lower in the
PRO versus PLA trial (39 � 6 vs. 55 �
7%, respectively, P � 0.05). The latter
represented a 26 � 9% reduction in the
prevalence of hyperglycemia from 1318�
� 0140� in the PLA trial to 0942� �
0154� in the PRO trial (P � 0.05).
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CONCLUSIONS — The prevalence
of elevated postprandial glucose excur-
sions in type 2 diabetic patients imposes a
direct and independent risk for the devel-
opment of cardiovascular complications
(6,7,13). In accordance, both the Diabe-
tes Control and Complications Trial (1)
and the U.K. Prospective Diabetes Study
(2– 4) report that improving glycemic
control effectively reduces the risk of de-
veloping micro- and macrovascular com-
plications and cardiovascular disease.

The present study shows that long-
standing type 2 diabetic patients who re-
ceive standard primary medical care
experience hyperglycemia throughout
the greater part of the day. Co-ingestion of
a protein hydrolysate/leucine mixture fol-
lowing each main meal substantially re-
duces the prevalence of hyperglycemia in
these patients. This is accompanied by a
significant reduction in average 24-h
blood glucose concentration. Although
the use of continuous glucose monitoring
devices in an applied setting does not
allow for concomitant insulin measure-
ments, numerous other studies (8 –
10,14,15) have repeatedly shown that
protein hydrolysate/amino acid co-
ingestion stimulates insulin secretion, re-
sulting in improved glucose disposal and
reduced postprandial glucose concentra-
tions.

These data extend on previous find-

ings and provide evidence that protein
hydrolysate/leucine co-ingestion repre-
sents an effective dietary strategy to im-
prove daily blood glucose homeostasis
under free-living conditions in long-
standing type 2 diabetic patients.
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Figure 1— Mean blood glucose patterns over a 24-h period while using a standardized diet with
(open symbols) or without (filled symbols) co-ingestion of a protein hydrolysate/leucine mixture
with each main meal in long-standing type 2 diabetic patients (�/f, n � 11) and healthy matched
control subjects (E/F, n � 11). Vertical dashed lines indicate time of breakfast (0730), lunch
(1230), and dinner (1830), respectively. Vertical solid lines indicate between-meal snacks.
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