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Abstract
Background: A carbohydrate adjusted liquid formula (Inslow) containing palatinose as the major (>50%) carbohydrate
ingredient was developed. Longterm (3-5 months) consumption of Inslow was reported to improve glycemic control by
reducing the postprandial plasma glucose levels of subjects with diabetes and impaired glucose tolerance (IGT). The present
study aimed to elucidate the mechanism of postprandial glycaemic responses.
Methods: Two randomised crossover studies with a washout period of 1 week were conducted in 12 patients with type 2
diabetes, 13 subjects with IGT, and 11 healthy people. Before and after intake of Inslow or the standard balanced formula,
plasma glucose, insulin and free fatty acid concentrations were determined.

Results: Compared with intake of the standard balanced formula, consumption of Inslow significant lowered the peak
values of plasma glucose and increased the insulinogenic indexes in each group. Especially in the subjects with IGT, the
increase in plasma insulin concentration was greater in the Inslow group than in the standard balanced formula group.
Conclusions: Intake of Inslow increased the insulinogenic indexes, which contributes to preventing postprandial hyperglycemia without altering the amount of total energy, preventing the transition from normal glucose tolerance to IGT and
then to overt type 2 diabetes.

Trial registration: Current controlled trials NCT02641743. Registered 31 December 2015 in clinicaltrials.gov.
Key words: Carbohydrate; Plasma Glucose; Insulin; Impaired Glucose Tolerance; Diabetes; Palatinose.
Abbreviations: impaired glucose tolerance (IGT); free fatty acid (FFA); hemoglobin (Hb); platelet blood cells (PLT); total
lymphocytes count (TLC); plasma glucose (Glu); hemoglobin A1C (HbA1C); blood albumin (Alb); aspartate aminotransferase (AST); alanine aminotransferase (ALT); lactate dehydrogenase (LDH); total bilirubin (T-Bil); glutamyltranspetidase
(γ-GTP); leucine aminopeptidase (LAP); blood urea nitrogen (BUN); serum creatinine (Cr); uric acid (UA); high density
lipoprotein cholesterol (HDL-Cho); low density lipoprotein cholesterol (LDL-Cho); triglyceride (TG); lipoprotein lipase
(LPL).
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Introduction
Diabetes is, a group of metabolic diseases characterized by hyperglycemia that results from defective insulin production and/
or insulin action. Diabetes is known to be a major risk factor of
microvascular complications (e.g., nephropathy, retinopathy, and
neuropathy) and macrovascular complications (e.g., coronary
heart disease, peripheral arterial disease, and cerebrovascular disease).
The dietary intakes of patients with diabetes are often reported
as inadequate to supply the necessary amounts of energy. Persistent lack of energy intake can lead to energy malnutrition and
cause various health-related problems such as impaired daily life
activity, decreased cure rate, and increased incidence of complications. In connection with the identified metabolic abnormalities
in diabetes, selection of dietary ingredients is important in order
to prevent the development of diabetes-associated complications.
In particular, the types of carbohydrate in diets are important
to prevent postprandial hyperglycemia and to provide sufficient
amounts of energy to prevent energy malnutrition [1].
Palatinose (isomaltulose) is an analogue of sucrose that is known
for its slower digestion and absorption in the small intestine than
sucrose [2,3]. Therefore, it is useful for weakening the peak plasma glucose concentration in diabetic patients [4]. By using palatinose as the major carbohydrate ingredient (>50%), we newly
developed a liquid enteral formula named “Inslow”. The intake
of this formula significantly improved the postprandial glycemic
responses in genetically obese Zucker rats [5]. Moreover, long
term intake (30 days) of Inslow prevented the accumulation of
viscera fat in mice [6]. The effect on improvement postprandial
glycemic responses was also observed in subjects with impaired
glucose-tolerance (IGT) and diabetes who had a longterm (3–5
months) consumption of Inslow [7,8]. In a clinical trial, increased
fat oxidation was observed in healthy subjects after intake of Inslow [9]. This effect of Inslow is thought to be due to an increase
in the hepatic PPAR-a and adipocyte PPAR-r gene expressions
[10].
Except palatinose, various carbohydrates, nitrogen sources and
fatty acids are included in Inslow, which may have a comprehensive effect in subjects. The aim of this report was to more precisely evaluate the acute effects of Inslow on postprandial glycemic responses by observing metabolic responses to the intake of
either Inslow or the standard balanced formula. We describe the
results from the following three groups of participants: healthy
people, patients with IGT and patients with diabetes in Shanghai.
This study provides the scientific and practical basis of enteral nutrition suitable for prevention and treatment of glucose metabolic
disorders that lead to diabetes.

Materials and methods
Subjects
Subjects between 52 and 61 years old were enrolled. Twelve patients with type 2 diabetes and 13 patients with IGT from the
Shanghai University of Traditional Chinese Medicine, affiliated
with Shanghai Shuguang Hospital, were selected. Eleven healthy
controls were also included in this study. The patients with type 2

http://scidoc.org/IJFS.php

diabetes (symptoms of diabetes plus fasting plasma glucose level
of >7.0 mmol/L and glucose level after a 75 g oral glucose tolerance test [OGTT] or casual blood glucose level of >11.1mmol/L)
and IGT (glucose level after a 75 g OGTT between 7.8 and
11.1mmol/L) had no infectious diseases and were not receiving
any drug of any sort. OGTT was performed after 10–12 h of
overnight fasting by administering a 75 g oral glucose load for 2
min and obtaining blood samples at baseline and 2 h after glucose
load for serum glucose measurements. Glucose tolerance status
was defined as normal glucose tolerance (NGT), IGT or diabetes
according to the World Health Organization criteria [11,12].
Consent to Publish
The study protocol and its constraints were explained to each of
the 36 participants. All the subjects provided informed consent
to participate in this study. The study and its consent form were
in accordance with the guidelines laid down in the Declaration of
Helsinki. All procedures involving human subjects were approved
by the human subjects ethical committee of the Shanghai University of Traditional Chinese Medicine, affiliated with Shanghai
Shuguang Hospital.
Study Design
In a randomized crossover trial, the test enteral nutrition formula
(Inslow) and standard balanced formula (Meibalance) were administered to 11 healthy people, 13 patients with IGT and 12 patients with type 2 diabetes. The subjects were assessed according
to the postprandial status after intake of the two test meals in random order, with a washout period of 1 week. On the day prior to
the test day, the subjects were asked to stay at the same facility and
to take the same supper controlled at 450 kcal controlled, after
21:00, with only water allowed as ad libitum and without exercise.
Each participant provided a fasting blood sample and then requested to consume one of the test meals (200 kcal per serving of
200ml), that is, either Inslow or the standard balanced formula at
7:00 AM. Subsequent blood samples were collected at 30, 60, 90,
and 120 min after meal consumption. The plasma concentrations
of glucose, insulin, and free fatty acids (FFAs) were measured in
each blood sample. Plasma glucose level was measured by using
the hexokinase method; plasma insulin level, by using the serum
radioimmunoassay method; and plasma FFA level, by using the
enzyme chemical method. Routine blood and biochemical tests
were performed only at fasting stage, by using the same blood
samples, including red blood cell, white blood cell, total protein,
alkaline phosphatase, and total cholesterol (T-Cho), in order to
confirm the status of each subject. The collected blood samples
were used in the analyses conducted at Shanghai Meizhong Clinical Measurement Centre.
The enteral nutrition meal Inslow was prepared with 56% palatinose, 23% dextrin, and 15% fibre as carbohydrates. The standard balanced meal included 85% dextrin as the main carbohydrate,
together with sugar and fibre. The ingredients of the test enteral
and control nutrition preparations are presented in Table 1.
Statistical Analysis
For the statistical analyses, repeated-measures analysis of variance
(ANOVA) was performed. The factors included in the analyses
were subject characteristics, disease stages, meal, and time. The
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Table 1. Composition of the test meals, Inslow and Standard balanced formula.
*1: retinol equivalent; *2: niacin equivalent; †: analytical value.
Energy

kcal

Inslow

Standard balanced formula

100

100

Protein

g

5

5

Lipid

g

3.3

2.5

Carbohydrate

g

12.4

14.1

Fiber

g

1.5

1.2

Viamin A

mgRE

Viamin D

mg

*1

75

60

0.75

0.5

Viamin E

mg

8

3

Viamin K

mg

0.6†

5

Viamin B1

mg

0.6

0.15

Viamin B2

mg

0.5

0.2

Niacin

mgNE

2.8

2.8

Vitamin B6

mg

0.3

0.3

Vitamin B12

mg

0.9

0.6

Folic acid

mg

50

50

Biotin

mg

0.55†

15

Pantotenic acid

mg

1

0.6

Vitamin C

mg

40

16

Choline

mg

18.2†

1.8†

Na

mg

70

110

K

mg

80

100

Cl

mg

60

110

*2

P

mg

80

70

Ca

mg

80

70

Mg

mg

25

30

I

mg

1.4†

15

Fe

mg

1

1

Mn

mg

0.014†

0.23

Cu

mg

0.05

0.05

Zn

mg

1

1

Se

mg

3.5

6

Cr

mg

3

3

Mo

mg

1.9†

2.5

interactions between meal and time (meal × time) were calculated
for each variable (group and meal). ANOVA was followed by a
least significant difference (LSD) multiple comparison post-hoc
analysis. Within-subject differences adjusted for baseline and individual XXX, YYY were analysed by using repeated-measures
ANOVA. The insulinogenic indexes were calculated by dividing
the increment in serum insulin by the increment in plasma glucose
from 0 to 30, 60, 90, and 120 min, respectively after each meal.

Results
Subjects’ Background Characteristics
The subjects’ baseline characteristics, including sex, age and biochemical profiles are shown in Table 2. None of the patients
dropped out or were withdrawn from the study. The data represent normal health people, IGT and diabetes patients without

outliers. As shown in Table 2, some of the reference indexes significantly differed between the diabetic, IGT, and healthy subjects.
Fasting Glu levels were highest in the diabetic subjects and lowest
in the healthy subjects (diabetes > IGT > healthy subjects), indicating that the three groups of subjects were in three different
diabetic stages. Serious adverse effects such as anaemia, renal disorders, or hepatic disorders did not occur in this study.
Glucose and Insulin Responses
We investigated the effects of Inslow on glucose metabolism in
three different diabetic stages (healthy, IGT, and type 2 diabetes).
According to the results of repeated-measures ANOVA, the postprandial response to glucose and insulin were more prominent in
the healthy controls and tended to diminish with the progression
of diabetes. Plasma glucose concentrations increased significantly
in all the groups after both meals (p < 0.0001), as shown in Figure
1. At each time point after both meals, the glucose concentrations
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Table 2. Baseline demographics (age, sex) and clinical characteristics of fasting blood sample. Hemoglobin (Hb); red blood
cell (RBC); white blood cell (WBC); platelet blood cells (PLT); total lymphocytes count (TLC); plasma glucose (Glu); hemoglobin A1C (HbA1C); total protein (TP); blood albumin (Alb); aspartate aminotransferase (AST); alanine aminotransferase
(ALT); lactate dehydrogenase (LDH); total bilirubin (T-Bil); alkaline phosphatase (ALP); glutamyltranspetidase (Υ-GTP);
leucine aminopeptidase (LAP); blood urea nitrogen (BUN); serum creatinine (Cr); uric acid (UA); total cholesterol (T-Cho);
high density lipoprotein cholesterol (HDL-Cho); low density lipoprotein cholesterol (LDL-Cho); triglyceride (TG).
Parameters

Normal

IGT

Diabetes

p

Age (years)

57±3

57±4

56±4

0.605

Sex (M/F)

4/7

5/8

12/0

0.000

Hb (g/L)

135.5±10.6

142.4±10.2

153.1±10.0

0.001

RBC (1012/L)

4.3±0.2

4.5±0.3

4.7±0.5

0.029

WBC (109/L)

7.7±1.5

6.7±1.5

6.8±1.5

0.252

PLT (109/L)

210.2±36.7

173.6±47.5

192.0±43.1

0.13

TLC (109/L)

9.1±22.8

2.1±0.5

2.0±0.4

0.315

Glu (mmol/L)

4.9±0.4

6.4±0.7

8.2±2.1

<0.0001

HbA1c (%)

4.9±0.3

6.1±0.4

6.4±0.6

<0.0001

TP (g/L)

70.6±2.1

70.3±4.4

68.1±2.3

0.129

Alb (g/L)

42.3±1.4

43.2±1.2

43.8±1.6

0.048

AST (U/L)

31.4±18.4

31.2±17.6

24.1±9.1

0.432

ALT (U/L)

38.0±31.1

42.5±28.4

29.3±17.2

0.451

LDH (U/L)

170.0±17.7

179.8±30.0

162.1±24.3

0.221

T-Bil (mmol/l)

12.4±2.9

15.7±4.2

16.0±4.1

0.059

ALP (U/L)

86.3±17.6

86.6±23.4

78.0±11.8

0.445

g-GTP (U/L)

27.9±13.9

53.7±45.6

36.8±28.5

0.162

LAP (U/L)

19.1±2.9

21.8±4.4

25.5±4.1

0.002

BUN (mmol/L)

5.3±0.7

5.8±1.2

6.1±0.8

0.122

Cr (mmol/l)

64.0±9.7

62.0±15.0

71.4±10.3

0.149

UA (mmol/l)

329.9±52.1

363.8±63.2

323.8±66.8

0.228

T-Cho (mmol/L)

5.0±0.6

5.4±1.1

4.5±0.7

0.058

HDL-Cho (mmol/L)

1.3±0.3

1.2±0.2

1.1±0.2

0.175

LDL-Cho (mmol/L)

3.1±0.4

3.5±0.9

2.8±0.5

0.055

TG (mmol/L)

1.8±0.7

2.1±1.0

1.8±1.5

0.748

Table 3. Frequencies of clinical indexes showing higher variation from the fasting state (time 0) when Inslow was consumed
than Meibalance, or Meibalance was consumed than Inslow. INS: Inslow group; MEB: standard balanced formula group;
HC: health control; DIB: diabetes; IGT: impaired glucose-tolerant subjects.
Subjects
HC
IGT
DIB

Test
samples

Frequencies*

Plasma glucose

P value

Frequencies

P value

Frequencies

P value

Frequencies

P value

INS

3

<0.0001

13

0.0001

32

<0.0001

29

0.003

<0.0001

32

0.019

39

MEB

41

INS

10

MEB

42

INS

6

MEB

42

Insuline

Insulinogenic Index

31

12

20
<0.0001

28
20

were highest in the diabetes group, followed by the IGT group
and then the healthy control group. In addition, plasma glucose
concentration returned to its fasting concentration 120 min after
both meals in the healthy control group and IGT group with less
extent. In the diabetes group, however, it did not return to its
fasting concentration 120 min after both meals. The postprandial glucose response was gradually diminished when Inslow was
consumed rather than the standard balance formula in the three
groups, in the order of healthy controls (p = 0.0063), patients

15
<0.0001

13
0.103

35
13

Free fatty acid

29

0.239

23
<0.0001

33

0.000

15

with IGT (p = 0.0837), and patients with type 2 diabetes (p =
0.2327). Significant differences were observed among the three
groups after intake of Inslow (p < 0.0001) and the standard balanced formula (p < 0.0001).
As shown in Figure 2, plasma insulin concentrations increased
significantly in all the groups after both meals (p < 0.0001). In
contrast to glucose profile, the insulin concentrations were highest in the healthy control group, followed by the IGT group and
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then the diabetes group. It is interesting that the insulin level was
greater in the IGT group when Inslow was consumed than when
the standard balanced formula was consumed, although the increase in plasma glucose level was attenuated. The peak of insulin
secretion occurred 60 min after intake of Inslow, compared with
30 min after intake of the standard balanced formula.
To gain more quantitative insight into the effect of each enteral
formula on glucose metabolism, individual postprandial values
subtracted from the values in the fasting state (time 0) are shown
in Figure 4. The values above or under the line in the figure indicate increased variations when the standard balanced formula
or Inslow was consumed, respectively. The frequencies of the
individual values are summarised in Table 3. Most of the postprandial plasma glucose variations were higher (p < 0.0001) in all
the groups after intake of the standard balanced formula (Figure
4a–c), Table 3). The variation in plasma insulin levels showed a
characteristic distribution along with the progression of diabetes.
The insulin profile was significantly lower after Inslow intake in
the healthy control group (p < 0.001) but shifted toward a greater
increase after intake of Inslow in the IGT group (p = 0.0186) and
showed no change in the diabetes group (p = 0.1025; Figure 4d–f;
Table 3).
Insulinogenic index
In order to understand comprehensively the separate effects of
postprandial glucose and insulin, we assessed insulinogenic indexes. The insulinogenic index during OGTT decreased from normal
glucose tolerance to IGT and to type 2 diabetes, As shown in
Figure 4 (g–i), the insulinogenic indexes were higher (p < 0.0001)

in all the groups after intake of Inslow (Table 3) than after intake
of the standard balanced formula.
Free Fatty Acid Responses
As shown in Figure 3, the plasma FFA concentrations decreased
significantly in all the groups after both meals (p < 0.0001) and
did not show a significant difference between the two meals in
the healthy control group (p = 0.1153), IGT group (p = 0.5261),
and type 2 diabetes group (p = 0.6718). Moreover, it did not
show significant differences among the three groups after intakes
of Inslow (p = 0.9911) and the standard balanced formula (p =
0.3951). Postprandial FFA variations showed a significant increase
in the healthy control group (p = 0.0028) and diabetes group (p=
0.0002) but no significant trend in the IGT (p = 0.2393) after
intake of Inslow in comparison with intake of the standard balanced formula (Figure 4j–l, Table 3).

Discussion
Reduced insulin-secreting capacity is considered to play a more
important role than insulin resistance during the transition from
normal glucose tolerance to IGT and then to overt type 2 diabetic
patients [13]. This is the first human study that was designed to
evaluate the effects of Inslow intake on glucose metabolism in
subjects with diabetes and IGT by short-term administration. The
present study shows that Inslow intake, but not the standard balanced formula, had beneficial effects of significantly increasing
the insulinogenic indexes in all the three groups (Figure 4).

Figure 1 . Changes in plasma glucose after Inslow or standard balanced formula intake.
25

Plasma glucose

Plasma glucose (mmol/L)

HC-INS
20
IGT-INS
15

DIB-INS

HC-MEB

10

IGT-MEB
5

0

DIB-MEB

0

30

60
90
Time (min)

120

Values are mean ± SD. INS: Inslow group; MEB: standard balanced formula group; HC: health control; DIB: diabetes;
IGT: impaired glucose-tolerant subjects.
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Figure 2 . Changes in plasma insulin after Inslow or standard balanced formula intake.
120

Plasma insulin
HC-INS

80

IGT-INS

Plasma insulin (pmol/L)

100

DIB-INS

60

HC-MEB

40

IGT-MEB

20

0

DIB-MEB
0

30

-20

60

90

120

Time (min)

Values are mean ± SD. INS: Inslow group; MEB: standard balanced formula group; HC: health control; DIB: diabetes;
IGT: impaired glucose-tolerant subjects.

Figure 3 . Changes in plasma free fatty acid after Inslow or standard balanced formula intake.

Plasma free fatty acids (mmol/L)

700

Free fatty acids

600

HC-INS

500

IGT-INS

DIB-INS

400

HC-MEB

300

IGT-MEB

200

DIB-MEB

100

0

0

30

60
90
Time (min)

120

Values are mean ± SD. INS: Inslow group; MEB: standard balanced formula group; HC: health control; DIB: diabetes;
IGT: impaired glucose-tolerant subjects.

In the healthy subjects, Inslow intake attenuated the increase in
plasma glucose levels when compared with the standard balanced
formula, which could be mainly attributed to the slower absorption of palatinose than sucrose and the decrease in the elevated
rise of plasma insulin levels along with plasma glucose levels,
which is consistent with the results of the previous study [9]. The
new finding is that in subjects with IGT and diabetes with lower
insulinogenic capacity than healthy subjects, plasma insulin levels

recovered to amounts very close to those in the healthy controls
when Inslow was consumed, or showed the same increase as that
observed the standard balanced formula was consumed although
the glucose levels were attenuated (Figure 2). It should be noted
that their insulin levels peaked at 60 min after intake of either Inslow or the standard balanced formula, which is significantly later
than the response peak (30 min) in the healthy subjects. This delay
in insulin secretion might be due to impairment of the insulin-
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Figure 4 . Variations of postprandial values from the fasting state (time 0) after Inslow or Meibalance
(standard balanced formula) intake.

The postprandial plasma glucose variations (a, b, c), plasma insulin variations (d, e, f),
free fatty acid variations (g, h, i), insulin genetic index (j, k, l).

secreting responses in these patients.
The plasma T-Cho and LDL-Cho levels in the IGT group were
higher than the normal ranges (<5.17 and <3.12 mmol/L, respectively; Table 2). This might be due to insufficient lipoprotein
lipase (LPL) activities resulting from impaired glucose tolerance.
The levels of T-Cho and LDL-Cho in the diabetes group were
within the normal range just as in the healthy group, probably
because not only LPL activity but also the glyceride synthesizing
ability of the liver was decreased by liver injury in the diabetes
group. Higher LPL activity was reported to be associated with
greater triglyceride (TG) storage in subcutaneous adipose tissue,
thereby reducing visceral adipose tissue accumulation and metabolic dysfunction [14]. Thus we speculate that the patients in both

the IGT and diabetes groups had lipid metabolic dysfunction because of lower LPL activity. On the other hand, persons with adipose tissue deficiency also manifested a metabolic syndrome-like
insulin resistance [15]. Thus, intake of diets with high-quality fat,
neither too much nor too little, is important for controlling IGT
and diabetes.
Inslow had a higher content of C18-unsaturated fatty acid than
the standard balanced formula (3.3% to 2.8%), which may promote the secretion of glucagon-like peptide-1 (GLP-1) through
receptors GRP40 and GPR120 in small intestinal epithelial L cells
[16, 17]. GLP-1 are potent incretin hormones that enhance the
glucose-dependent secretion of insulin from pancreatic beta cells
and boost insulin secretion [18,19]. In addition, choline promotes

Zai-Si Ji, Hajime Sasaki (2016) Increased insulinogenic indexes after liquid food (Inslow) intake in subjects with impaired glucose tolerance and type-2 diabetes: a randomised controlled trial.

Int J Food Sci Nutr Diet. 5(4), 278-286.

284

OPEN ACCESS

GLP-1 secretion through the GPR119 receptor [20], which is a
precursor to phosphatidylcholine and the tenfold higher content
included in Inslow than in the standard balanced formula (18.2%
to 1.8%). From the previous study results in Zucker fatty rats,
8-week consumption of a diet containing palatinose and oleic
acid prevented β-cell loss, which was observed in rats consuming
sugar and linoleic acid. Pancreatic islets may be the initial sites
that translate the effects of different combinations of dietary carbohydrates and fats into metabolic changes [21]. In conclusion,
Inslow intake improved the impaired insulin-secreting ability of
the patients with diabetes and IGT. This effect may be attributed
to the special composition of Inslow, including carbohydrates
and fatty acids, including palatinose, dietary fibre [22], oleic acid,
C18-unsaturated fatty acid and choline, which also may inhibit the
progression of IGT into type 2 diabetes.
Postprandial hyperglycemia is often associated with enough energy provided through balanced ratios of protein, carbohydrate,
and fat. To prevent postprandial hyperglycemia without altering
the amount of total energy, a combination of carbohydrate components that does not induce hyperglycemia should be developed.
Based on the results presented here, Inslow is expected to be a
candidate diet that can provide sufficient energy to patients with
IGT and diabetes patients with impaired glycemic responses.
Person with diabetes and IGT always develop liver and kidney
complications that occur with glucose tolerance progression [23].
Hence, patients with IGT and diabetes tend to consume lowprotein diets to prevent the progression of metabolic disorders.
However, long-term intake of low-protein diets enhance catabolic
responses in nitrogen metabolism. High-quality protein diet is
important for patients with IGT and diabetes.
Intake of essential amino acids, which are included in Inslow at
46% as the whole nitrogen content, may induce an increase in
GLP-1 secretion [24, 25]. Unfortunately, the standard balance
formula also contains the same 5% protein and has the same
glutamine content and essential amino acid ratio in nitrogen as
Inslow. Based on the above-mentioned results, the contribution
of nitrogen components to the insulin-secreting capacity of patients with IGT and diabetes is thought to be similar between the
two test meals. There is a possibility that the effect of Inslow on
the improvement of insulin-secreting ability might be more significant when comparing to other nitrogen supplement, such as a
normal milk product.

Conclusions
Intake of Inslow induced increased in the insulinogenic indexes,
which contribute to the prevention of postprandial hyperglycemia without impairment of the amount of total energy, thereby
preventing the transition from normal glucose tolerance to IGT
and then to overt type 2 diabetes and thus enhancing the quality
of life of diabetic patients.
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