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Changes in Plasma Insulin, Enterostatin,
and Lipoprotein Levels during an
Energy-Restricted Dietary Regimen
Including a New Oat-Based Liquid Food
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Abstract

The changes in plasma insulin. enterostatin, lipid, and glucose levels dur-
ing weight reduction were studied in 32 subjects having a body mass index
of 25-35. The 31 subjects who completed the study followed for 23 weeks
an energy-restricted dietary regimen which included a new oat-based soup
as the main meal once or twice daily. The intake of energy decreased trom
8.9 to 6.2 MI/day from 0 to 22 weeks. the energy percentage from fat
decreased from 35 to 30%, and the intake of dietary fiber increased from
21 to 25 g/IOMIJ. The body weight decreased from 83 to 78 kg after
b weeks and to 77 kg after 23 weeks. Plasma glucose had decreased signifi-
cantly from 5.4 to 5.2 mmol/l, and plasma insulin from 122 to 98 pmol/]
after 23 weeks. In contrast, the plasma enterostatin concentration did not
vary significantly over five sampling times, the mean values ranging from
25 to 30 nmol/l. Plasma cholesterol declined from 5.6 to 5.2 mmol/1, low-
density lipoprotein cholesterol from 3.8 10 3.3, and plasma triglveerides
from 1.5 to 1.3 mmaol/l from O to 23 weeks, High-density lipoprotein cho-
lesterol increased from 1.1 to 1.3 mmol/L. It is concluded that an energy-
restricted regimen leading to lower plasma insulin, triglveeride, and low-
density lipoprotein cholesterol levels did not significantly affect the plas-
ma enterostatin concentration in overweight subjects. A new oat-based
liquid food as a part of the dietary regimen was well tolerated.

sassssssssnasnens

betes mellitus. Reduction of the body weight
can ameliorate associated metabolic abnor-

Obesity is a major health problem with an  malities such as increased plasma glucose and
increased risk of hyperlipidemia, cardiovas- lipid levels. The pathogenesis of obesity is
cular disease, and non-insulin-dependent dia-  probably multifactorial. One general feature
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associated with obesity is a high fat intake [1,
2], combined with a low capacity to oxidize a
high fat load [3-5], indicating that control of
fat intake is important for the regulation of
the energy balance. Fat intake is regulated
through the interaction of hormones and neu-
ropeptides, notably galanin [6], endorphins
and corticosteroids [7], which have been
shown to stimulate fat intake, and entero-
statin and corticotropin-releasing hormone,
known to inhibit fat intake [8]. Recent studies
demonstrated a reduced circulating level of
enterostatin in obesity [Sdderstrom et al., to
be published], suggesting that enterostatin
may be important in the regulation of the
energy balance. Several other hormonal ab-
normalities have been described in obese sub-
jects, like elevated levels of insulin, sex hor-
mones, and glucocorticoids [9].

For the treatment of obesity, many energy-
restricted dietary regimens have been pro-
posed both in the scientific literature and in
lay media. In some of them, special food prod-
ucts with a low energy content have been
included. Several requirements pertain to
such products such as a balanced content of
macro- and micronutrients, acceptable fla-
vour and consistence, and a modest price.
Moreover, they should be easy to prepare and
give adequate feelings of satiety. Many prod-
ucts available do not attain these require-
ments. Only few of them have been tested in
long-term studies and have been incorporated
in complete energy-restricted regimens, For
the emnergy-restricted regimen used in the
present study, an oat-based soup with a low
energy content, intended for use as lunch or
dinner. was developed. The regimen was fol-
lowed by overweight subjects for more than 5
months, and the changes in body weight and
plasma levels of insulin, enterostatin, and lip-
1ds were studied.
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Materials and Methods

Subjects

By advertisement at the University of Lund 32 vol-
unteers (23 women and 9 men) with a body mass index
ranging from 25 to 35 were recruited (mean age 42,
range 21-57 years). The subjects were given oral and
written information on the study and were interviewed
about medical history and eating habits. Subjects using
special diets or with pronounced food allergy were not
accepted. Five subjects were smokers. The study was
approved by the Ethics Committee of the University of
Lund.

Stuely Design

During a baseline period 2 weeks prior to the start
of the intervention, the subjects twice visited the De-
partment of Applied Nutrition and Food Chemistry.
Anthropometric measurements were performed, and
information was provided on the dietary assessment
procedure which was performed during the baseline
period and during week 22 of the study. The subjects
were divided into four groups, and information meet-
ings were held twice during the baseline period and on
eight occasions during intervention. Information was
given on the energy content of foods and on the impor-
tance of regular eating habits. For the evaluation of the
dietary regimen and of feelings of hunger, satiation.
and satiety, questionnaires were distributed on three
occasions. Blood was sampled twice during the base-
line period and 3, 5, 12, and 23 weeks after the start of
the intervention for measurements of plasma insulin,
enterostatin, glucose, triglyceride, cholesterol, and
high-density lipoprotein (HDL) cholesterol levels,

Intervention Procedure

The regimen was designed to train the subjects to
cat large-volume, low-cnergy foods and to eat at least
tour meals a day at fixed times, The dietary interven-
tion consisted of four phases. Throughout the study,
one portion of the oat-based soup (375 ml) was con-
sumed at lunch. Recipes for five alternative breakfasts
(0.9 MJ) were provided. During phase 1 (5 days) the
energy intake was planned to be 3.3 MJ/day to achieve
arapid initial weight loss which was considered impor-
tant from a motivational point of view. Other charac-
teristics of the regimen were as [ollows: phase 1: days
1-5, 3.3 MJ/day. oat-based soup also as dinner
(1.2 MJ), rice cake as snack (0.1 MJ); phase 2: day 6 to
week 3, 5 MJ/day, snacks twice a day (3 alternatives)
(0.8 MJ). 12 choices of frozen dishes supplied for din-
ner (1.1 MI); phase 3: weeks 4-6, 5 MJ/day, snacks
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twice a day (10 alternatives) (0.8 MI), 11 choices of
dinner recipes (1.2 M), and phase 4: weeks 7-23, indi-
vidual regimens of 5.4-8.8 Ml/dav. Besides previously
used alternatives, the following number of recipes was
oftercd: breakfast 54 1.50r 1.9 MJ, snack 10a 1.3 MJ,
dinner 26 & 2.5 or 3.3 MJ, addition to oat-based soup
meal 8 a 0.7 MJ. During phase 4 the energy intake was
adjusted in a more individual way to maintain the
reduced body weight and if wanted to reduce 1t further.
The calculated distribution of energy intake during
phases 1-3 was protein 21-22, fat 20-23, and carbohy-
drate 55-59%.

Chemical and Physical Properties of Oat-Based

Liguid Food

A palatable, oat-based liquid food was produced by
a multistep food processing technology, giving an asep-
tically packed, ready-to-eat product. Dehulled oat was
first wet ground with cold water. The obtained slurry
was then sequentially treated with two difterent yeast
extract preparations at elevaled temperatures to
achieve gelatinization and partial hydrolysis of the
starch. Rapeseed oil. soy protein, vitamin, and mineral
mixtures were added and homogenized into the slurry
to obtain a balanced and well-defined nutrient compo-
sition with a high nutrient density. Tomato or aspara-
gus aroma was added, and the mixture was sterilized at
ultrahigh temperature (140°C) and aseptically packed
in 375-ml portions (Tetra Brik™). Prior to serving, the
package was shaken, and then the content was poured
into & pan, warmed. and consumed as a soup, The con-
tent of nutrients in each serving (375 ml) of the oat-
based hguid food was as follows: energy 1.2 MJ
(290 keal), protein 17 g, lipid 8, whereof linoleic acid
2 g. carbohydrate 37, dictary fibre 4g, vitamin A
300 ug, vitamin D 1.7 pg, vitamin E 3.3 mg, thiamin
0.5, ribotlavin 0.7, niacin 8, vitamin Bg 0.7 mg, folate
67 pg, vitamin B2 0.33 pg, pantothenic acid 2 mg, bio-
tin 50 pg, ascorbic acid 20 mg, calcium 300, phospho-
rus 300, magnesium 117, iron 5.3, zinc 3.8 mg, lodine
47 ug. selenium 17 pg, sodium 1g, and potassium
09g.

The rheological behaviour was important to devel-
op a good processing ability of the oat-based liquid. It
was compared with similar liguids such as cow’s milk
and sovbean milk. Rheological measurements were
performed on a Bohlin VOR rheometer system (Metric
Analys, Solna. Sweden) according to principles de-
scribed carlier [10]. The viscosity was measured using
concentric cvlinders with a test volume of 14 ml within
a shear rate interval of 1.16-461.4 571, All measure-
ments were performed at 25°C. Cow’s milk gave a
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Newtonian behaviour with a low viscosity (n =
2.3 mPa s) in the investigated shear rate interval, The
other liquids with a higher viscosity were shear thin-
ning during increasing shear rates, indicating a less
homogencous composition according to particle and
macromolecule composition. The viscosity at a shear
rate of 100s-! was for oat base without additives
20 mPa s, for oat-based liquid food 70 and for soybean
milk 4 mPa s. The differences in 1 could to some
extent be explained by the dry matter content in the
samples: 11.8. 13.5. and 17.5 (£0.5) percent for cow’s
milk, oat base without additives, and oat-based liquid
food, respectively. However, soybean milk with a dry
matter content of 6.3 + 0.5% had a higher viscosity
than cow’s milk, probably due to its content of bulkier
components with larger size variations.

Dietary Assessment

Dictary intake was assessed using a simplified food
record form [11] during two 3-day periods (weeks — 1
and 22). Twenty-five subjects completed the dietary
assessment on both occasions. The nutrient intake was
calculated at the National Food Administration, Upp-
sala, using the PC-kost program (version 1:94).

Anthropometry

The body weight was measured in the morning in
light clothes without shoes during the baseline period
and 1-6,9, 12, 16. 19, and 23 weeks after the start of
the intervention. The waist circumference was mea-
sured between the distal edge of the ribs and the proxi-
mal end of the ileal crest and the hip circumference at
the largest hip dimension, using a measuring tape. The
walist-hip ratio was measured twice during the baseline
period and after 3, 6, and 23 weeks.

EBlood Sampling

Sampling was performed during baseline and atter
3, 5,12, and 23 weeks at 08.00-09.00 h when the sub-
jects had been fasting for > 8§ h. With the subjects in the
supine position. blood was sampled from an antecubi-
tal vein using evacuated tubes containing EDTA, ci-
trate at low pH (Biopool® Stabilyte), or no addition.

Analysis of Insulin

Plasma insulin was determined with a radioimmu-
noassay [12]. The inter- and intra-assay variations (ex-
pressed as coefficients of variation) for the assay were 6
and 3.5%, respectively.
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Analysis of Enterostaiin

Enterostatin was measured in citrate plasma using
an enzyme-linked immunosorbent assay and a poly-
clonal antiserum against enterostatin [13]. The antise-
rum showed no cross-reactivity with enterostatinlike
peptides. There was no cross-reactivity of the anti-
bodies with larger molecular weight plasma proteins as
determined by Western blotting [Sderstrdm et al | to
be published].

Analvsis of Glucase an Lipoproteins

Blood glucose was measured in EDTA-containing
blood immediately after sampling using the Reflotron®
system (Boehringer Mannheim). HDL cholesterol was
measured in EDTA-containing plasma and cholesterol
and triglvcerides in EDTA-containing plasma that had
been stored frozen. The concentration of low-density
lipoprotein (LDL) cholesterol was calculated [14].

Statistics

The significance of the differences between mea-
surcments at different samplings and the starting val-
ues was evaluated using Student’s paired t test. Spear-
man rank order correlation coefficients were used to
assess the association between variables.

Results

Dietary assessment indicated that the
mean energy intake before the intervention
was 8.9 MJ/day and that the mean decrease
after 22 weeks of intervention was 2.7 MJ/day
(table 1). Among men (n = 7) the intake dur-
ing the baseline period was 10.7 MJ/day and
at 22 weeks 6.1 MJ/day. Among women the
corresponding results were 8.2 and 6.3 MJ/
day (n = 18). The intake of fat decreased from
35 to 30% of cnergy, that of carbohydrate
increased from 45 to 49, and that of protein
increased from 14 to 17% (table 1). These
data were similar among men and women.
The intake of dietary fibre increased from 21
to 25¢/10 MJ (men +8 and women +2.6 g/
10 M1J), although the total fibre intake de-
creased.

The mean body weight before the interven-
tion was 83.5 kg, and the body mass index was

Insulin and Enterostatin after
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Table 1. Dictary intake during an energy-restricted
regimen (mean = SD; n=25)

Week

baseline 22

Nutrient

Energy, M1 89+28 6215

Protein

g/day 71£21 60+ 14

E% 142 L2
Fat

g/day 85+ 30 51+£18

E% 3545 0+35
Carbohvdrate

g/day 238£R86 17942

E% 45+06 50x6
Alcohol

g/day 17£17 9+10

E% 65 4+3
Saturated fat, g/day 36+13 21£8
Monounsaturated fat, g/day 3011 18+6
Polyunsaturated fat, g/day 13+7 §+3
Fiber

g/day 19+11 15+£3

o/ 10 MJ 2LET 2546
B-Carotene, mg/day 2.4 lbEl6
Vitamin D, ug/day SIETE BAELS
- Tocopherol

mg/day Tax34: S EE1E

mg/10 MJ B2+16 9.0£20
Ascorbic acid

mg/day 91 +82 65£29

mg/10 M 97+61 109x47
Folate

mg/day 0.26£0.29 0.19£0.05

mg/10 M1 0.27£0.16 0.31 £0.07
Calcium

g/day 0.86=0.27 0.85£0.22

g/ 10 MlJ 1.O0£0.30 1.4+0.29
Magnesium, g/day 0.33+0.10 0.31£0.06
Sodium

g/day 41+£2.0 34zx2.1

/L0 M] 47x1.8 54%25
Iron

mg/day 14+5 12£3

mg/ L0 MJ 163 20+3
Zinc, mg/day 10+3 10£3
Selenium

ug/day 3012 28£9

g/ 10 M 33x10 47+17
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Table 2. Changes in body weight, hody mass index.
and waist-hip ratio during an energy-restricted regi-
men (mean £ SEM)

Week Body weight Body mass ~ Waist-hip
kg ndex ratio
kg/m? cm/em

Baseline 83.5+2.2 28.2+0.5 0.82+0.01
3 792+2.00 27.1x0.5¢ 0.B1£0.01%
) TROL£2.18 262+£05%  0.81x£0.01¢
12 77.3x2.00  26.1x0.6°

16 T7.3x2.28  261%x0.52

19 78.3x2.00  26.2x0.6°

23 774419 26.1+05  (0.81+002¢

The significance ol dilferences as compared with
starting values, calculated using the paired t ftest, is
indicated by superscripts: e p < 0.001: " p< 001 ¢ p<
0.05.

28.2 kg/m?. As expected, the weight loss was
more pronounced during the first part of the
intervention with a mean change after 1 week
of =2.3 kg, after 3 weeks of —-4.3, and after 6
weeks of =5.7 kg (table 2). The mean weight
change remained at approximately —6 kg dur-
ing the following weeks, and for different sub-
jects it varied between —18 and 1 kg at 23
weeks. The mean weight change for men was
—7.2 and for women -5.7 kg. The mean weight
change after 23 weeks was —7.1% of the initial
body weight: =7.2% for men and -7.0% for
women. The mean change in body mass index
at 23 weeks was close to -2 (from -6.2 to -0.4)
kg/m?2. The change in waist-hip ratio was mar-
ginal, but statistically significant (table 2).
The most significant changes in plasma lip-
id concentrations had occurred already at 3
weeks after the start of the intervention (ta-
ble 3). Plasma triglyceride, cholesterol, and
LDL cholesterol were significantly decreased,
and the changes were then essentially main-
tained. HDL cholesterol tended to increase
during the later part of the intervention (ta-
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ble 3). The concentrations of glucose and in-
sulin in plasma had decreased significantly
after 3 weeks on the regimen, and the values
remained essentially unchanged (table 4). The
mean decrease in blood glucose was 0.2-
0.4 mmol/l, and that in plasma insulin was
21-26 pmol/l at different time intervals. In
contrast, no significant change in plasma en-
terostatin concentration was demonstrated,
the mean concentration at different samplings
varying between 25 and 30 nmol/l (table 4).
The changes in plasma metabolite and hor-
mone levels were very similar in men and
women.

In this study with a limited number of sub-
jects, the most significant associations be-
tween anthropometric indices and metabolic
variables were observed belween waist-hip ra-
tio and the plasma concentration of insulin,
triglyceride, and HDL cholesterol (table 5).
The subjects with highest body weight tended
to experience the most pronounced decreases
in their energy and fat intakes during the
intervention. In an attempt to search for met-
abolic variables predicting the weight change
at 23 weeks, the percent weight change was
entered as the dependent variable in multiple
regression analysis and the plasma concentra-
tions of metabolites and hormones and age
and sex as independent variables. No signifi-
cant associations were observed.

On three occasions, questionnaires were
distributed to the subjects to record their reac-
tions to the dietary regimen. As summarized
in table 6, more subjects felt satiety a longer
time after using the oat suspension as lunch
during the 5-MJ regimen than during the
3.3-M1J regimen. Most subjects had previous
experience with weight-reducing regimens.
They reported that the oat suspension had
been of help in weight reduction mainly owing
to it giving a feeling of satietv. The general
evaluation of the dietary regimen was high,
and the most positive point was the fact that it
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