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Abstract: High glycaemic index (GI) foods have been proposed to reduce satiety and thus promote
overweight and obesity. Generally, potatoes have a high GI, but they also provide many beneficial
nutrients and they are a highly important food source globally. In this study, we investigated how
a low GI potato affected subjective satiety as compared to a high GI potato. Twenty healthy men (aged
18–40 years; body mass index (BMI) 18–27 kg/m2) participated in this single-blinded, controlled,
randomised crossover trial. On each of the two trial days, the subjects were given a 500-gram portion
of either a low or high GI potato variety (Carisma® low GI and Arizona high GI). Subjective appetite
sensations were measured at baseline and at +15 min, +45 min, +75 min, +105 min, and +135 min
after consumption of the test meal until an ad libitum meal was served at +150 min. No significant
differences in the primary endpoint, satiety, were found between the two potato varieties (all p > 0.05).
Furthermore, no significant differences were found in the secondary endpoints; hunger, fullness,
and prospective food consumption, or ad libitum energy intake (all p > 0.05). In conclusion, the results
of this study do not indicate that the GI of potatoes is important for satiety in normal-weight men.

Keywords: appetite; obesity; eating behaviour; GI; ad libitum energy intake; hunger; fullness;
prospective food consumption; Carisma; Arizona

1. Introduction

Potatoes are the fourth-most produced food crop worldwide, reaching a total production of
approximately 376 million tonnes in 2016 [1,2]. The consumption of potatoes is greatest in the
Western world, but potatoes are increasingly becoming a staple food crop in developing countries [3].
The nutrient-to-price ratio of potatoes is overall more favourable than many other fruits and vegetables,
which makes the potato an affordable source of beneficial nutrients worldwide [4,5]. Starch is the
main macronutrient in potatoes, accounting for 9.1–22.6% of the raw weight depending on variety [6].
In addition to starch, potatoes are an especially a good source of vitamin C, several B vitamins,
and potassium. They also contribute to antioxidant activity, particularly if the potatoes are of coloured
flesh [5,7]. The skin of the potato is a good source of dietary fibre, and the body of the potato provides
resistant starch, which has some of the same beneficial properties for human health as dietary fibre [5].
Lastly, potatoes have high water content (63–87% of the raw weight, depending on variety), giving
them a low energy density as compared to other carbohydrate rich foods, such as pasta and rice [6,8].
However, in spite of the clearly beneficial properties of the potato, the effect of the potato on human
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health has been highly debated in recent years [3,5,7–9]. This is due to the fact that many potato
varieties, in general, have a high glycaemic index (GI) (GI~77.8) [10]. Consumption of foods with
a high GI has been suggested to increase the risk of developing overweight, obesity, type 2 diabetes
(T2D), and cardiovascular diseases (CVD) [11,12]. Because of this, some scientists recommend that
potatoes should be substituted with low GI sources of starch either from other types of starchy foods
or by finding potato varieties with a low GI [3,11,13]. Foods with a high GI have been proposed to
increase the risk of overweight and obesity by, among other things, decreasing satiety [11,14].

GI ranks carbohydrates according to their effect on the 2-h postprandial glucose
concentrations [15] and is defined as the 2-h area under the curve of the glucose response after
ingestion of, usually, 50 grams of available carbohydrates as compared to 50 grams of carbohydrates
from a reference (glucose or white bread) [16]. A GI value above 70 is classified as a high GI, a GI
value of 56–69 is classified as a medium GI and a GI value of ≤55 is classified as a low GI when using
glucose as a reference [17]. To take into account the amount of available carbohydrate consumed in
a portion of food, the concept of the glycaemic load (GL) was developed. The GL of a food is defined
as the product of the total amount of available carbohydrate in a serving of food and the GI of the food
being served [18]. A GL value above 20 is classified as being high, a GL value of 11–19 is classified
as being medium and a GL of ≤10 is classified as being low [17]. In general, a standard portion of
potatoes has a medium GL (GL~17.8) [10]. Foods with a high GI/GL will induce a rapid and high
transient increase in the postprandial glucose concentration, while foods with a low GI/GL will induce
a lower blood glucose response [11,15]. Thus, foods with a high GI/GL will stimulate a proportionally
high insulin response, which might induce a relatively low blood glucose and fatty acid concentration
somewhat early in the postprandial period, mimicking a low fuel state [14]. It is this low fuel state,
which is proposed to cause reduced satiety and increased hunger after the consumption of foods with
a high GI/GL [11,14]. However, high insulin and glucose concentrations, as seen immediately after
ingestion of foods with a high GI/GL, have also been proposed to increase satiety [19–21]. In relation
to this, the review by Bornet et al. (2007) and the study by Anderson et al. (2002) indicate that foods
with different GI/GL values might simply lead to increased satiety and decreased hunger at different
points in time in the postprandial period [22,23].

Looking into studies evaluating the potato in relation to satiety and GI, the results conflict with
the above postulate that the consumption of foods with a high GI decrease satiety. In the study by
Leeman et al. (2008), it was found that boiled potatoes gave a greater feeling of satiety than French fries
when comparing isocaloric amounts. This was in spite of the fact that the GI of the boiled potatoes
was significantly higher than the GI of the French fries. Furthermore, satiety rankings were not found
to be associated with postprandial blood glucose response [24]. In addition to the above, the study
by Geliebter et al. (2013) found that mashed and baked potatoes, as measured from baseline, at key
points gave a greater feeling of satiety and satiation than isocaloric amounts of pasta and brown rice.
The GI value of the mashed potatoes was significantly higher than for the other three meals and, again,
no association between GI and satiety ratings, or, in this case, ad libitum energy intake was found [25].
Together, these results indicate that other parameters than GI/GL are important in regard to satiety,
and that in the case of the potato GI/GL seems to have little influence on satiety.

The aim of this study was to investigate how a low GI potato affects subjective appetite sensations
when compared to a high GI potato, investigating satiety as the primary endpoint. Based on the above,
we hypothesized that the low GI and high GI potatoes would not cause any significant differences in
subjective appetite sensations and ad libitum energy intake.

2. Materials and Methods

2.1. Subjects

Healthy males aged 18–40 years with a body mass index (BMI) between 18 and 27 kg/m2 were
recruited for the study. Exclusion criteria included: Chronic diseases (diabetes, cardiovascular diseases,
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or other metabolic diseases that could affect the results), use of daily prescription medicine, use of
dietary supplements that could affect appetite (used within the last month up to or during the study),
smoking or use of any nicotine product (used daily within the last three months up to or during
the study), over 10 h of strenuous physical activity per week, participation in other clinical studies
(participation within the last month up to the study or during the study), food allergies, weight change
of more than ±3 kg from screening until the trial was completed, and inability to comply with the
procedures required by the study (including an 8–10 h fast before the trial days). The subjects were
pre-screened according to the inclusion and exclusion criteria through a questionnaire sent by e-mail.
The e-mail also included written information about the study and a folder from the Danish National
Committee on Health Research Ethics, “Forsøgspersoners rettigheder i et sundhedsvidenskabeligt
forskningsprojekt”. If the inclusion criteria were met in the questionnaire, potential subjects were
invited to an information meeting where all the study information was given verbally in groups of
1–3. At the information meeting, the subjects received the folder, “Før du beslutter dig”, also from
the Danish National Committee on Health Research Ethics. All subjects still willing to participate
in the study after going through the study information were given the opportunity to be screened
right away after giving their written informed consent. Each subject was then individually assessed
on the inclusion and exclusion criteria, which included a measurement of their height (measured
on a Hultafors wall-mounted stadiometer with 0.5 cm accuracy, Hultafors Group Danmark A/S,
Ballerup, Denmark) and body weight (measured with a Tanita BWB-600 scale to the nearest 0.1 kg,
Tanita Corporation of America, Inc., Arlington Heights, IL, USA). All answers and measurements were
noted in the case report form (CRF). After inclusion in the study, the subjects were assigned individual
subject numbers. The study was registered at clinicaltrials.gov (NCT03512509) and it was conducted in
accordance with the Declaration of Helsinki 1975 (revised 1983). Since normal foods were used as test
meals, and no biological samples were taken, the local ethical committee decided that ethical approval
of the study was not required.

2.2. Experimental Design

The study followed a single-blinded randomised crossover design with two experimental
conditions and was conducted at the Department of Nutrition, Exercise, and Sports, University
of Copenhagen, Denmark. Recruitment began in February 2018 and the study was completed in April
2018. The subjects were randomised to receive isocaloric amounts of either the low GI (Carisma®,
Emmeloord, Netherlands) or high GI (Arizona, Emmeloord, Netherlands) potato for breakfast on their
first trial day. On both trial days, subjects arrived fasted (8–10 h prior) at 08:00 a.m. at the testing
facility. Here, body weight was measured, and the subjects were asked predefined control questions to
assure that they were still eligible for the study. The questions were as follows: “What did you use for
transportation getting here today?”, “Have you done any sports within the past 48 h?”, “Have you
had any alcohol within the past 48 hours?”, “Have you changed your lifestyle radically within the past
month?”, “Have you taken any medicine or dietary supplements within the past month?” and “Have
you fasted 8–10 h before coming here today?”. All answers were registered in the CRF. The subjects
were then guided to the testing room where they at time: −5 min, (at 08:55 a.m.) were asked to fill
out the first visual analogue scale (VAS) for the assessment of subjective appetite sensations. At time:
0 min (09:00 a.m.) the subjects received their allocated test meal, which they had to consume over
the timespan of 15 minutes. At time: +15 min the subjects were asked to fill out the second VAS
measurement. After this, the subjects were asked to fill out VAS measurements at the time points: +45
min, +75 min, +105 min, and +135 min. In total, six VAS measurements were made during each trial
day. Two and a half hours (time: +150 min) after the serving of the test meal, the subjects received an ad
libitum meal (pizza), which they were given 30 minutes to eat. Thereafter, the remaining pizza was
weighed and energy intake recorded. The time interval of two and a half hours was chosen to make
sure that the subjects did not become so hungry that the satiating effect of the test meal disappeared
before serving the ad libitum meal. During the trial days, the subjects were allowed to use computers,
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phones, and talk to each other, as long as the activities did not relate to food, talking about the trial,
or involve physical activity. Finally, all subjects had to have at least a seven days washout period
between the two trial days.

2.3. Standardisation

For 48 h up to the trial days, subjects were instructed to avoid vigorous physical activity, large
alcohol consumption (more than the servings of alcohol), as well as abnormal food intake and simply
follow their normal day-to-day routines. The subjects were instructed to fast for 8–10 h before arriving
at the test facility but were allowed to drink water. Furthermore, the subjects were asked to transport
themselves to the test facility with the least possible use of physical activity. Slow cycling (maximum
30 min) was allowed, if cycling was their normal way of transportation. All subjects were given a copy
of their answers to the control questions on the first trial day and were encouraged to replicate these
behaviours prior to the second trial day.

2.4. Test Meals

The potatoes for the trial, their respective GI-values, and the instructions on how to prepare the
potatoes were all provided by the firm Agrico (Emmeloord, Netherlands) [26]. The potato cultivar
Carisma® was chosen as the low GI potato (GI~53) [26] and the potato cultivar Arizona was chosen
as the high GI potato (GI~93) [26]. Agrico had, as part of their own internal work, measured the
GI-values of the potatoes at a certified independent laboratory in Singapore [26]. The potato samples
for the testing of the GI-values were both prepared in the exact same way and in the same way as
the preparation instructions that were provided to us by Agrico [26]. We followed these instructions
carefully and therefore deemed the GI-values representative for the test meals served in the present
trial. The test meals consisted of 500 g of sliced and cooked potatoes from either the low GI or the high
GI potato variety. The potatoes were washed and then sliced on a mandolin iron to slices of 5 mm.
thickness. End pieces were discarded for a more homogenous meal. For each subject, ~510 g of the
assigned potato variety was prepared. The potatoes were then placed in pots with 3 L of 37 ◦C warm
water per kg of potato and 24 g of table salt per kg of potato. Hereafter, lids were placed on the pots
and the heat of the stove was turned on. Once the water reached a clear boil, the lid was removed,
and the potatoes were cooked for four minutes. Thereafter, the cooking water was quickly discarded
from the pots and the potatoes were weighed on serving plates into portions of 500 ± 1 g topped
with 8 g of regular butter (brand: Lurpak® Salted, Arla Foods amba headoffice, Viby J, Denmark).
The plates were then covered with lids and served to the subjects shortly after. The subjects also
received a glass of water (250 ± 1 g). The subjects were instructed to consume the entire test meal,
including drinking all the water. The test meal was to be consumed over the timespan of 15 min so
that the last bite was consumed in the last minute. The test meals were isocaloric (~1420 kJ) and they
had similar macronutrient content (see Table 1). All food weighing was done with Sartorius BP6100
Basic Plus Balance (d = 0.1 g) (Sartorius Corporate, Goettingen, Germany). Before the trial started,
samples of both potato varieties were prepared, using the same method as on the trial days, and sent
to Eurofins (Eurofins Steins Laboratorium A/S, Vejen, Denmark) [27], an independent laboratory for
nutritional analysis (See Table 1). The exact amount of resistant starch in the two potato cultivates was
not determined in the nutritional analysis done by Eurofins. It was accounted for as being part of the
total amount of available carbohydrates.
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Table 1. Composition of the potato meals.

Nutrients
500 g 500 g 8 g Total Total

Carisma® Arizona Lurpak® Carisma® Arizona
Potato (GI~53) Potato (GI~93) Butter Meal Meal

Energy 1175 kJ 1180 kJ 243.0 kJ 1418 kJ 1423 kJ
Fat 0 g 0 g 6.6 g 6.6 g 6.6 g

Carbohydrate 60 g 60 g 0.1 g 60.1 g 60.2 g
-Total Sugars 4 g 5.5 g 0.1 g 4.1 g 5.6 g

-Fructose 1.55 g 1.35 g N/A 1.55 g 1.35 g
-Galactose <0.2 g <0.2 g N/A < 0.2 g <0.2 g
-Glucose 2.2 g 3.85 g N/A 2.2 g 3.85 g
-Lactose <0.2 g <0.2 g N/A < 0.2 g <0.2 g
-Maltose <0.2 g <0.2 g N/A < 0.2 g <0.2 g
-Sucrose 0.4 g 0.35 g N/A 0.4 g 0.35 g

Fibre 7.5 g 8.5 g 0.0 g 7.5 g 8.5 g
Protein 5.5 g 5.5 g 0.0 g 5.5 g 5.5 g

Salt 2.3 g 2.4 g 0.1 g 2.4 g 2.5 g

Nutritional content of sliced and cooked potatoes analysed after cooling by the independent laboratory Eurofins [27].
Nutritional content of Lurpak® butter (salted) as written on the packaging. GI-values provided by the firm
Agrico [26]. GI, glycaemic index; N/A, not available.

2.5. Ad Libitum Meal

The ad libitum meal consisted of frozen “Ristorante Pizza Mozzarella” from Dr. Oetker (Dr. Oetker
Danmark A/S, Glostrup, Denmark), chosen for its homogeneity. The pizzas were taken out of the
freezer 40 minutes prior to serving and baked at 200 ◦C for 10 min shortly before serving time in
a preheated industrial oven (Rational, SelfCookingCenter, 5 Senses). Three pizzas were placed on
a prepared tray and weighed. The subjects were then each served a tray with the three pizzas (a total
of ~10,500 kJ), scissors, and a glass of water (250 ± 1 g). Scissors were chosen so that subjects had to
actively choose to cut and eat a new piece rather than having pre-cut slices ready to eat. The subjects
were instructed to drink all of the served water, not leave behind the pizza crust, and eat until pleasantly
satiated. After completion of the meal, the trays were brought back to the kitchen, and the remaining
pizza on each subject’s tray was weighed and the energy consumed was calculated (Table 2).

Table 2. Composition of the ad libitum meal.

Nutrients Pr. 100 g.

Energy 1048 kJ
Fat 13 g

-Saturated fat 4.4 g
Carbohydrate 23 g

-Sugars 2.7 g
Protein 10 g

Nutritional content of the pizza as written on the packing (Dr. Oetker).

2.6. Measurement of Subjective Appetite

Subjective satiety, hunger, fullness, and prospective food consumption was measured using
an electronic 100-mm VAS. The electronic version of VAS has been validated against the pen and paper
version [28]. The program Evascale© [29] was used to create the 100-mm VAS lines and questions.
At each end of the 100-mm line, the most negative and positive answer to the given VAS question was
anchored [30]. On each trial day, the subjects were assigned their own tablet that was linked to their
subject number. Each subject answered a total of six VAS measurements. In each VAS measurement,
the four questions were programmed to appear in a random order to ensure that the subjects read and
considered the questions each time. The subjects were instructed to read the question thoroughly and
answer with their initial feeling. The questions to be answered were: “How satisfied do you feel?”
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“How hungry do you feel?”, “How full do you feel?” and “How much do think that you could eat?”
The respective answers could range from: “I feel completely empty” to “I could not eat another bite”,
“I do not feel hungry at all” to “I feel very hungry”, “I do not feel full at all” to “I feel completely full”,
and “I cannot eat anything” to “I can eat a lot”.

2.7. Randomisation and Blinding

Sub-investigators assigned the subjects to start with one of the two test meals using a random
number generator at random.org/integer-sets/. Only the subjects were blinded in this trial, since the
sub-investigators prepared the test meals and analysed all of the data. Each potato variety was assigned
the letters A (Carisma®) and B (Arizona), which was used in the kitchen to ensure that the subjects
received the correct test meals. Once the meals were served, the trays were only marked with subject
number. The potatoes were indistinguishable in texture, flavour, and appearance once sliced and
cooked, so there was no reason for further blinding.

2.8. Statistical Power

Sample size for appetite sensations were based on the study by Flint et al. (2000). According to
this study, an effect size of 5% for mean value rankings of the primary endpoint, satiety, and secondary
endpoints; hunger, fullness, and prospective food consumption, can be detected when including 18
subjects and using a paired study design (α = 0.05, β = 0.80) [30]. To reach statistical power of 0.8 in the
secondary endpoint, ad libitum energy intake, approximately 26 subjects would be needed, depending
on effect size [31].

2.9. Statistical Analysis

All statistical analyses were carried out using R version 3.3.2 (R Core Team, 2016, Vienna, Austria)
with Rstudio (Version 1.1.442-© 2009–2018 RStudio, Inc., Boston, MA, USA). Initial data cleaning of VAS
scores was performed using visual inspection of all individual curves (using so-called spaghettiograms).
VAS measurements outside of ±3 SD was discussed and considered for exclusion. Incomplete data
was included in all analyses. Baseline characteristics are shown as mean ± standard deviation (SD).
Mixed linear ANCOVA models were used to analyse the difference in incremental area under the
curve (iAUC), incremental area over the curve (iAOC), as well as repeated measurements of subjective
appetite sensations and the ad libitum data. iAOC, iAUC, and ad libitum models were adjusted for age,
BMI, visiting day, and meal order. Models for repeated measurements of appetite sensations included
a time-meal interaction and they were adjusted for age, BMI, visiting day, meal order, and fasting
value on the given trial day. No adjustment for multiplicity was applied. Statistical significance was
declared using a significance level of 0.05.

3. Results

3.1. Subjects

A total of 54 individuals responded to our recruitment material, of which 34 did not meet the
inclusion criteria. The remaining 20 men attended a screening visit and all 20 were assessed as eligible
and included in the study. Baseline characteristics of the included subjects can be seen in Table 3.
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Table 3. Baseline characteristics

Baseline Mean ± SD Range

Age (years) 25.6 ± 4.3 20–36
Height (cm) 183.1 ± 6.0 175.0–198.5
Weight (kg) 75.0 ± 9.8 59.2–88.7
BMI (kg/m2) 22.5 ± 2.3 18.7–26.5

Based on measurements made at screening visits. SD, standard deviation; BMI, body mass index.

There were two drop-outs. One subject was unable to find time in his schedule to attend the
second trial day after completing his first trial day. Another subject was not interested in completing
the second trial day for unknown reasons (Figure 1).Nutrients 2018, 10, x FOR PEER REVIEW  7 of 15 
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Figure 1. Subject flowchart.

3.2. Subjective Appetite Sensations

The repeated measurement analyses of the primary endpoint, subjective satiety sensation, showed
no significant difference in time-meal interaction (p = 0.847) or meal effect (p = 0.819) between the two
potato meals (Figure 2a). Furthermore, no significant difference between the two potato meals was
found in the iAUC for subjective satiety (p = 0.737) (Figure 2b).

No significant differences in time-meal interaction or meal effect were found in the secondary
endpoints; hunger, fullness, and prospective food consumption, between the two potato meals
(Figure 2c,e,g). Furthermore, no significant differences between the two potato meals were found in the
iAUC/iAOC for hunger (p = 0.213), fullness (p = 0.361) and prospective food consumption (p = 0.145)
(Figure 2d,f,h).
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Figure 2. Unadjusted mean curves for satiety (a), hunger (c), fullness (e) and prospective food
consumption (g) and corresponding incremental areas under/over the curves (iAUC/iAOC) (b),
(d), (f) and (h). Data are shown as means ± SE. All p > 0.05 (adjusted p-value). Carisma® (low GI) and
Arizona (high GI). SE, standard error; GI, glycaemic index.
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3.3. Ad Libitum Energy Intake

No significant difference in ad libitum energy intake was seen between the two intervention arms
(p = 0.105) (Figure 3). Adjusted means ± standard error (SE) for Carisma® = 5944.0 ± 255.0 kJ and
Arizona = 6321.1 ± 245.3 kJ (∆ 377.1 ± 232.3 kJ). When removing an outliner (difference in ad libitum
energy intake outside ± 2 standard deviation (SD)), the finding of no difference was further confirmed
(p = 0.251).
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4. Discussion

No significant difference in the primary endpoint, subjective satiety, between the two potato
varieties in this study was found (all p > 0.05). Nor were there any significant differences in the
secondary endpoints; hunger, fullness, prospective food consumption, and ad libitum energy intake
(all p > 0.05). This confirms our hypothesis that the low GI and high GI potato would not cause any
significant difference in subjective appetite sensations or ad libitum energy intake.

Appetite regulation is stimulated by various central and peripheral signals in response to energy
balance and the composition of the food ingested [32–38]. These signals are processed primarily at
the level of the brainstem and the hypothalamus, where they stimulate different neurons that either
increase or decrease food intake [19]. These central and peripheral signals are however hugely modified
by sensory hedonics, sensory stimulation, environmental, and emotional factors [37], thus making
appetite regulation a complex matter. To evaluate whether the GI of a certain food is important-as
a sole parameter-in relation to subjective satiety, one should therefore control for the following factors;
macronutrient composition, energy density, volume, portion size, palatability, and fibre content of the
food ingested, while preferably using a crossover design [32–38]. In our study, we controlled for these
parameters by choosing two potato varieties very much alike in nutritional content, texture, flavor,
appearance, and by choosing a crossover design. Because we controlled for the above parameters,
and because our study found no significant difference in subjective satiety or any of the secondary
endpoints, our results do not support the notion that high GI potatoes decrease satiety as compared to
low GI potatoes.

The results of our study are supported by the results of the previously mentioned studies by
Leemann et al. (2008) and Geliebter et al. (2013). As mentioned, neither found satiety to be associated
with GI when analysing satiety after exposure to different potato meals [24,25], pasta and brown
rice [25]. Furthermore, Geliebter et al. (2013) found no association between GI and ad libitum energy
intake. In a study by Erdmann et al. (2007) the effect of satiating amounts of boiled potatoes, rice and
pasta consumed together with 150 grams of pork was analysed for, among other things, satiety rankings,
food intake, plasma insulin, and glucose concentrations. The results showed that while boiled potatoes,
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rice, and pasta resulted in comparable quantities of food intake and satiety rankings, the potato meal
resulted in a significantly lower energy intake than the two other meals (potato = 2177 kJ; pasta = 3174
kJ; rice = 2829 kJ). This difference in energy intake did not affect energy intake at the following ad
libitum meal. Thus, subjects ingested less energy in total when exposed to the potato meal. The glucose
response was highest after the ingestion of rice, followed by potatoes and pasta (all non-significant
differences), while the potatoes gave a significantly lower rise in insulin than pasta and rice [39].
Similar results were seen in children in a newly published study by Akilen et al. (2016) [40]. Overall,
these results might indicate that quantities of food act as a stronger predictor for satiety rankings than
the hormonal response. The results of Erdmann et al. (2007) and Akilen et al. (2016) could indicate
that the generally low energy density of the potato might be an important satiating property of the
potato; one can eat a large volume of potatoes for relatively few calories depending on the preparation
style. That energy density is an important factor for satiety was also found in the study by Holt et
al. (1995) [34]. They created a satiety index (SI), which was based on ratings of appetite sensations
after the ingestion of a 1000 kJ of different types of foods. The authors found that the serving size
of the test foods was the strongest predictor of the SI score (GI was not measured). Boiled potatoes
produced the highest SI score (323 ± 51) of all the foods included in the study. As many of the other
foods included in the study, in general, had a lower GI than boiled potatoes, such as lentils (GI ≈ 35.2),
brown rice (GI ≈ 46.5), and brown pasta (GI ≈ 48.3) [10], this again questions the role of the GI of
potatoes in relation to satiety. Looking at short-term studies not focusing on potatoes, the findings
of no association between GI of a meal and satiety are confirmed in some studies [41,42], while other
studies have found an inverse correlation between GI and satiety; low GI meals being more satiating
than high GI meals [43,44]. All of the above-mentioned studies were not able to control for the earlier
mentioned parameters to the same extent as our study, as they compared different types of foods,
meals, and preparation styles. Furthermore, the studies investigated different population groups.
To some extent, this might explain the conflicting results seen, but since the potato was not in focus in
all studies, the results could also indicate that the role of the GI may vary between different types of
foods and food combinations.

Conflicting results are also observed in long-term studies not focusing on potatoes, as seen in
the review by Esfahani et al. (2011). This review included 23 clinical trials comparing a low GI
diet with a high GI diet with respect to weight loss. A total of seven out of the 23 clinical trials
showed a significantly higher weight loss following the low GI diets as compared to the high GI diets.
No significant differences between the remaining 18 trials were found. However, among these 18
trials, 12 favoured the low GI diets and four favoured the high GI diets. In the review, a significant
variability between what was considered a low GI and high GI diet was found, and most studies did
not match their diets in macronutrients and fibre content [45]. This variability in the use of low GI and
high GI diets makes it difficult to compare results between studies, and the lack of standardisation
within studies could further indicate that the conflicting results are due to other parameters that are
important for satiety. This view is supported by the results of the randomised controlled trials by
Sacks et al. (2014), Aston et al. (2007), and Sloth et al. (2004). In these studies, the effect of a low
GI diet as compared to a high GI diet was evaluated. Sacks et al. (2014) focused on cardiovascular
and diabetic endpoints, Aston et al. (2007) focused on appetite and body weight, while Sloth et al.
(2004) focused on both cardiovascular and diabetic endpoints and body weight. The diets in Sacks et
al. (2014) were matched for macronutrient composition, fibre, and energy content, while the diets in
Aston et al. (2007) and Sloth et al. (2004) were matched for macronutrient composition, fibre content,
and energy density in an ad libitum setting. Thus, in all three studies, GI was the main difference
between the intervention diets. The results of these studies showed no overall difference between
most of the endpoints when comparing to the low GI and high GI diets, except for Sloth et al. finding
a significant reduction in the concentration of low density lipoproteins (LDL) and Sacks et al. (2014)
finding a significant reduction in triglycerides when exposed to the low GI diets compared to the high
GI diets [35,46,47]. In a study by Krog-Mikkelsen et al. (2011), a subgroup of the subjects participating
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in the study by Sloth et al. (2004) was analysed in a single meal study design. They were exposed to
a low GI or high GI breakfast meal to evaluate, among other things, subjective appetite sensations and
ad libitum energy intake after being on the respective low GI and high GI diets for 10 weeks. The two
meals differed only in GI, as they were matched in macronutrient composition, energy density, fibre,
and energy content. The results of this study showed no overall difference in postprandial sensations
of satiety, hunger, and prospective food consumption, but did find a time-meal interaction in ratings of
fullness. Fullness being significantly higher (p = 0.01) after exposure to the low GI meal. No difference
in ad libitum energy intake was found between the two groups at lunch [48]. Overall, the results from
Krog-Mikkelsen et al. 2011 do not indicate that a high GI diet decreases satiety over time.

Together, all of the above results not only question the role of the GI of potatoes in relation to
satiety, but also question the role of the GI in regard to satiety in general.

It is, as mentioned, hypothesized that high GI foods should decrease satiety due to a low fuel
state occurring after consumption of high GI foods [11,14]. This hypothesis is questioned in the study
by Flint et al. (2006) and the meta-analysis by Flint et al. (2007), both showing that insulin, not glucose,
was associated with short term appetite sensations. Thus, higher concentrations of insulin after a meal
was associated with decreased hunger and increased satiety [49,50]. Assuming that GI was the only
difference between our two study meals due to standardisation, our study does neither support
that insulin nor glucose is an important factor in relation to the satiating effects of the potato, as no
significant time-meal interaction was found at any time points between the low GI and high GI potatoes.
For the same reason, our results do not support the findings that different GI values might give rise to
increased satiety and decreased hunger at different points in time in the postprandial period, as stated
by Bornet et al. (2007) and Anderson et al. (2002) [22,23]. It should, however, be noted that we did not
measure glucose or insulin response after ingestion of the potato meals in our study and thus rely solely
on the GI measurements that were provided to us by Agrico [26]. Thus, our results could indicate
that other parameters than insulin and glucose might be more important in relation to the satiating
effects of the potato. One such parameter could, as mentioned, be the relatively low energy density of
the potato. The volume of a meal ingested stimulates satiety through gastric filling and distention,
which have been found to be an important mechanism activating satiety signals [36,51]. Another factor,
which might make the potato a satiating food, could be its content of the protease inhibitor II (PI2).
This inhibitor inhibits trypsin´s proteolytic activity in the small intestine, thus extending the activity of
the satiety hormone cholecystokinin (CCK) [52]. However, the effect of PI2 might be masked by other
proteins in the potato [8].

The conflicting results within this topic are accompanied by several other points of methodological
challenges, which should be considered when evaluating the use of the GI in nutritional
recommendations. An important issue to be aware of is the large intraindividual as well as the
interindividual variation between GI measurements, as seen in a study by Vega-Lopez et al. (2007) [53].
Another important point to be aware of is the effect of mixed meals on the estimated GI value of a meal.
While some results show that the GI of the individual components can be used to predict the GI value
of a meal [54], a recent study showed that the calculated GI of a mixed meal was an overestimate when
compared to the measured GI value [55]. This might be explained by the fat and protein content of
the given mixed meal [56], as both fat and protein are believed to reduce the rate of gastric emptying
by stimulating gut hormones, like CCK, and through this effect reduce the glycaemic impact of
a meal [36,57]. This is important, as many foods, as the potato, are commonly consumed as part of
a mixed meal. It is also important to consider the GL of a food, as this takes into account the standard
portion that is normally consumed. In this respect, the potato in general has a medium GL, resulting in
a lower glycaemic impact than the high GI of the potato indicates.

When interpreting the results of the present study, one should consider the following. While our
study does isolate the effect of the GI quite well, it does not represent at typical mixed meal and
the portion size of the potato meals was larger than a normal serving of potatoes [10]. Furthermore,
potatoes are not a common breakfast food in Denmark. All of this might have affected the subjective
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appetite sensations and the ad libitum energy intake, thus potentially overshadowing the effect of
the GI [58]. It would also have been preferable to know the exact amount of resistant starch in both
potato cultivars, as resistant starch is known to affect the GI of a meal and as it has been shown to
affect satiety unrelated to the GI [59]. The latter could, again, potentially overshadow the effect of the
GI. Furthermore, all subjects were males, which limits the results to this gender. Males were chosen
to achieve a homogenous test group and because the menstrual cycle of women can affect appetite
sensations and energy intake [60]. Additionally, all subjects were of relatively normal body weight
(BMI 18–27 kg/m2) and the results could be different in overweight and obese subjects, as the GI might
have different effects on individuals with prediabetes and insulin resistance, as seen in the studies
by Hjorth et al. (2017) [61] and Hjorth et al. (2017) [62]. Another point to consider is the following:
As mentioned, the GI-values that are provided to us by Agrico should represent our test meals quite
well due to the standardization of the preparation method. However, it would have strengthened our
study if we had measured the glycaemic response ourselves, thus validating the GI-values provided
by Agrico. The GI of potatoes, and starchy foods in general, is highly affected by the preparation
method, and, as mentioned, the composition of the entire meal being served [5,10,56]. It is essential
to be aware of this when using prepublished GI-values in a study design. Thus, scientists should
always use representative GI-values, as we did in this study. Another point to consider is that our
study only evaluates the short-term effects of the GI of potatoes on satiety, while long-term satiety
might be more relevant in relation to the risk of developing overweight and obesity. Lastly, it should
be mentioned that decreased satiety is but one hypothesis about how high GI foods might increase the
risk of developing overweight and obesity [14,63]. Investigating these are, however, not within the
scope of this study, just as the results of this study should not be used to evaluate potatoes’ proposed
effect on the risk of developing T2D and CVD due to their, in general, high GI [11,13].

5. Conclusions

In conclusion, there was no significant difference in the primary endpoint, subjective satiety,
and the secondary endpoints; hunger, fullness, prospective food consumption, and ad libitum energy
intake between the two potato varieties. This indicates that the GI of potatoes is not in itself a strong
predictor for satiety in normal-weight men.

Author Contributions: Conceptualization, S.S.H.A., J.M.F.H. and A.R.; Formal analysis, S.S.H.A, J.M.F.H. and
A.R.; Funding acquisition, A.R.; Investigation, S.S.H.A. and J.M.F.H.; Methodology, S.S.H.A., J.M.F.H., T.T.H.
and A.R.; Project administration, S.S.H.A, J.M.F.H. and A.R.; Resources, S.S.H.A and J.M.F.H.; Supervision, A.R.;
Visualization, S.S.H.A and J.M.F.H.; Writing—original draft, S.S.H.A and J.M.F.H.; Writing—review & editing,
S.S.H.A, J.M.F.H., T.T.H. and A.R.

Funding: This research received no external funding.

Acknowledgments: The Carisma® as well as the Arizona potatoes used in the experiment were generously
donated by Agrico. The authors would like to thank associate professor Christian Ritz for statistical input;
Assistant Professor Jakob Lund Laugesen for his assistance with Evascale©; GCP coordinator Le Lene Stevner
for her guidance in GCP; kitchen manager Charlotte Kostecki and the rest of the kitchen staff for their help with
navigating in the research kitchen. All of the above mentioned are from the Department of Nutrition, Exercise and
Sports, University of Copenhagen. Lastly, the authors want to thank the subjects for participating in the study and
Harry Iwema and Cindy Okkes- van de Wiel from Agrico for their correspondence and assistance in supplying
the potatoes.

Conflicts of Interest: The authors declare no conflict of interest.

References and Notes

1. Potato Profile. Available online: https://www.agmrc.org/commodities-products/vegetables/potato-profile
(accessed on 20 July 2018).

2. FAOSTAT. Available online: http://www.fao.org/statistics/en/ (accessed on 20 July 2018).
3. Ek, K.L.; Brand-Miller, J.; Copeland, L. Glycemic effect of potatoes. Food Chem. 2012, 133, 1230–1240.

[CrossRef]

https://www.agmrc.org/commodities-products/vegetables/potato-profile
http://www.fao.org/statistics/en/
http://dx.doi.org/10.1016/j.foodchem.2011.09.004


Nutrients 2018, 10, 1726 13 of 15

4. Drewnowski, A. The nutrient rich foods index helps to identify healthy foods. Am. J. Clin. Nutr. 2010, 91,
1095–1101. [CrossRef] [PubMed]

5. Camire, M.E.; Kubow, S.; Donelley, D.J. Potatoes and Human Health. Crit. Rev. Food Sci. Nutr. 2009, 49,
823–840. [CrossRef] [PubMed]

6. Burlingame, B.; Mouillé, B.; Charrondière, R. Nutrients, bioactive non-nutrients and anti-nutrients in potatoes.
J. Food Compos. Anal. 2009, 22, 494–502. [CrossRef]

7. McGill, C.R.; Kurilich, A.C.; Davignon, J. The role of potatoes and potato components in cardiometabolic
health: A review. Ann. Med. 2013, 45, 467–473. [CrossRef] [PubMed]

8. Anderson, G.H.; Soeandy, C.D.; Smith, C.E. White Vegetables: Glycemia and Satiety. Adv. Nutr. An Int. Rev.
J. 2013, 4, 356S–367S. [CrossRef] [PubMed]

9. Ek, K.L.; Wang, S.; Copeland, L.; Brand-Miller, J.C. Discovery of a low-glycaemic index potato and
relationship with starch digestion in vitro. Br. J. Nutr. 2013, 111, 699–705. [CrossRef] [PubMed]

10. Atkinson, F.S.; Foster-Powell, K.; Brand-Miller, J.C. International Tables of Glycemic Index and Glycemic
Load Values. Diabetes Care 2008, 31, 18–20. [CrossRef] [PubMed]

11. Ludwig, D.S. The Glycemic Index. J. Am. Med. Assoc. 2002, 287, 2414–2423. [CrossRef]
12. Brand-Miller, J.; Dickinson, S.; Barclay, A.; Celermajer, D. The glycemic index and cardiovascular disease

risk. Curr. Atheroscler. Rep. 2007, 9, 479–485. [CrossRef] [PubMed]
13. Willett, W.; Manson, J.; Liu, S. Glycemic index, glycemic load, and risk of type 2 diabetes. Am. J. Clin. Nutr.

2002, 76, 274–280. [CrossRef]
14. Brand-miller, J.C.; Holt, S.H.A.; Pawlak, D.B.; Mcmillan, J. Glycemic index and obesity. Am. J. Clin. Nutr.

2002, 76, 281–285. [CrossRef]
15. Jenkins, D.J.A.; Wolever, T.M.S.; Taylor, R.H.; Barker, H.; Fielden, H.; Baldwin, J.M.; Bowling, A.C.;

Newman, H.C.; Jenkins, A.L.; Goff, D.V. Glycemic index of foods: A physiological basis for carbohydrate
exchange. Am. J. Clin. Nutr. 1981, 34, 362–366. [CrossRef] [PubMed]

16. Pawlak, D.; Ebbeling, C.B.; Ludwig, D. Should obese patients be counselled to follow a low- glycaemic index
diet? Yes. Obes. Rev. 2002, 3, 235–243. [CrossRef] [PubMed]

17. ISO Standard 26642:2010—Food products–Determination of the glycaemic index (GI) and recommendation
for food classification. Available online: https://www.iso.org/standard/43633.html (accessed on 20 July
2018).

18. Foster-Powell, K.; Holt, S.; Brand-Miller, J. International table of glycemic index and glycemic load values:
2002. Am. Soc. Clin. Nutr. 2002, 76, 5–56. [CrossRef] [PubMed]

19. Levin, B.E. Metabolic sensing neurons and the control of energy homeostasis. Physiol. Behav. 2006, 89,
486–489. [CrossRef] [PubMed]

20. Jordan, S.D.; Könner, A.C.; Brüning, J.C. Sensing the fuels: Glucose and lipid signaling in the CNS controlling
energy homeostasis. Cell. Mol. Life Sci. 2010, 67, 3255–3273. [CrossRef] [PubMed]

21. Marks, J.L.; Porte, D.; Stahl, W.L.; Baskin, D.G. Localization of insulin receptor mRNA in rat brain by in situ
hybridization. Endocrinology 1990, 127, 3234–3236. [CrossRef] [PubMed]

22. Bornet, F.R.J.; Jardy-Gennetier, A.E.; Jacquet, N.; Stowell, J. Glycaemic response to foods: Impact on satiety
and long-term weight regulation. Appetite 2007, 49, 535–553. [CrossRef] [PubMed]

23. Anderson, G.H.; Catherine, N.L.A.; Woodend, D.M.; Wolever, T.M.S. Inverse association between the effect
of carbohydrates on blood glucose and subsequent short-term food intake in young men. Am. J. Clin. Nutr.
2002, 76, 1023–1030. [CrossRef] [PubMed]

24. Leeman, M.; Oestman, E.; Bjoerck, I. Glycaemic and satiating properties of potato products. Eur. J. Clin. Nutr.
2008, 62, 87–95. [CrossRef] [PubMed]

25. Geliebter, A.; Lee, M.I.C.; Abdillahi, M.; Jones, J. Satiety following intake of potatoes and other carbohydrate
test meals. Ann. Nutr. Metab. 2013, 62, 37–43. [CrossRef] [PubMed]

26. Agrico 2018. Okkes-van de Wiel, C.; c.okkes@agrico.nl; Iwema, H.; H.iwema@agrico.nl. (email communication)
27. Eurofins, S.L.A. Available online: https://www.eurofins.dk/foedevarer/ (accessed on 1 February 2018).
28. Klingenberg, L.; Nyby, S.; Kristensen, M.B.; Raben, A. Visual analogue scales to assess appetite sensation-

good agreement between 100 mm pen and paper vs tablet-based scores. Obes. Facts. 2015, 8, 101.
29. Evascale© 2017. Laugesen, J. L.; jalul@food.ku.dk. (email communication)
30. Flint, A.; Raben, A.; Blundell, J.; Astrup, A. Reproducibility, power and validity of visual analogue scales in

assessment of appetite sensations in single test meal studies. Int. J. Obes. 2000, 24, 38–48. [CrossRef]

http://dx.doi.org/10.3945/ajcn.2010.28450D
http://www.ncbi.nlm.nih.gov/pubmed/20181811
http://dx.doi.org/10.1080/10408390903041996
http://www.ncbi.nlm.nih.gov/pubmed/19960391
http://dx.doi.org/10.1016/j.jfca.2009.09.001
http://dx.doi.org/10.3109/07853890.2013.813633
http://www.ncbi.nlm.nih.gov/pubmed/23855880
http://dx.doi.org/10.3945/an.112.003509
http://www.ncbi.nlm.nih.gov/pubmed/23674805
http://dx.doi.org/10.1017/S0007114513003048
http://www.ncbi.nlm.nih.gov/pubmed/24103358
http://dx.doi.org/10.2337/dc08-1239
http://www.ncbi.nlm.nih.gov/pubmed/18835944
http://dx.doi.org/10.1001/jama.287.18.2414
http://dx.doi.org/10.1007/s11883-007-0064-x
http://www.ncbi.nlm.nih.gov/pubmed/18377788
http://dx.doi.org/10.1093/ajcn/76.1.274S
http://dx.doi.org/10.1093/ajcn/76.1.281S
http://dx.doi.org/10.1093/ajcn/34.3.362
http://www.ncbi.nlm.nih.gov/pubmed/6259925
http://dx.doi.org/10.1046/j.1467-789X.2002.00079.x
http://www.ncbi.nlm.nih.gov/pubmed/12458970
https://www.iso.org/standard/43633.html
http://dx.doi.org/10.1093/ajcn/76.1.5
http://www.ncbi.nlm.nih.gov/pubmed/12081815
http://dx.doi.org/10.1016/j.physbeh.2006.07.003
http://www.ncbi.nlm.nih.gov/pubmed/16899262
http://dx.doi.org/10.1007/s00018-010-0414-7
http://www.ncbi.nlm.nih.gov/pubmed/20549539
http://dx.doi.org/10.1210/endo-127-6-3234
http://www.ncbi.nlm.nih.gov/pubmed/2249648
http://dx.doi.org/10.1016/j.appet.2007.04.006
http://www.ncbi.nlm.nih.gov/pubmed/17610996
http://dx.doi.org/10.1093/ajcn/76.5.1023
http://www.ncbi.nlm.nih.gov/pubmed/12399274
http://dx.doi.org/10.1038/sj.ejcn.1602677
http://www.ncbi.nlm.nih.gov/pubmed/17327869
http://dx.doi.org/10.1159/000342638
http://www.ncbi.nlm.nih.gov/pubmed/23221259
https://www.eurofins.dk/foedevarer/
http://dx.doi.org/10.1038/sj.ijo.0801083


Nutrients 2018, 10, 1726 14 of 15

31. Gregersen, N.T.; Flint, A.; Bitz, C.; Blundell, J.E.; Raben, A.; Astrup, A. Reproducibility and power of ad
libitum energy intake assessed by repeated single meals. Am. J. Clin. Nutr. 2008, 87, 1277–1281. [CrossRef]
[PubMed]

32. Kirkmeyer, S.V.; Mattes, R.D. Effects of food attributes on hunger and food intake. Int. J. Obes. Relat. Metab.
Disord. 2000, 24, 1167–1175. [CrossRef] [PubMed]

33. Kral, T.V.; Roe, L.S.; Rolls, B.J. Combined effects of energy density and portion size on energy intake in
women. Am. Soc. Clin. Nutr. 2004, 79, 962–968. [CrossRef] [PubMed]

34. Holt, S.; Brand-Miller, J.; Petocz, P. Farmakalidis E A satiety index of common foods. Eur. J. Clin. Nutr. 1995,
49, 675690. [CrossRef]

35. Sacks, F.M.; Carey, V.J.; Anderson, C.A.M.; Miller, E.R.; Copeland, T.; Charleston, J.; Harshfield, B.J.;
Laranjo, N.; McCarron, P.; Swain, J.; et al. Effects of High vs. Low Glycemic Index of Dietary Carbohydrate on
Cardiovascular Disease Risk Factors and Insulin Sensitivity. Jama 2014, 312, 2531–2541. [CrossRef] [PubMed]

36. Maljaars, J.; Peters, H.P.F.; Masclee, A.M. Review article: The gastrointestinal tract: Neuroendocrine
regulation of satiety and food intake. Aliment. Pharmacol. Ther. 2007, 26, 241–250. [CrossRef] [PubMed]

37. Blundell, J.E.; Tremblay, A. APPETITE CONTROL AND ENERGY (FUEL) BALANCE. Nutr. Res. Rev. 1995,
8, 225–242. [CrossRef] [PubMed]

38. De Graaf, C.; Blom, W.A.M.; Smeets, P.A.M.; Stafleu, A.; Hendriks, H.F.J. Biomarkers of satiation and satiety.
Am. J. Clin. Nutr. 2004, 79(, 946–961. [CrossRef] [PubMed]

39. Erdmann, J.; Hebeisen, Y.; Lippl, F.; Wagenpfeil, S.; Schusdziarra, V. Food intake and plasma ghrelin response
during potato-, rice- and pasta-rich test meals. Eur. J. Nutr. 2007, 46, 196–203. [CrossRef] [PubMed]

40. Akilen, R.; Deljoomanesh, N.; Hunschede, S.; Smith, C.E.; Arshad, M.U.; Kubant, R.; Anderson, G.H.;
Lamont, B.J.; Waters, M.F.; Andrikopoulos, S. The effects of potatoes and other carbohydrate side dishes
consumed with meat on food intake, glycemia and satiety response in children. Nutr. Diabetes 2016, 6.
[CrossRef] [PubMed]

41. Holt, S.H.A.; Brand-Miller, J.C.; Stitt, P.A. The effects of equal-energy portions of different breads on blood
glucose levels, feelings of fullness and subsequent food intake. J. Am. Diet. Assoc. 2001, 101, 767–773.
[CrossRef]

42. Holt, S.H.; Brand Miller, J.C.; Petocz, P. Interrelationships among postprandial satiety, glucose and insulin
responses and changes in subsequent food intake. Eur. J. Clin. Nutr. 1996, 50, 788–797. [PubMed]

43. Warren, J.M.; Henry, C.J.K.; Simonite, V. Low Glycemic Index Breakfasts and Reduced Food Intake in
Preadolescent Children. Pediatrics 2003, 112, 414–419. [CrossRef]

44. Ball, S.D.; Keller, K.R.; Moyer-Mileur, L.J.; Ding, Y.-W.; Donaldson, D.; Jackson, W.D. Prolongation of Satiety
After Low Versus Moderately High Glycemic Index Meals in Obese Adolescents. Pediatrics 2003, 111, 488–494.
[CrossRef] [PubMed]

45. Esfahani, A.; Wong, J.M.W.; Mirrahimi, A.; Villa, C.R.; Kendall, C.W.C. The application of the glycemic index
and glycemic load in weight loss: A review of the clinical evidence. IUBMB Life 2011, 63, 7–13. [CrossRef]
[PubMed]

46. Aston, L.M.; Stokes, C.S.; Jebb, S.A. No effect of a diet with a reduced glycaemic index on satiety, energy
intake and body weight in overweight and obese women. Int. J. Obes. 2007, 32, 160–165. [CrossRef]
[PubMed]

47. Sloth, B.; Krog-Mikkelsen, I.; Flint, A.; Tetens, I.; Bjorck, I.; Vinoy, S.; Elmstahl, H.; Astrup, A.; Lang, V.;
Raben, A. No difference in body weight decrease between a low- glycemic- index and a high- glycemic-
index diet but reduced LDL cholesterol after 10-wk ad libitum intake of the low- glycemic- index diet. Am. J.
Clin. Nutr. 2004, 80, 337–347. [CrossRef] [PubMed]

48. Krog-Mikkelsen, I.; Sloth, B.; Dimitrov, D.; Tetens, I.; Bjorck, I.; Flint, A.; Holst, J.J.; Astrup, A.; Elmstahl, H.;
Raben, A. A Low Glycemic Index Diet Does Not Affect Postprandial Energy Metabolism but Decreases
Postprandial Insulinemia and Increases Fullness Ratings in Healthy Women. J. Nutr. 2011, 141, 1679–1684.
[CrossRef] [PubMed]

49. Flint, A.; Møller, B.K.; Raben, A.; Sloth, B.; Pedersen, D.; Tetens, I.; Holst, J.J.; Astrup, A. Glycemic
and insulinemic responses as determinants of appetite in humans. Am. J. Clin. Nutr. 2006, 84, 1365–1373.
[CrossRef] [PubMed]

http://dx.doi.org/10.1093/ajcn/87.5.1277
http://www.ncbi.nlm.nih.gov/pubmed/18469250
http://dx.doi.org/10.1038/sj.ijo.0801360
http://www.ncbi.nlm.nih.gov/pubmed/11033986
http://dx.doi.org/10.1093/ajcn/79.6.962
http://www.ncbi.nlm.nih.gov/pubmed/15159224
http://dx.doi.org/10.3109/03008207.2013.862527
http://dx.doi.org/10.1001/jama.2014.16658
http://www.ncbi.nlm.nih.gov/pubmed/25514303
http://dx.doi.org/10.1111/j.1365-2036.2007.03550.x
http://www.ncbi.nlm.nih.gov/pubmed/18081667
http://dx.doi.org/10.1079/NRR19950014
http://www.ncbi.nlm.nih.gov/pubmed/19094287
http://dx.doi.org/10.1093/ajcn/79.6.946
http://www.ncbi.nlm.nih.gov/pubmed/15159223
http://dx.doi.org/10.1007/s00394-007-0649-8
http://www.ncbi.nlm.nih.gov/pubmed/17497076
http://dx.doi.org/10.1038/nutd.2016.1
http://www.ncbi.nlm.nih.gov/pubmed/26878318
http://dx.doi.org/10.1016/S0002-8223(01)00192-4
http://www.ncbi.nlm.nih.gov/pubmed/8968699
http://dx.doi.org/10.1542/peds.112.5.e414
http://dx.doi.org/10.1542/peds.111.3.488
http://www.ncbi.nlm.nih.gov/pubmed/12612226
http://dx.doi.org/10.1002/iub.418
http://www.ncbi.nlm.nih.gov/pubmed/21280171
http://dx.doi.org/10.1038/sj.ijo.0803717
http://www.ncbi.nlm.nih.gov/pubmed/17923862
http://dx.doi.org/10.1093/ajcn/80.2.337
http://www.ncbi.nlm.nih.gov/pubmed/15277154
http://dx.doi.org/10.3945/jn.110.134627
http://www.ncbi.nlm.nih.gov/pubmed/21775528
http://dx.doi.org/10.1093/ajcn/84.6.1365
http://www.ncbi.nlm.nih.gov/pubmed/17158418


Nutrients 2018, 10, 1726 15 of 15

50. Flint, A.; Gregersen, N.T.; Gluud, L.L.; Møller, B.K.; Raben, A.; Tetens, I.; Verdich, C.; Astrup, A. Associations
between postprandial insulin and blood glucose responses, appetite sensations and energy intake in normal
weight and overweight individuals: A meta-analysis of test meal studies. Br. J. Nutr. 2007, 98, 17–25.
[CrossRef] [PubMed]

51. Feinle, C.; Christen, M.; Grundy, D.; Faas, H.; Meier, O.; Otto, B.; Fried, M. Effects of duodenal fat, protein or
mixed-nutrient infusions on epigastric sensations during sustained gastric distension in healthy humans.
Neurogastroenterol. Motil. 2002, 14, 205–213. [CrossRef] [PubMed]

52. Nakajima, S.; Hira, T.; Tsubata, M.; Takagaki, K.; Hara, H. Potato extract (Potein) suppresses food intake in
rats through inhibition of luminal trypsin activity and direct stimulation of cholecystokinin secretion from
enteroendocrine cells. J. Agric. Food Chem. 2011, 59, 9491–9496. [CrossRef] [PubMed]

53. Vega-López, S.; Ausman, L.M.; Griffith, J.L.; Lichtenstein, A.H. Interindividual variability and
intra-individual reproducibility of glycemic index values for commercial white bread. Diabetes Care 2007, 30,
1412–1417. [CrossRef] [PubMed]

54. Wolever, T.M.; Jenkins, D.J. The use of the glycemic index in predicting the blood glucose response to mixed
meals. Am. J. Clin. Nutr. 1986, 43, 167–172. [CrossRef] [PubMed]

55. Dodd, H.; Williams, S.; Brown, R.; Venn, B. Calculating meal glycemic index by using measured and
published food values compared with directly measured meal glycemic index. Am. J. Clin. Nutr. 2011, 94,
992–996. [CrossRef] [PubMed]

56. Flint, A.; Møller, B.K.; Raben, A.; Pedersen, D.; Testens, I.; Holst, J.J.; Astrup, A. The use of glycaemic index
tables to predict glycaemic index of breakfast meals. Br. J. Nutr. 2004, 91, 979–989. [CrossRef] [PubMed]

57. Anderson, G.H.; Tecimer, S.N.; Shah, D.; Zafar, T.A. Protein source, quantity, and time of consumption
determine the effect of proteins on short-term food intake in young men. Am. Soc. Nutr. Sci. 2004, 134,
3011–3015. [CrossRef] [PubMed]

58. Camps, G.; Mars, M.; De Graaf, C.; Smeets, P.A.M. Empty calories and phantom fullness: A randomized trial
studying the relative effects of energy density and viscosity on gastric emptying determined by MRI and
satiety. Am. J. Clin. Nutr. 2016, 104, 73–80. [CrossRef] [PubMed]

59. Raben, A.; Tagliabue, A.; Christensen, N.J.; Holst, J.J.; Astrup, A. Resistant starch: The effect on prostprandial
glycemia, hormonal respose and satiety. Am. J. Clin. Nutr. 1994, 60, 544–551. [CrossRef] [PubMed]

60. Barr, S.I.; Janelle, K.C.; Prior, J.C. Energy intakes are higher during the luteal phase of ovulatory menstrual
cycles. Am. J. Clin. Nutr. 1995, 61, 39–43. [CrossRef] [PubMed]

61. Hjorth, M.F.; Ritz, C.; Blaak, E.E.; Saris, W.H.; Langin, D.; Poulsen, S.K.; Larsen, T.M.; Sørensen, T.I.; Zohar, Y.;
Astrup, A. Pretreatment fasting plasma glucose and insulin modify dietary weight loss success: Results from
3 randomized clinical trials. Am. J. Clin. Nutr. 2017, 106, 499–505. [CrossRef] [PubMed]

62. Hjorth, M.F.; Due, A.; Larsen, T.M.; Astrup, A. Pretreatment Fasting Plasma Glucose Modifies Dietary Weight
Loss Maintenance Success: Results from a Stratified RCT. Obesity 2017, 25, 2045–2048. [CrossRef] [PubMed]

63. Blaak, E.E.; Antoine, J.M.; Benton, D.; Björck, I.; Bozzetto, L.; Brouns, F.; Diamant, M.; Dye, L.; Hulshof, T.;
Holst, J.J.; et al. Impact of postprandial glycaemia on health and prevention of disease. Obes. Rev. 2012, 13,
923–984. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1017/S000711450768297X
http://www.ncbi.nlm.nih.gov/pubmed/17524176
http://dx.doi.org/10.1046/j.1365-2982.2002.00318.x
http://www.ncbi.nlm.nih.gov/pubmed/11975721
http://dx.doi.org/10.1021/jf200988f
http://www.ncbi.nlm.nih.gov/pubmed/21809886
http://dx.doi.org/10.2337/dc06-1598
http://www.ncbi.nlm.nih.gov/pubmed/17384339
http://dx.doi.org/10.1093/ajcn/43.1.167
http://www.ncbi.nlm.nih.gov/pubmed/3942088
http://dx.doi.org/10.3945/ajcn.111.012138
http://www.ncbi.nlm.nih.gov/pubmed/21831990
http://dx.doi.org/10.1079/BJN20041124
http://www.ncbi.nlm.nih.gov/pubmed/15182401
http://dx.doi.org/10.1093/jn/134.11.3011
http://www.ncbi.nlm.nih.gov/pubmed/15514267
http://dx.doi.org/10.3945/ajcn.115.129064
http://www.ncbi.nlm.nih.gov/pubmed/27281305
http://dx.doi.org/10.1093/ajcn/60.4.544
http://www.ncbi.nlm.nih.gov/pubmed/8092089
http://dx.doi.org/10.1093/ajcn/61.1.39
http://www.ncbi.nlm.nih.gov/pubmed/7825535
http://dx.doi.org/10.3945/ajcn.117.155200
http://www.ncbi.nlm.nih.gov/pubmed/28679551
http://dx.doi.org/10.1002/oby.22004
http://www.ncbi.nlm.nih.gov/pubmed/28985039
http://dx.doi.org/10.1111/j.1467-789X.2012.01011.x
http://www.ncbi.nlm.nih.gov/pubmed/22780564
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Experimental Design 
	Standardisation 
	Test Meals 
	Ad Libitum Meal 
	Measurement of Subjective Appetite 
	Randomisation and Blinding 
	Statistical Power 
	Statistical Analysis 

	Results 
	Subjects 
	Subjective Appetite Sensations 
	Ad Libitum Energy Intake 

	Discussion 
	Conclusions 
	References

