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Chapter I:

General Introduction

Body weight control is basically understood in an energy balance framework with equal
energy intake and energy expenditure being required for maintaining a stable body
weight. According to the first law of thermodynamics energy can be transformed but not
created or destroyed, which is why changes in energy intake and/or expenditure lead to
changes in energy stores and therefore changes in body composition and weight (Hall
etal., 2012). A chronically positive energy balance is therefore commonly seen as reason
for weight gain and obesity (Wiliams & Wu, 2016). Generally, there are some
homeostatic mechanisms to keep an equal energy balance but this regulation is not
controlled very tightly in the short-term as energy balance varies markedly within one
day between fasting and postprandial periods (Hall et al., 2012) as well as between
several days. For example, during weekends or holidays energy balance becomes
positive due to enhanced energy intake leading to so called weekend or holiday weight
gain which is at least partly compensated for during the following working days (Racette
et al., 2008; Schoeller, 2014). Approximate equal energy balance is therefore thought to

be attained over longer periods, e.g. over one week (Edholm, 1977). Nevertheless, if
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such short periods of overfeeding occur regularly they can result in gradual weight gain

if they are inadequately compensated e.g. by a higher energy expenditure.

Obesity prevention is more than eating less and exercising more. More genes known to
be involved in obesity predisposition modulate energy intake than energy expenditure
(Pérusse et al., 2005). Consequently, energy intake seems to be more crucial for energy
balance and therefore to prevent obesity than energy expenditure. Consistently, it has
been shown that the effect of exercise on energy expenditure is commonly exaggerated
(Zelasko, 1995). Therefore, it is not enough to take both sides of the energy balance
equation into account since the underlying mechanisms include factors like appetite
control and body composition (Manore et al., 2017). In fact, long- and short-term appetite
control have an important impact on energy balance and appetite control itself is affected
by many factors as for example energy intake can be increased by stress (Epel et al.,
2001) and by sleep deprivation or sleep deficit (Spiegel et al., 2004). Meal timing also
has an influence on body weight control since hunger follows a circadian rhythm and is
highest in the evening (Scheer et al., 2013). Consistently, it has been shown that the
same energy consumed later in the day impedes weight loss (Garaulet et al., 2013).
Meal frequency also seems to have an impact on appetite control but it remains unclear
to which extent the frequency of energy containing beverage consumption has an effect.
Appetite control may also be influenced by the level of energy balance which is described
as energy turnover but this effect remains to be demonstrated under laboratory controlled
conditions. A better understanding especially of the impact of meal frequency and energy
turnover on appetite control may lead to public health recommendations for the
prevention of weight gain and for weight maintenance. Therefore, this thesis focuses on
the impact of meal frequency and energy turnover on energy intake which both are

explained in more detail following a paragraph on appetite control in general.
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Appetite control

The system of appetite control is complex and includes endocrine and afferent signals.
The center of appetite control is located in the arcuate nucleus and the paraventricular
nucleus, the energy intake regulating area in the hypothalamus (for review see (Kalra et
al., 1999)). Here all peripheral signals arrive, are integrated and result either in enhanced
or in decreased energy intake. Incoming signals can be distinguished in tonic and
episodic signals. Tonic signals from the periphery indicate the body’s energy stores
mediated by leptin and insulin (Woods et al.,, 1974). In the arcuate nucleus, these
hormones lead to inhibition of energy intake via enhanced secretion from anorexigenic
proopiomelanocortin  (POMC) neurons and inhibited secretion from orexigenic
neuropeptide Y (NPY)- and agouti-related protein (AgRP)-producing neurons (for review
see (Woods et al., 2006)). In addition, the energy expenditure of metabolically active
tissues provide constant signals to increase energy intake (Javed et al., 2010). These
tonic signals are relatively invariable and show no greater fluctuations between or within
days. In contrast, episodic signals from the gastrointestinal tract vary widely during days
and affect timing, type and amount of the food consumed. These episodic signals are
mediated by peptide hormones secreted in the gastrointestinal tract and can be
separated in two groups: the anorexigenic peptides like glucagon-like peptide-1 (GLP-
1), peptide YY (PYY) and cholecystokinin (CCK) and the orexigenic peptide ghrelin
(Murphy & Bloom, 2006).

GLP-1, a 30 amino acid peptide was discovered in the 1980s in the lab of Dr. Habener
(Lund, 2005). It is mainly secreted after meals from L-cells in the distal small intestine as
GLP-17.36amid and promotes satiety while reducing energy intake (Flint et al., 1998). The
active form is rapidly degraded by the enzyme dipeptidyl peptidase-IV (DPP-IV) located
in the enterocyte brush border and in the endothelial cells lining the capillaries of the
lamina propria. Therefore, a large part of the secreted peptide is leaving the gut already
in the inactivated form (Hansen et al., 1999). Further rapid degradation caused by DPP-
IV takes place on whole body level resulting in an half-life of 1-2 min of intact GLP-1 in
plasma (Vilsbgll et al., 2003). Thus, it is unlikely that GLP-17.3samia has an endocrine effect

on the arcuate nucleus. Instead, neuroendocrine signals are mediated via vagal sensory
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afferents to the solitary tract nucleus in the brain stem since GLP-1 receptors were found
in afferent fibers located in the gut and passed by GLP-1 on its way to the capillary
(Nakagawa et al., 2004). The signals arriving in the solitary tract nucleus are then passed
on to the arcuate nucleus and the paraventricular nucleus in the hypothalamus where
they, together with endocrine but minor input from circulating GLP-1, stimulate secretion
from POMC-neurons and inhibit secretion from NPY- and AgRP-producing neurons

leading to reduced energy intake (Tungland, 2018).

Ghrelin, a peptide of 28 amino acids was discovered in 1999 by Kojima et al. (Kojima et
al., 1999). It is mainly secreted from X/A-like cells in the stomach with concentrations
rising during fasting periods until meal initiation whereas levels fall afterwards
proportional to the ingested energy content (Callahan et al., 2004; Cummings et al.,
2004). Ghrelin promotes subjective feelings of hunger and is therefore often referred to
as the ‘hunger hormone’ (Kojima & Kangawa, 2005). Acylated ghrelin with an additional
n-octanoyl group at serine three is the active form which is able to cross the blood-brain
barrier and to bind to the growth-hormone-secretagogue receptor (GHS-R). Ghrelin
stimulates secretion from NPY- and AgRP-producing neurons and inhibits secretion of
POMC-neurons leading to enhanced energy intake (Kojima & Kangawa, 2005). In rats,
ghrelin receptors were also found on vagal afferent neurons suggesting that ghrelin
signals from the stomach may be additionally mediated to the hypothalamus by the

vagus nerve as neuroendocrine signals via the solitary tract nucleus (Date et al., 2002).

Impact of meal frequency on energy intake

It is well known that eating patterns have changed towards an increasing consumption
of snacks and thus an increasing meal frequency over the last decades (Kant &
Graubard, 2015). This is in line with the association of a higher meal frequency and thus
an equally distributed energy intake throughout the day with a reduced risk of obesity
found in a subsamples of 3009 subjects in the Malmo Diet and Cancer cohort and of 499
subjects in the Seasonal Variation of Blood Cholesterol Study (Ma et al., 2003; Holmbéck

et al., 2010). A high meal frequency is also recommended in cases of type 2 diabetes
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mellitus and to prevent cardiovascular risk factors in the Scientific Statement of the
American Heart Association from 2017 (St-Onge et al., 2017). However, due to
enhanced energy density of snacks a high meal frequency easily leads to a positive
energy balance and weight gain (Zizza et al., 2001). This is confirmed by the results of
the Adventist Health Study 2 where after 7 years of follow-up in 50,660 adults it was
found that the more meals and snacks consumed per day the larger is the relative
increase in BMI per year showing a linear association (Kahleova et al., 2017). Eating one
or two meals/d resulted in a relative decrease of BMI per year of -0.05 kg/m? and -
0.03 kg/m? compared to three meals/d. In contrast, eating four, five or 2six meals/d
resulted in a relative increase in BMI per year of +0.02 kg/m?, +0.02 kg/m? and

+0.04 kg/m?, respectively compared to three meals/d (Kahleova et al., 2017).

Focusing on the impact of meal frequency on appetite control, it was shown that eating
3 meals/d reduces hunger and increases satiety due to a trend of reduced ghrelin and
increased GLP-1 levels compared to an isocaloric energy intake with 14 meals/d
(Munsters & Saris, 2012). These results were confirmed by the finding that 6 meals/d
lead to increased hunger and desire to eat compared to 3 meals/d (Ohkawara et al.,
2013). Likewise, after three weeks of 8 vs. 3 meals/d an acute meal test with 2 vs. 1
isocaloric meals within four hours resulted in increased desire to eat and overall appetite
with high meal frequency (Perrigue et al., 2016). However, decreasing meal frequency
from 3 to 2 isocaloric meals/d led to decreased satiety (Smeets & Westerterp-Plantenga,
2008). And a decrease from 3 to 1 meals/d showed increased hunger and desire to eat
even when the meal frequency lasted for 8 weeks (Stote et al., 2007). These findings
were confirmed in a symposium evaluating the impact of meal frequency on appetite
control investigated in intervention studies concluding that increasing meal frequency
above 3 meals/d has little to no effect whereas reducing meal frequency below 3 meals/d
negatively effects appetite control (Leidy & Campbell, 2011). Therefore, a frequency of
3 meals/day seems to be favorable for an optimal appetite control and thus weight

maintenance.

Today, increased snacking is not only due to the consumption of solid foods but also a

great amount of sugar sweetened beverages (SSB) and other caloric beverages like e.g.
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sweetened coffees, fruit drinks and fruit juices are consumed in-between meals (Zizza
et al., 2001). Since the sugar content of fruit juice is comparable to SSBs, not only a high
consumption of SSBs but also a high intake of fruit juice and fruit drinks is associated
with weight gain and obesity (Schulze et al., 2004; Te Morenga et al., 2012). But it
remains questionable whether the timing of beverage consumption (with or in-between
meals) and thus a variation in meal frequency has an impact on this outcome. In 14
healthy males, it has been shown that a 568 mL water preload immediately (<1 min)
before a meal reduced hunger and subsequent energy intake in an ad libitum meal
compared to no preload which was suggested to be mediated by gastric distension
(Corney et al., 2016). Incorporating water into a food preload also decreased hunger and
subsequent energy intake in an ad libitum meal compared to drinking water with the
preload or a preload without additional water as found in 24 healthy women (Rolls et al.,
1999). However, preloads of 590 mL energy containing beverages (orange juice, low-fat
milk and regular cola) were not compensated for during the following ad libitum meal
although they led to reduced hunger before the meal compared to 590 mL sparkling
water in 32 healthy adults (Almiron-Roig & Drewnowski, 2003). Likewise, in 44 healthy
women it has been shown that consuming 360 g of energy containing beverages (orange
juice, low-fat milk, diet cola and regular cola) with the meal were not compensated for
resulting in an enhances total energy intake compared to water (DellaValle et al., 2005).
These results indicate that regardless whether the energy containing beverage is
consumed before or with the meal, the following food consumption will not be adequately
reduced for the already ingested energy content resulting in an enhanced total energy
intake compared to water preload or no beverage (Almiron-Roig & Drewnowski, 2003;
DellaValle et al., 2005). In contrast, a preload of whole fruit apple resulted in enhanced
satiety and reduced energy intake in an ad libitum lunch compared to preloads of
applesauce and apple juice (Flood-Obbagy & Rolls, 2009; Mattes & Campbell, 2009).
Even if naturally occurring levels of fiber were added to the juice satiety was not
increased (Flood-Obbagy & Rolls, 2009). A possible explanation besides the fact that
high caloric snacks by themselves contribute to an increased energy intake is therefore
that apparently ‘liquid calories’ are not as satiating as ‘solid calories’ (Flood-Obbagy &

Rolls, 2009; Mattes & Campbell, 2009). Therefore, the impact of an increased meal
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frequency due to the consumption of a considerable amount of orange juice in-between
meals compared to with meals (reduced meal frequency with higher meal volume) on
appetite control should be examined in long-term free-living interventions to verify the

effects observed in acute meal tests.

Impact of energy turnover on energy intake and appetite control

Appetite and energy intake are supposed to be asymmetrically controlled: An energy
deficit is actively compensated for whereas overfeeding seems to be tolerated (Mdller et
al., 2015). On the other hand, energy intake seems to match energy expenditure at high
levels of physical activity whereas intake far exceeds expenditure at low levels of
physical activity (Mayer et al., 1956). This assumption is based on the observations from
Jean Mayer more than 50 years ago where he described mill workers with an increasing
level of physical work meeting their needs by a corresponding increase in energy intake.
But workers with low physical work and increasing sedentariness showed an increasing
energy intake as well (Mayer et al., 1956). To verify and to further examine this
observation of an asymmetric appetite control the energy turnover approach is highly
suitable. An equal energy balance can be achieved by a low energy turnover where
energy expenditure and the corresponding energy intake are both low or by a high
energy turnover where expenditure and intake are both high. Therefore, an increase in
energy requirement with enhanced physical activity is taken into account by the energy
turnover approach which is mandatory to investigate appetite control independent from

energy balance.

In a metabolic chamber study, six lean men were each studied twice for 7 days during
ad libitum energy intake while being sedentary (physical activity level (PAL) 1.4) and
being active (PAL 1.8). This decrease of the PAL did not provoke a reduction in energy
intake resulting in a positive energy balance and weight gain with the sedentary regime.
Since a positive fat balance was measured the weight gain seems to be primarily due to
a gain in fat mass (Stubbs et al., 2004). In another cross-over trial 14 healthy adults

completed three 24h-interventions: one active day (pursued PAL 2.05, obtained by low
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intensity activities), one inactive day (pursued PAL 1.39) and one inactive day with
overfeeding (pursued PAL 1.39). During the active and inactive day subjects were fed in
approximate energy balance, during the inactive day with overfeeding subjects were fed
the same diet as on the active day. It was shown that the decrease in energy expenditure
did not result in correspondingly reduced appetite suggesting that inactivity may promote
a positive energy balance leading to weight gain (Granados et al., 2012). In an
observational trial in 421 subjects over 12 months it was found that at low levels of
habitual physical activity (less than 7116 steps/day) energy intake is not matched to
energy expenditure but is associated with fat mass gain over one year (Shook et al.,
2015). In a pilot study 6 obese adults were investigated twice for 5 days of low energy
turnover (PAL 1.35) and high energy turnover (PAL 1.7) after weight loss and subsequent
weight stabilization under free-living conditions (Paris et al., 2016). A high energy
turnover resulted in reduced hunger seeming to decrease the biologic drive to eat and
thus may be superior in maintaining weight loss compared to low energy turnover.
However, this effect was only seen with an acute high energy turnover and was no longer
evident in the following morning (Paris et al., 2016). Although the impact of energy
turnover is only investigated in short-term interventions so far it is assumed that
maintaining a high energy turnover is a successful strategy to prevent weight (re-) gain
(Hand et al., 2015). This assumption seems to be confirmed since it was shown that
habitual exercisers can better compensate for preload manipulations due to an increased
sensitivity of short-term food intake compared to non-exercisers (Long et al., 2002; Van
Walleghen et al., 2007; Beaulieu et al., 2017). A possible mechanism is the phenomenon
of so called ‘exercise-induced anorexia’ (King et al., 1994) which is discussed to be
mediated by a reduction in ghrelin and an increase in GLP-1 and PYY after an acute
bout of exercise (Stensel, 2010). However, it is important that direct comparisons
between different levels of energy turnover can only be made at a constant energy
balance. To achieve a constant energy balance during different levels of energy turnover
the exact amount of energy expanded needs to be known and the exact same amount
of energy needs to be consumed. This can be realized in the complex setting of a
metabolic chamber where 24h-energy expenditure is measured and the exact amounts

of weighed food is provided. However, a complete validation of the Mayer-Hypothesis in
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a highly controlled and randomized intervention to reveal the underlying mechanisms is

still lacking.

Objectives

This thesis investigates the impact of meal frequency and energy turnover on the

regulation of energy intake in healthy adults and the following objectives were addressed:

0] The first objective was to examine the impact of varying meal frequency due to
orange juice consumption with or in-between meals on energy intake and during

a free-living nutritional intervention (Chapter I1)

(ii) The second objective was to examine the impact of energy turnover on appetite
control at different energy balances in a controlled intervention in a metabolic

chamber (Chapter 111)




Chapter |

References

Almiron-Roig, E. and Drewnowski, A. (2003) ‘Hunger, thirst, and energy intakes
following consumption of caloric beverages’, Physiology & Behavior, 79(4), pp. 767—
773. doi: 10.1016/S0031-9384(03)00212-9.

Beaulieu, K., Hopkins, M., Long, C., Blundell, J. and Finlayson, G. (2017) ‘High Habitual
Physical Activity Improves Acute Energy Compensation in Nonobese Adults’,
Medicine and Science in Sports and Exercise, 49(11), pp. 2268-2275. doi:
10.1249/MSS.0000000000001368.

Callahan, H. S., Cummings, D. E., Pepe, M. S., Breen, P. A., Matthys, C. C. and
Weigle, D. S. (2004) ‘Postprandial Suppression of Plasma Ghrelin Level Is
Proportional to Ingested Caloric Load but Does Not Predict Intermeal Interval in
Humans’, The Journal of Clinical Endocrinology & Metabolism, 89(3), pp. 1319—-
1324. doi: 10.1210/jc.2003-031267.

Corney, R. A., Sunderland, C. and James, L. J. (2016) ‘Immediate pre-meal water
ingestion decreases voluntary food intake in lean young males’, European Journal of
Nutrition, 55(2), pp. 815-819. doi: 10.1007/s00394-015-0903-4.

Cummings, D. E., Frayo, R. S., Marmonier, C., Aubert, R. and Chapelot, D. (2004)
‘Plasma ghrelin levels and hunger scores in humans initiating meals voluntarily
without time- and food-related cues’, American Journal of Physiology-Endocrinology
and Metabolism, 287(2), pp. E297—-E304. doi: 10.1152/ajpendo.00582.2003.

Date, Y., Murakami, N., Toshinai, K., Matsukura, S., Niijima, A., Matsuo, H., Kangawa,
K. and Nakazato, M. (2002) ‘The role of the gastric afferent vagal nerve in ghrelin-
induced feeding and growth hormone secretion in rats’, Gastroenterology, 123(4),
pp. 1120-1128. doi: 10.1053/gast.2002.35954.

DellaValle, D. M., Roe, L. S. and Rolls, B. J. (2005) ‘Does the consumption of caloric
and non-caloric beverages with a meal affect energy intake?’, Appetite, 44(2), pp.
187-193. doi: 10.1016/j.appet.2004.11.003.

Edholm, O. G. (1977) ‘Energy balance in man studies carried out by the Division of
Human Physiology, National Institute for Medical Research.’, Journal of human
nutrition, 31(6), pp. 413-31.

Epel, E., Lapidus, R., McEwen, B. and Brownell, K. (2001) ‘Stress may add bite to
appetite in women: a laboratory study of stress-induced cortisol and eating
behavior’, Psychoneuroendocrinology, 26(1), pp. 37—49. doi: 10.1016/S0306-
4530(00)00035-4.

Flint, A., Raben, A., Astrup, A. and Holst, J. J. (1998) ‘Glucagon-like peptide 1 promotes
satiety and suppresses energy intake in humans.’, Journal of Clinical Investigation,
101(3), pp. 515-520. doi: 10.1172/3CI1990.

Flood-Obbagy, J. E. and Rolls, B. J. (2009) ‘The effect of fruit in different forms on
energy intake and satiety at a meal’, Appetite, 52(2), pp. 416—422. doi:
10.1016/j.appet.2008.12.001.

Garaulet, M., Gémez-Abellan, P., Alburquerque-Béjar, J. J., Lee, Y.-C., Ordovas, J. M.
and Scheer, F. a J. L. (2013) ‘Timing of food intake predicts weight loss
effectiveness.’, International journal of obesity (2005), 37(4), pp. 604-11. doi:
10.1038/ij0.2012.229.

10



Chapter |

Granados, K., Stephens, B. R., Malin, S. K., Zderic, T. W., Hamilton, M. T. and Braun,
B. (2012) ‘Appetite regulation in response to sitting and energy imbalance’, Applied
Physiology, Nutrition, and Metabolism, 37(2), pp. 323-333. doi: 10.1139/h2012-002.

Hall, K. D., Heymsfield, S. B., Kemnitz, J. W., Klein, S., Schoeller, D. A. and Speakman,
J. R. (2012) ‘Energy balance and its components: implications for body weight
regulation’, The American Journal of Clinical Nutrition, 95(4), pp. 989—-994. doi:
10.3945/ajcn.112.036350.

Hand, G. A., Shook, R. P., Hill, J. O., Giacobbi, P. R. and Blair, S. N. (2015) ‘Energy
flux: staying in energy balance at a high level is necessary to prevent weight gain for
most people’, Expert Review of Endocrinology & Metabolism, 10(6), pp. 599-605.
doi: 10.1586/17446651.2015.1079483.

Hansen, L., Deacon, C. F., @rskov, C. and Holst, J. J. (1999) ‘Glucagon-Like Peptide-1-
(7-36)Amide Is Transformed to Glucagon-Like Peptide-1-(9—36)Amide by Dipeptidyl
Peptidase IV in the Capillaries Supplying the L Cells of the Porcine Intestine 1,
Endocrinology, 140(11), pp. 5356-5363. doi: 10.1210/endo.140.11.7143.

Holmback, I., Ericson, U., Gullberg, B. and Wirfalt, E. (2010) ‘A high eating frequency is
associated with an overall healthy lifestyle in middle-aged men and women and
reduced likelihood of general and central obesity in men’, British Journal of Nutrition,
104(7), pp. 1065-1073. doi: 10.1017/S0007114510001753.

Javed, F., He, Q., Davidson, L. E., Thornton, J. C., Albu, J., Boxt, L., Krasnow, N., Elia,
M., Kang, P., Heshka, S. and Gallagher, D. (2010) ‘Brain and high metabolic rate
organ mass: contributions to resting energy expenditure beyond fat-free mass’, The
American Journal of Clinical Nutrition, 91(4), pp. 907-912. doi:
10.3945/ajcn.2009.28512.

Kahleova, H., Lloren, J. |., Mashchak, A., Hill, M. and Fraser, G. E. (2017) ‘Meal
Frequency and Timing Are Associated with Changes in Body Mass Index in
Adventist Health Study 2’, The Journal of Nutrition, 147(9), pp. 1722-1728. doi:
10.3945/jn.116.244749.

Kalra, S., Dube, M., Pu, S., Xu, B., Horvath, T. and Kalra, P. (1999) ‘Interacting
appetite-regulating pathways in the hypothalamic regulation of body weight’,
Endocrine Reviews, 20(1), pp. 68-100.

Kant, A. K. and Graubard, B. I. (2015) ‘40-Year Trends in Meal and Snack Eating
Behaviors of American Adults’, Journal of the Academy of Nutrition and Dietetics,
115(1), pp. 50-63. doi: 10.1016/j.jand.2014.06.354.

King, N. A., Burley, V. J. and Blundell, J. E. (1994) ‘Exercise-induced suppression of
appetite: effects on food intake and implications for energy balance’, European
journal of clinical nutrition, 48, pp. 715-724.

Kojima, M., Hosoda, H., Date, Y., Nakazato, M., Matsuo, H. and Kangawa, K. (1999)
‘Ghrelin is a growth-hormone-releasing acylated peptide from stomach’, Nature,
402(6762), pp. 656—660. doi: 10.1038/45230.

Kojima, M. and Kangawa, K. (2005) ‘Ghrelin: Structure and Function’, Physiological
Reviews, 85(2), pp. 495-522. doi: 10.1152/physrev.00012.2004.

Leidy, H. J. and Campbell, W. W. (2011) ‘The Effect of Eating Frequency on Appetite
Control and Food Intake: Brief Synopsis of Controlled Feeding Studies’, The Journal
of Nutrition, 141(1), pp. 154—157. doi: 10.3945/jn.109.114389.

11



Chapter |

Long, S. J., Hart, K. and Morgan, L. M. (2002) ‘The ability of habitual exercise to
influence appetite and food intake in response to high- and low-energy preloads in
man’, British Journal of Nutrition, 87(05), pp. 517-523. doi: 10.1079/BJN2002560.

Lund, P. K. (2005) ‘The discovery of glucagon-like peptide 1’, Regulatory Peptides,
128(2), pp. 93-96. doi: 10.1016/j.regpep.2004.09.001.

Ma, Y., Bertone, E. R., Stanek, E. J., Reed, G. W., Hebert, J. R., Cohen, N. L., Merriam,
P. A. and Ockene, I. S. (2003) ‘Association between eating patterns and obesity in a
free-living US adult population’, American Journal of Epidemiology, 158(1), pp. 85—
92. doi: 10.1093/aje/kwgl117.

Manore, M. M., Larson-Meyer, D. E., Lindsay, A. R., Hongu, N. and Houtkooper, L.
(2017) ‘Dynamic Energy Balance: An Integrated Framework for Discussing Diet and
Physical Activity in Obesity Prevention—Is it More than Eating Less and Exercising
More?’, Nutrients, 9(8), p. 905. doi: 10.3390/nu9080905.

Mattes, R. D. and Campbell, W. W. (2009) ‘Effects of Food Form and Timing of
Ingestion on Appetite and Energy Intake in Lean Young Adults and in Young Adults
with Obesity’, Journal of the American Dietetic Association, 109(3), pp. 430-437.
doi: 10.1016/j.jada.2008.11.031.

Mayer, J., Roy, P. and Mitra, K. P. (1956) ‘Relation between caloric intake, body weight,
and physical work: studies in an industrial male population in West Bengal.’, The
American journal of clinical nutrition, 4(2), pp. 169-75.

Te Morenga, L., Mallard, S. and Mann, J. (2012) ‘Dietary sugars and body weight:
systematic review and meta-analyses of randomised controlled trials and cohort
studies’, BMJ, 346, p. e7492.

Mdller, M. J., Enderle, J., Pourhassan, M., Braun, W., Eggeling, B., Lagerpusch, M.,
Gluer, C.-C., Kehayias, J. J., Kiosz, D. and Bosy-Westphal, A. (2015) ‘Metabolic
adaptation to caloric restriction and subsequent refeeding: the Minnesota Starvation
Experiment revisited’, The American Journal of Clinical Nutrition, 102(4), pp. 807—
819. doi: 10.3945/ajcn.115.109173.

Munsters, M. J. M. and Saris, W. H. M. (2012) ‘Effects of meal frequency on metabolic
profiles and substrate partitioning in lean healthy males’, PLoS ONE, 7(6), p.
€38632. doi: 10.1371/journal.pone.0038632.

Murphy, K. G. and Bloom, S. R. (2006) ‘Gut hormones and the regulation of energy
homeostasis’, Nature, 444(7121), pp. 854-859. doi: 10.1038/nature05484.

Nakagawa, A., Satake, H., Nakabayashi, H., Nishizawa, M., Furuya, K., Nakano, S.,
Kigoshi, T., Nakayama, K. and Uchida, K. (2004) ‘Receptor gene expression of
glucagon-like peptide-1, but not glucose-dependent insulinotropic polypeptide, in rat
nodose ganglion cells’, Autonomic Neuroscience, 110(1), pp. 36—43. doi:
10.1016/j.autneu.2003.11.001.

Ohkawara, K., Cornier, M.-A., Kohrt, W. M. and Melanson, E. L. (2013) ‘Effects of
increased meal frequency on fat oxidation and perceived hunger’, Obesity, 21(2),
pp. 336—343. doi: 10.1002/0by.20032.

Paris, H. L., Foright, R. M., Werth, K. A., Larson, L. C., Beals, J. W., Cox-York, K., Bell,
C. and Melby, C. L. (2016) ‘Increasing energy flux to decrease the biological drive
toward weight regain after weight loss - A proof-of-concept pilot study’, Clinical
Nutrition ESPEN, 11, pp. e12—e20. doi: 10.1016/j.clnesp.2015.11.005.

12



Chapter |

Perrigue, M. M., Drewnowski, A., Wang, C.-Y. and Neuhouser, M. L. (2016) ‘Higher
Eating Frequency Does Not Decrease Appetite in Healthy Adults’, The Journal of
Nutrition, 146(1), pp. 59-64. doi: 10.3945/jn.115.216978.

Pérusse, L., Rankinen, T., Zuberi, A., Chagnon, Y. C., Weisnagel, S. J., Argyropoulos,
G., Wallts, B., Snyder, E. E. and Bouchard, C. (2005) ‘The Human Obesity Gene
Map: The 2004 Update’, Obesity Research, 13(3), pp. 381-490. doi:
10.1038/0by.2005.50.

Racette, S. B., Weiss, E. P., Schechtman, K. B., Steger-May, K., Villareal, D. T., Obert,
K. A. and Holloszy, J. O. (2008) ‘Influence of weekend lifestyle patterns on body
weight.’, Obesity (Silver Spring, Md.), 16(8), pp. 1826—30. doi:
10.1038/0by.2008.320.

Rolls, B. J., Bell, E. A. and Thorwart, M. L. (1999) ‘Water incorporated into a food but
not served with a food decreases energy intake in lean women’, The American
Journal of Clinical Nutrition, 70(4), pp. 448—455. doi: 10.1093/ajcn/70.4.448.

Scheer, F. A. J. L., Morris, C. J. and Shea, S. A. (2013) ‘The internal circadian clock
increases hunger and appetite in the evening independent of food intake and other
behaviors’, Obesity, 21(3), pp. 421-423. doi: 10.1002/0by.20351.

Schoeller, D. A. (2014) ‘The effect of holiday weight gain on body weight’, Physiology &
behavior, 134, pp. 66—69. doi: 10.1016/j.physbeh.2014.03.018.

Schulze, M. B., Manson, J. E., Ludwig, D. S., Colditz, G. A., Stampfer, M. J., Willett, W.
C. and Hu, F. B. (2004) ‘Sugar-Sweetened Beverages, Weight Gain, and Incidence
of Type 2 Diabetes in Young and Middle-Aged Women’, JAMA, 292(8), pp. 927—
934. doi: 10.1001/jama.292.8.927.

Shook, R. P., Hand, G. A., Drenowatz, C., Hebert, J. R., Paluch, A. E., Blundell, J. E.,
Hill, J. O., Katzmarzyk, P. T., Church, T. S. and Blair, S. N. (2015) ‘Low levels of
physical activity are associated with dysregulation of energy intake and fat mass
gain over 1 year’, The American Journal of Clinical Nutrition, 102(6), pp. 1332-1338.
doi: 10.3945/ajcn.115.115360.

Smeets, A. J. and Westerterp-Plantenga, M. S. (2008) ‘Acute effects on metabolism
and appetite profile of one meal difference in the lower range of meal frequency’,
British Journal of Nutrition, 99(6), pp. 1316-1321. doi:
10.1017/S0007114507877646.

Spiegel, K., Tasali, E., Penev, P. and Cauter, E. Van (2004) ‘Brief Communication:
Sleep Curtailment in Healthy Young Men Is Associated with Decreased Leptin
Levels, Elevated Ghrelin Levels, and Increased Hunger and Appetite’, Annals of
Internal Medicine, 141(11), p. 846. doi: 10.7326/0003-4819-141-11-200412070-
00008.

St-Onge, M.-P., Ard, J., Baskin, M. L., Chiuve, S. E., Johnson, H. M., Kris-Etherton, P.
and Varady, K. (2017) ‘Meal Timing and Frequency: Implications for Cardiovascular
Disease Prevention: A Scientific Statement From the American Heart Association’,
Circulation, 135(9). doi: 10.1161/CIR.0000000000000476.

Stensel, D. (2010) ‘Exercise, Appetite and Appetite-Regulating Hormones: Implications
for Food Intake and Weight Control’, Annals of Nutrition and Metabolism, 57(s2), pp.
36—42. doi: 10.1159/000322702.

13



Chapter |

Stote, K. S., Baer, D. J., Spears, K., Paul, D. R., Harris, G. K., Rumpler, W. V., Strycula,
P., Najjar, S. S., Ferrucci, L., Ingram, D. K., Longo, D. L. and Mattson, M. P. (2007)
‘A controlled trial of reduced meal frequency without caloric restriction in healthy,
normal-weight, middle-aged adults’, American Journal of Clinical Nutrition, 85(4), pp.
981-988. doi: 85/4/981 [pii].

Stubbs, R. J., Hughes, D. A., Johnstone, A. M., Horgan, G. W., King, N. and Blundell, J.
E. (2004) ‘A decrease in physical activity affects appetite, energy, and nutrient
balance in lean men feeding ad libitum’, The American Journal of Clinical Nutrition,
79(1), pp. 62—69. doi: 10.1093/ajcn/79.1.62.

Tungland, B. (2018) ‘Short-Chain Fatty Acid Production and Functional Aspects on Host
Metabolism’, in Human Microbiota in Health and Disease. Elsevier, pp. 37-106. doi:
10.1016/B978-0-12-814649-1.00002-8.

Vilsbgll, T., Agersa, H., Krarup, T. and Holst, J. J. (2003) ‘Similar Elimination Rates of
Glucagon-Like Peptide-1 in Obese Type 2 Diabetic Patients and Healthy Subjects’,
The Journal of Clinical Endocrinology & Metabolism, 88(1), pp. 220-224. doi:
10.1210/jc.2002-021053.

Van Walleghen, E. L., Orr, J. S., Gentile, C. L., Davy, K. P. and Davy, B. M. (2007)
‘Habitual physical activity differentially affects acute and short-term energy intake
regulation in young and older adults’, International Journal of Obesity, 31(8), pp.
1277-1285. doi: 10.1038/s).ij0.0803579.

Williams, K. J. and Wu, X. (2016) ‘Imbalanced insulin action in chronic over nutrition:
Clinical harm, molecular mechanisms, and a way forward’, Atherosclerosis, 247, pp.
225-282. doi: 10.1016/j.atherosclerosis.2016.02.004.

Woods, S. C,, Lutz, T. A,, Geary, N. and Langhans, W. (2006) ‘Pancreatic signals
controlling food intake; insulin, glucagon and amylin’, Philosophical Transactions of
the Royal Society B: Biological Sciences, 361(1471), pp. 1219-1235. doi:
10.1098/rstb.2006.1858.

Woods, S. C., Decke, E. and Vasselli, J. R. (1974) ‘Metabolic hormones and regulation
of body weight.’, Psychological Review, 81(1), pp. 26—43. doi: 10.1037/h0035927.

Zelasko, C. J. (1995) ‘Exercise for Weight Loss’, Journal of the American Dietetic
Association, 95(12), pp. 1414-1417. doi: 10.1016/S0002-8223(95)00371-1.

Zizza, C., Siega-Riz, A. M. and Popkin, B. M. (2001) ‘Significant Increase in Young
Adults’ Snacking between 1977-1978 and 1994-1996 Represents a Cause for
Concern!’, Preventive Medicine, 32(4), pp. 303—-310. doi: 10.1006/pmed.2000.0817.

14



Chapter Il

Chapter II:

High orange juice consumption with or in-between three meals

a day differently affects energy balance in healthy subjects

Franziska A Hagele, Franziska Busing, Alessa Nas, Julian Aschoff,

Lena Gnadinger, Ralf Schweiggert, Reinhold Carle, Anja Bosy-Westphal

Nutrition and Diabetes 2018; 8(1):19

15



Chapter Il

Hagele et al. Nutrition and Diabetes (2018)8:19

DOl 10.1038/s41387-018-0031-3 Nutrition & Diabetes

ARTICLE Open Access

High orange juice consumption with
or in-between three meals a day differently
affects energy balance in healthy subjects

Franziska A Hagele1'2, Franziska B'Llsing1'2, Alessa Nasw, Julian Aschoﬂ’g, Lena Gnédingeﬂ, Ralf Schweiggerﬁ
Reinhold Carle™ and Anja Bosy—\.'”'u'es.'rpha|1'2

Abstract

Sugar-containing beverages like orange juice can be a risk factor for obesity and type 2 diabetes although the
underlying mechanisms are less clear. We aimed to investigate if intake of orange juice with or in-between meals
differently affects energy balance or metabolic risk. Twenty-six healthy adults (24.7 +3.2 y; BMI 232 + 32 kg/m?)
participated in a 4-week cross-over intervention and consumed orange juice (20% of energy requirement) either
together with 3 meals/d (WM) or in-between 3 meals/d (BM) at ad libitum energy intake. Basal and postprandial insulin
sensitivity (primary outcome), daylong glycaemia, glucose variability and insulin secretion were assessed. Body fat mass
was measured by air-displacement plethysmography. After BM-intervention, fat mass increased (+1.0 £ 18 kg; p <
0.05) and postprandial insulin sensitivity tended to decrease (AMatsudas: —0.89 + 2.3; p = 0.06). By contrast, after Wh-
intervention fat mass and gamma-glutamyl transferase (GGT) decreased (—0.30 +0.65 kg; —2.50 + 3.94; both p < 0.05),
whereas glucose variability was higher (AMAGE: 4045 +0.59, p < 005). Daylong glycaemia, insulin secretion, changes
in basal insulin sensitivity, and triglycerides did not differ between WM- and BM-interventions (all p > 0.05). In young
healthy adults, a conventional 3-meal structure with orange juice consumed together with meals had a favorable
impact on energy balance, whereas juice consumption in-between meals may contribute to a gain in body fat and

adverse metabolic effects.

Introduction

A high intake of sugar-containing beverages is asso-
ciated with overweight and obesity' and is therefore sus-
pected to promote weight gain. Increased consumption
of fruit juice was indeed associated with 4-year
weight gain similar to increased intake of fruit punch®
Since 100% fruit juice has a comparable sugar-content
to sugar-sweetened beverages (SSB), the consumption
of fruit juice may also be associated with an increased
risk for type 2 diabetes®. Fruit juices contain important
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nutrients (i.e., vitamin C, potassium, folate, magnesium,
and B—carotene") and flavonoids, and are an important
contributor to total fruit intake’. Whereas orange
juice has long been an integral part of a traditional
(continental and American) breakfast, soft drinks
are usually consumed to satisfy one’s thirst. Consequently,
the effect of orange juice consumption with meals
versus in-between meal ingestion should be investigated
regarding the effect of energy balance and metabolic
risk.

Several mechanisms have been proposed to explain the
association between consumption of sugar-containing
beverages and weight gain. First, it has been shown that
the consumption of energy-dense beverages does not
lead to a lower food intake in an acute meal setting,
thus leading to a higher total energy intake®™. This is

e Open Access This article is icensed under a Creative Commions Attribution 40 International License, which permits use sharing, adaptation, distribution and reproduction
2 &Y in any medium or format, as long as you give appropriate aedit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or ather third party material in this article are included in the articke’s Creative Commons license, unlessindicated athenwise in a credit line to the materal. f
material is not included in the article's Creative Commons license and your intended use is nat permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, vistt httpy/creativecommons.arg/licenses/by/4.0/,
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also true for observational studies where the energy
consumed from caloric beverages was not compensated
by reducing solid food intake'” ''. These findings were
explained by a low satiety value of beverages (for review
see'”). Fruit juice contains very little or no fiber, and has
been shown to be less satiating than whole fruits'®, In line
with this finding, in contrast to whole fruits, consumption
of fruit juices has been shown to promote long term
weight gain'*. The second proposed mechanism is known
as the “carbohydrate-insulin theory of obesity” and is
based on the high glycemic index of sugar-containing
drinks, leading to postprandial hyperinsulinemia and thus
promoting fat storage and inhibiting fat oxidation'® '©.
The rapid decline in blood glucose levels caused by
postprandial hyperinsulinemia is also believed to increase
appetite and thus subsequent energy intake'®. Both
effects, remain however insufficiently substantiated by
scientific evidence and thus are highly controversial (for
review see'”” '%),

Intake of sugar-containing drinks with or in-between
meals may differently affect metabolic regulation, because
postprandial glycemia is lowered especially by protein
content of the diet, which is due to slower gastric
emptying and enhanced insulin 1’esponselg On the
other hand, intake of juice in-between main meals (e.g.,
snacking behavior) may prevent the drop in insulin
between meals and thus may inhibit effective lipid
oxidation. According to the “carbohydrate-insulin theory
of obesity” fasting periods in-between meals are impor-
tant, because the decrease in insulin levels activates
lipolysis and lipid oxidation which may improve fat
balance'®. In addition, increased meal frequency is
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suggested to be a risk factor for increased energy intake’.
We therefore hypothesized that in-between meal con-
sumption of fruit juice leads to a positive energy balance
and increases metabolic risk, whereas intake of juice
together with three main meals can prevent these adverse
effects.

Methods
Study population

Twenty-six healthy adults (13 women, 13 men) aged
between 20 and 45 years were recruited in April and
September 2016 by notice board postings at the Uni-
versities of Hohenheim and Stuttgart. Exclusion criteria
were daily consumption of fruit juice or SSB, fructose
intolerance, habitual meal skipping, chronic diseases,
regular use of medication or supplements, alternative
eating habits and smoking. The study protocol was
approved by the ethics committee of the State Medical
Council of Baden-Wiirttemberg, Germany. This trial was
registered at clinicaltrials.gov under NCT02974478. All
subjects provided written informed consent before parti-
cipation. In a previous study we observed a 17% difference
in postprandial insulin sensitivity after consumption of
high vs. low GI-SSBs™". Twenty-five participants are
therefore needed to detect a difference in Matsuda-index
of similar magnitude between orange juice consumption
with and in-between meals (assuming a power of 80% and
an alpha level of 5%).

Study protocol
A cross-over free-living nutrition intervention was
conducted at the Institute of Nutritional Medicine,

intervention WM
(n=14)
ited — — final
recruite: g 3x per day nal
N | run-in 3 x perday washout . -
samrile slze period with meals [ period in-between meals — §amrile
n=26 (= 2h after meal) ; size n=26
intervention BM intervention BM
(n=14) (n=12)
minimum
F1week ."_ 2 weeks —l o -l |_ 2 weeks —l
CGM CGM
OGTT OGTT OGTT OGTT
body composition body composition body composition body composition
Fig. 1 Flow diagram of the cross-over study protocol. 5 orange juice in-between meals, CGM continuous glucose monitoring, OGTT oral glucose
tolerance test, WM orange juice with meals
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University of Hohenheim in Stuttgart, Germany. An
outline of the study protocol is given in Fig. 1. The pri-
mary outcome was insulin sensitivity and the secondary
outcome body fat mass. Prior to the intervention, subjects
kept a nutrition diary to assess normal nutrition habits
and were asked to maintain their habitual choice of foods
throughout the study. During a 1 week run-in period and
the subsequent entire intervention, subjects were
instructed to avoid the consumption of citrus fruits,
additional orange juice and SSB in order to obtain equal
baseline conditions and avoid confounders. A minimum
of 1 week washout period was used between the 2-week
consumption of each intervention period. Participants in
the first group recruited in April began with the with meal
(WM)-intervention, while participants in the second
group recruited in September began with the in-between
meal (BM)-intervention. Throughout intervention peri-
ods, participants were asked to consume only three meals
a day and drink orange juice three times a day either with
meals (WM) or in-between meals (BM) for two weeks.
During the BM-intervention, participants were instructed
to drink the orange juice not less than 2h after meals.
Participants came to the institute for visits at the begin-
ning (day 1) and end (day 15) of each intervention phase.
On these four visiting days (T1-T4) body composition
was measured and an oral glucose tolerance test was
performed. Subjects were asked to go to bed before
midnight and to abstain from vigorous activity and alco-
hol consumption prior to visiting days to avoid potential
bias on glucose tolerance.

Intervention with orange juice

The orange juice was 100% juice with pulp, containing
43 kcal/100 mL and 8.9 g sugar (3.2 g sucrose, 2.7 g glu-
cose and 3.0 g fructose)/100 mL according to the manu-
facturer and as verified by own analyses. The amount of
orange juice provided was defined as 20% of individual
energy requirement. Energy requirement was assessed by
multiplying resting energy expenditure (REE, predicted
according to™) by physical activity level (PAL). Subjects
were interviewed about their habitual daily activity and an
individual PAL between 1.4 (low active) and 1.8 (active)
was estimated”®. The individual amount of orange juice
was calculated at the beginning of each intervention phase
to meet 20% of daily energy requirement. The amount of
orange juice per serving was weighted in bottles and the
filling line was marked. For each serving, subjects refilled
the bottles up to the marking. All orange juice was pro-
vided by the Institute of Nutritional Medicine.

Fasting and postprandial glucose metabolism

On visiting days, subjects came to the Institute between
6:30 a.m. and 8:00 a.m. Blood samples were collected after
an overnight fast (210 h) and 30, 60, and 120 min after a

Nutrition and Diabetes
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standard oral glucose tolerance test (OGTT, intake of 75 g
glucose, Accu-Chek® Dextrose O.G-T., Roche Diagnostics
GmbH, Mannheim, Germany). Basal insulin sensitivity
was calculated using Homeostatic Model Assessment-
insulin resistance (HOMA-IR = fasting glucose (mg/dl) x
fasting insulin (pU/mL) /405;%%), which is a valid index
for the assessment of hepatic insulin sensitivity?. Post-
prandial insulin sensitivity was assessed by Matsuda
Insulin Sensitivity Index (Matsuda; = 10,000/+((fasting
glucose x fasting insulin) x (mean glucose x mean insulin
during OGTT))), which is a validated index and was
developed especially for the assessment of insulin sensi-
tivity using OGTT-data®®. Interstitial glucose concentra-
tions were measured by continuous glucose monitoring
(CGM, Dexcom G4 Platinum, Nintamed GmbH & Co KG,
Mainz, Germany) for 7 days during each intervention. The
sensor was placed at the back of the upper arm to monitor
glucose levels in the subcutaneous tissue. Sensor readings
were reported every 5min. CGM-devices were calibrated
twice a day against fasting capillary blood samples. Area
under the curve (AUC) was calculated as incremental AUC
(iAUC) for 18 h (6:00-00:00 a.m.) from 3-5 valid daylong
CGM-data sets using trapezoidal rule”. Daylong glucose
variability was determined by mean amplitude of glycemic
excursions (MAGE) using 24-h CGM-data:

A
Z— with A>y
X

where 1 is the difference from peak to nadir, y is the
number of valid observations, and y is 1SD of mean
interstitial ghicose values in a 24-h period®™ *° using a
published macro™. Fasting fructosamine was determined to
asses average glycemia during the preceding 1-3 weeks™'.
Daylong insulin secretion was assessed by 24-h urinary C-
peptide excretion at the end of each intervention phase.

Blood sampling and analytical methods

Blood sampling was conducted by vein cannula
Plasma glucose was determined using hexokinase method,
and serum insulin and urinary C-peptide excretion were
measured by electrochemiluminescence immunoassay.
Serum gamma-glutamyl transferase (GGT), triglycerides
(TG) and serum fructosamine were measured by photo-
metry before and after each intervention phase, respectively.

Body composition

Height was measured using a stadiometer (seca 274,
seca GmbH & Co0.KG, Hamburg, Germany). Body com-
position was assessed from the mean of duplicate
measurements using air displacement plethysmography
(ADP) by the BodPod™ Body Composition System
(COSMED USA, Inc., Concord, CA, USA) at the begin-
ning and end of each intervention phase. ADP is based on
the assessment of body density from weight (Tanita scale
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coupled to the BodPod™.-System) and body volume and
the subsequent calculation of percentage fat mass (FM)
based on assumed constant densities of fat-free mass and
FM. Minimal detectable change (MDC) of FM measured
by ADP (BodPod™ device) was 0.53 kg as assessed from
duplicate measurements in 7 subjects (BMI: 19.6-25.0 kg/
m?; FMI: 3.9-7.2kg/m?). Fat mass index (FMI) was cal-
culated as FM divided by height squared (kg/m?)®.
Weight was assessed by an electronic scale coupled to the

BodPod™ system.

Physical activity

Physical activity was continuously measured using a
triaxial activity monitor (ActivPAL™, Paltechnologies
Ltd.,, Glasgow, UK). The ActivPAL™ was fixed on the
upper thigh with waterproof patches and was worn per-
manently during both intervention periods. Subjects were
requested to maintain physical activity constant for the
whole study period and to refrain from exercise one day
prior visits.

Statistical analyses

Data analyses were performed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA). Data are presented as
mean +SD. The assumption of normality was verified
with the Kolmogorov—Smirnov test. Overall parameters
HOMA-IR, GGT and TG as well as AFM and AHOMA -
IR for BM-intervention did not meet the criteria of nor-
mal distribution. Differences between pre and post
intervention (T1 vs. T2 and T3 vs. T4) as well as between
changes with both interventions (AT2-T1 vs. AT4-T3)
were analyzed by two-sided paired t-test or Wilcoxon-
test, as appropriate. Differences in HOMA-IR and Mat-
sudajs; between participants with a stable FM or a gain in
EM, as well as differences between men and women were
analyzed by Mann—Whitney-l/-Test and independent ¢-
test, respectively.

Relationships between normally distributed parameters
were determined using Pearson correlation coefficients.
Non-parametric  relationships analyzed using
Spearman correlation coefficients. Power analysis was
performed using the free-software G*Power 3.1.7. A p-
value < 0.05 was considered to be statistically significant.

were

Results

Thirteen women and thirteen men aged 20-33 years
(24.7 £ 3.2 years) and with a BMI between 19.1-33.3 kg/
m? (23.2 + 3.2 kg/m?) participated in this trial. According
to WHO criteria five subjects were overweight and one
participant was obese. The REE and therefore the intake
of orange juice did not differ between both interventions
(REE WM: 1662 + 270 kcal/d vs. BM: 1663 + 275 kcal/d;
orange juice WM: 1277 + 221 mL/d vs. BM: 1278 + 224
mL/d; all p >0.05). The amount of sugars provided by the
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orange juice was 1123+ 194g/d in WM-intervention
and 112.5 #197 g/d in BM-intervention (difference
not significant). During the entire BM-intervention,
participants consumed 7697 + 1349 kcal from orange
juice which is equivalent to a theoretical gain in FM of
855+ 150 g assuming an energy content of 9000 kcal /kg
FM. Physical activity did not differ between both
interventions (10,118 + 3128 steps/d in WM vs.
10,528 + 3438 steps/d in BM).

As shown in Table 1, FM significantly decreased after
the intake of orange juice WM and increased after the
BM-intervention (both, p < 0.05), whereas body weight did
not change. During BM-intervention, 11 participants (5
women and 6 men) had an FM gain greater than the MDC
(0.53 kg), whereby women gained more FM compared to
men (+3.92 + 2.06 vs. +1.30 + 0.59 kg FM; p < 0.05). GGT
also decreased with WM, whereas no changes were
observed with BM-intervention. TG, postprandial and
basal insulin sensitivity remained unchanged with both
interventions. There was a tendency for a decrease in basal
insulin sensitivity (p =0.06) with AWM compared to
ABM (Table 1). This is however likely explained by higher
baseline levels in HOMA-index at WM-intervention
compared to BM-intervention (p<0.05), because higher
baseline levels were associated with a larger decrease in
HOMA-index due to WM-intervention (r=—0.62, p <
0.01). No differences in changes of Matsuday; and
HOMA-IR were observed between subjects with stable
FM and a gain in FM after BM-intervention. During
WM-intervention, there was a tendency for a positive
correlation between AFM and AMatsudays; (r = 0.38; p =
0.06), whereas this correlation was not observed with BM-
intervention. MAGE-index and the maximum glucose
value were significantly higher during WM-intervention
when compared with BM-intervention, whereas iAUC
glucose, C-peptide excretion (Table 2) and fructosamine
(Table 1) did not differ between both interventions. Time
course of daylong glycemia is shown in Fig. 2 for all
participants (panel A) and illustrated for one exemplary
participant (panel B) to demonstrate the higher glucose
variability during WM-intervention as compared to BM-
intervention. This variability is averaged out by the mean
value from all subjects, because exact meal times were not
prescribed by the study protocol. Although the BMI range
in our population was 19.1-33.3 kg;"mz, there were no
correlations between BMI and the changes in FM, Mat-
suda- and HOMA-index, GGT, iAUC glucose, MAGE-

index and C-peptide excretion.

Discussion

In line with our hypothesis, the present study demon-
strates that the impact of orange juice consumption on
energy balance and metabolic risk depends on timing of
juice intake in relation to meals. When compared with
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Fig. 2 Daylong glycemia (CGM) for all participants (A, n = 26) and for one exemplary participant (B, n = 1) during interventions with orange juice
with meals (WM) and in-between meals (BM). Glucose variability during the day is only visible in the individual day profile since exact meal times
were not prescribed by the study protocal and glucose variability is therefore averaged out by the mean value of all subjects

in-between meal consumption, intake of orange juice
together with breakfast, lunch and dinner prevented a
positive energy balance and even lead to a loss of body fat
mass when no snacks were consumed in-between meals
(Table 1). The effect of orange juice consumption on risk
of overweight and obesity is controversial with some
studies showing a higher risk” **7%5, whereas others
reported no effect®*® or even found a lower body weight
in regular fruit juice consumers compared to people with
no fruit juice intake®® “°. Associations between beverage
intake and weight status observed in epidemiological
studies are, however, not necessarily causal. Lifestyle
behavior may differ between different types of beverage
consumers and therefore act as an important confounder.
Accordingly, 100% orange juice consumption was found
to be associated with better diet quality, improved nutri-
ent adequacy, and improved biomarkers of health in
adults™'. In contrast, intake of SSB was associated with a
less healthy diet*”> and high soft drink consumers also
engaged in less physical activity than low soft drink con-
sumers> *2,

Similar to the above mentioned controversial findings of
cross-sectional and observational data, evidence from
intervention studies on orange juice and weight gain is
inconclusive. A previous study has shown that con-
sumption of 250 mL orange juice per day for a period of
12 weeks did not adversely affect body weight or insulin
sensitivity™. This was however also true for the control
group who consumed an energy and sugars-matched
orange-flavored drink. In another dietary intervention
trial, body weight and leptin levels decreased in over-
weight and obese subjects after consumption of 2 x 250
mL orange juice per day for a period of 12 weeks".

Nutrition and Diabetes

However, participants received nutritional advice to aid
them in balancing out the additional calories that they
were ingesting from orange juice intake. Unfortunately, it
was not reported whether the subjects drank the orange
juice with or in-between meals. One important difference
between SSB and fruit juices is that juice is usually not
consumed as a thirst quencher. Timing of consumption,
ie, with or in-between meals may therefore also be
different (e.g., drinking orange juice as part of a breakfast).
Unlike numerous other studies, one observational study in
Canadian children specifically asked for SSB consumption
in-between meals and found that this intake pattern more
than doubles the odds of being overweight®®,

Contrary to previous interventions™ *°, we used a very
high amount of orange juice (about 1.28 L/d) in order to
achieve a measureable impact on energy balance within
the short time frame. Compared with SSB, orange juice is
usually consumed in smaller amounts of only 7.8 L per
capita per year (equivalent to 21 mL per day®®,) in Ger-
many. This may partly explain the lack of association
between orange juice consumption and body weight in
some studies. We have chosen an amount of orange juice
that closely resembles the habitual intake of soft drinks in
young German adults. The highest amounts are con-
sumed by young 18-29 year old men with about 900 mL
of SSB and fruit juices per day®. This equals a habitual
intake of sugar of about 96 g/d from SSB and fruit juice,
being comparable to the consumed amount of sugar from
orange juice in the present study. During BM-interven-
tion, participants in the present study consumed a total of
7697 + 1349 kcal from orange juice. Without compensa-
tion during the following meals, this would lead to a
positive energy balance and equals a theoretical gain in
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FM of 855 +150 g. Noteworthy; participants of the pre-
sent study were not instructed to adapt their meals to
compensate for the additionally consumed orange juice.
The actual gain in FM of 1.02+1.81kg during BM-
intervention confirmed this lack of caloric compensation
during subsequent meals when orange juice is consumed
as a snack in-between meals.

In-between meals, insulin levels decrease, and activate
lipolysis that may also be important for metabolic reg-
ulation'”. This is supported by protocols comparing low
and high meal frequencies at the same energy intake. A
lower meal frequency was associated with lower liver fat
during hypocaloric*® as well as hypercaloric diets*’. In line
with metabolic improvement and a suspected loss in liver
fat, serum GGT decreased with loss in FM after WM-
intervention (Table 1). GGT is associated with several
cardiovascular risk factors and shows a dose-response
relationship with incident diabetes, even within its normal
range”’.

Contrary to the finding of Meng et al. 2017, in the
present study the incremental glucose area under the
curve did not differ and MAGE-Index was higher with
WM-intervention compared to BM-intervention. Hence
we may deduce that postprandial glycemia is not atte-
nuated by a concurrent meal when sugar is consumed in a
liquid form that quickly passes the stomach into the
intestine'. This is in line with no significant differences in
fructosamine levels between the interventions (Table 1).

The impact of regular orange juice intake on the risk for
type 2 diabetes is as controversial as its effect on the risk
of obesity (for meta-analysis see®'). Despite the high sugar
content of orange juice, flavanones and vitamin C may
even reduce cardiovascular*® and diabetes risk®, possibly
due to their antioxidant and anti-inflammatory activities.
These components might also compensate for increased
oxidative stress associated with increased glucose varia-
bility"* that was shown in the present study by a higher
MAGE index with WM-intervention (Table 2). Finally,
the subjects of our study were young, healthy and mostly
normal weight. The results can therefore not be trans-
ferred to overweight, obese, and elderly people or patients
with type 2 diabetes, because impaired glucose metabo-
lism might lead to a more pronounced impairment of
postprandial insulin sensitivity with BM-intervention.

The crossover intervention is an advantage of the pre-
sent study. An additional strength is the measurement of
body composition with elaborate repeated measurement
of ADP in order to increase MDC of fat mass. There are
however some limitations that need to be addressed.
Although all study participants followed an ad libitum
diet, meal frequency was fixed. We therefore could not
examine the voluntary intake of snacks in-between meals.
Since orange juice adds to the calories consumed at meal-
time®*, the loss in FM after WMe-intervention is not due
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to a lower energy intake with meals but likely explained
by the fact that participants were not allowed to eat in-
between main meals. Finally, the results of our study only
refer to liquid calories and cannot be transferred to solid
snacks eaten in-between meals. Although most of our
participants were normal weight, our findings may be
of special importance for prevention of weight gain in
overweight people since the propensity of weight gain
may be more pronounced in this group.

In conclusion, in order to take advantage of the health
benefits of fruit juice, dietary counselling should advice to
drink orange juice together with only 3 main meals rather
than as an in-between meal snack. Further studies are
required to verify these results and to investigate their
transferability to timing of SSB intake. Moreover, studies
in vulnerable groups like overweight and elderly indivi-
duals are needed to investigate the impact of SSB con-
sumption with or in-between meals on outcome
parameters like liver fat and insulin resistance.
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Appetite Control Is Improved by Acute Increases in
Energy Turnover at Different Levels of Energy Balance

Franziska A. H.‘aigele,”2 Franziska B'L]Sir1g,1'2 Alessa Nas,> Mario Hasler,?
Manfred J. Miiller," John E. Blundell,” and Anja Bosy-Westphal'~

'Department of Human Nutrition, Institute of Human Nutrition and Food Sciences, Christian-Albrechts
University, 24105 Kiel, Germany; “Department of Applied Nutritional Science and Dietetics, Institute of
Nutritional Medicine, University of Hohenheim, 70599 Stuttgart, Germany; *Applied Statistics, Faculty of
Agricultural and Nutritional Sciences, Christian-Albrechts University, 24098 Kiel, Germany; and Hnstitute of
Psychological Sciences, Faculty of Medicine and Health, University of Leeds, Leeds LS2 9JT, United Kingdom

ORCiD numbers: 0000-0002-8318-9448 (A. Bosy-Westphal).

Background: Weight control is hypothesized to be improved when physical activity and energy
intake are both high [high energy turnover (ET)].

Objective: The impact of three levels of ET on short-term appetite control is therefore investigated
at fixed levels of energy balance.

Design: In a randomized crossover trial, 16 healthy adults (25.1 * 3.9 y of age; body mass index, 24.0 +
3.2 kg/m?) spent three daylong protocols for four times in a metabolic chamber. Four conditions of
energy balance (ad libitum energy intake, zero energy balance, —25% caloric restriction, and +25%
overfeeding) were each performed at three levels of ET (PAL 1.3 low, 1.6 medium, and 1.8 high ET; by
walking on a treadmill). Levels of appetite hormones ghrelin, GLP-1, and insulin (total area under the
curve) were measured during 14 hours. Subjective appetite ratings were assessed by visual analog scales.

Results: Compared with high ET, low ET led to decreased GLP-1 (at all energy balance conditions:
P < 0.001) and increased ghrelin concentrations (caloric restriction and overfeeding: P < 0.001),
which was consistent with higher feelings of hunger (zero energy balance: P < 0.001) and desire to
eat (all energy balance conditions: P < 0.05) and a positive energy balance during ad libitum intake
(+175%; P < 0.001).

Concdlusion: Appetite is regulated more effectively at a high level of ET, whereas overeating and
consequently weight gain are likely to occur at low levels of ET. In contrast to the prevailing concept of
body weight control, the positive impact of physical activity is independent from burning up more calories
and is explained by improved appetite sensations. (/ Clin Endocrinol Metab 104: 4481-4491, 2019)

nergy turnover (ET) is defined as the level of energy
balance (EB), that is, a high ET is achieved at a high
level of energy expenditure (very physically active) and a
corresponding high energy intake (EI). The same EB can
be achieved with a low ET at a low level of energy ex-
penditure and corresponding low EI (see Fig. 1).
From a teleological point of view, energy expenditure
should directly impact the control of appetite and EI (1). A
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J Clin Endocrinol Metab, October 2019, 104{10):4481-4491

historical study led to the hypothesis that appetite is
homeostatically controlled when the physical activity level
is high but this control is lost at lower energy expenditure
(2). This paradigm of an asymmetric control of EB with a
“regulated zone” at high energy expenditure and an
“unregulated zone” at low energy expenditure (3) is in-
completely verified because it requires a fixed EB at dif-
ferent levels of energy expenditure, a condition that can be

Abbreviations: CR, caloric restriction; EB, energy balance; El, energy intake; Erg, energy
requirement; ET, enargy turnover;, FMI, fat mass index; OF, overfeeding; PAL, physical
activity level; REE, resting energy expenditure; SEE, sleeping energy expenditure; TEE, total
energy expenditure during 24 hours; VAS, visual analog scale.

https:#academic.oup.com/jcem 4481
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tissue mass (6), and exercise is known to
facilitate weight control. Time spent in
moderate-to-vigorous physical activity
was inversely associated with prospective
weight gain in young adults (7) and
weight regain after weight loss (8).
Additionally, a high level of structured
aerobic exercise has been shown to re-
duce body fat mass by increasing energy
expenditure, which is not compensated
by an increase in EI (9).

physical activity level

level of energy balance

low energy turnover

[l
IIIB""

high energy turnover

> Hunger and satiety are responses
to neural and hormonal information
reporting the current state of EB to key
brain regions via signals such as appe-
tite hormones (10). A dramatic reduc-
tion in energy expenditure during 1 day
of sitting was not accompanied by re-
duced appetite signals (11). Changes in
appetite-regulating hormones follow-
ing acute exercise might be intensity-
dependent, with increasing intensity
leading to a greater suppression of
orexigenic signals and greater stimu-
lation of anorexigenic signals (12).

physical activity level

level of energy balance

low energy turnover

high energy turnover

Hunger and appetite regulatory hor-
mones were found to be insensitive to
low-intensity bouts of physical activity,
suggesting beneficial implications on
body weight control (13). The effect of
ET modulated by different durations of
low-intensity physical activity on ap-
petite control remains unclear.

The aim of the current study was to
investigate the effect of different levels
of ET obtained by varying amounts of
low-intensity physical activity (brisk
walking) on short-term appetite con-
trol during different degrees of EB

physical activity level

Figure 1. Graphic depiction of the ET concept.

obtained in the complex setting of a metabolic chamber.
Studies under free-living conditions provide only indirect
evidence for this paradigm because EB is not fixed.
Data from Stubbs et al. (4) suggest that there is no
compensatory increase in ad libitum food intake in response
to 9 days of medium or high exercise level leading to a
negative EB compared with inactive control under free-
living conditions. Alternatively, inactivity has been shown
to promote excess EI and weight gain (5), sedentary time
(physical inactivity) is positively associated with adipose

under highly controlled conditions in a
metabolic chamber. We hypothesize
that appetite is better controlled at high
ET independent of EB.

Subjects and Methods

Study population

Sixteen healthy adults (3 women, 13 men) aged be-
tween 20 and 40 years were recruited from Decem-
ber 2016 to January 2018 by notice board postings at
the Universities of Hohenheim and Stuttgart (both in
Stuttgart, Germany) and from social networks. Exclusion
criteria were chronic diseases, regular use of medication

27



Chapter llI

doi: 10.1210/c.2019-01164

or supplements, alternative eating habits, food allergies
or intolerances, claustrophobia, and smoking. The study
protocol was approved by the Ethics Committee of the
State Medical Council of Baden-Wiirttemberg, Germany
(F-2016-099), in accordance with the Declaration of
Helsinki. This trial was registered at ClinicalTrials.gov
as no. NCT03361566. All subjects provided written
informed consent before participation.

Study protocol

The randomized crossover trial comprised a highly
controlled nutritional intervention for 4 weeks in every
subject for which 3 days per week were spent in a
metabolic chamber at the Institute of Nutritional
Medicine, University of Hohenheim in Stuttgart, Ger-
many. An outline of the study protocol is given in Fig. 2.
Three different levels of daylong ET [low, physical
activity level (PAL) 1.3; medium, PAL 1.6; high, PAL
1.8] were obtained by controlled walking on a treadmill
in the metabolic chamber and correspondingly matched
EL. Energy requirement at different levels of physical
activity was determined during ad libitum EL In the
following, EB on intervention days was changed be-
tween zero EB, 25% caloric restriction (CR), and 25%
overfeeding (OF). The order of ET levels within each
EB condition was randomized as well as the order of
CR and OF as the second and fourth conditions.
Block randomization was conducted using computer-
generated random numbers. Each EB condition started
with a 3-day run-in period with controlled diet and
fixed macronutrient composition to adapt macronu-
trient oxidation to macronutrient intake (14) and to
ensure equal baseline conditions. Subjects entered the

1day
low ET
1.3 PAL*

=

@0

https:#facademic.oup.com/jcem 4483

metabolic chamber the evening before each 24-hour
intervention to adapt to the environment. Daily rou-
tine was strictly controlled with wakeup at 6:00 am,
breakfast at 7:00 aM, lunch at 1:00 pM, dinner at 7:00
pM, and bedtime at 10:30 pM. The three ET days were
separated by one washout day each and participants
were allowed to leave the institute for 12 hours on these
days.

Diet composition

Macronutrient composition was 50% carbohydrates,
35% fat, and 15 % protein for all days and for each meal
using a Western style diet. During ad libitum E, subjects
were asked to complete all meals within 30 minutes and
eat until they felt comfortably full. Leftovers were
weighed and the EI was calculated. Individual energy
requirement (Erq) for the three levels of physical activity
was measured in a metabolic chamber under ad libitum
EI condition. On the following intervention days, par-
ticipants were fed 100% Erq at EB, 75% Erq at CR, and
125% Erq at OF. Leftovers were not allowed during
these periods, and all meals were consumed within 30
minutes. During the different EB conditions, the diet
consisted of the same food items on chamber days,
washout days, and during run-in periods, respectively.
Every food item was weighted to the nearest 0.1 g for
each participant according to his or her individual energy
requirement using a digital scale. Individual diet com-
position and actual energy and macronutrient intake
were calculated using Prodi® 6 software (Wissen-
schaftliche Verlagsgesellschaft, Stuttgart, Germany).
Food was provided by the Institute for Nutritional
Medicine, University of Hohenheim, and subjects were

1day 1 day
medium ET high ET
16 PAL" 1.8 PALT

3 x 110 min

3 x 58 min

ad libitum E| 1 day

washout
calaric restriction*

energy balance

Jdays

Tun-in

Hll

overleeding®

1

1 day

washoul

energy balance

averfeeding*

*randamized order

Figure 2. Study protocol of the randomized crossover intervention at three different levels of ET under four different EB conditions. Different
levels of ET were achieved by walking on a treadmill at the speed of 4 km/h for either O min (low ET), three times for 55 min (medium ET), or
three times for 110 min (high ET). Energy balance conditions were ad libitum EI, zero EB, caloric restriction (—25%), and overfeeding (+25%).
Levels of ET during each EB condition were randomized as well as order of caloric restriction and overfeeding. Intervention days were preceded
by 3 d of run-in at every EB condition and separated by one washout day each. During the entire study protocol subjects received a controlled
diet with constant macronutrient relation (50% carbohydrates, 35% fat, 15% protein).
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Table 1. EB Parameters for Interventions Differing in ET and EB
Ad Libitum EI CR
Low ET Med ET High ET Low ET Med ET High ET
TEE, kcal/d 2480 + 99 2873 * 134 3320 = 277 2258 * 107 2653 = 117 3098 + 189
Steps/d 399 * 967 17,599 = 299 34,603 = 1257 543 = 894 17,609 + 483 34,536 = 1884
PAL 1.31 =+ 0.04 1.55 = 0.06 1.76 = 0.09 1.27 = 0.05 1.53 = 0.08 1.75 = 0.08
El, kcal/d 2789 *+ 182 3060 + 254 3308 *+ 405 1794 + 182 2158 = 254 2486 + 405
EB, % 17.5 7.0 —0.3 —20.5 —19.0 —-21.0
(Continued)

instructed to only consume the allocated foods, water,
and unsweetened fruit or herbal tea and to abstain from
any exercise during the whole study period.

24-Hour El

The metabolic chambers are two 9 m® rooms and
have a total volume of 21,000 L each (D&S Consulting
Services, New York, NY). Equipment and methodology
are described in derail elsewhere (15). Room temperature
and flow rate were set to 24.5°C and 120 L/min, re-
spectively. Response time correction of the metabolic
chamber data were performed using z transformation
(16). Total energy expenditure during 24 hours (TEE)
was continuously measured (from 6:00 an to 6:00 am) by
rates of oxygen consumption and carbon dioxide pro-
duction using the Promethion integrated whole-room
indirect calorimeter system (Sable Systems Interna-
tional, Las Vegas, NV) and by using the Weir equation
(17). Twenty-four—hour urea excretion was assessed to
calculate nitrogen excretion on intervention days at EB,
CR, and OF to correct TEE for protein oxidation [for
details, see (15)]. Owing to technical problems during
data collection, full TEE data for the whole intervention
period are available for 11 participants only, whereas
TEE data for ad libitum El are available for all 16
participants.

Appetite control

Objective and subjective appetite control were
assessed. For the objective assessment concentrations of
appetite-regulating hormones ghrelin, GLP-1, and insulin
were measured in blood samples on intervention days
during EB, CR, and OF. Using EI and TEE data, indi-
vidual EBs for different ET levels were calculated as
AEB (%) = (EI/ TEE x 100) — 100.

For subjective assessment of appetite, participants
reported their sensations of hunger, fullness, and desire
to eat using visual analog scales (VASs) every 2 hours
during the day and at 0, 30, 60, and 120 minutes
postprandial on intervention days during EB, CR, and
OF. A subsample of eight subjects additionally completed

VASs on desire for something sweet, salty, and fatty at
the same time points. VASs consisted of a 100-mm
horizontal line with “not at all” anchored at 0 mm and
“extremely” at 100 mm (18). Higher ratings indicate
greater experienced sensations. Total area under the
curve was calculated for appetite hormones for 14 hours
(7:00 aM to 9:00 pM) and for VASs for 15 hours (7:00 am
to 10:00 pMm) using the trapezoidal rule (19). Because
energy requirement for CR and OF was calculated
as —25% and +25% of the EI at EB, absolute values for
EI differed between ET conditions (e.g., =600 kcal at CR
low ET and -832 kcal at CR high ET). Results on appetite
hormones and VASs were therefore adjusted for differ-
ences in absolute intake of calories.

Blood sampling and analytical methods

Blood samples were taken every 2 hours during the
day from 7:00 aM to 9:00 pm at EB, CR, and OF and 0,
30, 60, and 120 minutes postprandially. Plasma samples
for the measurement of appetite hormones were col-
lected in BD™ P800 tubes (Becton Dickinson, Franklin
Lakes, NJ) containing a mixture of protease, esterase,
and DPP-IV inhibitors to prevent hormonal degrada-
tion. Samples were stored on ice after collection and
then centrifuged immediately. Total ghrelin, total GLP-1,
and insulin were measured using a Bio-Plex Pro™
human diabetes 3-plex kit (Bio-Rad Laboratories, Her-
cules, CA) containing antibody-conjugated microspheres.
Analysis was performed on a Bio-Plex® 200 suspension
array reader (Bio-Rad Laboratories) according to the
manufacturers’ instructions. Standard curve optimiza-
ton and data analysis were performed with Bio-Plex
Manager™ software 6.1. Twenty-four hour urea ex-
cretion was determined using photometry (Beckman
Coulter, Brea, CA; AU5800). Aliquots of all samples
were stored at —80°C until analysis.

Body composition

Height was measured using a stadiometer (Seca 274;
Seca, Hamburg, Germany) and body composition was
assessed using air displacement plethysmography by the
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Table 1. EB Parameters for Interventions Differing in ET and EB (Continued)
Zero EB OF
Low ET Med ET High ET Low ET Med ET High ET
2296 = 99 2847 = 37 3210 = 157 2340 = 86 2846 = 91 3271 £ 172
429 = 910 17,703 £ 327 34,747 £ 1110 443 + 845 17,788 = 370 34,765 = 1593
1.30 = 0.03 1.57 = 0.04 1.76 £ 0.07 1.34 = 0.05 1.55 = 0.05 1.74 = 0.09
2390 + 182 2874 = 254 3325 *+ 405 2978 = 182 3586 + 254 4,161 = 405
34 0.0 1.6 27.6 254 24.2

Values are means * SD, n = 16; steps/d, n = 13-15; PAL, n = 11; TEE and EB for zero EB, CR, and OF, n = 11. Parameters differed between interventions

according to study protocol.
Abbreviation: Med, medium.

BodPod™ Body Composition System (Cosmed, Rome,
Italy) at baseline. Fat mass index (FMI) was calculated as
fat mass divided by height squared (kg/m?). Weight was
assessed by an electronic scale coupled to the BodPod™
system. Body weight was also measured at the beginning
and end of each EB condition using a calibrated elec-
tronic scale (Seca mBCA 515; Seca). All measurements
were conducted in the fasting state and in underwear.

Physical activity

Prior to the study start, which walking time and speed
were needed to reach the predetermined PALs was tested.
Medium and high ET were achieved through different
treadmill protocols. On medium ET days, participants
walked three times for 55 minutes (11 km) on a treadmill
(Kettler Track 9 with software World Tours 2.0; Kettler,
Ense-Parsit, Germany) at a speed of 4 km/h starting 10
minutes after meal termination. On high ET days, time on
the treadmill was doubled to three times for 110 minutes
(22 km) at the same speed. Besides the prescribed time on
the treadmill participants remained sedentary (sitting and
lying) but awake until bedtime. On the low ET days
participants remained sedentary all of the time. PAL was
calculated as PAL = TEE/resting energy expenditure
(REE) with REE = sleeping energy expenditure (SEE) +
0.5 x SEE (20) using TEE and SEE data from metabolic
chambers. SEE was measured as reported by Schrauwen
etal. (21) as the lowest energy expenditure value of three
consecutive hours during sleep between 12:00 am and
6:00 am. Physical activity was continuously measured via
step count using the triaxial activity monitor ActivPAL™
3C, (Paltechnologies, Glasgow, UK). The ActivPAL™
uses dynamic triaxial acceleration and inclination log-
ging technology and is a valid and reliable device (22).
The ActivPAL™ was fixed in the middle of the upper
thigh with waterproof patches and was worn perma-
nently during the whole study period, and subjects were
requested to refrain from exercise during this time. Data
were analyzed with ActivPAL™ Professional v7.2.32

software. Owing to technical failure, one subject had no
valid data of physical activity for the whole intervention
and two participants had missing data for one EB con-
dition each. For washout days ActivPAL™ data are
available for n = 7 to 12 participants only.

Statistical analyses

Primary outcome variables for the present analysis are
ghrelin, GLP-1, and insulin concentrations. Secondary
outcomes are subjective appetite sensations (VAS) and
EB during ad libitum EI. Calculation of the required
sample size was conducted using G*Power 3.1.9.2
software (written by F. Faul, University of Kiel, Kiel,
Germany) for ghrelin concentration as the primary
outcome variable. King et al. (23) observed 29.9% lower
ghrelin concentrations after exercise compared with in-
activity at the same EB in a randomized crossover in-
tervention. Based on these results, 13 participants are
required to detect this difference in ghrelin concentration
between low ET and high ET at the same EB (assuming a
two-sided power of 95% and an « level of 5%). The
statistical software R (2018) was used to analyze the
data. Data evaluation started with the definition of an
appropriate statistical mixed model (24, 25). The data
were assumed to be normally distributed and to be
heteroscedastic with respect to the different levels of EB
and ET. These assumptions were based on a graphical
residual analysis. The statistical model included EB (ad
libitum EI, EB, CR, OF) and ET (low, medium, high), as
well as their interaction term as fixed factors. The subject
identity was regarded as a random factor. Additionally,
the correlations of the measurement values due to the
several intervention days were taken into account (au-
tocorrelation). Based on this model, a pseudo R* was
calculated (26) and an ANOVA was conducted, followed
by multiple contrast tests [e.g., see (27, 28)] to compare
the three levels of ET within each EB condition. De-
viations of AEB (%) during ad libitum EI from an equal
EB were tested vs the fixed value (0%) by multiple
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contrast tests also. Taking this model into account,
Pearson correlations were calculated for all levels of ET
combined comparing daylong insulin and ghrelin. Data
are presented as mean * SD, and a two-sided P of <0.05
was considered to be statistically significant.

Results

Basal characteristics of the study population

Sixteen adults (3 women, 13 men) aged 20 to 32 years
(25.1 * 3.9 years) with a body mass index between 19.6
and 31.2 kg/m? (24.0 + 3.2 kg/m?) and an FMI between
1.8 and 14.1 kg/m® (5.3 + 3.2 kg/m?) participated in the
trial. According to World Health Organization criteria,
one women and four men were overweight and one
women was obese. Taking body compesition into ac-
count, two women and two men had an FMI above the
age- and sex-adjusted 95th percentile (29). Body weight
did not change during any of the four EB conditions (all
P = 0.05, data not shown).

Parameters of EB

Components of EB are shown in Table 1. Compared
with low ET, TEE was 24% higher with medium ET and
40% higher with high ET during EB. EI and TEE differed
between all ET levels (all P < 0.01). PAL and steps per
day were similar between same ET levels (all P > 0.05)
except for a lower PAL at low ET during CR compared
with OF (P < 0.01). As intended by study protocol, EB
was negative during CR, positive during OF (all P <
0.001), and equal during EB. Steps per day were similar
on all washout days following the interventions (all P >
0.05, data not shown).

Appetite hormones

Results for daylong concentrations of appetite hor-
mones are shown in Fig. 3. Ghrelin concentrations were
higher with lower ET during CR and OF [all P < 0.05,
Fig. 3(a)] except for a nonsignificantly lower ghrelin with
high ET compared with medium ET during CR. GLP-1
concentrations were lower, with lower ET during all EB
conditions [all P < 0.01, Fig. 3(b}] except for non-
significant differences between low and medium ET
during CR and between medium and high ET during OF.
Insulin concentrations were higher with lower ET during
OF (low vs high ET and medium vs high ET, both P <
0.01) and EB (medium vs high ET, P < 0.05), whereas no
differences were found between insulin concentrations at
three levels of ET during CR despite a tendency of higher
concentrations with low ET compared with high ET [P =
0.058; Fig. 3(c)]. Daylong insulin and ghrelin concen-
trations were negatively correlated, with r = —0.34 (P <
0.001).

High Energy Turnover Improves Appetite Control

J Clin Endocrinol Metab, October 2019, 104(10):4481-4491

Subjective appetite ratings

Results for subjective appetite ratings are shown in
Table 2. Hunger was higher with lower ET during EB (all
P < 0.01), whereas no differences in hunger were found
between levels of ET during CR and OF. Fullness was
lower with lower ET during all EB conditions (all P <
0.05) except for nonsignificant differences between me-
dium and high ET during EB and OF. Desire to eat was
higher with lower ET during all EB conditions (all P <
0.05) except for nonsignificant differences between low
and medium ET for CR and OF and between medium
and high ET for EB and OF. Desire for something sweet,
salty, or fatty was assessed in a subsample of n = 8 but
showed no consistent results (data not shown).

EB during ad libitum EI

In line with the findings for appetite hormones and
subjective appetite ratings, ad [ibitum El led to a more
positive EBat a lower ET (low vs medium and low vs high
ET, both P < 0.01, Fig. 4). During low and medium ET,
EB was positive (+17.5%, P < 0.001 and +7.0%, P <
0.05, respectively), but with high ET, EB was equal
(P > 0.05).

Discussion

The current study confirms the hypothesis that appetite
control is improved at higher levels of ET achieved by
low-intensity physical activity. The results are indepen-
dent of EB and are verified by changes in endocrine
signals, subjective appetite ratings, and ad libitum EI:
ghrelin concentrations, hunger, and desire to eat were
higher, GLP-1 concentrations were lower, and EB during
ad libitum EI was positive with low ET compared with
high ET.

In a prospective study by Hume ez al. (30), gain in fat
mass within a 2- to 3-year period was predicted by low
ET but not by energy surfeit at baseline using state-of-the-
art methods for assessment of total energy expenditure.
However, the study was criticized for not measuring real
ET but simply examining baseline energy expenditure of
weight-stable persons against long-term changes in body
fat (31). Nevertheless, the results by Hume et al. are in
line with the present randomized intervention study that
carefully measured ET at different levels of EB in a whole-
room calorimeter and that has demonstrated improved
appetite control with increased ET.

The present findings indicate a relationship between
decreasing ghrelin levels in the observed concentration
range and a reduced food consumption. These findings
are confirmed by a meal test trial where physiological
ghrelin levels were closely correlated with hunger during
the postprandial period and predicted the amount of
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Figure 3. Comparison of daylong appetite hormone responses for ghrelin (a), GLP-1 (b),
and insulin (c) as tAUC for 14 h between interventions with differing ET and differing EB.
Mean = SD; n = 16. *P < 0.05, **P < 0.01, ***P < 0.001, by linear mixed model with
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multiple contrast tests. tAUC, total area under the curve.

subsequent food consumption (32). Ghrelin concentra-
tions are known to rise in the fasted state until meal
initiation and to fall afterward proportional to the ingested
energy content (33). Reduced ghrelin concentrations with

https://academic.oup.comfjcem 4487

increasing ET could therefore be due
to higher energy content of meals with
increasing ET. It was shown that
stomach distention does not directly
affect declining ghrelin concentrations
(34), indicating that the size or volume
per se has no effect on postprandial
ghrelin suppression. Because insulin is
essential for postprandial ghrelin sup-
pression (35), the inverse correlation
between insulin and ghrelin con-
centrations in the present trial sup-
ports an indirect anorexigenic effect of
insulin via ghrelin suppression. Be-
cause daylong insulin secretion de-
creased with higher ET [Fig. 3(c)], the
direct anorexigenic effect of insulin
may be of minor importance. The
anorexigenic effect implied by high
GLP-1 [Fig. 3(b)] and the suppressed
orexigenic effect of ghrelin [Fig. 3(a)]
with a higher ET both seem to be
sufficient to promote satiety and de-
crease desire to eat (Table 2). These
effects were also found with CR and
OF [Fig. 3(a) and 3(b)], and therefore
the impact of ET on appetite control
seems to be independent of EB.
Beyond ET, the type of energy
deficit might also impact appetite
control. Equal energy deficits (—1100
keal/d) induced by 90 minutes of ex-
ercise at 70% maximal oxygen uptake
or CR differently affected appetite
control and food intake in healthy
males, with only CR leading to ele-
vated ghrelin concentrations and a
compensation of the energy deficit
(23). A similar effect in women was
already reported earlier (36). The
current study confirms these findings
despite a lower intensity of physical
activity because a high ET achieved by
brisk walking led to lower appetite and
ad libitum El compared with low ET.
Similarly, no compensatory increases
in acylated ghrelin, appertite, or El were
observed after an acute brisk walking
session (37). This corresponds to the

idea of “exercise-induced anorexia™ after an acute bout
of moderate-to-vigorous exercise, which is characterized
by a short-lived reduction in hunger and a delayed onset
of EI but without a full compensation of the energy deficit

32



Chapter llI

4488 Hdgele et al High Energy Turnover Improves Appetite Control J Clin Endocrinol Metab, October 2019, 104(10):4481-4491

(38). It is discussed that “exercise-induced anorexia” is

E|2%5 . . .
: oo mediated by lowered concentrations of acylated ghrelin
.IE‘ o ;I :\I and elevated concentrations of GLP-1 and PYY [for
MEN review, see (39)]. The results of the present trial confirm
these findings, as ghrelin was reduced and GLP-1 in-

Elome~ creased with high ET.

i E TI = TI At a low ET, the macronutrient intake may have been
B (@ : = too small and therefore not sufficient to stimulate GLP-1
S |Mee™ secretion and ghrelin suppression. A threshold effect

could therefore explain the lack in satiety (Table 2) and
energy overconsumption during ad libitum EI (Fig. 4).
This assumption is supported by the finding of higher
prospective weight gain with snacking behavior (frequent
consumption of small amounts of food) under free-living
conditions (40).

In line with our findings, Stubbs et al. (41) showed ina
metabolic chamber trial that ad libitum EI does not
adequately adapt to a reduction in physical activity (PAL
1.8 to 1.4) and thus led to a positive EB. In the current
study, during ad libitum EI, EB was 17.5% positive with

Low ET
412 *= 347
709 = 120
381 = 148

High ET
409 = 46°°
710 = 1782
391 + 68°

Nl L low ET. Assuming 13.1 kcallg for energy content and
"'o‘ g :‘I - :‘I energy cost of fat mass synthesis (42), an exclusive gain in
E T [g 3 rr:_.] fat mass would resemble about +32 g for 1 day of in-

S |N8+ activity. Therefore, an inactive lifestyle facilitates caloric

overconsumption and thus weight gain.

Low-intensity physical activity was chosen to increase
the PAL, simulating daily activities without the effects of
vigorous exercise on metabolism and avoiding fatigue or
pain in persons with very low fitness. Furthermore, low-
intensity physical activity is considered to play an im-

Low ET

559 = 74
535 = 72
574 = 112

Table 2. Comparison of Daylong Subjective Appetite Feelings From Visual Analog Scales (All tAUCs) Between Interventions With Differing ET and

E §§n 1;\ portant role in promoting health and may be implemented
< |n ‘fl :‘I 4 more easily in public health strategies than high-intensity
::9 Jouo & exercise (43). In the current study, a PAL of 1.76 was
o = . .
Rt i required to achieve the “regulated zone” of energy ex-
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o . .
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— a2 4 . e . .
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- — = . P oaw B . . .
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—_ @ . . .
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©¥w| 2 y=ggge Health Organization in 2001 recommended a PAL target
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Figure 4. Comparison of EB (%) between interventions with
differing ET during ad libitum EIl. Mean = SD; n = 16. *P < 0.05,
w**p < (0.001, by linear mixed model with multiple contrast tests.

for the Study of Obesity First Stock Conference, a con-
sensus statement was published that confirmed the nec-
essary PAL of 1.7 or 45 to 60 min/d moderate intensity
physical activity to prevent unhealthy weight gain (46).
Accordingly, another study demonstrated that a habitual
PAL of =1.62 was associated with improved appetite
control compared with a PAL of =1.49 (48). Because in
our study this high level of physical activity was obtained
at a low intensity (walking at 4 km/h), this led to an
unrealistic long duration of activity. Future studies need to
investigate whether a higher intensity of physical activity
ata lower duration is equally sufficient for optimal control
of EB. Importantly, note that our study was conducted in
mostly lean young subjects and a typical Western diet was
used (energy density 5.8 kcal/g). Therefore, the PAL
necessary to obtain EB may be different in subjects with
obesity and a less energy-dense diet.

The role thatexercise can play in energy expenditure is
commonly exaggerated (49). Our findings show that the
positive impact of physical activity on weight control is
partially independent of burning up more calories and is
additionally explained by an improvement in appetite
sensations. Furthermore, increasing physical activity may
be easier for most people than eating less [for review, see
(50)]. Therefore, maintaining an equal EB due to
achieving a high ET seems to be easier compared with
obtain a low ET. However, a high level of energy ex-
penditure and thus a high ET may also be a risk factor for
future weight gain when ET cannot be maintained in the
long term. Thus, a gain in FM is observed with detraining
in athletes (51) or postpregnancies (52). Additionally,
increasing ET by exercise in people with obesity led to a

https:/academic.oup.com/jcem 4489

compensatory increase in El that alleviated the beneficial
effect of exercise on body weight (53).

The extensive study protocol in randomized crossover
design and the highly standardized merabolic ward
conditions are a strength of our study. Nevertheless, there
are also some limitations that should be addressed. We
measured total ghrelin concentrations, which may mask
relevant changes in acylated ghrelin that seems to be
essential for appetite control (37). However, it was found
that the ratio of acylated and total ghrelin is relatively
robust, rendering total ghrelin an appropriate surrogate
(33). Because only acute effects of changes in ET were
investigated in the present trial, the results cannot be
transferred to long-term habitual high or low ET. In daily
life, ET is highly variable from day to day. For example,
brief periods where EI far exceeds energy expenditure last
from one meal to several days and regularly occur over
the weekend (54). In line with our results, others have
found that individuals with higher habitual PALs better
adjust Flin response to EB perturbations compared with
habitually inactive individuals (48, 55). However, long-
term interventions are needed to confirm the present
findings. Because only three women were investigated in
the current study, sex differences in appetite control
could not be analyzed. The impact of sex on appetite
control remains unclear, with some studies showing sex
differences [for review, see (39)] whereas others did
not (55).

In conclusion, a high ET improves appetite control,
reflected by changes in hormonal biomarkers, including
increased GLP-1 and decreased ghrelin and insulin
concentrations independent of EB. These results indicate
an asymmetric control of appetite where reduced energy
expenditure was not compensated by an appropriate
adaptation in EL In contrast to the prevailing concept of
body weight control, the positive impact of physical
activity is not completely explained by burning up more
calories but, at certain volumes, also involves improving
appetite control. Importantly, for prevention of weight
gain a PAL of 1.76 does not require vigorous physical
activity or exercise but can be obtained by low-intensity
physical activity (e.g., reached by occupational activities
such as postal carriers or nursing professions).

Acknowledgments

Financial Support: This work was supported solely by
budgetary resources of the University of Hohenheim, Stuttgart,
Germany.

Clinical Trial Information: ClinicalTrials.gov no.
NCT03361566 (registered 1 December 2016).

Author Contributions: A.B.-W. designed research; F.A.H.,
F.B., and A.N. conducted research; F.AH. analyzed data; AN.

34



Chapter llI

4490 Hégele et al

analyzed metabolic chamber data; F.AH. and A.B.-W. wrote
the paper and had primary responsibility for the final content;
M.H. gave statistical advice and wrote R code; A.B.-W.,F.A.H.,
F.B., M.J.M., and J.E.B. discussed the data; and all authors read
and approved the final manuscript.

Additional Information

Current Affiliation: F.A. Higele’s, F. Busing’s, M.J.
Miiller’s, and A. Bosy-Westphal’s current affiliation is De-
partment of Human Nutrition, Institute of Human Nutrition
and Food Sciences, Christian Albrechts University, Kiel, Ger-
many). A. Nas’s current affiliation is Department of Applied
Nutritional Science and Dietetics, Institute of Nutritional
Medicine, University of Hohenheim, Stuttgart, Germany.

Correspondence and Reprint Requests: Anja Bosy-
Westphal, MD, PhD, Institut fir Humanernihrung und
Lebensmittelkunde, Christian-Albrechts-Universitat zu Kiel,
Disternbrooker Weg 17, 24105 Kiel, Germany. E-mail:
abosyw@nutrition.uni-kiel.de.

Disclosure Summary: The authors have nothing to
disclose.

Data Availability: The datasets generated during and/or
analyzed during the current study are not publicly available but
are available from the corresponding author on reasonable
request.

References and Notes

1. Edholm OG, Fletcher JG, Widdowson EM, McCance RA. The
energy expenditure and food intake of individual men. Br ] Nutr.
1955:9(3):286-300.

2. Mayer J, Roy P, Mitra KP. Relation between caloric intake, body
weight, and physical work: studies in an industrial male population
in West Bengal. Amr | Clin Nutr. 1956;4(2):169-175.

3. Blundell JE, Gibbons C, Caudwell P, Finlayson G, Hopkins M.
Appetite control and energy balance: impact of exercise. Obes Rev.
2015:16(Suppl 1):67-76.

4. Stubbs R], Sepp A, Hughes DA, Johnstone AM, Horgan GW, King
N, Blundell J. The effect of graded levels of exercise on energy
intake and balance in free-living men, consuming their normal diet.
Eur J Clin Nutr. 2002;56(2):129-140,

5. Westerterp KR. Physical activity, food intake, and body weight
regulation: insights from doubly labeled water studies. Nutr Rer.
2010;68(3):148—154.

6. Myers A, Gibbons C, Finlayson G, Blundell J. Associations among
sedentary and active behaviours, body fat and appetite dysregu-
lation: investigating the myth of physical inactivity and obesity. Br J
Sports Med. 2017;51(21):1 540-1544.

7. Unick JL, Lang W, Williams SE, Bond DS, Egan CM, Espeland MA,
Wing RR, Tate DF; SNAP Research Group. Objectively-assessed
physical activity and weight change in young adults: a randomized
controlled trial. Int | Bebav Nutr Phys Act. 2017;14(1):163.

8. Drenowatz C, Hill JO, Peters JC, Soriano-Maldonado A, Blair SN.
The association of change in physical activity and body weight in
the regulation of total energy expenditure. Enr | Clin Nutr. 2017;
71(3):377-382.

9. Myers A, Dalton M, Gibbons C, Finlayson G, Blundell J. Struc-
tured, aerobic exercise reduces fat mass and is partally compen-
sated through energy intake but not energy expenditure in women.
Physiol Behav. 2019;199:56-65.

10. Murphy KG, Bloom SR. Gut hormones and the regulation of
energy homeostasis. Nature. 2006;444(7121):8 54-859.

High Energy Turnover Improves Appetite Control

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27,

28.

29.

30.

3L

32.

J Clin Endocrinol Metab, October 2019, 104(10):4481-4491

Granados K, Stephens BR, Malin SK, Zderic TW, Hamilton MT,
Braun B. Appetite regulation in response to sitting and energy
imbalance. Appl Physiol Nutr Metab. 2012;37(2):323-333.
Hazell TJ, Islam I, Townsend LK, Schmale MS, Copeland JL.
Effects of exercise intensity on plasma concentrations of appetite-
regulating hormones: potential mechanisms. Appetite. 2016;98:
80-88.

Meclver V], Mattin L, Evans GH, Yau AMW. The effect of brisk
walking in the fasted versus fed state on metabolic responses,
gastrointestinal function, and appetite in healthy men [published
online ahead of print 24 September 2018]. Int | Obes (Lond). doi:
10.1038/541366-018-0215-x.

Hill JO, Peters JC, Reed GW, Schlundt DG, Sharp T, Greene HL.
Nutrient balance in humans: effects of diet composition. Amt | Clin
Nutr. 1991;54(1):10-17.

Nas A, Mirza N, Higele F, Kahlhofer ], Keller ], Rising R, Kufer
TA, Bosy-Westphal A. Impact of break fast skipping compared with
dinner skipping on regulation of energy balance and metabolic risk.
Am | Clin Nutr. 2017;105(6):1351-1361.

Lighton JR. Measuring Metabolic Rates: A Manual for Scientists.
New York, NY: Oxford University Press; 2008.

Weir JB. New methods for calculating metabolic rate with special
reference to protein metabolism. | Physiol. 1949;109(1-2):1-9.
Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power
and validity of visual analogue scales in assessment of appetite
sensations in single test meal studies. Int | Obes Relat Metab
Disord. 2000;24(1):38-48.

Matthews JN, Altman DG, Campbell MJ, Royston P. Analysis of
serial measurements in medical research. BMJ. 1990;300(6719):
230-235.

Goldberg GR, Prentice AM, Davies HL, Murgatroyd PR. Over-
night and basal metabolic rates in men and women. Eur J Clin
Nutr. 1988542(2):137-144.

Schrauwen P, van Marken Lichtenbelt WD, Westerterp KR. Energy
balance in a respiration chamber: individual adjustment of energy
intake to energy expenditure. Int ] Obes Relat Metab Disord. 1997;
21(9):769-774.

Grant PM, Ryan CG, Tighe WW, Granat MH. The validation of a
novel activity monitor in the measurement of posture and motion
during everyday activities. Br | Sports Med. 2006;40(12):992-997,
King JA, Wasse LK, Ewens ], Crystallis K, Emmanuel ], Batterham
RL, Stensel DJ. Differential acylated ghrelin, peptide YY3-36,
appetite, and food intake responses to equivalent energy deficits
created by exercise and food restriction. | Clin Endocrinol Metab.
2011;96(4):1114-1121.

Laird NM, Ware JH. Random-effects models for longitudinal data.
Biometrics. 1982;38(4):963-974.

Verbeke G. Linear mixed models for longitudinal data. In: Linear
Mixed Models in Practice. Lecture Noles in Statistics. Vol 126.
New York, NY: Springer; 1997:63-153.

Nakagawa S, Schielzeth H. A general and simple method for
obtaining R2 from generalized linear mixed-effects models.
Methods Ecol Evol. 2013;4(2):133-142.

Bretz F, Hothorn T, Westfall P. Multiple Comparisons Using R.
London, UK: Chapman and Hall/CRC; 2011.

Schaarschmidt F, Vaas L. Analysis of trials with complex treatment
structure using multiple contrast tests. HortScience. 2009;44(1):
188-195.

Schutz Y, Kyle UUG, Pichard C. Fat-free mass index and fat mass
index percentiles in Caucasians aged 18-98 y. Int | Obes Relat
Metab Disord. 2002;26(7):95 3-960.

Hume DJ, Yokum §, Stice E. Low energy intake plus low energy
expenditure (low energy flux), not energy surfeit, predicts future
body fat gain. Amt | Clin Nutr. 2016;103(6):1389-1396.
Thomas DM, Westerterp K. Energy balance, energy turnover, and
risk of body fat gain. Am J Clin Nutr. 2017;105(2):540-541.
Gibbons C, Caudwell P, Finlayson G, Webb DL, Hellstrom PM,
Nislund E, Blundell JE. Comparison of postprandial profiles of

35



Chapter llI

doi:

33.

34.

35,

36.

37.

38.

39.

40.

41.

42,

43.

44,

10.1210/4c.2019-01164

ghrelin, active GLP-1, and total PYY to meals varying in fat and
carbohydrate and their association with hunger and the phases of
satiety. | Clin Endocrinol Metab. 2013;98(5):E847-E855.
Cummings DE, Frayo RS, Marmonier C, Aubert R, Chapelot D.
Plasma ghrelin levels and hunger scores in humans initiating meals
voluntarily without time- and food-related cues. Am | Physiol
Endocrinol Metab. 2004;287(2):E297-E304.

Williams DL, Cummings DE, Grill HJ, Kaplan JM. Meal-related
ghrelin suppression requires postgastric feedback. Endocrinology.
2003;144(7):2765-2767.

Murdolo G, Lucidi P, Di Loreto C, Parlanti N, De Cicco A, Fatone
C, Fanelli CG, Bolli GB, Santeusanio F, De Feo P. Insulin is required
for prandial ghrelin suppression in humans, Diabetes. 2003;52(12):
2923-2927.

Hubert P, King NA, Blundell JE. Uncoupling the effects of energy
expenditure and energy intake: appetite response to short-term
energy deficit induced by meal omission and physical activity.
Appetite. 1998:31(1):9-19.

King JA, Wasse LK, Broom DR, Stensel DJ]. Influence of brisk
walking on appetite, energy intake, and plasma acylated ghrelin.
Med Sci Sports Exerc. 2010;42(3):485-492,

King NA, Burley V], Blundell JE. Exercise-induced suppression of
appetite: effects on food intake and implications for energy balance.
Eur | Clin Nutr. 1994:48(10):715-724.

Stensel D. Exercise, appetite and appetite-regulating hormones:
implications for food intake and weight control. Ann Nutr Metab.
2010;57(Suppl 2):36-42.

Bes-Rastrollo M, Sanchez-Villegas A, Basterra-Gortari F], Nunez-
Cordoba JM, Toledo E, Serrano-Martinez M. Prospective study of
self-reported usual snacking and weight gain in a Mediterranean
cohort: the SUN project. Cline Nutr. 2010;29(3):323-330.

Stubbs RJ], Hughes DA, Johnstone AM, Horgan GW, King N,
Blundell JE. A decrease in physical activity affects appetite, energy,
and nutrient balance in lean men feeding ad libitum. Am | Clin
Nuttr. 2004379(1):62-69.

Tataranni PA, Harper IT, Snitker S, Del Parigi A, Vozarova B, Bunt
J, Bogardus C, Ravussin E. Body weight gain in free-living Pima
Indians: effect of energy intake vs expenditure. Int | Obes Relat
Metab Disord. 200327(12):1578-1583.

Pontzer H, Wood BM, Raichlen DA. Hunter-gatherers as models in
public health. Obes Rev. 2018;19(Suppl 1):24-35.

Report of a joint FAO/WHO/UNU expert consultation. Human
energy requirements. In: FAO Food and Nutrition Technical

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55,

https:#academic.oup.comfjcem 4491

Report Series. Rome, Italy: Food and Agriculture Organization of
the United Nations; 2001:35-52.

World Health Organization. Global Reconmendations on Phys-
ical Activity for Health. Geneva, Switzerland: World Health Or-
ganization Press; 2010:24-27,

Saris WH, Blair SN, van Baak MA, Eaton SB, Davies PS, Di Pietro
L, Fogelholm M, Rissanen A, Schoeller D, Swinburn B, Tremblay
A, Westerterp KR, Wyatt H. How much physical activity is enough
to prevent unhealthy weight gain? Qutcome of the IASO 1st Stock
Conference and consensus statement. Obes Rev. 2003:4(2):
101-114.

Thompson D, Batterham AM, Peacock O], Western M], Booso R.
Feedback from physical activity monitors is not compatible with
current recommendations: a recalibration study. Prev Med. 2016;
91:389-394.

Beaulieu K, Hopkins M, Long C, Blundell ], Finlayson G. High
habitual physical activity improves acute energy compensation in
nonobese adults. Med Sci Sports Exerc. 2017;49(11):2268-2275.
Zelasko CJ. Exercise for weight loss: what are the facts? | Am Diet
Assac. 1995:95(12):1414-1417.

Hand GA, Shook RP, Hill JO, Giacobbi PR, Blair SN. Energy flux:
staying in energy balance at a high level is necessary to prevent
weight gain for most people. Expert Rev Endocrinol Metab. 2015;
10(6):599-605.

Williams PT. Asymmetric weight gain and loss from increasing and
decreasing exercise. Med Sei Sporis Exerc. 2008;40(2):296-302.
Ohlin A, Réssner S. Trends in eating patterns, physical activity and
socio-demographic factors in relation to postpartum body weight
development. Br | Nutr. 1994;71(4):457-470.

Martin CK, Johnson WD, Myers CA, Apolzan JW, Earnest CP,
Thomas DM, Rood JC, Johannsen NM, Tudor-Locke C, Harris M,
Hsia DS, Church TS. Effect of different doses of supervised exercise
on food intake, metabolism, and non-exercise physical activity: the
E-MECHANIC randomized controlled trial [published online
ahead of print 7 June 2019]. Am | Clin Nuir.

Racette SB, Weiss EP, Schechtman KB, Steger-May K, Villareal DT,
Obert KA, Holloszy JO. Influence of weekend lifestyle patterns on
body weight. Obesity (Silver Spring). 2008;16(8):1826-1830.
Dotling J, Broom DR, Burns ST, Clayton D], Deighton K, James L],
King JA, Miyashita M, Thackray AE, Batterham RL, Stensel D].
Acute and chronic effects of exercise on appetite, energy intake, and
appetite-related hormones: The modulating effect of adiposity, sex,
and habitual physical activity. Nutrients. 2018;10(9):1140.

36



Chapter IV

Chapter IV:

General Discussion

The present thesis examines the impact of meal frequency in a free-living intervention
with consumption of orange juice together with three meals/d or in-between three
meals/d on the regulation of energy intake (Chapter Il). In a second study, the impact of
energy turnover at different levels of energy balance on appetite control was investigated

in a strictly controlled intervention under metabolic ward conditions (Chapter ).

Impact of meal frequency on energy intake

The present thesis has shown that an increased meal frequency due to the consumption
of a considerable amount of orange juice in-between three meals/d leads to a gain in fat
mass. In contrast, a low meal frequency due to the consumption of the same amount of
orange juice together with three meals/d resulted in no change in fat mass. The observed
differences seem to be explained by no compensation of energy intake at the following
meal when orange juice is consumed in-between meals compared to with meals resulting

in an elevated total energy intake with higher meal frequency.
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In line with these findings, acute meal tests have shown that orange juice preloads did
not lead to reduced energy intake in the following meal resulting in a higher total energy
intake compared to a non-caloric or no preload (Almiron-Roig & Drewnowski, 2003;
Dellavalle et al., 2005). Furthermore, it has been shown that an increased meal
frequency of 6, 8 or 14 meals/d leads to enhanced hunger resulting in increased energy
intake and thus a positive energy balance (Munsters & Saris, 2012; Ohkawara et al.,
2013; Perrigue et al., 2016). In the current study (Chapter II), the consumption of orange
juice in-between meals did not change body weight but resulted in an increase of fat
mass (FM) after two weeks. This FM gain approximately reflected the energy content of
the consumed orange juice. These findings in a long-term free-living intervention
therefore verify the results of previous short-term trials on the impact of an increased

meal frequency on the control of energy balance.

A possible explanation of the gain in FM only with in-between meal consumption of
orange juice is the enhanced gastric distention when the juice is consumed with meals
which could lead to a reduced energy intake during the meal compared to meals without
orange juice consumption. In 28 lean men, it was observed in an acute meal test that a
higher volume (600 mL) of a milk shake due to incorporated air led to a greater reduction
in hunger and 12% lower energy intake at the following meal compared to an
isoenergetic milk shake of 300 mL with the same energy density (Rolls et al., 2000). The
volume of a meal or beverage is detected by gastric stretch receptors signaling to the
brain via the vagus nerve with greater gastric distension leading to reduced hunger and
energy intake (Paintal, 1954). Moreover, the gastric emptying rate of a liquid is linearly
related to its energy density with low energy dense liquids emptying faster from the
stomach compared to liquids with higher energy density (Calbet & MacLean, 1997).
Thus, consumption of a caloric beverage with the meal may lead to a faster and longer
lasting activation of gastric stretch receptors, higher satiety and consequently reduced
meal size compared to consumption of a non-caloric beverage with the same meal. In
the current trial, 426 £74 mL of orange juice were consumed with each meal during with
meal intervention compared to ad libitum water consumption with meals during in-

between meal intervention. The effect of stomach distension due to beverages is
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however short-lived as it was observed that 30 min after the consumption of 600 mL
water only 44 mL can be found in the stomach (Corney et al., 2016). Accordingly,
consumption of orange juice in-between meals (22h after the meals;
426 +75 mL/portion) was unlikely to have an effect on the following meal size since
intervals between juice intake and following meal consumption were several hours.
Furthermore, it was shown that small meals with an energy content of 239 — 280 kcal
have low to no influence on appetite, hormonal responses or subsequent energy intake
(Porrini, 1997; Marmonier et al., 1999). It can therefore be assumed that very small meals
are no adequate physiological load the body is able to detect and therefore appetite is
not reduced in response to small meals (Leidy & Campbell, 2011). In the present study,
the energy content of orange juice consumed in-between meals was only 183 +32 kcal
per serving. Thus an effect on satiety or reduced energy intake at the following meal after

several hours seems unlikely.

Another possible explanation for the gain in FM with orange juice consumed in-between
meals is a prevention of a decrease in insulin levels between eating occasions. This post
absorptive drop in insulin levels is important because it activates lipolysis and fat
oxidation (Astrup & Raben, 1995). The finding of a gain in FM with in-between meal
intervention may therefore, at least partially, be mediated by suppressed lipolysis.
However, this hypothesis cannot be verified with the current data since neither insulin
levels were measured continuously during the intervention days to detect a decrease in
insulin secretion (cumulative 24h C-peptide excretion did not differ between
interventions) nor free fatty acids or fat oxidation were assessed. Comparing meal-
induced changes in ghrelin concentrations in type 1 diabetic patients and healthy
subjects, it has been shown that insulin is also essential for prandial ghrelin suppression
(Murdolo et al., 2003). Since increasing ghrelin levels are associated with hunger and
meal initiation decreasing levels are related to reduced hunger and meal termination. In
a cross-over intervention by Solomon et al. (2008), 5 healthy males underwent three
different 8h feeding regimes: fasting, low meal frequency (two meals) and high meal
frequency (12 meals). Total energy intake was kept the same with low and high meal

frequency and meals within trials were isoenergetic. During low meal frequency, an
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inverse association between insulin and ghrelin was found but this relationship was not
observed with high meal frequency. Since the inverse relationship was also seen during
fasting this indicates that only minor variations in insulin are required to effect ghrelin
levels. Nonetheless, during the high meal frequency the insulin-ghrelin relationship
seems to be disrupted (Solomon et al., 2008) which could result in enhanced energy
intake. In the present study (Chapter 1), neither ghrelin nor subjective hunger were
assessed to investigate this effect. However, high meal frequency comprised only 6 and
not 12 eating occasions/d with the 3 main meals having a larger energy content than the
orange juice snacks. Thus it remains uncertain whether the insulin-ghrelin relationship
may be affected by this eating pattern in the same way as observed by Solomon et al.
(2008) and whether energy intake with in-between meal consumption was increased due

to reduced insulin-induced ghrelin suppression.

The amount of orange juice used in the current study was high (20% of daily energy
requirement; ~1.28 L/d) but representative for the sugary drink consumption of German
males aged 18-29 years (Rabenberg & Mensink, 2013). In Germany, the highest amount
of fruit juice is consumed by adolescents aged 14-18 years with 460 g/d for boys and
383 g/d for girls and by young adults aged 19-24 years with 366 g/d for men and 341 g/d
for women (Max Rubner-Institut, 2008). In particular, average orange juice consumption
in Germany is much lower and only about 21 mL/d (Sennewald & Heitlinger, 2015). Since
in-between meal consumption of SSBs and e.g. sugar sweetened coffees is increasing,
liquid snacks contribute to a considerable proportion of daily energy intake (Zizza et al.,
2001). The consumption of high amounts of SSBs is not only a risk factor for weight gain
but also for development of type 2 diabetes (The InterAct consortium, 2013; Imamura et
al., 2015) and dental caries (Bernabé et al., 2014). Limitation of sugar containing
beverage consumption could be achieved through situational prevention programs by
the government including for example the simplified labeling of high sugar containing
beverages or the introduction of taxes on SSBs. In other countries it has already been
shown that sugar taxes can reduce the sales and consumption of SSB as well as the
sugar content of SSBs since manufacturers change their formulations to avoid taxation

(Bir6, 2015; Batis et al., 2016; Silver et al., 2017) and that traffic light labeling of foods
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supports people in making healthier food choices (for a review of both strategies see
(Thavorncharoensap, 2017)). Because fruit juice also contains favorable substances as
vitamin C and secondary phytochemicals like flavonoids, the German Nutrition Society
(DGE) allows the replacement of one portion of fruit by a glass of fruit juice to achieve
the recommended amount of 5 servings of fruits and vegetables per day. Taking the high
sugar content of fruit juice into account, this replacement should indeed only occur
occasionally (DGE, 2007). On the basis of the current orange juice intervention, this
recommendation should be extended to include a preferential fruit juice intake together

with one of only three meals per day.

Since we have only investigated liquid calories consumed in-between meals our findings
cannot be transferred to solid snacks. Due to the results of several acute meal test trials
investigating the effect of meal frequency it is however likely that also solid snacks eaten
in-between meals hold a potential to contribute to a positive energy balance (Munsters
& Saris, 2012; Ohkawara et al., 2013; Perrigue et al., 2016). Accordingly, all kinds of
shacks in-between meals should be avoided although the potential of overconsumption
with liquid calories appearing even more problematic due to the lower satiating effect
compared to solid snacks (Flood-Obbagy & Rolls, 2009; Mattes & Campbell, 2009). A
potential mechanism for the higher satiating value of solid foods compared to beverages
may be chewing and thus eating rate. Liquid calories which can simply be gulped are
typically consumed faster than solid calories leading more easily to overconsumption (de
Graaf, 2011) whereas increased chewing has been demonstrated to resulted in
decreased energy intake and ghrelin concentrations as well as enhanced GLP-1 and
CCK levels (Li et al., 2011). This positive relationship between eating rate and energy
intake seems to be mediated by the oro-sensory exposure time which is too short with

consumption of liquid calories to influence satiety (de Graaf, 2011).

All effects of the present study were observed in young and healthy adults and thus may
vary in more vulnerable groups like obese or older subjects and patients with type 2
diabetes. It was shown that gastric emptying in elderly people is reduced by 26-30%

compared to younger subjects contributing to reduced hunger (Clarkston et al., 1997).
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This could result in an attenuated impact of in-between meal consumption of sugar
containing beverages in older subjects. Although no effect of high amounts of orange
juice with or in-between meals on insulin sensitivity was found in the current study, the
same amount of cola resulted in higher daylong glycaemia and glycemic excursions as
well as reduced C-peptide excretion indicating reduced glycemic control in young and
healthy adults (Busing et al., 2019). These effects may even be more pronounced in
subjects with impaired glucose tolerance or diabetes. In overweight and obese people,
the lack of compensation for liquid calories may also be more pronounced compared to
lean subjects due to an impaired appetite control (Huda et al., 2006). Therefore, studies
with greater sample sizes and of longer duration are needed to investigate the impact of
sugar containing beverage consumption with or in-between meals in these vulnerable

groups.

Impact of energy turnover on energy intake and appetite control

This thesis has shown that appetite control is improved by acute increases in energy
turnover independent from energy balance. Energy turnover was increased by low
intensity physical activity but a physical activity level of 1.76 was required. Improved
appetite control with a high energy turnover was verified by lower ghrelin and higher
GLP-1 concentrations and correspondingly reduced hunger and desire to eat as well as
an equal energy balance during ad libitum energy intake. The ‘Mayer-Hypothesis’ of an
asymmetric appetite control (Mayer et al., 1956) was therefore verified using strictly
controlled conditions in a metabolic chamber. The present thesis thus confirms the role

of physical activity in body weight regulation.

With low energy turnover at ad libitum energy intake a +17.5% positive energy balance
was observed. Meals with low energy content of 239 — 280 kcal have little to no effect on
satiety (Porrini, 1997; Marmonier et al., 1999) as discussed in the previous section.
However, in the present trial the required energy content per meal during low energy
turnover was 791 +110 kcal. This should have been sufficient to promote satiety. As also

discussed in the previous section, meals with low volume of 300 vs. 600 mL have little
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to no effect on satiety (Rolls et al., 2000). In line with this finding, a study in 20 healthy
men has shown that a high volume preload (450 vs. 150 mL) resulted in reduced
subjective appetite irrespective of energy density (0.3 vs. 1.0 kcal/mL) (Gray et al., 2002).
When the meal size needed to meet the energy requirement is too small then no
sufficient gastric distention and thus satiety response will occur although enough energy
is ingested. Eating will then be continued until satiety is achieved by a large enough
meal. This could have led to the positive energy balance with low compared to high
energy turnover, because the volume of the meals was low since energy density of the
diet was high (5.77 kcal/g). It is known that energy intake is also affected by energy
density of the diet with a more energy dense diet leading more easily to passive
overconsumption (Beaulieu et al., 2018). In the present intervention (Chapter Ill), the
high energy density of the diet decreased the needed volume of food inside the stomach
to meet energy requirement which may have amplified overconsumption. Therefore, it is
possible that the energy balance would be less positive with a lower energy dense diet
since a higher volume of food is needed to meet energy needs. On the other hand, with
a higher energy turnover the energy requirement is increased making it more difficult to
eat more than is needed (Manore et al., 2017). A recent study compared an ultra-
processed and an unprocessed diet over 14 days in a randomized cross-over design in
20 healthy adults and found that the ultra-processed diet leads to a higher energy intake
and weight gain whereas the unprocessed diet resulted in weight loss (Hall et al., 2019).
This finding may be due to an increased energy density of the ultra-processed food
(2.15 kcal/g vs. 1.15 kcal/g) and an enhanced eating rate compared to the unprocessed
diet (Hall et al., 2019). In 16 lean and 14 obese Chinese subjects it has been shown that
enhanced chewing from 15 to 40 chews/bite leads to reduced energy intake and ghrelin
levels as well as increased GLP-1 and CCK concentrations (Li et al., 2011). In 13 men
and 24 women, the eating rate of 45 commonly consumed foods and subsequent energy
intake were measured and eating rate was positively correlated with energy intake and
inversely with energy density suggesting that rapid ingestible foods promote
overconsumption (Viskaal-van Dongen et al., 2011). Therefore, the weight gain with an
ultra-processed diet observed by Hall et al. (2019) may have been caused by reduced

chewing and increased eating rate. This relationship seems also plausible since
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competitive eating (eating as much as possible in a short time) mostly is held with fast
food i.e. ultra-processed food and not with unprocessed food items. Thus, avoiding ultra-
processed food may be an effective strategy in weight management and obesity
treatment (Hall et al., 2019). In the study included in this thesis (Chapter Ill), the energy
density of the diet was even higher with 5.77 kcal/g and ultra-processed food from a
typical Western Diet was provided (e.g. frozen pizza, cookies, candy bars, milk shakes,
fruit yoghurts, etc.). Since the energy density of the diet was the same on all intervention
days neither eating rate nor chews per bite are expected to differ between energy
turnover interventions and thus no bias on ad libitum energy intake is expected. Taken
together, these findings suggest that aside from energy turnover also the kind of the
consumed diet plays a role in the regulation of energy balance. When consuming a
Western Diet with high content of ultra-processed foods, high energy density and low
content of fiber, a higher PAL may be required for maintaining an equal energy balance
compared to an unprocessed diet rich in insoluble fiber and low in energy density. Further

studies are needed to investigate this association.

The current trial comprised only 24h-interventions and it remains unclear whether the
effect of a high energy turnover is preserved throughout the next day. Measurements of
hormones and subjective appetite as well as energy expenditure by room calorimetry
were only done on the intervention days. Since the ad libitum energy intake on the
following washout days was assessed and subjects wore the activPAL permanently
throughout the whole study period the approximate energy balance during washout days
could be calculated. No differences in daily steps on washout days were observed
between energy turnover or energy balance conditions (see Chapter IIl). Energy balance
on washout days ranged between +9.1 — +17.8% and also did not differ between energy
turnover or energy balance conditions (p>0.05). These results suggest that the effect of
energy turnover on appetite control is not compensated the day after. However, washout
days were not intended to be analyzed and quality of energy expenditure data from the
activPAL is not comparable to metabolic chamber data quality. Furthermore, subjects
were not allowed to exercise on washout days and had different duties to perform (e.qg.

attending lectures, go to work, having a day off) which may have influenced energy
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balance. Other studies observed that people with high habitual PAL better compensate
energy intake of preloads compared to habitually inactive individuals suggesting a
chronic improvement of appetite control with a high level of habitual physical activity
(Beaulieu et al., 2017; Dorling et al., 2018). But long-term interventions are needed to

confirm these findings.

A PAL of 1.76 was needed to achieve an equal energy balance in the present study. As
discussed in Chapter Ill, this is consistent with the consensus of the IASO 1st Stock
Conference where a PAL of 1.7 or 45-60 min moderate intensity physical activity per day
is recommended for the prevention of weight gain (Saris et al., 2003). This
recommendation is confirmed by the findings of an observational study by Shook et al.
(2015) examining 421 adults with differing activity levels over one year. Energy balance
and thus body weight were maintained when =63 +22 min/d of moderate to vigorous
physical activity were performed (Shook et al., 2015). However, even the much lower
level of 150 min of moderate intensity or 75 min of high intensity physical activity per
week, as currently recommended by the WHO (World Health Organization, 2010), is not
achieved by 57% of Germans (Froboése et al., 2018). As discussed above, this low level
of physical activity, especially together with a diet high in ultra-processed food, may not
be enough to achieve an equal energy balance and is likely to result in weight gain. A
longitudinal analysis of seven cohort studies has shown that the average weight gain in
Germany is age-dependent with young men experiencing the highest rate of weight gain
per year (Haftenberger et al., 2016). Since young German men are consuming the
highest amounts of sugar containing beverages, alcohol, sweets and meat products and
the lowest amounts of fruits and vegetables (Max Rubner-Institut, 2008) the high energy
density of the diet may explain the increased risk for weight gain in this group. In the
present thesis it was demonstrated that the beneficial effects of physical activity are
explained by improved appetite control. In order to achieve this, no vigorous exercise
was needed but brisk walking was sufficient as long as a PAL of 1.76 was reached.
Accordingly, small changes in daily routines and increasing daily activities as using active
transportation, taking the stairs or going for a walk during lunch break can contribute to

improve energy balance. The effect of those activities must not be underestimated since
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the amount of more intensive exercise needed to reach a PAL of 1.76 can be reduced
when daily life activities are increased. Hence, already a more active lifestyle may help
to attain weight maintenance due to improved appetite control. One strategy for obesity
prevention is therefore to facilitate enhanced everyday activities by situational
preventions like city planning. For example, making cities more cycling-friendly (e.g.
construction of attractive cycle paths or bicycle boulevards) may encourage people to
increase the use of active transportation (Giles-Corti et al., 2016). This could be a first
step to enhance the individual energy turnover and thus improve appetite control also
because increasing physical activity is suggested to be easier for most people than

reducing energy intake to maintain energy balance (Hill et al., 2012; Hand et al., 2015).

Homeostatic appetite control is proposed to be modulated by physical activity in a dual-
process action where enhanced energy expenditure increases the drive to eat but also
increases the post-meal satiety resulting in a better matched energy intake compared to
energy expenditure (Beaulieu et al., 2018). Therefore, inactivity leads to decreased post-
meal satiety enhancing the risk for overconsumption and weight gain. Also body
composition seems to have an impact on this dual-process action of physical activity. In
a meta-analysis it was shown that with increasing body fat insulin sensitivity of the central
nervous system decreases leading to blunted satiety signaling in overweight compared
to lean subjects (Flint et al., 2007). When satiety signaling is already impaired due to an
elevated fat mass inactivity additionally increases the risk of overconsumption (Beaulieu
et al., 2018). Inactive obese subjects are thus at increased risk for further weight gain
and may benefit more from increasing physical activity compared to inactive lean

subjects.

The result of an improved appetite control with high energy turnover raises the question
of potential mechanisms by which physical activity can influence perceived hunger and
subsequent energy intake. This question was already addressed in a review, that
identified interleukin-6 (IL-6), among other factors, as potentially mediating the impact of
exercise on appetite hormones (Hazell et al., 2016). In 8 males, higher IL-6

concentrations were found after high intensities of running which were positively
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correlated with GLP-1 and negatively with overall appetite (Islam et al., 2017). Several
human and in vitro trials have shown that exercise results in considerable increases in
circulating I1L-6 and that muscle cells per se secrete IL-6 (Febbraio & Pedersen, 2002).
In murine models, exercise-induced high concentrations of IL-6 were shown to increase
GLP-1 secretion from intestinal L-cells and pancreatic alpha-cells resulting in enhanced
insulin secretion, which may also increase satiety (Ellingsgaard et al., 2011). The effect
of reduced appetite could be mediated directly by GLP-1 signaling via the vagus nerve
to the solitary tract nucleus in the brain stem (Holst & Deacon, 2005) and the solitary
tract nucleus neurons in turn signal to the arcuate nucleus and the paraventricular
nucleus of the hypothalamus (Larsen et al., 1997) whereby energy intake is suppressed.
Alternatively, reduced appetite by exercise could be mediated by GLP-1 indirectly due to
increased insulin secretion which then in turn can directly inhibit NPY/AgRP-neurons in
the arcuate nucleus and reduce hunger and energy intake (Kalra et al., 1999) as well as
indirectly suppressing ghrelin secretion (Murdolo et al., 2003). The potential mechanism
by which physical activity improves appetite control may therefore be an increased GLP-
1 secretion due to increased IL-6 secretion from skeletal muscle. However, it must be
taken into account that the physical activity in the present study (Chapter Ill) was only
brisk walking and that high intensity exercise which involves large muscle mass is
needed for relevant IL-6 secretion (Febbraio & Pedersen, 2002). During low intensity
physical activity little to no impact on muscle-induced IL-6 is expected. This suggests
that an alternative mechanism linking low intensity physical activity and appetite control
exists. Also other potential mechanisms (e.g. lactate production, increase in body
temperature, elevated free fatty acids) raised in the review by Hazell et al. (2016) are
unlikely to occur at low intensity physical activity. Furthermore, metabolites like IL-6 and
lactate are acutely produced upon muscle activity which does not explain the observed
chronic improvement in appetite control in individuals with habitual high PAL (Beaulieu
et al., 2017; Dorling et al., 2018). A recent review by Grannell et al. (2019) concluded
that it is unlikely that there is a muscle-specific signal which affects appetite since the
association between muscle and energy intake is likely reflective of energy utilization
indicating that it is overall energy expenditure that seems to determine energy intake.

The authors assume that AMP-activated protein kinase (AMPK) activity could signal
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energy utilization to the brain because this enzyme is responsible to restore energy
homeostasis and thus shows increased activity during physical activity as well as food
deprivation (Grannell et al., 2019). Hypothalamic AMPK mediates incoming peripheral
stimuli and influences the response of arcuate nucleus neurons thus playing an important
role in central appetite control (Lopez et al.,, 2016). However, it remains uncertain
whether distal AMPK activity due to system wide energy expenditure is coupled to central
AMPK activity in the hypothalamus (Grannell et al., 2019). This signaling pathway from
the periphery to the brain needs to be further investigated e.g. in in vitro and in vivo trials
examining the possible signaling of peripheral AMPK activity to the brain by the

stimulation of afferent vagal fibers or by other mechanisms.

The concept of energy turnover as used in this thesis comprises the level of energy
expenditure due to physical activity and the corresponding energy intake. In contrast,
one could argument that inactive obese individuals also have a high energy turnover
simply because they have an increased energy expenditure due to enhanced body mass
and thus an increased energy requirement. But neither this nor an increased energy
expenditure and correspondingly enhanced energy requirement due to pathological
conditions represents the concept of energy turnover used in this thesis. The currently
used energy turnover approach comprises enhanced energy expenditure solely due to
physical activity. Since people have different fithess levels the intensity and duration of
physical activity needed to achieve the same energy turnover may vary depending on
individual resting energy expenditure. Therefore, in this thesis energy expenditure was
described using the PAL and thus adjusting for differences in individual resting energy
expenditure. Accordingly, the current used approach can be specified as ‘metabolic

energy turnover’.

48



Chapter IV

In conclusion, a high meal frequency — especially when many small meals or liquid
calories are consumed — is a risk factor for weight gain as the appetite control system is
not able to adequately detect those small amounts of calories and to respond with a
reduced energy intake at the following meal. Therefore, snacking should be avoided and
sugar containing beverages like orange juice should be consumed with the meal instead
of in-between meals (Chapter II).

Inactivity — especially when a Western Diet is consumed — is a risk factor for weight gain.
In contrast, an increased energy turnover by low intensity physical activity improves
appetite control independent from energy balance. The beneficial effect of physical
activity on energy balance is therefore not solely explained by burning up more calories
but by an improved appetite control resulting in an energy intake closely matching energy

expenditure.
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Chapter V:

Discussion of Methods

This thesis comprises nutritional interventions measuring energy intake and energy
balance during free-living conditions (Chapter Il) and during strictly controlled metabolic
chamber conditions (Chapter Ill). Although the outcome parameters were chosen

carefully there are some methodological limitations that need to be addressed.

Assessment of energy intake

Since energy intake shows large fluctuations from day to day (Racette et al., 2008;
Schoeller, 2014) the short-term appetite control is of special interest and was
investigated in the present nutritional intervention (Chapter Ill) over 24 hours during
different energy turnover and energy balance conditions. Energy intake can be assessed
by measuring acute ad libitum food intake during a single test meal or during 24 hours
which was used during the ad libitum energy intake condition in Chapter Ill. In most
cases, the energy consumed during ad libitum feeding periods is calculated using the

nutrient contents provided by the manufacturer or by national databases. These values
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are means and can vary with the food item actually consumed by the study participants.
For example, it was shown that gross energy content of infant formulas measured by
bomb calorimetry is 12% higher than energy content claimed by the manufacturer (Curtis
et al., 1986). Another problem arises when heterogeneous food items are not consumed
in total and for example the edge of a pizza is left over. In such cases the macronutrient
and energy content may differ between the total food item and the parts of the actually
consumed food item. Using an ad libitum feeding protocol thus requires reliance on mean
values for the consumed energy and nutrient content provided by manufacturers or
national databases. Otherwise as for example used in a study by Stubbs et al. (2004),
only homogeneous foods and own analyses of the provided food items by bomb
calorimetry are needed (Stubbs et al., 2004). In the present thesis, nutrient contents
provided by manufacturers or national databases were used to calculate energy and

macronutrient intake indicating possible minor inaccuracies in energy intake data.

In many studies that investigated energy intake ad libitum buffet test meals were
performed since subjects can choose what to eat and the preference for special types of
food can be assessed (e.g. sweet vs. salty foods). On the other hand, a buffet setting
can lead to overconsumption because of the desire to try everything, because preferred
foods are offered or as a consequence of occasional eating, when foods are provided
that are liked very much but are normally rarely consumed by the subjects. Also the
opposite effect can occur when mainly food is provided that is disliked and the subjects
consume less than they would need to feel comfortably full. Thus, both can lead to high
inter-individual variance in food intake during an ad libitum intake period and in many
studies it is not reported whether such considerations were taken into account during the
planning of the investigation. Nevertheless, there are also some trials where the authors
addressed these potential issues, for example Thivel et al. (2018) asked the participants
for their food preferences using a questionnaire and the top-rated items as well as items
rated as ‘liked but rarely consumed’ were excluded from the buffet to avoid
overconsumption and occasional consumption (Thivel et al., 2018). Long et al. (2002)
and Martins et al. (2007) asked participants to rank various buffet food items in order of

preference and offered sandwich fillings and food types according to the second and
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third choice during buffet test meals (Long et al., 2002; Martins et al., 2007). Others
ensured acceptability of the provided food items and did not include subjects who disliked
more than 4 items of the provided buffet meal (King et al., 2010). In the study under
strictly controlled metabolic chamber conditions included in this thesis (Chapter 1ll), no
buffet meal setting but a fixed diet was used during ad libitum energy intake condition.
Subjects had limited options to choose between similar food items with comparable
energy and macronutrient content (e.g. 1 out of 3 pizzas, 1 out of 3 pasta sauces, etc.)
according to individual preferences. Only subjects who confirmed to eat all food items or
at least one of the options were included in the study to avoid restraint eating. The same
food items were provided on all intervention days to achieve comparable conditions and
participants were served readily composed meals on plates (larger portions than
required). To maintain constant macronutrient consumption during ad libitum energy
intake participants were instructed to eat proportionally from every food item per meal
until they feel comfortably full. Therefore, typical buffet meal limitations had no impact on
energy intake in the present thesis but also differences in preference of single food items
could not be evaluated. Another issue in measuring energy intake is that people mostly
stop eating once their plate is empty (Gibbons et al., 2019). Therefore, it can be assumed
that participants were affected by the meal presentation and always just stopped eating
once their plate was empty. However, the data showed that only one subject behaved
this way and consumed all provided foods independent of energy turnover. Four other
subjects consumed all provided foods during low and medium energy turnover but not
with high energy turnover. Consequently, no general impact of the meal presentation on
the ad libitum energy intake is assumed. Nevertheless, maintaining the fixed
macronutrient balance and avoiding inaccuracies due to incomplete consumption of

heterogeneous food items could have been prevented using a homogenous diet.

Probable prospective energy intake and appetite control can also be assessed indirectly
by using visual analogue scales to investigate subjective appetite sensations. Visual
analogue scales are commonly used due to the easy handling (pen & paper method or
digital version) and the broad range of possible sensations that can be assessed (e.g.

hunger, fullness, desire to eat, satiety, food preferences) (Flint et al., 2000; Stubbs et al.,
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2000). Since subjective feelings are investigated a large inter-individual variation must
be expected as well as human error in completing the visual analogue scales (Stubbs et
al., 2000). However, in a study with duplicate measurements of hunger, satiety, fullness,
prospective food consumption, desire to eat something sweet, salty, fatty or savoury and
palatability of the meals using visual analogue scales under exactly the same conditions
in 55 healthy men it was shown that visual analogue scales are a reproducible and valid
tool to measure changes in subjective appetite sensations as indicated by the coefficient
of repeatability (Flint et al., 2000). Furthermore, it was shown that visual analogue scales
are sensitive to experimental manipulations as alterations in diet composition or energy
intake (Stubbs et al., 2000). They show better reproducibility under controlled conditions
compared to free-living conditions and should be used in a within-subject or cross-over
design to minimize inter-individual variations and increase reproducibility (Stubbs et al.,
2000). Since both aspects of controlled conditions and cross-over design were fulfilled
in the intervention included in this thesis (Chapter IlI) a high reproducibility of visual
analogue scale ratings within each subject is anticipated. Ratings for desire of special
food items are less reproducible (Flint et al., 2000), indicating that relatively higher
sample sizes are needed to detect significant differences for those questions. Thus, it is
not surprising that no consistent results were found for food preferences among the
subsample of 8 participants asked for their desire for something sweet, salty and fatty in
the present thesis. To reliably assess such preferences, a minimum sample size of 16

subjects would have been needed.

Appetite control can also be investigated indirectly by measuring gastrointestinal peptide
hormones which are known to influence energy intake. Ghrelin as orexigenic and
GLP-1 as anorexigenic hormone were measured in the present thesis (Chapter III)
because they are involved in short-term appetite control. Insulin concentrations were
assessed since it has been shown that insulin, so far thought of as long-term signal of
energy balance, is also associated with short-term appetite control in healthy subjects
and that the postprandial insulin response may be an important satiety signal (Flint et al.,
2007). Furthermore, insulin has an impact on ghrelin concentrations (Murdolo et al.,

2003) and is influenced by GLP-1 levels (Kreymann et al., 1987) making it an interesting
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link between these peptides. Plasma samples were collected in tubes containing a
mixture of protease, esterase and DPP-IV inhibitors to prevent hormonal degradation. In
the current trial (Chapter 1ll), total GLP-1 was assessed as marker of secretion. This is
favorable compared to measuring active GLP-17.36amia Since the active form is rapidly
inactivated by DPP-IV before entering the circulation (Hansen et al., 1999) as well as
afterwards (Vilsbgll et al., 2003) and since also inactivated GLP-1 found in the blood has
been shown to previously stimulate vagal afferent fibers before its inactivation
(Nakagawa et al., 2004). GLP-1 is not only involved in appetite control but has several
other biological functions. It is a major incretin hormone enhancing insulin secretion and
reducing glucagon secretion in the postprandial phase (Kreymann et al., 1987). This
function can enhance the satiating effect of GLP-1 because insulin itself is an
anorexigenic hormone that suppresses prandial ghrelin secretion (Murdolo et al., 2003).
Together with PYY, GLP-1 mediates the ‘ileal brake effect’, the feedback inhibition of
proximal gastrointestinal motility and secretion caused by the presence of unabsorbed
nutrients in the ileum (for review see (Maljaars et al., 2008)). In this context, GLP-1 also
reduces gastric acid secretion (O’Halloran et al., 1990) and gastric emptying (Nauck et
al., 1997). The ‘ileal brake’ thus contributes to enhanced satiety and reduced food intake
due to e.g. extended gastric distention (Geliebter, 1988; Welch et al., 1988). Moreover,
GLP-1 reduces blood pressure due to vasodilatation, enhances cardio protection,
reduces inflammation in adipose and other tissues, enhances natriuresis and diuresis in

the kidneys and reduces platelet coagulation (for review see (Drucker, 2016)).

Ghrelin secretion was assessed by measuring total ghrelin (Chapter Ill). This may mask
relevant changes in acylated ghrelin which seem to be essential for the orexigenic effect
(King et al., 2010). But total ghrelin is assumed as appropriate surrogate since the ratio
of acylated and total ghrelin is relatively robust (Cummings et al., 2004) and in a within
subject design it has been shown that total ghrelin is appropriately responsive to short-
term energy balance perturbations (Hagobian et al., 2008). Besides acting as orexigenic
hormone in the hypothalamus ghrelin has various other biological functions (for review
see (Korbonits et al., 2004; Higgins et al., 2007)). Ghrelin has important hormonal effects

including stimulation of the release of growth hormone, adrenocorticotropin, cortisol and
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aldosterone (Arvat et al., 2001) as well as suppressing the secretion of testosterone
(Tena-Sempere, 2005) and luteinizing hormone as shown in rhesus monkeys (Vulliémoz
et al., 2004). In rats it was demonstrated that ghrelin enhances gastric acid secretion and
gastrointestinal motility (Masuda et al., 2000) and reduces colonic transit time after
central injection (Tebbe et al., 2005) which may contribute to increased feelings of
hunger. Ghrelin also has some cardio protective functions as it increases the stroke
volume (Nagaya et al., 2001) and reduces blood pressure due to systemic vasodilatation
(Okumura et al., 2002). It effects the autonomous nervous system by reducing renal
sympathetic activity as shown in rabbits (Matsumura et al.,, 2002) and by reducing
serotonin release as shown in rats (Brunetti et al., 2002). In addition, ghrelin has anti-
inflammatory effects as it reduces the expression of various inflammatory cytokines (Dixit
et al., 2004) and the proliferation of T-cells in mice (Xia et al., 2004). Furthermore, ghrelin
has been shown to promote bone formation and to increase bone mineral density in rats

(Fukushima et al., 2004) as well as to improve sleep in humans (Weikel et al., 2003).

It can be argued that gastrointestinal peptide hormones are not only involved in appetite
control but also have other local and systemic functions. Thus, gastrointestinal peptide
hormones themselves should not solely be seen as mediators of changes in appetite.
On the other hand, the causality between higher ghrelin levels and hunger or food intake
has been demonstrated after ghrelin compared to saline injection and following ad libitum
buffet meal in 9 healthy adults (Wren et al., 2001). It has also been shown that ghrelin
administration and fasting have similar acute stimulatory effects on hedonic responses
during food evaluations as measured with functional magnetic resonance imaging in
healthy adults (Goldstone et al., 2014). The causality between higher GLP-1 levels and
reduced hunger or energy intake was demonstrated following the injection of GLP-1
compared to saline infusion in 20 healthy normal weight men (Flint et al., 1998) and was
confirmed using physiological doses of GLP-1 in obese men (Flint et al., 2001).
Furthermore, in triple-blind placebo-controlled trials in more than 200 subjects it was
observed that the treatment of type 2 diabetes with the GLP-1 receptor agonist exendin-

4 results in progressive weight loss (Buse et al., 2004; DeFronzo et al., 2005). In
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conclusion, the role of gastrointestinal peptide hormones mediating appetite control is

important although it is not the only function of these hormones.

Assessment of energy balance

In the nutritional intervention study (Chapter Ill), daily routine was strictly controlled and
whole room calorimetry was used to measure exact 24h energy expenditure. Also energy
intake was strictly controlled over the course of this trial because every single food item
was weighed to the nearest 0.1 g for each subject. High quality energy balance data
were therefore obtained. However, the method of whole room calorimetry has also some
limitations: Only short-term measurements of 24 hours up to several days can be
performed because the subjects have to stay in the metabolic chamber during the whole
measurement period. Due to the limited space inside the metabolic chamber (9 m?)
subjects are obliged to be relatively inactive aside from treadmill activities. This is not
comparable to free-living daily life behavior since the overall conditions are more
laboratory-like and may influence behavior inside the metabolic chamber. Therefore,
especially when concerning behavior as energy intake or physical activity, acute results
from metabolic chamber studies cannot automatically be transferred to long-term free-

living conditions.

Long-term effects can be assessed indirectly by measuring changes in body
composition, namely changes in fat mass and fat-free mass. This is possible since
according to the first law of thermodynamics, which states that energy can be
transformed but not created or destroyed, changes in energy balance lead to changes
in energy stores and therefore changes in body composition (Hall et al., 2012). Thus with
assessing changes in body composition the effects of medium to long-term interventions
on energy balance and appetite control can easily be measured as conducted in the free-
living study included in this thesis (Chapter Il). An advantage of this indirect approach is
the opportunity to determine effects of free-living interventions on energy balance with
relatively simple, non-invasive and inexpensive methods and without restrictions for the
subjects comparable to metabolic chamber studies. In contrast, short-term changes in

appetite control cannot be examined reliable with this approach since body weight in the
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short-term fluctuates unrelated to changes in energy stores because of changes in
hydration and gastrointestinal tract content (Hall et al., 2012). In addition, devices for
measurement of body compaosition may not be able to detect such small changes in body
composition thus the minimal detectable change (MDC) of a certain method must be
taken into account. Air-displacement plethysmography was used in the orange juice trial
(Chapter Il) to measure changes in body composition before and after two weeks of
intervention. Since participants should maintain their usual eating and activity habits only
minor changes in body composition were expected. Therefore, it was important to reduce
the minimal detectable change of air-displacement plethysmography to be able to reliably
detect those minor changes. The minimal detectable change is equal to the smallest real
change, i.e. the amount by which the fat mass of a subject needs to change to be sure
that the change is greater than the measurement error (Bosy-Westphal & Muller, 2014).
It can be interpreted as the magnitude of change below which there is more than 95%
chance that no real change has occurred and is calculated as MDCos = 1.96 x Yz X SEM
with z, the number of repeated measurements conducted and with SEM, the standard
error of the mean between the repeated measurements (Bacon & Aphramor, 2011). To
improve the precision of air-displacement plethysmography all measurements were
conducted in duplicate leading to a reduced minimal detectable change of 0.53 kg fat
mass compared to 0.72 kg fat mass with single within day measurements (calculated
with data of an in-house repeated measurement study). Thus, also small changes of only
0.53 kg in fat mass after two weeks of orange juice consumption could be reliably

assessed in the present study (Chapter II).
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Summary

Summary

Over the last decades, consumption of liquid calories as sugar containing beverages like
fruit juices, soft drinks and sweetened coffees increased and became a major risk factor
for weight gain. The aim of the first study was to investigate if orange juice consumption
together with meals improves energy balance compared to juice consumption in-
between meals. The impact of consuming 20% of individual daily energy requirement as
orange juice with or in-between three meals per day on weight gain and body
composition was therefore investigated in a 2 x 2-week crossover intervention under
free-living conditions in 26 healthy adults. Despite the same energy intake in both
interventions only the consumption of orange juice in-between meals resulted in a gain
in fat mass. This discrepancy seems to be explained by a lack in compensation of energy
intake at the following meal when orange juice is consumed in-between meals compared
to juice consumption with meals. In conclusion, consumption of liquid calories in-between
meals is a risk factor for weight gain and thus snacking should be avoided. In contrast,
consumption of sugar containing beverages together with only three meals per day was
able to prevent weight gain.

Beyond liquid calories, a low energy turnover may also be a risk factor for weight gain.
In line with this hypothesis it was proposed that weight control is improved when physical
activity and energy intake are both high (high energy turnover) but not with sedentary
behavior. In a second study, the acute impact of energy turnover on appetite control was
therefore investigated in 16 healthy adults under strictly controlled conditions in a
metabolic chamber at different levels of energy balance. Three levels of 24h energy
turnover (low PAL 1.31; medium PAL 1.55; high PAL 1.76) were compared in a
randomized crossover intervention each under ad libitum energy intake, zero energy
balance, caloric restriction (-25%) and overfeeding (+25%). Different levels of energy
turnover were achieved by varying durations of low intensity physical activity on a
treadmill (low O min; medium 3 x 55 min; high 3 x 110 min). Independent from energy
balance, appetite control was improved with high energy turnover as shown by lower
ghrelin and higher GLP-1 concentrations, correspondingly reduced hunger and desire to

eat and an equal energy balance during ad libitum energy intake. Thus, inactivity is a
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Summary

risk factor for weight gain and low intensity physical activity can be sufficient to maintain
energy balance as long as a physical activity level of 1.76 is reached. Accordingly, the
beneficial effect of physical activity on energy balance is not solely explained by burning
up more calories but also by an improved appetite control resulting in an energy intake

closely matching energy expenditure.
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Zusammenfassung

Zusammenfassung

Der Verzehr kalorienhaltiger Getranke wie Fruchtsaft, Limonade und gesufte
Kaffeegetranke hat in den letzten Jahrzehnten zugenommen und ist zu einem
Hauptrisikofaktor fir Gewichtszunahme geworden. Ziel der ersten Studie war es zu
untersuchen, ob der Verzehr von Orangensaft zusammen mit der Mabhlzeit die
Energiebilanz im Vergleich zum Verzehr zwischen den Mahlzeiten verbessert. Hierfur
wurde in einer 2 x 2-Wochen Crossover-Studie bei 26 gesunden Erwachsenen der
Einfluss von 20% des individuellen Tagesenergiebedarfs in Form von Orangensaft
zusammen mit oder zwischen drei Mahlzeiten pro Tag auf die Gewichtszunahme und
Korperzusammensetzung untersucht. Trotz der gleichen Energieaufnahme in Form von
Orangensatft in beiden Interventionen fihrte nur der Verzehr zwischen den Mahlzeiten zu
einer Zunahme an Korperfettmasse. Urséachlich fir diese Diskrepanz kénnte eine
fehlende Kompensation der Energieaufnahme in der Folgemahlzeit bei Konsum von
Orangensaft zwischen den Mahlzeiten sein. Zusammenfassend ist der Verzehr von
kalorienhaltigen Getrdnken zwischen den Mabhlzeiten ein Risikofaktor fir
Gewichtszunahme und Snacking sollte daher vermieden werden. Im Gegensatz dazu
konnte eine Gewichtszunahme durch den Verzehr von zuckerhaltigen Getranken
zusammen mit nur drei Mahlzeiten am Tag verhindert werden.

Neben kalorienhaltigen Getranken konnte auch ein niedriger Energieumsatz ein
Risikofaktor flr eine Gewichtszunahme sein. Diese Hypothese besagt, dass die
Gewichtskontrolle verbessert ist, wenn korperliche Aktivitat und Energieaufnahme beide
hoch sind (hoher Energieumsatz). In einer zweiten Studie wurde daher der Einfluss von
kurzfristigen Veranderungen des Energieumsatzes auf die Appetitkontrolle bei 16
gesunden Erwachsenen unter streng kontrollierten Bedingungen in einem
Stoffwechselraum wéhrend verschiedener Energiebilanzen untersucht. Jeweils drei
Tage mit unterschiedlichem Energieumsatz (niedrig PAL 1,31; mittel PAL 1,55; hoch PAL
1,76) wurden in einer randomisierten Intervention im Crossover-Design unter ad libitum
Energieaufnahme, ausgeglichener Energiebilanz, Kalorienrestriktion (-25%) und
Uberernahrung (+25%) untersucht. Die verschiedenen Energieumsétze wurden durch

eine unterschiedliche Dauer von korperlicher Aktivitat auf einem Laufband (niedrig O min;
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Zusammenfassung

mittel 3 x 55 min; hoch 3 x 110 min) bei niedriger Intensitat erreicht. Tatsachlich konnte
gezeigt werden, dass die Appetitkontrolle bei hohem Energieumsatz unabhangig von der
Energiebilanz verbessert war. Dies wurde durch geringere Ghrelin- und hohere GLP-1-
Spiegel, geringeren Hunger und Appetit und eine ausgeglichene Energiebilanz bei ad
libitum Energieaufnahme wahrend eines hohen Energieumsatzes gezeigt. Folglich kann
korperliche Aktivitat mit niedriger Intensitat ausreichend sein, um eine ausgeglichene
Energiebilanz aufrecht zu erhalten solange ein Physical Activity Level von 1,76 erreicht
wird. Demnach ist der vorteilhafte Effekt von korperlicher Aktivitat auf die Energiebilanz
nicht allein durch den erhéhten Energieverbrauch zu erklaren, sondern auch durch eine

bessere Anpassung des Appetits an einen hdheren Energiebedarf.
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Probandenaufklarung zur Orangensaftstudie | Version: 1.2 | Stand: 19.04.2016

Schriftliche Einwilligungserklarung

Hiermit erklare ich mich bereit, an der oben genannten Studie teilzunehmen. Ich bin lber Zweck,
Ziele und Durchflihrung der Studie informiert und aufgekldrt worden und habe sie verstanden.
Darliber hinaus hatte ich Gelegenheit, Fragen zum Verstandnis und zur Durchflihrung zu stellen,
welche zufriedenstellend beantwortet wurden. Diese Einwilligung ist freiwillig und kann von mir
jederzeit ohne die Angabe von Griinden formlos widerrufen werden ohne, dass mir daraus Nachteile
entstehen. Eine Kopie des Informationsblattes habe ich erhalten.

Mir wurde versichert, dass die Vorschriften (iber die arztliche Schweigepflicht und den Datenschutz
im Rahmen dieser Studie eingehalten werden und dass nur pseudonymisierte (=verschlisselte)
Datenbdgen ohne Namensnennung weitergegeben werden. Mir wurde erkldrt, dass mein Name
dabei durch einen Zifferncode, ohne Angabe von Initialen oder Geburtsdaten, ersetzt wird und
lediglich der Studienkoordinator und der Studienleiter Zugriff auf die Referenzliste haben, die die
erhobenen Daten einer Person zuordnet.

Ich bin mit der beschriebenen Datenerhebung, -verarbeitung und —weitergabe einverstanden. Mir
wurde versichert, das Dritte keinen Einblick in Originalunterlagen erhalten

Name des Teilnehmers (Druckbuchstaben) Unterschrift des Teilnehmers

Datum, Ort

Studienkoordinator/Studienpersonal

Ich habe dem/der oben genannten Teilnehmer/-in die durchzufiihrende Studie im Detail
erklart und alle aufkommenden Fragen zu seiner/ihrer Zufriedenheit erklért. Eine Kopie der
Probandeninformation sowie der Einwilligungserklarung wurden dem/der Teilnehmer/-in
ausgehandigt.

Prof. Dr. Anja Bosy-Westphal

Name des aufkldrenden Arztes Unterschrift der aufkldrenden Person des Studienpersonals

Datum, Ort
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declaration from each of the authors regarding the part of the work done by the doctoral
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1. Doctoral candidate
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B. Has made a substantial contribution (34-66%)

C. Did the majority of the work independently (67-100%)

3. Declaration on the individual phases of the scientific work (A,B,C) Extent

Concept: Formulation of the basic scientific problem based on theoretical A
questions which require clarification, including a summery of the general

questions which, it is assumed, will be answerable via analyses or concrete
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Planning: Planning of experiments/analyses and formulation of investigative B
methodology, including choice of method and independent methodological
development, in such a way that the scientific questions asked can be expected
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Ziele und Durchflihrung der Studie informiert und aufgeklart worden und habe sie verstanden.
Darliber hinaus hatte ich Gelegenheit, Fragen zum Verstandnis und zur Durchfiihrung zu stellen,
welche zufriedenstellend beantwortet wurden. Diese Einwilligung ist freiwillig und kann von mir
jederzeit ohne die Angabe von Griinden formlos widerrufen werden ohne, dass mir daraus Nachteile
entstehen. Eine Kopie des Informationsblattes habe ich erhalten.

Mir wurde versichert, dass die Vorschriften iiber die drztliche Schweigepflicht und den Datenschutz
im Rahmen dieser Studie eingehalten werden und dass nur pseudonymisierte (=verschliisselte)
Datenbégen und Blutproben ohne Namensnennung weitergegeben werden. Mir wurde erklért,
dass mein Name dabei durch einen Nummern- und Buchstabencode, ohne Angabe von Initialen
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Ich bin mit der beschriebenen Datenerhebung, -verarbeitung und -weitergabe einverstanden. Mir
wurde versichert, das Dritte keinen Einblick in Originalunterlagen erhalten.

Name des Teilnehmers (Druckbuchstaben) Unterschrift des Teilnehmers

Datum, Ort

Studienkoordinator/Studienpersonal

Ich habe dem/der oben genannten Teilnehmer/-in die durchzufiihrende Studie im Detail
erkldrt und alle aufkommenden Fragen zu seiner/ihrer Zufriedenheit erklart. Eine Kopie der
Probandeninformation sowie der Einwilligungserklarung wurden dem/der Teilnehmer/-in
ausgehandigt.
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Datum, Ort
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