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ABSTRACT 25 

Background: Our previous work has shown that oral supplementation with inulin propionate 26 

ester (IPE) reduces intra-abdominal fat and prevents weight gain and that oral propionate 27 

intake enhances resting fat oxidation. The effects of IPE combined with exercise training on 28 

energy substrate utilisation are unknown. The aim of this study was to investigate the impact 29 

of 4-weeks IPE supplementation, in combination with a moderate intensity exercise training 30 

programme, on whole body fat oxidation and on plasma GLP-1 and PYY.  31 

Methods: Twenty overweight healthy women participated in randomised parallel study and 32 

underwent 4 weeks of supervised exercise training either with IPE (EX/IPE group) or Placebo 33 

(EX/Placebo group) supplementation. Before and after the intervention participants conducted 34 

an experimental trial, which involved collection of expired gas and blood samples in the fasted 35 

state and during 7 hours of the postprandial state.  36 

Results:  Within groups, the EX/IPE group significantly enhanced the amount of fat (Pre, 24.1 37 

± 1.2 g; Post, 35.9 ± 4.0 g, P< 0.05) oxidised and reduced CHO (Pre,77.8  ± 6.0  g; Post, 57.8 38 

± 7.7 g,  P< 0.05) oxidised,  reduced body weight (Pre, 77.3 ± 4.2 kg; Post, 76.6 ± 4.1 kg, P< 39 

0.05) and body fat mass (Pre, 37.7 ± 1.9 %; Post, 36.9 ± 1.9 %, P< 0.05). In EX/Placebo group,  40 

changes in amount of fat (Pre, 36.8 ± 3.9 g; Post, 37.0 ± 4.0 g) and CHO  (Pre, 62.7 ± 6.5g; 41 

Post, 61.5 ±7.4 g) oxidized, body weight (Pre, 84.2 ± 4.3 kg; Post, 83.6 ± 4.3 kg) and body fat 42 

mass (Pre, 40.1 ± 1.9 %; Post, 38.7 ± 1.5 %) were not significant. Comparing between groups, 43 

change in the amount of fat oxidised was significantly (P<0.05) higher for EX/IPE compared 44 

with EX/Placebo and there was a trend for difference for amount of CHO oxidised (P=0.06) 45 

and RER (P=0.06). Energy expended was not significantly different (P>0.05). The 46 

interventions had no impact on fasting or postprandial plasma concentrations of GLP-1 and 47 

PYY.  48 
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Conclusion: Moderate intensity exercise training programmes when combined with daily oral 49 

IPE supplementation may help overweight women to achieve increase in fat oxidation. 50 

 51 

The study was registered at clinicaltrials.gov as NCT04016350. 52 

 53 
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1. Introduction 74 

Increasing exercise is important in obesity reduction strategies, inducing negative energy 75 

balance driven by increasing energy expenditure [1]. However, the effectiveness of exercise 76 

induced weight loss in the absence of caloric restriction remains controversial and is highly 77 

individual [2-5]. In healthy overweight women, who participated in 7 week-endurance-type 78 

exercise programme and achieved variable changes in fat mass and fat oxidation, energy 79 

expenditure and the change in resting fat oxidation were the only statistically significant 80 

independent predictors of change in fat mass [6]. This suggests that strategies maximizing 81 

resting fat oxidation may enhance body fat mass loss alongside exercise in overweight and 82 

obese individuals.   83 

The short chain fatty acid (SCFA) propionate, produced through fermentation of dietary 84 

fibre by the gut microbiota, has a range of metabolic benefits [7]. Previous work has reported 85 

that that a single dose of oral sodium propionate increased both resting energy expenditure and 86 

resting fat oxidation in humans [8]. These findings are in line with a recent report that rectal 87 

SCFA infusion, high in propionate, increases resting energy expenditure and fat oxidation in 88 

overweight men [9]. Together, these data suggest that increasing propionate production in the 89 

gut may be useful in an overall weight management strategy. We developed inulin propionate 90 

ester (IPE) to target delivery of propionate to the colon, mimicking high-fibre dietary intake 91 

using a modest supplement dose [10].  92 

Thus, the main aim of this study was to investigate the impact of daily IPE supplementation 93 

combined with 4-week exercise training programme on whole-body fat oxidation and body fat 94 

change in overweight women.  Since our previous study [10] reported that acute ingestion of 95 

10 g IPE significantly increased postprandial plasma PYY and GLP-1, and that this effect on 96 

the incretin response was lost following long-term (24-week) supplementation, this study also 97 

investigated the postprandial anorexigenic gut hormones response. 98 
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2. Participants and Methods 99 

This single blinded randomised parallel study was conducted on healthy overweight females 100 

with BMI >25 kg/m2 and 25-45 years of age. Study participants underwent 4 week supervised 101 

moderate intensity exercise training combined either with IPE (EX/IPE) or cellulose as placebo 102 

(EX/Placebo) supplementation. Before and at the end of the 4-week intervention, participants 103 

underwent body weight and body composition measurements, conducted a submaximal 104 

exercise test and a 7-hour experimental trial, which involved collection of expired air and blood 105 

samples in fasted and postprandial states. Detailed description of the participants, study design 106 

and methods are available in the online-only Supplementary Material.  107 

 108 

3. Results 109 

3.1. Changes in body weight and body fatness  110 

Physical characteristics of the participants measured before and after 4-week interventions are 111 

presented in Supplementary Table 1. Participants of the EX/Placebo group (n=11) exercised 112 

at a HR of 146 ± 4 beat·min-1, which corresponded to 61 ± 1 % of the predicted maximal 113 

oxygen consumption and the participants of the EX/IPE (n=9) group exercised at a HR of 142 114 

± 5 beat·min-1, which corresponded to 60 ± 2% of the predicted maximal oxygen consumption. 115 

The total energy expenditure of the exercise programmes was not significantly different 116 

between groups (EX/Placebo, 5768 ± 412; EX/IPE, 5469 ± 390 kcal) and body weight loss of 117 

0.77 ± 0.16 kg and 0.74 ± 0.17 kg was expected in EX/Placebo and EX/IPE groups, 118 

respectively. In the EX/Placebo group, the 4-week exercise programme had no effect (P>0.05) 119 

on mean body weight, BMI, body fat mass and body fat percentage whereas in the EX/IPE 120 

group post-intervention body weight, BMI, body fat mass and body fat percentage were 121 

significantly (P<0.05) lower in comparison to the pre-intervention values The differences 122 
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between body weight and body fat changes in EX/Placebo and EX/IPE groups were not 123 

significant but in the EX/IPE group responses were less variable. 124 

3.2. Fat and CHO oxidation during 7-hour trials 125 

In EX/Placebo group, four weeks of intervention had no significant impact on fat and CHO 126 

oxidation rates while in the EX/IPE group difference in pre- and post-intervention rate of fat 127 

oxidation was significant (P<0.05, two-way ANOVA, trial effect) (Figure 1). In the 128 

EX/Placebo group, the intervention had no impact on total amount of fat and CHO oxidised 129 

while in the EX/IPE group intervention increased the amount of fat (P<0.05) and reduced the 130 

amount of CHO (P<0.05) oxidized (Table 1). Comparing between groups, changes in the 131 

amount of fat oxidised were significantly (P<0.05) different and a trend for difference was 132 

observed for amount of CHO oxidised (P=0.06) and RER (P=0.06). Energy expended was not 133 

significantly different (P>0.05) (Table 1).  134 

3.3 Appetite-related gut hormones  135 

In both, the EX/Placebo and EX/IPE groups, four weeks of intervention had no significant 136 

effect on plasma concentrations of plasma GLP-1 and PYY (P>0.05, two-way ANOVA, trial 137 

effects). Comparing between groups, changes in time-averaged areas under the responses of 138 

PYY or GLP-1 versus time curves were not statistically different (Supplementary Table 2). In 139 

EX/IPE group, time averaged areas under the curve of GLP-1 measured during both, pre-140 

intervention and post-intervention trials, were significantly (P<0.05, unpaired t-test) higher 141 

than in EX/Placebo group while pre-intervention and post-intervention concentrations of PYY 142 

were not different between EX/IPE and Ex/Placebo groups (Supplementary Table 2).  143 

4. Discussion 144 

This first-in-human study demonstrates that IPE supplementation leads to increased resting 145 

whole-body fat oxidation in the postprandial state when combined with moderate intensity 4-146 
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week exercise programme in overweight women. We found that the change in the amount of 147 

fat oxidised during seven hours of the experimental trial was significantly higher in the IPE 148 

than Placebo group and the difference in the change in fat oxidations between groups 149 

consisted of approximately 10 grams. Thus, the beneficial effects observed on fat oxidation 150 

with single dose propionate oral consumption [8] translate into other physiological states, 151 

including during exercise training. As in some other studies [11,12] resting fat oxidation was 152 

not affected by four weeks exercise training combined with placebo. Thus, enhanced fat 153 

oxidation seen in IPE group most likely relates to daily intake of IPE rather than to 154 

participation in the exercise programme. We note that fat oxidation measurements were 155 

conducted at least 18 hours after intake of the last IPE dose. Thus, supplementation with IPE 156 

had a long-term rather than acute effect on resting fat oxidation.  157 

As in majority of exercise training studies without dietary restriction [13], predicted 158 

body weight loss was modest and not clinically significant (≤5% weight loss). In the control 159 

group intervention had no significant effect on mean body weight and body fatness and as in 160 

other studies [4-6, 14] the responsiveness to exercise training was also variable. The IPE 161 

group achieved a significant reduction in body weight and body fatness and changes were 162 

less variable than in the control group. Taking into consideration that in the control group, 163 

changes in fat oxidation were found only in some participants and that in IPE group fat 164 

oxidation was enhanced in all participants, our data support the hypothesis that increase in fat 165 

oxidation during exercise programmes is important for achieving improvements in body 166 

weight and body fat. Further work is required to assess if the effects on body mass and 167 

composition over longer duration persist with IPE in well-designed randomised controlled 168 

trials. 169 

We also found that IPE supplementation during exercise programme  had no impact on plasma 170 

concentrations of GLP-1 and PYY. This observation is novel and important and suggests that 171 
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GLP-1 and PYY response to IPE is attenuated within 4 weeks and thus persists much shorter 172 

than we previously reported in a 24-week intervention study [10]. However, as with fat 173 

oxidation measurements, collection of blood for hormone measurements occurred 18-24 hours 174 

after intake of the last IPE dose and thus acute elevation GLP-1 and PYY after IPE cannot be 175 

ruled out. The finding that concentrations of GLP-1 and PYY were not modified by exercise 176 

intervention alone is consistent with findings from other similar studies [5,15].  177 

This study has limitations. Data obtained in this study do not allow to establish 178 

causality between IPE induced change in fat oxidation and change in body fatness. This 179 

should be investigated by future studies which include measurements of behavioural 180 

compensatory variables such as changes in energy intake and energy expenditure of physical 181 

activity outside exercise sessions, known to contribute to the responsiveness to exercise 182 

training programmes [16-18]. It is possible that increasing the number of participants could 183 

lead to significant changes in GLP-1 and PYY concentrations in IPE group and differences 184 

between post- and pre-intervention CHO oxidation were seen at additional time points. We 185 

note that this was a preliminary study and we had no way to formally calculate a sample size 186 

for study outcomes. Thus, with the data from the present study, further appropriately 187 

powered, randomised controlled trials to investigate the longer-term effects of IPE on body 188 

weight in both men and women alongside prescribed exercise interventions are warranted. 189 

Considering appetite regulating hormones beyond GLP-1 and PYY [19] will also be 190 

important in future studies.  191 

In conclusion, this study demonstrates that adding IPE to moderate intensity exercise 192 

programmes, applied to overweight women, achieves an increase in whole-body resting fat 193 

oxidation.  194 

 195 
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Figure Legends 280 

 281 

Figure 1. Rate of fat and carbohydrate (CHO) oxidation, and energy expenditure (EE) 282 

in the fasted state (0h) and during post-breakfast (0-180min) and post-lunch (180-420 283 

min), measured   before (Week 0) and after 4-week exercise intervention (Week 4) 284 

combined with Placebo (Ex/Placebo group, n=11) and Inulin Propionate Ester 285 

(Ex/IPE group, n = 9) supplementation. Values are means ± SEs.*Significant 286 

(P<0.05) difference at corresponding time points. 287 
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