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Studies have shown that women are slightly better at burning fat than men. In this
graph fat oxidation is expressed per kg fat free mass. Differences are very small and it is
guestionable whether this has any physiological significance. (ajeukendrup)
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Figure 1: Exercise intensity
and fat oxidation
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Exercise intensity (expressed as %HRmax and %V0,max) and fat
oxidation. Fat oxidation increases from low to moderate exercise
intensities, peaks at Fatmax, and decreases as the exercise intensity
increases further. The grey area represents the Fatzone: a range of
exercise intensities where fat oxidation is high.
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From Exercise and Sport Sciences Reviews

Physical Activity and Hormonal Regulation of
Appetite: Sex Differences and Weight Control

ToddA. Hagobian; Barry Braun
Posted: 01/25/2010; Exerc Sport Sci Rev. 2010;38(1):25-30. © 2010

Abstract and Introduction

Abstract

Physical activity is an important contributor to regulation of energy balance and body
composition. In this article, we separate the impact of exercise from the confounding influence of
energy imbalance and highlight sex differences in hormonal and appetite responses to physical
activity. The evolving story may influence our thinking regarding the use of physical activity to
manage body composition.
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Impact of Different Training Modalities on
Anthropometric and Metabolic Characteristics in
Overweight/Obese Subjects: A Systematic Review and
Network Meta-Analysis

Lukas Schwingshackl ", Sofia Dias?, Barbara Strasser’, Georg Hoffmann'

1 Department of Nutstiona Scenoes, Faouby of e Soenoes, Uiniversty of Viennz, Viemna, fasiis, 2 School of Social and Community Medicine, Linrsersity of Breshol,
Sectal, Unresd Eingdom, 3 instriuie of Mutstiona Soenaoess and Physiolo gy, Uniee sty for Healith Soenoes, Medical informatics and Tedhnobogy, Hall @ Teol, Acustrs

Abstract

Background: The aim of this systematic review of randomized controlled trials was to compare the effects of asrobic
training (AETL resistance training (RT), and combined asrobic and resistance training £T) on anthropometric parame ters,
blood lipids, and cardiorespiratory fithess in overweight and obese subjects.

Meathods: Electronic searches for randomized controlled trials were performed in MEDLINE, EMBASE and the Cochrane Trial
Register. Inclusion oiteria were: Body Mass Index: =25 kgfrrrl, 19+ years of age. supervised ewercise training., and a
minimum intervention period of & weeks. Anthropometric ocutcomes, blood lipids. and @rdiorespiratory fithess parameters
were included Pooled effects were calkulated by inverse-variance random effect pairwise meta-analyses and Bayesian
random effects network meta-analrses

Findings: 15 trials enmolling 741 participants were included in the meta-amnalysis. Compared to RT, AET mesulted in a
significantly more pronounced reduction of body weight [mean differences (MD): -1.15% kg, p=004], waist droumference
[MID: =190 o, p=0.004], and fat mass [Mx -1.15 kg, p=0.001] respectively. T was more effective than AET in improving
lean body mass [MD: 1.26 kg, p<<0.00001]. When comparing CT with RT, MDD in change of body weight [MD: -2.03 kg
P2 LDO01], waist droumference [MD: <157 om, p= 00002, and fat mass [MD: - 1.88 kg p<-0.00001] were all in favor of CT.
Results from the network meta-analyses confirmed these findings.

Condusign: Evidence from both pairwise and network meta-analyses suggests that CT is the most efficicious means to
reduce anthropometric outcomes and should be recommended in the prevention and treatment of ht, and obesity
whenevelr possible.

i tati e Schraangshadd L, Dizs £ Srasser 8, Hofmann & 2013 impac of Different Tesning Modelites an Anthropometsc and Metbolic Charscters Bos 0
Owerassight/These Subjeds A Sysiematic Review and Metaork Metz-fnalyss PLaS OME 8012 82853 doicl00 137 Spousn 2l paon = 008 2853

Ediitor: Coned P Easnest, Unseroty of Bath, United Kingdom
Received Apsl 19, 3013 sccepted Ooober 29, 2013 Published Deosmber 17, 2013

Cospryright: © 2012 Schraingshackd et 2l This is an openr-aoress articles dswibuiesd under the fems of the Oreatve Comimaon s AtibuBon Lkoen se, whhich penmits
un eestriched us e, dishribuson, and sepedudion n any mediom, povded the ongna sathor and sowrae are cesdiried.

Fundiineg: The aathos haee no support ar fundeng o repot.
Cooom et neg Invber estsz The authors hase dechred that no competing Evherests exst
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Fig 1. Fat oxidation v exercise intensity, expressed as a percent-
age of maximal oxygen uptake (Vo.max) during cycle-ergometer-—
based and treadmill-based protocol. Values are mean = SEM; n = 12.
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Fig 2. Average fat oxidation rates during cycle-ergometer and
treadmill test at intensities between 50% and B0% of the maximal
oxygen uptake (Vo.max). Values are mean = SEM; n = 12; *signifi-
cantly different from cycle-ergometer test.

Juul Achten, Michelle C Venables, Asker E Jeukendrup, Fat oxidation rates are higher during running compared with cycling over a wide

range of intensities, Metabolism,52(6), 2003, 747-752.
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Effect of exercise training intensity on abdominal visceral fat and body composition

Brian A. Irving, et al. Department of Human Services, University of Virginia, Charlottesville, Virginia 22908. Med Sci Sports Exerc. 2008 November ; 40(11): 1863—-1872.
Abstract

The metabolic syndrome is a complex clustering of metabolic defects associated with physical inactivity,
abdominal adiposity, and aging. Purpose—To examine the effects of exercise training intensity on abdominal
visceral fat (AVF) and body composition in obese women with the metabolic syndrome. Methods—Twenty-
seven middle-aged, obese women (mean * SD; age: 51 + 9 years and body mass index: 34 + 6 kg/m2) with
the metabolic syndrome completed one-of-three 16-week aerobic exercise interventions: (i) No Exercise
Training (Control): Seven participants maintained their existing levels of physical activity, (ii) Low-Intensity
Exercise Training (LIET): eleven participants exercised 5 days - week-1 at an intensity < lactate threshold (LT)
(iii) High-Intensity Exercise Training (HIET): nine participants exercised 3 days - week-1 at an intensity > LT and
2 days -week-1 < LT. Exercise time was adjusted to maintain caloric expenditure (400 kcal-session-1). Single-
slice computed tomography scans obtained at the L4-L5 disc-space and mid-thigh were used to determine
abdominal fat and thigh muscle cross-sectional areas. Percent body fat was assessed by air displacement
plethysmography. Results—HIET significantly reduced total abdominal fat (p<0.001), abdominal
subcutaneous fat (p=0.034) and AVF (p=0.010). There were no significant changes observed in any of these
parameters within the Control or LIET conditions. Conclusions—The present data indicate that body
composition changes are affected by intensity of exercise training with HIET more effective for reducing total
abdominal fat, subcutaneous abdominal fat and AVF in obese women with the metabolic syndrome.
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The effect of abdominal exercise on abdominal fat.

J Strength Cond Res. 2011 Sep;25(9):2559-64. Vispute SS?, Smith JD, LeCheminant JD, Hurley KS. 'Department of Kinesiology & Health Education, Southern
[llinois University Edwardsville, Edwardsville, Illinois, USA. svispute@uic.edu

Abstract

The purpose of this study was to investigate the effect of abdominal exercises on
abdominal fat. Twenty-four healthy, sedentary participants (14 men and 10
women), between 18 and 40 years, were randomly assigned to 1 of the following
2 groups: control group (CG) or abdominal exercise group (AG).
Anthropometrics, body composition, and abdominal muscular endurance were
tested before and after training. The AG performed 7 abdominal exercises, for 2
sets of 10 repetitions, on 5 d-wk(-1) for 6 weeks. The CG received no
intervention, and all participants maintained an isocaloric diet throughout the
study. Significance was set at p = 0.05 for all tests. There was no significant effect
of abdominal exercises on body weight, body fat percentage, android fat
percentage, android fat, abdominal circumference, abdominal skinfold and
suprailiac skinfold measurements. The AG performed significantly greater
amount of curI-uE repetitions (47 + 13) compared to the CG (32 + 9) on the
posttest. Six weeks of abdominal exercise training alone was not sufficient to
reduce abdominal subcutaneous fat and other measures of body composition.
Nevertheless, abdominal exercise training significantly improved muscular
endurance to a greater extent than the CG.



http://www.ncbi.nlm.nih.gov/pubmed/21804427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vispute%20SS%5bAuthor%5d&cauthor=true&cauthor_uid=21804427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vispute%20SS%5bAuthor%5d&cauthor=true&cauthor_uid=21804427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20JD%5bAuthor%5d&cauthor=true&cauthor_uid=21804427
http://www.ncbi.nlm.nih.gov/pubmed/?term=LeCheminant%20JD%5bAuthor%5d&cauthor=true&cauthor_uid=21804427
http://www.ncbi.nlm.nih.gov/pubmed/?term=LeCheminant%20JD%5bAuthor%5d&cauthor=true&cauthor_uid=21804427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hurley%20KS%5bAuthor%5d&cauthor=true&cauthor_uid=21804427
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Environment

It is known that exercise in a hot environment will increase glycogen
use and reduce fat oxidation, and something similar can be observed at

high altitude.

Similarly, when it is extremely cold, and especially when shivering,
carbohydrate metabolism appears to be stimulated at the expense of
fat metabolism.
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Effect of ambient temperature on fat oxidation during an incremental cycling exercise test

CARLOS RUIZ-MORENO1, JORGE GUTIERREZ-HELLIN2, JAIME GONZALEZ-GARCIA 1, VERONICA GIRALDEZ-COSTAS 1, DIEGO
BRITO DE SOUZA1, & JUAN DEL COSO 3

Abstract

Aim: The objective of this current research was to compare fat oxidation rates during an incremental cycling exercise test in a
temperate vs. hot environment. Methods: Twelve healthy young participants were recruited for a randomized crossover
experimental design. Each participant performed a VO2max test in a thermoneutral environment followed by two cycling
ramp test trials, one in a temperate environment (18.3°C) and another in a hot environment (36.3°C). The ramp test consisted
of 3-min stages of increasing intensity (+10% of VO2max) while gas exchange, heart rate and perceived exertion were
measured. Results: During exercise, there was a main effect of the environment temperature on fat oxidation rate (F =9.35, P
= 0.014). The rate of fat oxidation was lower in the heat at 30% VO2max (0.42 + 0.15 vs.0.37 + 0.13 g/min; P = 0.042), 60%
VO2max (0.37 + 0.27 vs.0.23 + 0.23 g/min; P = 0.018) and 70% VO2max (0.22 + 0.26 vs.0.12 + 0.26 g/min; P = 0.007). In
addition, there was a tendency for a lower maximal fat oxidation rate in the heat (0.55 + 0.2 vs.0.48 + 0.2 g/min; P = 0.052)
and it occurred at a lower exercise intensity (44 + 14 vs.38% * 8% VO2max; P = 0.004). The total amount of fat oxidised was
lower in the heat (5.8 + 2.6 vs 4.6 + 2.8 g; P = 0.002). The ambient temperature also produced main effects on heart rate (F =
15.18, P = 0.005) and tympanic temperature (F = 25.23, P = 0.001) with no effect on energy expenditure (F = 0.01, P = 0.945).
Conclusion: A hot environment notably reduced fat oxidation rates during a ramp exercise test. Exercising in the heat should
not be recommended for those individuals seeking to increase fat oxidation during exercise.

Keywords: Adiposity, indirect calorimetry, body temperature, substrate oxidation, body fat loss

European Journal of Sport Science, 2021 Vol. 21, No. 8, 1140-1147
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FIGURE 1 Mean (£SE) results showing the effect of exercise in the heat (HEAT),
the effect of exercise in a neutral environmental temperature (NEUT), or a resting
control (CON) on (A) total energy intake and (B) relative energy intake in the
postexercise meal (n = 11). Values that do not share a common superscript letter
are significantly different, P < 0.05 (post hoc pairwise comparisons with Bonferroni
adjustment when the significant main effect of trial was indicated by repeated-
measures ANOVA).

Am J Clin Nutr, Volume 90, Issue 5, November 2009, Pages 1215-1221
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Cold-Water Effects on Energy Balance in Healthy
Women During Aqua-Cycling

Background: While the popularity of aquatic physical activities continues to grow among women, the
effects on energy expenditure (EE) and appetite control remain unknown. The objective of this study
was to examine the effect of water temperature during aqua-cycling session on EE, rate of perceived
exertion, energy intake, appetite sensations, and food reward in healthy premenopausal women.
Methods: Participants completed three experimental sessions, in the postprandial condition, in a
randomized order: a land control session (CON), an aqua-cycling session in 18 °C (EXO18), and an
aqua-cycling session in 27 °C (EXO27). The EE, food intake, appetite sensations, and food reward were
investigated for each condition. Results: EXO18 induced a significant increase in EE (p <.001) and
oxygen consumption (p <.01) compared with EXO27. The carbohydrate oxidation was higher in EXO18
session compared with EXO27 and CON (p <.05 and p <.001, respectively). While fat oxidation was
higher in exercise sessions compared with CONT (p <.01), no difference was observed between
EXO18 and EXO27. Exercise sessions did not alter absolute energy intake session but induced a
decrease in relative energy intake (p <.001) and in hunger, desire to eat, and prospective food
consumption compared with CON (p <.001). The authors also show here that cold-water exposure
can increase EE while rate of perceived exertion is lower at the end of exercise session compared with
same exercise at 27 °C (p <.05).Conclusion: An exposure to a moderately cold-water during aqua-
cycling is an efficient strategy to promote increased EE and decreased hunger, which may be effective
for energy balance management in healthy premenopausal women.

Lore Metz Laurie Isacco Kristine Beaulieu S. Nicole Fearnbach Bruno Pereira David
Thivel Martine Duclos International Journal of Sport Nutrition and Exercise
Metabolism. 2021 Volume 3l: Issue 3 |
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RESEARCH ARTICLE Open Access

Body composition changes associated with fasted
versus non-fasted aerobic exercise

Brad Jon Schoenfeld”, Alan Albert Aragon?, Colin D Wilborn®, James W Krieger* and Gul T Sonmez’

Abstract

It has been hypothesized that performing aerobic exercise after an ovemight fast accelerates the loss of body fat. The
purpose of this study was to irvestigate changes in fat mass and fat-free mass following four weeks of volume-equated
fasted versus fed aerobic exercise in young women adhering to a hypocaloric diet. Twenty healthy young female
volunteers were randomly assigned to 1 of 2 experimental groups: a fasted training (FASTED) group that performed
exercise after an ovemnight fast (n = 10) or a post-prandial training (FED) group that consumed a meal prior to exercise
(n = 10). Training consisted of 1 hour of steady-state aerobic exercise performed 3 days per week. Subjects were
provided with customized dietary plans designed to induce a caloric deficit. Nutritional counseling was provided
throughout the study period to help ensure dietary adherence and self-reported food intake was monitored on a
regular basis. A meal replacement shake was provided either immediately prior to exercise for the FED group or
immediately following exercise for the FASTED group, with this nutritional provision caried out under the supervision
r:;F a re:.eath aaamtant Br::th qroups 5hr::-.r-.r|:-d a mgmr”mnt loss r::F-.n.rc-lghr. (P= DDDDS]I and r’ar. Mmass [P 0! Dl}l Frr::m

that body composition Ehanges associated with aerobic exercise in conjunction with a hypﬂu:alr::rlt diet are similar
regardless whether or not an individual is fasted prior to training.
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Effects of aerobic exercise performed in fasted v. fed state on fat and carbohydrate metabolism in
adults: a systematic review and meta-analysis.

Vieira AF', Costa RR2, Macedo RCZ, Coconeelli L, Kruel LFZ.

+ Author information

Abstract

This study aimed to verify the effect of aerobic exercise performed in the fasted v. fed states on fat and carbohydrate metabolism in adults.
searches were conducted in March 2015, and updated in July 2016, using PubiMed®, Scopus and Cochrane databases (terms: 'fasting',
'exercise’, 'aerobic exercise’, 'substrate’, 'energy metabolism', 'fat’, 'glucose’, 'insulin’ and "adult’) and references from selected studies. Trials
that compared the metabolic effects of asrobic exercise (duration =120 min) performed in the fasted v. fed states in adults were accepted.
The outcomes evaluated were fat oxidation during exercise and the plasma concentrations of insulin, glucose and NEFA before and
immediately after exercise; two independent reviewers extracted the data (A. F. V. and L. C.). The results were presented as weighted mean
differences between treaiments, with 95 % CI. O 10 405 articles identified, tweniy-seven studies - with a fotal of 273 pariicipants - were
included. There was a significant increase in fat oxidation during exercise performed in the fasted, compared with fed, state (-3-08 g; 95 % CI
-2-36, -0-79; 1 2 39-1 %). The weighted mean difference of NEFA concentrations was not significantly different between states (0-00 mmol/;
95 % CI -0-07, 0-08; | 2 72-7 %). However, the weighted mean differences of glucose (0-78 mmol/l; 95 % CI 0-43, 1-14; 1 2 90-8 %) and
insulin concentrations (104-2 pmol/l; 93 % CI 70-8, 136-2; | 2 94-3 %) were significantly higher for exercise performed in the fed state. We
[cc-nclude that aerobic exercise performed in the fasted state induces higher fat oxidation than exercise performed in the fed state. ]

KEYWORDS: IMTG; inframuscular TAG; Energy metabolism; Exercise; Fasting; Reviews

PMID: 27609363 DO 10.1017/50007114516003160




Daniel Hackett and Amanda D. Hagstrom. Effect of Overnight Fasted Exercise on Weight Loss
and Body Composition: A Systematic Review and Meta-Analysis. J. Funct. Morphol. Kinesiol. 2017, 2, 43;

Practical Applications

Our review of a small number of studies does not support the use of fasted
exercise for weight loss and positive changes in body composition. Furthermore,
our findings also suggest there is no detrimental effect on body mass and body
composition with utilizing this practice.



Our review of a small number of studies does not support the use of fasted exercise for
weight loss and positive changes in body composition. Furthermore, our findings also
suggest there is no detrimental effect on body mass and body composition with utilizing
this practice. Future research studies on this topic should use interventions of larger
exercise volumes and durations to allow significant changes in weight loss and body
composition. Also, for future-fasted versus fed exercise studies, the dietary habits of
participants need to be well controlled. This could be achieved through prescribing
participants specific diets and monitoring their compliance at regular time points
throughout the intervention (e.g., three-day weighed food record or iPhone app).
Acutely, fasted exercise has been shown to increase fat oxidation and the subsequent use
of fatty acids as a fuel source, potentially inducing improvements in insulin sensitivity
which may have important implications for type 2 diabetes and insulin-resistant patients
[44]. Until further research on this topic is performed, it appears individuals can
participate in whichever form of exercise that they prefer in either fasted or fed states
when targeting improvements in body composition.

Daniel Hackett and Amanda D. Hagstrom. Effect of Overnight Fasted Exercise on Weight Loss and Body Composition: A Systematic Review and Meta-Analysis. Journal
of Functional Morphology and Kinesiology. 2017, 2, 43;
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Fat oxidation rates are on average 0.5 grams per min at the optimal exercise
intensity. So in order to oxidize 1 kg of fat mass, more than 33 hours of
exercise is required.



Dietary effects

A diet high in carbohydrate will suppress fat oxidation, and a diet low in
carbohydrate will result in high fat oxidation rates. Ingesting carbohydrate in
the hours before exercise will raise insulin and subsequently suppress fat
oxidation by up to 35%(5) or thereabouts. This effect of insulin on fat
oxidation may last as long as six to eight hours after a meal, and this means
that the highest fat oxidation rates can be achieved after an overnight fast.
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