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Abstract: This study investigated the effects of acute resistance exercise on appetite markers ratings. Ten healthy
male subjects participated voluntarily in the study and written informed consent was obtained from all subjects
before participation. Subjects undertook two, 1,5 h trials (exercise and control) in a randomized crossover design. In
the exercise trials subjects were performed three sets of 10 repetitions for each exercise (leg press, leg curl, chest
press, lat pull down, shoulder press, biceps curl, sit-up ) at 80% of 10RM and a 60-second rest interval between
exercises and a 2-minute rest interval between sets were provided. In the control trial, subjects rested for 1,5 h.
Ratings of subjective feelings of appetite markers were reported on 100 mm visual analogue scales (VAS) at
baseline (-20) and at 0, 20, 40, 60 and 90 mins after baseline. Visual analogue scales (VAS) were used to measure
the following appetite markers: (i) Hunger, (ii) Fullness, (iii) Desire to Eat and (iv) Prospective Food Consumption.
Repeated-measures, two factor ANOVA was used to examine differences between the two trials over time for
hunger change. Between-trial differences at each time point were examined using one-way ANOVA and Bonferroni
post hoc tests when significant interactions were found. Two-way ANOVAs revealed significant (P<0.05) trial
effects (P<0.05) and time (P<0.05) effects in all appetite markers except desire to eat marker. In conclusion, acute
resistance exercise increases appetite in healthy men.
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1. Introduction control exercise programs (Garber et al. 2011). On the
Energy balance is a metabolic condition that other hand, most of the researches on the effect of
occurs when total energy expenditure is equal to exercise on appetite are observed to test the effects of
energy intake, and under normal circumstances short acute resistance and sprint interval type cycling and
and long term energy balance is very well regulated. treadmill exercise protocols (cardiovascular) (Thivel
However, imbalance between energy intake and et al. 2012; Deighton et al. 2013;Hagobian et al. 2013;
expenditure observed in some people cause weight Williams et al. 2013; Alkahtani et al. 2014; Desgorces
gain and inevitably obesity. et al. 2014; Martins et al. 2014). However, resistance
Obesity has become widespread around the exercises are perceived as the key component of
world especially in developed and developing exercise suggestions for weight control (Donnelly et
countries due to physical inactivity caused by recently al. 2009), and community health (Haskell et al. 2007;
increasing technological developments and increasing Nelson et al. 2007), and therefore determining the
consumption of energy rich food (Przybylowicz et al. effect of resistance exercises on appetite is of utmost
2014; Gungor, 2014). importance. There are few researches that examine the
Exercise is a non-pharmacological method used effect of resistance exercises (muscle strengthening)
in bariatrics and body weight control programs in on appetite, and most of these are chronic studies
order to increase energy expenditure with or without (Guelfi et al. 2013). To the best of our knowledge,
food limitations for years. Recently, it was reported there are only two researches on the effect of acute
that exercise can also change appetite and food intake resistance exercise on appetite and the findings of
besides increasing energy expenditure, which directed which are contradictory (Broom et al. 2009; Laan et
the interests of the researchers of the subject field to al. 2010). Further researches with more controls on
appetite-exercise relation and many studies have been various experiment groups are required to reveal the
conducted on this subject (Thivel et al. 2012). effect of resistance exercises on appetite. Accordingly,
Endurance exercises and resistance exercises are the purpose of the study is to examine the effect of 60-
frequently used separately or together in weight minute acute resistance exercise on appetite.
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2. Material and Methods
Subjects
Ten healthy male subjects participated

voluntarily in the study and written informed consent
was obtained from all subjects before participation.
Subjects were excluded from participation in the study
if they had a history of a chronic disease (e.g. cancer,
heart disease, diabetes), uncontrolled hypertension or
taking blood pressure medication, any condition that
would alter one's metabolism (e.g. thyroid disease) or
ability to exercise (e.g. orthopedic limitations),
diagnosed psychological disorders (e.g. depression),
recent weight loss of greater than 5 kg. or low levels
of sleep (<6 h/night). The study was approved by the
ethical board of the Abant izzet Baysal University
School of Medicine Clinical Laboratory Research,
Bolu, TURKEY and it was performed in accordance
with the principles of the Declaration of Helsinki. The
characteristics of the subjects at baseline are shown in
Table 1.
Anthropometric measurements

Height was measured to the nearest 0.1 cm using
a Holtain fixed wall stadiometer. Body mass was
measured to the nearest 0.01 kg using a beam balance.
BMI was calculated as weight in kilograms divided by
the square of height in meters.Percentage body fat was
measured with the Tanita Body Composition
Analyzer.All body weight measurements were
obtained with subjects wearingshorts and a tee-shirt,
without shoes.
Weight-lifting tests

A 10-repetition maximum test was completed for
each of the 7 resistance exercises employed in the
study. The order in which each exercise was
performed was leg press, leg curl, chest press, lat pull
down, shoulder press, biceps curl, sit-up. On a
separate  visit, subjects undertook a 60-min
familiarization session in which they completed a full
weight-lifting session: three sets of 10 repetitions of 7
different weight-lifting exercises at 80% of 10
repetitions maximum.
Exercise and Control Trials

Subjects undertook two, 1,5 h trials (exercise and
control) in a randomized crossover design. In the
exercise trials subjects were performed three sets of 10
repetitions for each exercise (leg press, leg curl, chest
press, lat pull down, shoulder press, biceps curl, sit—
up) at 80% of 10RM and a 60-second rest interval
between exercises and a 2-minute rest interval
between sets were provided. In the control trial,
subjects rested for 1,5 h.
Appetite

Ratings of subjective feelings of appetite markers
in response to rest and exercise forms were
investigated using a randomized crossover design.
Ratings of subjective feelings of appetite markers
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were reported on 100 mm visual analogue scales
(VAS) at baseline (-20) and at 0, 20, 40, 60 and 90
mins after baseline. Visual analogue scales (VAS)
were used to measure the following appetite markers:
(i)Hunger, (i1) Fullness, (iii) Desire to Eat and (iv)
Prospective Food Consumption.Specifically,
participants were asked to provide subjective ratings
of their current state for the following appetite
markers: (i) Hunger — ‘How hungry do you feel at this
moment?’ (i) Fullness — ‘How full does your stomach
feel at this moment?’ (iii) Desire to Eat — ‘How strong
is your desire to eat at this moment?’ and (iv)
Prospective Food Consumption — ‘How much food do
you think you could eat at this moment?’
Statistical Analysis

Paired sample t-test were used to assess
differences between baseline values for each of these
variables on the control and exercises trials. Repeated-
measures, two factor ANOVA was used to examine
differences between the two trials over time for
hunger change. Between-trial differences at each time
point were examined using one-way ANOVA and
Bonferroni post hoc tests when significant interactions
were found. Mauchley’s test was conducted to
examine sphericity for the repeated measures analyses.
If the assumption of sphericity was violated, the
Greenhouse-Geisser adjustment was used to protect
against type I error. Statistical analysis was carried out
using SPSS version 17.0 (SPSS, Inc., Chicago, IL,
USA). Statistical significance was accepted at the 5%
level.

3. Results

Table 1. Descriptive characteristics of subjects at
baseline (mean+sd)

Age (yrs) 21.10+2.64
Height (cm) 176.20+5.00
Weight (kg) 70.31£7.19
BMI (kg/m”) 22.66+2.30
Body fat (%) 12.72+4.42
Hunger
Baseline fasting hunger did not differ

significantly (Paired sample t-test, P=0.292) between
trials (control 29.764+21.61 mm, exercise 38.65+18.55
mm). Two-factor ANOVA revealed a main effect of
trial (P = 0.021), a main effect of time (P= 0.000), and
a trial and time interaction (P = 0.000) for hunger,
indicating that responses differedover time between
trials. Post hoc analysis indicated significant
differences between exercise and control trial at 40, 60
and 90 min (P<0.05; Fig. 1).
Desire to Eat

Baseline desire to eat did not differ significantly
(Paired sample t-test, P=0.170) between trials (control
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28.21£17.96 mm, exercise 39.10+14.92 mm). Two-
factor ANOVA revealed a main effect of time (P
=0.000) for desire to eat, but there was no main effect
of trial (P= 0.076) and no interaction (P= 0.862) effect
(Fig. 2). These results indicate that desire to eat
changed significantly during the trials but were not
influenced by resistance exercise.
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Figure 1. Hunger values over 90 min during the
exercise and control trials. There was an effect of trial
(P=0.021),an effect of time (P= 0.000), and a trial x
time interaction(P = 0.000) for hunger.” Significantly
different from the control trial (P< 0.05) after
Bonferroni adjustment.

90 Trial

——Exercise
""" Control

50

40

Desire to Eat (mm)

30 g

207

Time (minutes)

Figure 2. Desire to eat values over 90 min during the
exercise and control trials. Two-factor ANOVA
revealed a main effect of time (P =0.000) for desire to
eat, but there was no main effect of trial and no
interaction effect.

Fullness

Baseline fulness did not differ significantly
(Paired sample t-test, P=0.090) between trials
(66.42+19.01 mm, exercise 51.31+14.08 mm). Two-
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factor ANOVA revealed a main effect of trial (p=
0.032), a main effect of time (p= 0.001), and a trial
and time interaction (p=0.047) for fullness, indicating
that responses differedover time between trials. Post
hoc analysis indicated significant differences between
exercise and control trial at 60 and 90 min (P<0.05;
Fig.3).
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Figure 3.Fullness values over 90 min during the
exercise and control trials. There was an effect of trial
(P=0.032), an effect of time (P=0.001), and a trial x
time interaction(P = 0.047) for fullness.”Significantly
different from the control trial (P< 0.05) after
Bonferroni adjustment.
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Figure 4. Prospective food consumption values over
90 min during the exercise and control trials. There
was an effect of trial (P= 0,019),an effect of time (P=
0,000), and a trial x time interaction(P = 0.041) for
prospective food consumption.”Significantly different
from the control trial ( P< 0.05) after Bonferroni
adjustment.
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Baseline prospective food consumption did not
differ significantly (Paired sample t-test, P=0.366)
between  trials  (31.01+16.86 mm, exercise
36.62+£14.03 mm). Two-factor ANOVA revealed a
main effect of trial (p= 0.019), a main effect of time
(p= 0.000), and a trial and time interaction (p=0.041)
for prospective food consumption, indicating that
responses differedover time between trials. Post hoc
analysis indicated significant differences between
exercise and control trial at 20, 40, 60 and 90 min
(P<0.05; Fig. 4).

4. Discussion

The aim of this study is to test the effects of
acute resistance exercise on appetite markers ratings
of healthy male individuals. The findings revealed that
while the markers of hunger, fullness and prospective
food consumption increased during and after 60-
minute resistance exercise, there were no significant
changes in the marker of desire to eat.

Recently many short and long term acute
exercise studies have been conducted to determine the
effects of acute exercise on appetite. However, the
findings of these researches are contradictory. Some
of the researchers found an increase in accordance
with the findings of our study (Lofrano-Prado et al.
2012; Kawano et al. 2013; Alkahtani et al. 2014),
while some others found a decrease (Bilski et al. 2013;
Deighton et al. 2013) and some reported that there
were no significant changes (Hagobian et al. 2013;
Martins et al. 2014; Thivel et al. 2014). To the best of
our knowledge, there have been only two researches
on the effect of acute resistance exercise on appetite
(Broom et al. 2009; Laan et al. 2010). In the study
conducted by Broom et al. (2009), 11 healthy male
individuals participated in 3 different 8-hour trials
with one-week intervals. These are resistance (at 12
RM 80%, 10 different exercises 12 reps 3 sets and 3-
minute rests between sets; a 90-minute of exercise in
total), acrobic (60-minute treadmill exercise at 70% of
Max. VO2), and control trial. The findings showed
that, ratings of appetite markers decreased in both
exercise trials during exercise, but increased after
exercise. Aerobic exercise resulted in a greater
suppression of hunger than resistance exercise. While
the findings of our study related to the suppression of
appetite during exercise contradicts with the findings
of Broom et al. (2009), an increase in the appetite after
the exercise supports our findings. Lean at al. (2010)
conducted a similar research on nineteen young active
adults involving separately conducted 35-minute
aerobic and resistance exercises. On the contrary to
the findings of our study, and Broom et al. (2009),
Lean et al. (2010) found that hunger decreased only
after aerobic exercise, and no significant changes were
observed after resistance exercise. As can be seen
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above, the effects of acute exercise on appetite, either
aerobic or resistance, are very contradictory.

The possible reasons for these contradictions can
be methodological differences such as exercise
intensity, exercise duration, exercise type, gender,
participant selection etc. Even there are some
contradictory findings (Alkahtani et al. 2014; Martins
et al. 2014), appetite is observed to be affected
especially by exercise intensity (Bilski et al. 2013;
Deighton et al. 2013; Williams et al. 2013). When the
studies focusing on this subject are examined, despite
some contradictory studies, generally, it can be seen
that low or moderate intensity exercises do not affect
hunger and food intake or increases them (Blundell et
al. 2003; Stensel, 2010; King, 2010; Rumbold et al.
2011; Ozen 2012; Bilski et al. 2013).Researches on
the effect of high intensity exercises (>max.VO, %70)
found that acute exercise suppresses hunger and
energy intake (Blundell et al. 2003; King et al. 2011;
Vatansever et al. 2011; Bilski et al. 2013). The
possible cause for the suppression of hunger only after
high intensity exercises is that, during high intensity
exercise, sympathetic nervous system activation
increases, blood flow in splanchnic area decreases and
most of the blood in the circulation is directed to
active muscles (Ikeda et al. 2010). In our study, we
found that appetite was not suppressed but increased.
The main reason for this may be the low exercise
intensity. Different results may be observed within the
studies conducted with high intensity exercises.

Thus, more further controlled studies examining
the different exercise types and intensities are required
within this subject. In conclusion, acute resistance
exercise with moderate intensity increases appetite in
healthy men.

Acknowledgements:

This work was supported and funded by the
Scientific Research Projects Unit (2014.12.01.71) of
the University of Abant Izzet Baysal. The authors
thank the institution which collaborated and supported
this research and all the participants for their
participation in this study.

References

1. Przybylowicz KE, Jesiolowska D, Obara-Golgbiowska
M, Antoniak L. A subjective dissatisfaction with body
weight in young women: do eating behaviours play a
role? Rocz Panstw Zakl Hig 2014;68(3):243-249.

2. Gungor NK. Overweight and obesity in children and
adolescents. J Clin Res Pediatr Endocrinol 2014
5;6(3):129-43.

3. Thivel D, Blundell JE, Duché P, Morio B. Acute
exercise and subsequent nutritional adaptations: what
about obese youths? Sports Med 2012;42(7):607-13.

4. Garber CE, Blissmer B, Deschenes MR, Franklin BA,
Lamonte MJ, Lee IM, Nieman DC, Swain DP;



Life Science Journal 2014;11(10)

http://www.lifesciencesite.com

10.

11.

12.

13.

14.

American College of Sports Medicine. American
College of Sports Medicine positionstand. Quantity
and quality of exercise for developing andmaintaining
cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: guidance for
prescribing exercise. Med Sci Sports Exerc 2011;
43(7): 1334-59.

Deighton K, Barry R, Connon CE, Stensel DJ.
Appetite, gut hormone and energy intake responses to
low volume sprint interval and traditional endurance
exercise. Eur J Appl Physiol 2013;113(5):1147-56.

H, Yamashiro M, Hinkel-Lipsker J, Streder K, Evero
N, Hackney T. Effects of acute exercise on appetite
hormones and ad libitum energy intake in men and
women. Appl Physiol Nutr Metab 2013 ;38(1):66-72.
W, Zelt JG, Castellani LN, Little JP, Jung ME, Wright
DC, Tschakovsky ME, Gurd BJ. Changes in
mechanisms proposed to mediate fat loss following an
acute bout of high-intensity interval and endurance
exercise.Appl Physiol Nutr Metab 2013;38(12):1236-
44.

Alkahtani SA, Byrne NM, Hills AP, King NA. Acute
interval exercise intensity does not affect appetite and
nutrient preferences in overweight and obese males.
Asia Pac J Clin Nutr 2014;23(2):232-8.

Desgorces FD, Le Page Cl1, Police C, Neveux N,
Cottart CH1, Blanc MC, Raison J, Toussaint JF1,
Noirez P. Onset of Exercise and Diet Program in
Obese Women: Metabolic and Anorexigenic
Responses Related to Weight Loss and Physical
Capacities. Horm Metab Res. 2014 Aug 25. [Epub
ahead of print].

Martins C, Stensvold D, Finlayson G, Holst J, Wisloff
U, Kulseng B, Morgan L, King NA. Effect of
Moderate- and High-IntensityAcuteExercise  on
Appetite in Obeselndividuals. Med Sci Sports Exerc.
2014 May 12. [Epubahead of print].

Donnelly JE, Blair SN, Jakicic JM, Manore MM,
Rankin JW, Smith BK; American College of Sports
Medicine. American College of Sports Medicine
Position Stand. Appropriate physical activity
intervention strategies for weight loss and prevention
of weight regain for adults. Med Sci Sports Exerc
2009;41(2):459-71.

Haskell WL, Lee IM, Pate RR, Powel KE, Blair SN,
Franklin BA, Macera CA, Heath GW, Thompson PD,
Bauman A. Physical activity and public health:
Updated recommendation for adults from the
American College of Sports Medicine and the
American Heart Association. Med Sci Sports Exerc
2007; 39: 1423-1434.

Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge
JO, King AC, Macera CA, Castaneda-Sceppa C.
Physical activity and public health in older adults:
Recommendation from the American College of
Sports Medicine and the American Heart Association.
Med Sci Sports Exerc 2007;39:1435-1445.

Guelfi KJ, Donges CE, Duffield R. Beneficial effects
of 12 weeks of aerobic compared with resistance

10/12/2014

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

exercise training on perceived appetite in previously
sedentary overweight and obese men. Metabolism.
2013 Feb;62(2):235-43.

Broom DR, Batterham RL, King JA, Stensel DJ.
Influence of resistance and aerobic exercise on hunger,
circulating levels of acylated ghrelin, and peptide YY
in healthy males. Am J Physiol Regul Integr Comp
Physiol 2009;296(1):R29-35.

Laan DJ, Leidy HJ, Lim E, Campbell WW. Effects
and reproducibility of aerobic and resistance exercise
on appetite and energy intake in young, physically
active  adults. Appl  Physiol Nutr Metab
2010;35(6):842-7.

L, Hill JO, Silva HJ, Freitas CR, Lopes-de-Souza S,
Lins TA,do Prado WL. Acute effects of aerobic
exercise on mood and hunger feelings in male obese
adolescents: a crossover study. Int J Behav Nutr Phys
Act 2012;9:38.

Kawano H, Motegi F, Ando T, Gando Y, Mineta M,
Numao S, Miyashita M, Sakamoto S, Higuchi M.
Appetite after rope skipping may differ between males
and females. Obes Res Clin Pract. 2012;6(2):¢91-
el74.

Bilski J, Manko G, Brzozowski T, Pokorski J, Nitecki
J, Nitecka E, Wilk-Franczuk M, Ziotkowski A,
Jaszczur-Nowicki J, Kruczkowski D, Pawlik WW.
Effects of exercise of different intensity on gut
peptides, energy intake and appetite in young males.
Ann Agric Environ Med 2013;20(4):787-93.

Blundell JE, Stubbs RJ, hughes DA, Whybrow S, King
NA. Cross talk between physical activity and appetite
control: does physical activity stimulate appetite? Proc
Nutr Soc 2003; 62(3):651-61.

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

King JA, Wasse IK, Broom DR, Stensel DJ. mfluence
of brisk walking on appetite, energy intake, and
plasma acylated ghrelin. Med Sci Sports Exerc
2010;42(3):485-92.

Rumbold PL, St Clair Gibson A, Allsop S, Stevenson
E, Dodd-Reynolds CJ. Energy intake and appetite
following netball exercise over 5 days in trained 13-15
year old girls. Appetite 2011;56(3):621-8.

Ozen S. Exercise, Appetite, Food Intake and Ghrelin.
Turkiye Klinikleri Journal of Sports Sciences
2012;4(1):43-54.

King JA, Wasse 1K, Stensel DJ. The acute effects of
swimming on appetite, food intake, and plasma
acylated ghrelin. J obes 2011;2011. pii: 351628.
Vatansever Ozen S, Tiryaki Sonmez G, Bugdayci G,
Ozen G. The effects of exercise on food intake and
hunger: relationship with acylated ghrelin and leptin. J
Sport Sci Med 2011;10(2):283-91.

Ikeda N, Yasu T, Tsuboi K, Sugawara Y, KuboN,
Umemoto T, et al. Effects of submaximal exercise on
blood rheology and sympathetic nerve activity. Circ J
2010;74(4):730-4.



