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ABSTRACT
Background: Pilates is a popular type of exercise, aimed at improv
ing core muscle strength and endurance, core stability, and joint 
flexibility through a variety of whole-body exercises. Research has 
shown that Pilates improves body composition, muscle endurance, 
and joint flexibility. Adequate protein intake is a key factor in 
supporting the adaptive response of skeletal muscle to exercise 
training. However, whether protein supplementation augments 
the adaptations to Pilates training remains unknown. Thus, the 
aim of the present study was to investigate the effects of protein 
supplementation during Pilates training on body composition, core 
muscle endurance, and joint flexibility in trained women.
Methods: Nineteen Pilates-trained women (31 ± 9 y) performed 
10 weeks of Pilates training using the Reformer and Cadillac appa
ratuses, at least 2 times per week. Participants were randomly 
allocated to either a placebo (n = 10) or protein supplementation 
group (n = 9) in a quadruple-blind (participants, intervention provi
ders, investigators, and outcome assessors) design. Participants 
received 0.6 g of maltodextrin or whey protein per kg body weight 
daily, respectively. Habitual dietary intake was monitored through
out the study. Before and after the intervention, anthropometric 
measures (body weight, body mass index, waist and hip circumfer
ences), body composition [through full-scan dual-energy X-ray 
absorptiometry (DXA) and multifrequency bioelectrical impedance 
analysis (BIA)], core muscle endurance (through the McGill’s torso 
muscular endurance test battery), and joint flexibility (through the 
sit-and-reach test) were assessed. Data were analyzed by 2-way 
ANOVA (supplement × time) with repeated measures on time. 
Common DXA and BIA variables (whole-body fat and lean mass) 
were compared through paired Student’s t tests and subjected to 
Pearson’s correlation analysis. The level of statistical significance 
was set at α = 0.05.
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Results: Participants received, on average, 1.3 g protein/kg body 
weight/day from their habitual diet. After 10 weeks of Pilates train
ing and regardless of supplementation, body fat (assessed by BIA) 
and hip circumference decreased; lean mass, total water, and extra
cellular water (by BIA) increased; and arm lean mass, trunk bone 
mineral content, and trunk bone area (by DXA) increased (all p <  
0.05). The common BIA and DXA variables were highly correlated (r  
> 0.78, p < 0.001) and did not differ pre-intervention (p > 0.1), 
although they differed post-intervention (p < 0.001), with BIA over
estimating lean mass compared with DXA. Core muscle endurance 
and joint flexibility increased with training (p < 0.05), with no effect 
of supplementation.
Conclusion: Ten weeks of Pilates training improved core muscle 
endurance, joint flexibility, and aspects of body composition in 
healthy trained women, but these adaptations were not enhanced 
by daily supplementation with 0.6 g of protein per kilogram body 
weight.

1. Introduction

Pilates is a popular type of exercise, developed by Joseph Pilates in 1920 and aimed at 
improving core muscle strength and endurance, core stability, and joint flexibility through 
a variety of whole-body exercises requiring controlled movements and consistent breath
ing [1,2]. Pilates training can be performed on the ground, using portable equipment, or 
on specialized apparatuses such as the Reformer and Cadillac [2]. Training load can be 
adjusted to individual needs and characteristics, making the Pilates method a feasible and 
tolerated type of exercise for almost all people, regardless of age and health status [3,4].

Research has shown that Pilates training improves body composition [5–20] and physical 
performance [6,12,15,18,21–32] in various population groups. Specifically, Pilates training 
lasting 6 or more weeks has been reported to decrease body fat [5–7,9–17] and increase 
lean body mass [5,9–11,17–19], core muscle strength and endurance [6,12,15,18,21,23–27], 
as well as joint flexibility [6,12,15,22–25,28–32] in young, middle-aged, and older adults.

It is well established that nutrition plays a crucial role in supporting adaptations 
to exercise training [33]. In particular, adequate protein intake is essential for muscle 
tissue reconditioning following exercise [34]. This is mainly because protein-derived 
amino acids serve as substrates for muscle protein synthesis and regulate cellular 
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processes that are responsible for adaptive responses to training [34,35]. For these 
reasons, protein supplements are widely used among recreational exercisers as well 
as competitive athletes [36,37]. There is now ample evidence that protein supple
mentation during resistance training (lasting at least 6 weeks) improves body com
position and increases lean body mass, muscle strength, and physical/functional 
performance in healthy adults [38–40]. Additionally, protein supplementation has 
been reported to further increase endurance capacity, lean body mass, and physical 
performance when combined with endurance training in healthy and clinical popu
lations [41].

It should be noted that most of the studies on the effectiveness of protein supple
mentation during training have focused on resistance or endurance exercise modalities. 
The fact that Pilates training results in several physiological adaptations [8,20,22] for 
which protein-derived amino acids are a prerequisite [35] begets the hypothesis that 
protein supplementation augments the adaptations to Pilates training. To our knowledge, 
this hypothesis has not been tested. Nevertheless, numerous popular websites recom
mend protein supplements to Pilates exercisers. Therefore, the aim of the present study 
was to investigate the effects of protein supplementation (compared to placebo) during 
10 weeks of Pilates training on body composition, core muscle endurance, and joint 
flexibility in healthy trained women.

2. Materials and methods

2.1. Participants

The sample size was calculated a priori using the G*Power software (version 3.1.9.2, Kiel 
University, Kiel, Germany). To detect significant effects with a medium effect size of 0.059 
(as η2 for factorial ANOVA, [42]), α of 0.05, power of 0.8, and correlation coefficient 
between repeated measures of 0.8 (based on similar studies in our laboratory), a sample 
size of 16 was required. To account for possible dropouts, 20 participants were recruited 
by word of mouth from among customers of fitness clubs in the area of Thessaloniki, 
Greece, between November 2022 and January 2023.

The inclusion criteria were: (i) female sex, (ii) age 18 to 55, (iii) regular menstrual cycle, 
(iv) regular Pilates training (at least 2 times a week, 50 min each session, for the past 4  
months), as assessed by gym records or questionnaires, and (v) mixed isoenergetic diet for 
the past 4 months. The exclusion criteria were: (i) musculoskeletal injuries that could 
interfere with training, (ii) chronic disease, (iii) milk allergy (because the protein supple
ment was whey protein), (iv) pregnancy, lactation, or planning a pregnancy during the 
study, and (v) regular use of prescription medicine or of supplements that could affect 
muscle function or recovery over the past month.

2.2. Ethics

The participants received detailed written and oral information about the purpose, 
procedures, and possible risks of the study, after which they gave written informed 
consent to participate. The study was approved by the Ethics Committee of the School 
of Physical Education and Sport Science at Thessaloniki, Aristotle University of 
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Thessaloniki (approval number 139/11 January 2023), was carried out according to the 
Declaration of Helsinki, and was registered at clinicaltrials.gov, NCT05849350.

2.3. Experimental design

A quadruple-blind (participants, intervention providers, investigators, and outcome asses
sors), randomized controlled trial with a parallel-group design was employed to deter
mine the effect of protein supplementation during 10 weeks of Pilates training on body 
composition, core muscle endurance, and joint flexibility. Following inclusion, participants 
were randomly (by drawing lots) allocated to either a placebo or protein group in a 1:1 
ratio. During the week preceding the onset of the intervention and the week following the 
end of the intervention, anthropometric measures, body composition, core muscle 
endurance, and joint flexibility were assessed by the same assessor. The study was 
conducted between January and April 2023.

2.4. Pilates training protocol

Pilates sessions were supervised by certified Pilates instructors and were carried out at 
four well-equipped commercial gyms using the Reformer and Cadillac apparatuses 
(CoreMotion, Athens, Greece, and Alpha Pilates, Lamia, Greece, respectively). Each session 
lasted 50 minutes and was divided into three phases: warm-up (5 to 7 minutes), main 
phase (40 minutes), and cool-down (3 to 5 minutes). Warm-up consisted of hip mobility, 
pelvic stability, and core engagement exercises, while cool-down consisted of static 
stretching. The exercises performed during the main phase were based on the classical 
series of the Pilates method (foot work, hip work, spinal articulation, abdominal, up- 
stretch, knee stretch, pulling straps series, etc.) [43,44]. Since the participants were 
Pilates trained, the level of the exercises was intermediate, including more challenging 
variations of the common exercises from both the classical and contemporary repertoires, 
such as in training sessions found online [45], depending on the level of each participant.

The intensity of Pilates training was estimated on the basis of heart rate measurements 
using telematic sensors and software (Polar Team Pro GPS telematic system, Polar, 
Kempele, Finland) during a randomly selected training session. The participants trained 
for 10 weeks, at least 2 times per week, in groups of up to 5, supervised by an instructor 
with an average experience of 5 years and certified by the StudioOne Sport and Fitness 
School, which is accredited by the European Register of Exercise Professionals. The 
number of Pilates training sessions attended by each participant was recorded in the 
gyms᾽ customer database. Participants were asked to refrain from any other type of 
exercise during the study.

2.5. Supplementation

During the 10-week training period, the participants of the placebo group con
sumed 0.6 g of maltodextrin per kilogram of body weight per day (equivalent to the 
carbohydrate content of a large banana), while the participants of the protein 
group consumed 0.6 g of whey protein per kilogram of body weight per day. 
Both supplements were supplied in powder form by Warriorlab, Athens, Greece. 
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The supplements were taken in two daily doses of 0.3 g/kg body weight, each 
providing 1.2 kcal/kg body weight, and placed 12 hours apart. The adherence to 
supplementation was assessed by having the subjects complete a supplement 
intake logbook.

2.6. Anthropometric measurements

Body weight was measured using a digital scale (Smart Body Fat Scale, Huawei, Tokyo, 
Japan) to the nearest 0.1 kg with minimal clothing. Body height was measured with 
a stadiometer to the nearest 0.01 m for the calculation of body mass index (BMI). Waist 
and hip circumferences were measured using a non-extendable tape to the nearest 0.5  
cm according to the World Health Organization STEPwise Approach to Surveillance 
protocol [46].

2.7. Assessment of body composition

Body composition was assessed through two methods: (i) full-scan dual-energy X-ray 
absorptiometry (DXA) in a GE Lunar iDXA-ME scanner (General Electric, Boston, MA) to 
measure whole-body and regional (arms, legs, and trunk) bone mineral density (BMD), 
bone mineral content (BMC), bone area, fat (including visceral, subcutaneous, and 
intramuscular fat), lean (total minus fat), and lean soft (total minus fat minus BMC) 
and (ii) multifrequency bioelectrical impedance analysis (BIA) with a Bodystat 
Quadscan 4000 apparatus (Douglas, Isle of Man, British Isles) to measure fat, lean, 
water, extracellular water (ECW), and intracellular water (ICW), all referring to the whole 
body. The participants were asked to abstain from food and liquid consumption for 
3 hours and refrain from any kind of exercise for 12 hours before the measurements. 
During the measurements, they lay still on an examination bed, with arms away from 
the trunk and legs apart.

2.8. Assessment of core muscle endurance

Core muscle endurance was assessed through the McGill’s torso muscular endurance 
test battery [47], which consists of trunk flexor, trunk lateral (right and left), and 
trunk extensor endurance tests. In each test, the participant had to hold a static 
position without support for as long as possible. In the trunk flexor test, the 
participant held the sit-up position with the trunk at a 60° incline, and knees and 
hips bent at 90°. In the trunk lateral tests, the participant held a full side-bridge 
position, keeping legs extended, hips elevated, and the body in straight alignment, 
with support from the feet and the forearm of the lower arm, while keeping the 
upper arm on the side. In the trunk extensor test, the participant held a horizontal 
position while lying prone on a treatment table, with the upper part of the body 
(above the iliac crests) extending from the table and the lower part secured by the 
investigator. Time in each test was recorded with an electronic stopwatch to the 
nearest second until the participant could no longer hold the proper position. 
Participants were asked to refrain from strenuous exercise for 24 hours before the 
assessment.
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2.9. Assessment of joint flexibility

Joint flexibility was assessed by the sit-and-reach test, which was performed according to 
the guidelines of the American College of Sports Medicine [48]. The participant sat, with 
her bare feet resting against a sit-and-reach box. The investigator stabilized her knees and 
asked her to keep them extended. The participant then positioned one hand on top of the 
other and leaned forward as far as possible along the measurement scale. The farthest 
distance reached was recorded. The average value of two trials, spaced 10 s apart, was 
documented. Participants were asked to refrain from strenuous exercise for 24 hours 
before the test.

2.10. Dietary control

The participants were asked not to modify their diet during the study and to 
record their food intake for 3 days (2 weekdays and 1 weekend day) on the first, 
fifth, and final week of the intervention. Dietary records were analyzed in Microsoft 
Excel using the FoodData Central database provided by the US Department of 
Agriculture [49].

2.11. Monitoring of menstrual status

The participants were asked to note the date of onset of menses just before and during 
the intervention period. This information was used to calculate the day of the cycle when 
each pre- and post-intervention assessment was performed.

2.12. Motivation strategy

One of the investigators contacted the participants weekly throughout the intervention 
period to motivate them to adhere to their training and supplementation schedules, 
encourage them to maintain their habitual dietary intake, and inquire about any adverse 
events.

2.13. Statistical analysis

Data are expressed as the mean ± standard deviation (SD). Two-way mixed analysis of 
variance (ANOVA), with supplement (placebo or protein) as the between-subject factor 
and time (pre- and post-intervention) as the within-subject factor, was performed to 
compare anthropometric characteristics, body composition, core muscle endurance, 
joint flexibility, and menstrual variables between groups over time. Differences in energy 
and macronutrient intakes were also examined by two-way mixed ANOVA, except that 
there were three levels of time (first, fifth, and last week of the intervention). Effect sizes 
(ES) for main effects and interactions were determined as partial η2 and were classified as 
small (0.01–0.058), medium (0.059–0.137), or large (>0.137), according to Cohen [42]. Age 
and attendance of training sessions were compared between groups through indepen
dent Student’s t test. Common DXA and BIA variables (that is, whole-body fat and lean 
mass) were compared through paired Student’s t tests and subjected to Pearson’s 
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correlation analysis. The level of statistical significance was set at α = 0.05. All statistical 
analyses were conducted using the SPSS version 29.0 (SPSS, Chicago, IL, USA).

3. Results

One participant left the study for health-related reasons before the baseline assessment. 
Thus, the study was conducted with 19 participants, aged 31 ± 9 y. At the end, unblinding 
revealed that 10 participants (aged 33 ± 11 y) had taken placebo, while 9 (aged 29 ± 4 y) 
had taken protein, with no significant difference in age between groups (p = 0.328). The 
adherence to supplementation was 90 ± 11% and 86 ± 19% in the placebo and protein 
groups, respectively. The number of Pilates sessions attended during the 10-week inter
vention was 26 ± 5 and 23 ± 5, respectively, with no significant difference between groups 
(p = 0.287). The average intensity of Pilates training was 55% of the maximal heart rate 
(calculated as 220 – age).

3.1. Anthropometric characteristics

Table 1 presents the anthropometric characteristics of the participants pre- and post- 
intervention. Following 10 weeks of Pilates training, hip circumference decreased signifi
cantly by 2.5 ± 4.1 cm, regardless of supplementation. Body weight, BMI, and waist 
circumference exhibited a main effect of time (increases in body weight and BMI, as 
opposed to a decrease in waist circumference) that approached statistical significance 
(p between 0.056 and 0.066), with large ES (0.185 to 0.198).

3.2. Body composition

Table 2 shows the body composition variables of the two groups pre- and post- 
intervention, as assessed with DXA. Most of the variables did not exhibit any statistically 
significant outcomes. We only found four significant effects of time, that is, increases in 
arm lean mass, arm lean soft mass, trunk BMC, and trunk bone area (p < 0.05), all with 
large ES (0.213 to 0.293). Also, the interaction of supplement and time in leg fat mass 
approached statistical significance (p = 0.054) with large ES (0.202), due to an increase in 
the placebo group, as opposed to no change in the protein group.

Body composition variables measured by BIA exhibited only main effects of time 
(Table 3). Specifically, body fat decreased (p < 0.05), whereas lean mass, total water, and 

Table 1. Anthropometric characteristics (mean ± SD) of the participants before and after 10 weeks of 
Pilates training with placebo or protein supplementation.

Parameter

Placebo group 
(n = 10)

Protein group 
(n = 9)

Supplement 
× time 

interaction

Main effect 
of 

supplement
Main effect 

of time

Pre Post Pre Post p ES p ES p ES

Body weight (kg) 61.4 ± 7.7 62.4 ± 8.6 60.5 ± 9.5 60.9 ± 8.6 0.465 0.032 0.761 0.006 0.066 0.185
Body mass index (kg/m2) 21.6 ± 2.8 22.0 ± 3.2 22.1 ± 3.4 22.2 ± 3.1 0.457 0.033 0.808 0.004 0.056 0.198
Waist circumference (cm) 75.3 ± 8.9 74.1 ± 7.1 73.8 ± 9.7 70.3 ± 4.1 0.350 0.052 0.453 0.033 0.063 0.189
Hip circumference (cm) 95.9 ± 6.9 95.1 ± 7.0 96.9 ± 7.4 92.6 ± 10.0 0.059 0.194 0.839 0.002 0.010 0.329

ES, effect size (as partial η2) following 2-way ANOVA. Boldface indicates significant outcomes (p < 0.05).
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ECW increased (p ≤0.001), all with large ES (0.297 to 0.757). To explore the discrepancy 
between these findings and the outcomes of the DXA analysis (in which there were no 
significant effects of time on whole-body fat or lean tissue), we compared the fat and lean 
tissue values (in terms of both mass and percentage) of all the participants (n = 19) 
between the two methods. We found that, although there was no significant difference 
in any of these variables at baseline (p > 0.1), all variables differed significantly post- 
intervention (p < 0.001), with BIA overestimating lean mass by 3.0 ± 1.6 kg, compared 
with DXA. The BIA variables were highly correlated with the corresponding DXA variables, 
with correlation coefficients ranging from 0.781 to 0.977 and with p < 0.001.

3.3. Core muscle endurance

Two-way ANOVA produced significant main effects of time on all four components of the 
McGill’s torso muscular endurance test battery, that is, the trunk flexor (p = 0.035, ES = 0.235), 
trunk lateral right (p = 0.041, ES = 0.224), trunk lateral left (p = 0.036, ES = 0.233), and trunk 
extensor endurance tests (p < 0.001, ES = 0.519), but no significant interaction or main effect 
of supplement. Performance improved in all tests by an average 23 to 48%; this is depicted in 
Figure 1a-d in the form of box plots to allow a clearer visualization of interindividual variability.

3.4. Joint flexibility

Performance in the sit-and-reach test (Figure 1e) exhibited a significant main effect of 
time (p < 0.001; ES = 0.489) but no significant interaction or main effect of supplement. 
The distance reached by the participants increased from 13.3 ± 6.1 cm at baseline to 17.2  
± 5.5 cm at the end of the intervention.

3.5. Habitual dietary intake

No significant difference was found between groups in the habitual energy or macronu
trient intake, as assessed by the dietary analysis of the 3-day food records completed by 

Table 3. Body composition parameters (mean ± SD), as assessed with bioelectrical impedance analysis 
in the whole body, before and after 10 weeks of pilates training with placebo or protein 
supplementation.

Parameter

Placebo group 
(n = 10)

Protein group 
(n = 9)

Supplement 
× time 

interaction
Main effect of 

supplement
Main effect of 

time

Pre Post Pre Post p ES p ES p ES

Fat (kg) 18.4 ± 5.1 17.1 ± 7.4 19.1 ± 6.8 17.0 ± 5.6 0.518 0.025 0.917 0.001 0.016 0.297
Fat (%) 29.5 ± 4.6 26.7 ± 7.4 30.9 ± 5.4 27.4 ± 4.8 0.712 0.008 0.681 0.010 0.001 0.466
Lean (kg) 43.1 ± 3.3 45.3 ± 3.6 41.4 ± 2.9 44.0 ± 3.8 0.749 0.006 0.326 0.057 <0.001 0.624
Lean (%) 70.5 ± 4.6 73.3 ± 7.4 69.1 ± 5.4 72.6 ± 4.8 0.712 0.008 0.681 0.010 0.001 0.466
Water (L) 30.0 ± 2.3 32.1 ± 2.2 28.7 ± 1.8 30.9 ± 2.3 0.914 0.001 0.184 0.101 <0.001 0.620
Water (%) 49.1 ± 3.1 51.9 ± 4.7 48.0 ± 5.2 51.1 ± 4.0 0.886 0.001 0.611 0.016 <0.001 0.486
Extracellular water (L) 13.7 ± 1.3 15.0 ± 1.1 13.1 ± 1.1 14.4 ± 1.1 0.998 0.000 0.268 0.072 <0.001 0.757
Extracellular water (%) 22.4 ± 1.7 24.2 ± 2.0 21.9 ± 2.8 23.8 ± 1.6 0.925 0.001 0.650 0.012 <0.001 0.672
Intracellular water (L) 16.6 ± 2.3 16.8 ± 1.5 15.9 ± 1.8 16.2 ± 1.7 0.927 0.001 0.412 0.040 0.650 0.012
Intracellular water (%) 27.2 ± 3.0 27.0 ± 1.7 26.5 ± 2.0 26.6 ± 1.5 0.858 0.002 0.501 0.027 0.972 0.000

ES, effect size (as partial η2) following 2-way ANOVA. Boldface indicates significant outcomes (p < 0.05).
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Figure 1. Box plots of performance in the McGill’s torso muscular endurance tests of trunk flexor (a), 
trunk lateral right (b), trunk lateral left (c), and trunk extensor (d), as well as of performance in the sit- 
and reach test (e), pre- (white boxes) and post-intervention (gray boxes) in the placebo and protein 
groups. Each box represents the interquartile range, and the center line represents the median. 
Whiskers are extended to the most extreme data point that is no more than 1.5 times the interquartile 
range from the edge of the box (Tukey style). Dots represent individual values.
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the participants on the first, fifth, and tenth weeks of the intervention. Values from this 
9-day dietary analysis were, for the placebo and protein groups, respectively: Daily energy 
intake, 1759 ± 292 and 1563 ± 203 kcal; carbohydrate, 40.1 ± 5.0 and 41.3 ± 4.6 % energy; 
fat, 39.1 ± 2.9 and 38.7 ± 3.6 % energy; and protein, 18.7 ± 3.5 and 19.5 ± 3.5 % energy, or 
1.34 ± 0.31 and 1.26 ± 0.24 g/kg body weight. Alcohol intake differed between the pla
cebo and protein groups, accounting for 2.0 ± 1.4 and 0.4 ± 0.7 % of energy, respectively 
(p = 0.006). The primary source of dietary protein was dairy products, especially full-fat 
cheese like gouda and feta. Other common sources were, in descending order, lean meat 
(turkey ham and chicken), red meat (beef and pork), nuts, eggs, and fish (tuna and 
seafood). With supplementation (adjusted for adherence), the daily protein intake of the 
protein group increased to 1.78 ± 0.28 g/kg body weight.

3.6. Menstrual status

There was no significant difference between groups, difference between the pre- and 
post-intervention evaluations, or interaction of supplement and time regarding the day of 
the cycle on which the participants were evaluated (p > 0.3).

3.7. Adverse events

During the intervention, the following adverse events were reported: bloating (by one 
participant in the placebo group and three in the protein group), nausea (by one 
participant in each group), constipation (by one participant in the protein group), facial 
rash (by one participant in the placebo group), and pyelonephritis (by one participant in 
the protein group).

3.8. Correlation between repeated measures

The average correlation coefficient between repeated measures for all the body composi
tion and performance variables was 0.87, that is, higher than the assumed value of 0.8 
used in the a priori calculation of sample size. Based on the value of 0.87 and the actual 
sample size (19 participants), the study was sufficiently powered to detect significant 
effects with an effect size (η2) as low as 0.032 (small)

4. Discussion

The present study investigated the effects of protein supplementation during 10 weeks of 
Pilates training on body composition, core muscle endurance, and joint flexibility in 
healthy trained women. Our main findings are that 10 weeks of Pilates training using 
the Reformer and Cadillac apparatuses (i) increased arm lean mass, trunk BMC, and trunk 
bone area, as assessed by DXA, (ii) decreased body fat and increased lean mass, total 
water, and ECW, as assessed by BIA, and (iii) increased core muscle endurance and joint 
flexibility. However, protein supplementation, which increased the average daily protein 
intake from 1.26 to 1.78 g/kg body weight, did not affect any outcome measure.

The absence of a significant change in the participants’ body weight after the inter
vention shows that they followed the suggestion not to modify their diet during the 
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study. Our findings of decreased waist and hip circumferences after 10 weeks of Pilates 
training, both with large effect sizes, are in agreement with previous reports [5–7], 
although Gracia-Pastor et al. [14] found no change, Rogers and Gibson [15] found 
mixed results (decrease in waist circumference and no change in hip circumference), 
and Nasiri et al. [21] found no change in waist circumference (without examining hip 
circumference). These discrepancies in the literature may be related to differences in the 
concomitant changes in body weight and/or fat.

When assessing the effects of Pilates training on body composition, we found different 
results depending on the method used, that is, a decrease in body fat and increase in lean 
body mass with BIA, as opposed to only an increase in arm lean mass with DXA. These 
findings agree with most of the adequately controlled studies that examined the effects of 
Pilates training on body composition. Indeed, of the studies that used BIA, seven reported 
decreases in body fat (as either mass or percentage body mass) with Pilates training 
[5,7,9–13], whereas three found no change [18,23,50]. Similarly, of the studies that used 
skinfold thickness measurement, four reported decreases in body fat [14–17], whereas 
two found no change [21,24]. In contrast, of the few studies that used DXA, only one 
found a decrease in body fat with Pilates training [6], whereas three found no change 
[19,25,51]. Findings regarding lean body mass are mixed, with no clear differences 
between methods and with seven studies showing increases [5,9–11,17–19], seven show
ing no change [7,12,13,23,25,50,51], and one reporting a decrease [6].

The reason for the discrepancy between the measurements from DXA and those from 
BIA and skinfold thickness measurement regarding the effect of Pilates training on body 
composition is not clear. Notably, our study is the only one that used both DXA and BIA, 
showing good agreement between methods in the pre-intervention measures but 
remarkable differences in the post-intervention measures. This is probably due to the 
post-intervention increase in body water, which resulted in increased estimate of lean 
body mass by BIA. Thus, the absence of change in body composition, as assessed with the 
reference method of DXA [52], conflicts with the increase in body water, as assessed with 
BIA. We have no explanation for this discrepancy.

Regarding bone variables, the observed increases in trunk BMC and trunk bone area 
with Pilates training are potentially positive health outcomes. These increases may be due 
to the mechanical forces generated by muscle activity of the deep core and respiratory 
muscles, such as the transversus abdominis, internal oblique muscles, internal and exter
nal intercostal muscles, and diaphragm [2]. The absence of a significant change in trunk 
BMD is probably due to the increases in both BMC and bone area, since BMD is calculated 
as the ratio of BMC to bone area.

Our findings of increased core muscle endurance with Pilates training agree with those 
of most of the literature regarding trunk flexor endurance [6,12,15,18,21,23–26], trunk 
lateral endurance [23], and trunk extensor endurance [6,15,23,27]. Two studies have found 
no change in trunk flexor endurance [27,53], and one no change in trunk extensor 
endurance [53]. Likewise, our finding of increased joint flexibility agrees with the findings 
of the overwhelming majority of the relevant studies [6,12,15,23–25,28–32], with only two 
studies showing no change [21,50].

Several meta-analyses have shown that protein supplementation augments adapta
tions to resistance [38–40] and endurance training [41]. Pilates is a type of exercise 
that combines resistance and endurance elements. Hence, one would expect protein 
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supplementation to benefit adaptations to Pilates training. Nevertheless, in the present 
study we show, for the first time to our knowledge, that, although Pilates training 
improved body composition, core muscle endurance, and joint flexibility of trained 
women, protein supplementation did not elicit any further improvements. One would 
expect that an increase in daily protein intake from 1.26 to 1.78 g/kg body weight 
would be sufficient to enhance the benefits of Pilates training on the outcome 
measures of the study, based on the recommendation for a daily protein intake of 
at least 1.6 g/kg body weight in resistance training [38,40] (as there is no such 
recommendation for Pilates training). Thus, our findings suggest that a daily protein 
intake of approximately 1.3 g/kg body weight is sufficient to support adaptations to 
Pilates training.

A limitation of the present study is that habitual dietary intake was assessed through 
3-day dietary records kept by the participants themselves, which introduces the usual risk 
of misreporting. To mitigate this risk, we collected dietary records not just once, but three 
times during the intervention. We did not give specific dietary plans to avoid causing 
unnatural changes in the participants’ dietary habits. In fact, we were surprised to find 
such high habitual protein intakes, considering that the well-known recommended diet
ary allowance of protein for adults is 0.8 g/kg body weight/day. Another possible limita
tion was that the 10 weeks of the intervention might not have been sufficient for protein 
supplementation to make a difference.

In conclusion, 10 weeks of Pilates training improved core muscle endurance, joint 
flexibility, and aspects of body composition in healthy trained women, but these adapta
tions were not augmented by protein supplementation. Future studies could investigate 
the effects of longer interventions and also examine different populations, such as 
untrained individuals of both sexes and individuals with lower habitual protein intake.

Acknowledgments

We thank the participants for their adherence to the requirements of the study. We also thank 
MOOV Exclusive Fitness Studio for their support in conducting the study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by funds of our laboratory.

ORCID

Christina Karpouzi http://orcid.org/0009-0005-7728-4317
Antigoni Kypraiou http://orcid.org/0009-0005-5148-269X
Vassilis Mougios http://orcid.org/0000-0002-8430-7231
Anatoli Petridou http://orcid.org/0000-0002-5060-1950

14 C. KARPOUZI ET AL.



References

1. Latey P. The Pilates method: history and philosophy. J Bodyw Mov Ther. 2001;5(4):275–282. 
doi: 10.1054/jbmt.2001.0237  

2. Di Lorenzo CE. Pilates: what is it? Should it be used in rehabilitation? Sports Health. 2011;3 
(4):352–361.

3. Meikis L, Wicker P, Donath L. Effects of Pilates training on physiological and psychological 
health parameters in healthy older adults and in older adults with clinical conditions over 55 
years: a meta-analytical review. Front Neurol. 2021;12:1–17. doi: 10.3389/fneur.2021.724218  

4. Miranda S, Marques A. Pilates in noncommunicable diseases: a systematic review of its effects. 
Complement Ther Med. 2018;39:114–130. doi: 10.1016/j.ctim.2018.05.018  

5. Tanir H, Güçlüöver A, Oncar İ, et al. The effect of Pilates exercises on body composition and 
dynamic balance performance in sedentary women. J Pharm Negat Results. 2022;13:770–779.

6. Rayes ABR, de Lira CAB, Viana RB, et al. The effects of Pilates vs. aerobic training on 
cardiorespiratory fitness, isokinetic muscular strength, body composition, and functional 
tasks outcomes for individuals who are overweight/obese: a clinical trial. PeerJ. 
2019;7:1–26. doi: 10.7717/peerj.6022  

7. Şavkin R, Aslan UB. The effect of Pilates exercise on body composition in sedentary over
weight and obese women. J Sports Med Phys Fitness. 2017 Nov;57(11):1464–1470. doi: 10. 
23736/S0022-4707.16.06465-3  

8. Pereira MJ, Dias G, Mendes R, et al. Efficacy of Pilates in functional body composition: 
a systematic review. Appl Sci. 2022;12(15):7523. doi: 10.3390/app12157523  

9. Bastik C, Cicioglu HI. Comparison of the effect of the mat and reformer Pilates exercises on the 
waist-hips ratio and body compositions of the middle-aged sedentary women. Progr Nutr. 
2020;22(1):50–70.

10. Lee HT, Oh HO, Han HS, et al. Effect of mat Pilates exercise on postural alignment and body 
composition of middle-aged women. J Phys Ther Sci. 2016;28(6):1691–1695. doi: 10.1589/jpts. 
28.1691  

11. Greco F, Tarsitano MG, Cosco LF, et al. The effects of online home-based Pilates combined 
with diet on body composition in women affected by obesity: a preliminary study. Nutrients. 
2024;16(6):902. doi: 10.3390/nu16060902  

12. Su CH, Peng HY, Tien CW, et al. Effects of a 12-week Pilates program on functional physical 
fitness and basal metabolic rate in community-dwelling middle-aged women: a 
quasi-experimental study. Int J Environ Res Public Health. 2022;19(23):16157. doi: 10.3390/ 
ijerph192316157  

13. Wong A, Figueroa A, Fischer SM, et al. The effects of mat Pilates training on vascular function 
and body fatness in obese young women with elevated blood pressure. Am J Hypertens. 
2020;33(6):563–569. doi: 10.1093/ajh/hpaa026  

14. Garcia-Pastor T, de Baranda PS, Aznar S. Effects of a 20-week Pilates method program on body 
composition. Rev Bras Med Esporte. 2020;26(2):130–133. doi: 10.1590/1517- 
869220202602156503  

15. Rogers K, Gibson AL. Eight-week traditional mat Pilates training-program effects on adult 
fitness characteristics. Res Q Exerc Sport. 2009;80(3):569–574. doi: 10.1080/02701367.2009. 
10599595  

16. Amirsasan R, Dolgari R, Vakili J. Effects of Pilates training and turmeric supplementation on 
sirtuin 1 level and body composition in postmenopausal females with sedentary overweight: 
a randomized, double-blind, clinical trial. Zahedan J Res Med Sci. 2019;21(3):e81620. doi: 10. 
5812/zjrms.81620  

17. Fourie M, Gildenhuys GM, Shaw I, et al. Effects of a mat Pilates programme on body 
composition in elderly women. West Indian Med J. 2013;62(6):524–528. doi: 10.7727/wimj. 
2012.107  

18. Tolnai N, Szabó Z, Köteles F, et al. Physical and psychological benefits of once-a-week pilates 
exercises in young sedentary women: a 10-week longitudinal study. Physiol Behav. 
2016;163:211–218. doi: 10.1016/j.physbeh.2016.05.025  

JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 15

https://doi.org/10.1054/jbmt.2001.0237
https://doi.org/10.3389/fneur.2021.724218
https://doi.org/10.1016/j.ctim.2018.05.018
https://doi.org/10.7717/peerj.6022
https://doi.org/10.23736/S0022-4707.16.06465-3
https://doi.org/10.23736/S0022-4707.16.06465-3
https://doi.org/10.3390/app12157523
https://doi.org/10.1589/jpts.28.1691
https://doi.org/10.1589/jpts.28.1691
https://doi.org/10.3390/nu16060902
https://doi.org/10.3390/ijerph192316157
https://doi.org/10.3390/ijerph192316157
https://doi.org/10.1093/ajh/hpaa026
https://doi.org/10.1590/1517-869220202602156503
https://doi.org/10.1590/1517-869220202602156503
https://doi.org/10.1080/02701367.2009.10599595
https://doi.org/10.1080/02701367.2009.10599595
https://doi.org/10.5812/zjrms.81620
https://doi.org/10.5812/zjrms.81620
https://doi.org/10.7727/wimj.2012.107
https://doi.org/10.7727/wimj.2012.107
https://doi.org/10.1016/j.physbeh.2016.05.025


19. Carrasco-Poyatos M, Rubio-Arias JA, Ballesta-García I, et al. Pilates vs. muscular training in 
older women. Effects in functional factors and the cognitive interaction: a randomized 
controlled trial. Physiol Behav. 2019;201:157–164. doi: 10.1016/j.physbeh.2018.12.008  

20. Wang Y, Chen Z, Wu Z, et al. Pilates for overweight or obesity: a meta-analysis. Front Physiol. 
2021;12:1–13. doi: 10.3389/fphys.2021.643455  

21. Nasiri E, Ganji Harsini A, Arabi F, et al. Eight weeks of Pilates exercise improved physical 
performance of overweight and obese women without significant changes in body composi
tion and serum myokines. Sport Sci Health. 2022;18(3):725–733. doi: 10.1007/s11332-021- 
00846-4  

22. Fernández-Rodríguez R, Álvarez-Bueno C, Ferri-Morales A, et al. Pilates improves physical 
performance and decreases risk of falls in older adults: a systematic review and meta-analysis. 
Physiotherapy. 2021;112:163–177. doi: 10.1016/j.physio.2021.05.008  

23. Yilmaz A, Ozen M, Nar R, et al. The effect of equipment-based Pilates (reformer) exercises on 
body composition, some physical parameters, and body blood parameters of medical interns. 
Cureus. 2022;14(4):e24078. doi: 10.7759/cureus.24078  

24. Sekendiz B, Altun Ö, Korkusuz F, et al. Effects of Pilates exercise on trunk strength, endurance 
and flexibility in sedentary adult females. J Bodyw Mov Ther. 2007 [2007 10 1];11(4):318–326. 
doi: 10.1016/j.jbmt.2006.12.002  

25. Park HY, Jung K, Jung WS, et al. Effects of online Pilates and face-to-face Pilates intervention 
on body composition, muscle mechanical properties, cardiometabolic parameters, mental 
health, and physical fitness in middle-aged women with obesity. Healthcare (Basel). 2023;11 
(20):2768. doi: 10.3390/healthcare11202768  

26. Alvarenga GM, Charkovski SA, Santos LKD, et al. The influence of inspiratory muscle training 
combined with the Pilates method on lung function in elderly women: a randomized con
trolled trial. Clinics (Sao Paulo). 2018;73:e356. doi: 10.6061/clinics/2018/e356  

27. Donath L, Roth R, Hürlimann C, et al. Pilates vs. balance training in health 
community-dwelling seniors: a 3-arm, randomized controlled trial. Int J Sports Med. 
2016;37(3):202–210. doi: 10.1055/s-0035-1559695  

28. García-Garro PA, Hita-Contreras F, Martínez-Amat A, et al. Effectiveness of a Pilates training 
program on cognitive and functional abilities in postmenopausal women. Int J Environ Res 
Public Health. 2020;17(10):3580. doi: 10.3390/ijerph17103580  

29. Mueller D, Redkva PE, Fernando de Borba E, et al. Effect of mat vs. apparatus Pilates training 
on the functional capacity of elderly women. J Bodyw Mov Ther. 2021;25:80–86. doi: 10.1016/ 
j.jbmt.2020.11.012  

30. Plachy J, Kovách M, József B. Improving flexibility and endurance of elderly women through a 
six-month training programme. Hum Mov. 2012;13(1):22–27. doi: 10.2478/v10038-011-0050-6  

31. Roller M, Kachingwe A, Beling J, et al. Pilates reformer exercises for fall risk reduction in older 
adults: a randomized controlled trial. J Bodyw Mov Ther. 2018;22(4):983–998. doi: 10.1016/j. 
jbmt.2017.09.004  

32. Oksuz S, Unal E. The effect of the clinical Pilates exercises on kinesiophobia and other 
symptoms related to osteoporosis: randomised controlled trial. Complement Ther Clin 
Pract. 2017;26:68–72. doi: 10.1016/j.ctcp.2016.12.001  

33. Hawley JA, Tipton KD, Millard-Stafford ML. Promoting training adaptations through nutri
tional interventions. J Sports Sci. 2006;24(7):709–721. doi: 10.1080/02640410500482727  

34. van Loon LJ. Role of dietary protein in post-exercise muscle reconditioning. Nestle Nutr Inst 
Workshop Ser. 2013;75:73–83.

35. Aguirre N, van Loon LJ, Baar K. The role of amino acids in skeletal muscle adaptation to 
exercise. Nestle Nutr Inst Workshop Ser. 2013;76:85–102.

36. Ruano J, Teixeira VH. Prevalence of dietary supplement use by gym members in Portugal and 
associated factors. J Int Soc Sports Nutr. 2020;17(1):1–8. doi: 10.1186/s12970-020-00342-z  

37. Brisebois M, Kramer S, Lindsay KG, et al. Dietary practices and supplement use among 
CrossFit® participants. J Int Soc Sports Nutr. 2022;19(1):316–335. doi: 10.1080/15502783. 
2022.2086016  

16 C. KARPOUZI ET AL.

https://doi.org/10.1016/j.physbeh.2018.12.008
https://doi.org/10.3389/fphys.2021.643455
https://doi.org/10.1007/s11332-021-00846-4
https://doi.org/10.1007/s11332-021-00846-4
https://doi.org/10.1016/j.physio.2021.05.008
https://doi.org/10.7759/cureus.24078
https://doi.org/10.1016/j.jbmt.2006.12.002
https://doi.org/10.3390/healthcare11202768
https://doi.org/10.6061/clinics/2018/e356
https://doi.org/10.1055/s-0035-1559695
https://doi.org/10.3390/ijerph17103580
https://doi.org/10.1016/j.jbmt.2020.11.012
https://doi.org/10.1016/j.jbmt.2020.11.012
https://doi.org/10.2478/v10038-011-0050-6
https://doi.org/10.1016/j.jbmt.2017.09.004
https://doi.org/10.1016/j.jbmt.2017.09.004
https://doi.org/10.1016/j.ctcp.2016.12.001
https://doi.org/10.1080/02640410500482727
https://doi.org/10.1186/s12970-020-00342-z
https://doi.org/10.1080/15502783.2022.2086016
https://doi.org/10.1080/15502783.2022.2086016


38. Morton RW, Murphy KT, McKellar SR, et al. A systematic review, meta-analysis and 
meta-regression of the effect of protein supplementation on resistance training-induced 
gains in muscle mass and strength in healthy adults. Br J Sports Med. 2018;52(6):376–384. 
doi: 10.1136/bjsports-2017-097608  

39. Cermak NM, Res PT, de Groot LC, et al. Protein supplementation augments the adaptive 
response of skeletal muscle to resistance-type exercise training: a meta-analysis. Am J Clin 
Nutr. 2012;96(6):1454–1464. doi: 10.3945/ajcn.112.037556  

40. Nunes EA, Colenso-Semple L, McKellar SR, et al. Systematic review and meta-analysis of 
protein intake to support muscle mass and function in healthy adults. J Cachexia 
Sarcopenia Muscle. 2022;13(2):795–810. doi: 10.1002/jcsm.12922  

41. Lin YN, Tseng TT, Knuiman P, et al. Protein supplementation increases adaptations to 
endurance training: a systematic review and meta-analysis. Clin Nutr. 2021;40(5):3123–3132. 
doi: 10.1016/j.clnu.2020.12.012  

42. Cohen J. Statistical power analysis for the behavioral sciences. Mahwah (NJ): Lawrence 
Erlbaum Associates; 1988.

43. Isacowitz R. Pilates: your complete and updated guide to mat work and apparatus exercises. 
Champaign (IL): Human Kinetics; 2023.

44. Stacey JM. Teaching the Pilates universal reformer repertoire. San Francisco (CA): Peak 
Performance Pilates Productions; 2008.

45. PilatesAnytime. Available from: https://www.pilatesanytime.com 
46. World Health Organization. Waist circumference and waist-hip ratio: report of a WHO expert 

consultation. Geneva: World Health Organization; 2011. Available from: https://apps.who.int/ 
iris/handle/10665/44583 

47. American Council on Exercise. McGill’s torso muscular endurance test battery. 2015. 
Available from: https://www.acefitness.org/cmes-resources/pdfs/02-10-CMES- 
McGillsTorsoEnduracneTest.pdf 

48. Liguori G. ACSM. Health-related physical fitness testing and interpretation. ACSM’s guidelines 
for exercise testing and prescription. Philadelphia (PA): Lippincott Williams & Wilkins; 2021.

49. U.S Department of Agriculture. Agricultural research service. FoodData Central. Available 
from: https://fdc.nal.usda.gov/ 

50. Taşkiran Ö, Cicioglu I, Golmoghani-Zadeh N, et al. Do pilates and yoga affect quality of life and 
physical performance of elderly living in a nursing home a preliminary study. Turk Geriatri 
Dergisi. 2014;17:262–271.

51. Jung K, Kim J, Park HY, et al. Hypoxic Pilates intervention for obesity: a randomized controlled 
trial. Int J Environ Res Public Health. 2020;17(19):7186. doi: 10.3390/ijerph17197186  

52. Campa F, Gobbo LA, Stagi S, et al. Bioelectrical impedance analysis versus reference methods 
in the assessment of body composition in athletes. Eur J Appl Physiol. 2022;122(3):561–589. 
doi: 10.1007/s00421-021-04879-y  

53. Donahoe-Fillmore B, Hanahan N, Mescher M, et al. The effects of a home Pilates program on 
muscle performance and posture in healthy females: a pilot study. J Women’s Health Phys 
Ther. 2007;31(2):6–11. doi: 10.1097/01274882-200731020-00002

JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 17

https://doi.org/10.1136/bjsports-2017-097608
https://doi.org/10.3945/ajcn.112.037556
https://doi.org/10.1002/jcsm.12922
https://doi.org/10.1016/j.clnu.2020.12.012
https://www.pilatesanytime.com
https://apps.who.int/iris/handle/10665/44583
https://apps.who.int/iris/handle/10665/44583
https://www.acefitness.org/cmes-resources/pdfs/02-10-CMES-McGillsTorsoEnduracneTest.pdf
https://www.acefitness.org/cmes-resources/pdfs/02-10-CMES-McGillsTorsoEnduracneTest.pdf
https://fdc.nal.usda.gov/
https://doi.org/10.3390/ijerph17197186
https://doi.org/10.1007/s00421-021-04879-y
https://doi.org/10.1097/01274882-200731020-00002

	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Ethics
	2.3. Experimental design
	2.4. Pilates training protocol
	2.5. Supplementation
	2.6. Anthropometric measurements
	2.7. Assessment of body composition
	2.8. Assessment of core muscle endurance
	2.9. Assessment of joint flexibility
	2.10. Dietary control
	2.11. Monitoring of menstrual status
	2.12. Motivation strategy
	2.13. Statistical analysis

	3. Results
	3.1. Anthropometric characteristics
	3.2. Body composition
	3.3. Core muscle endurance
	3.4. Joint flexibility
	3.5. Habitual dietary intake
	3.6. Menstrual status
	3.7. Adverse events
	3.8. Correlation between repeated measures

	4. Discussion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

