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Eight Weeks of Pilates Training Improves 
Respiratory Measures in People With a 
History of COVID-19: A Preliminary Study
Behnam Bagherzadeh-Rahmani, MD,† Negin Kordi, MD,‡ Amir Hossein Haghighi, PhD,† 
Cain C.T. Clark, PhD,§ Luca Brazzi, PhD,||¶ Emanuele Marzetti, PhD,# and Paulo Gentil, PhD***

Background: Coronavirus disease 2019 (COVID-19) can result in prolonged and severe damage to the lungs and quality 
of life (QoL). This study was designed to investigate the effects of 8-week Pilates and Aqua-Pilates training on pulmonary 
function and QoL in patients with COVID-19.

Hypothesis: Pilates and Aqua-Pilates training promotes similar changes on pulmonary function and QoL in people with a 
history of COVID-19.

Study Design: Randomized controlled trial.

Level of Evidence: Level 3.

Methods: A total of 45 participants (24 men and 21 women) with a history of COVID-19 were assigned randomly to 3 
groups: Pilates training (standard Pilates), Aqua-Pilates training (Pilates in water), and Control. The training protocol was 
performed for 8 weeks (3 sessions per week). Forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), 
and the ratio of FEV1 to the FVC (FEV1/FVC) indices were measured by a spirometer. The 26-item questionnaire World 
Health Organization Quality of Life (WHOQOL) BREF was used to assess QoL. Data were analyzed using paired-sample  
t test and analysis of covariance with an alpha level <0.05

Results: The mean age of the participants was 49.9 ± 6.4 years. After 8 weeks of Pilates and Aqua-Pilates training, there 
were significant increases in FVC (21.4% for Pilates and 22.1% for Aqua-Pilates, P < 0.05), FEV1 (32.3% for Pilates and  
34.7% for Aqua-Pilates, P < 0.05), and FEV1/FVC% (9% for Pilates and 10.3% for Aqua-Pilates, P < 0.05) for the experimental 
groups, but not for control. Changes for Pilates and Acqua-Pilates were significantly higher than for control. The QoL scores 
were significantly different within and between the experimental groups, with greater improvements in the Aqua Pilates 
group than in the Pilates group.

Conclusion: An 8-week Pilates or Aqua-Pilates training can improve pulmonary function as much as 34%, depending on 
the parameter, and QoL in people with a history of COVID-19. Aqua-Pilates training appears to be preferable to standard 
Pilates.

Clinical Relevance: The findings provide important insights into how healthcare professionals can prescribe exercise for 
COVID-19 survivors.
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training
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T he infection caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), commonly referred to as 
coronavirus disease 2019 (COVID-19), has spread rapidly 

worldwide, resulting in its classification as a global 
epidemic.10,21,35 It shows a wide spectrum of severity, from 
asymptomatic to fatal, depending mostly on host-related factors 
(eg, age, sex, comorbidities). Severe forms of COVID-19 are 
typically characterized by extensive alveolar damage and 
progressive respiratory failure,4,19 possibly induced by 
endothelium vascular damage,24 and characterized by signs such 
as hypoxemia and noncardiogenic pulmonary edema inducing 
pulmonary compliance reduction.14 Respiratory problems caused 
by this disease can substantially impact daily living activities and 
quality of life (QoL),34 as well as physical and mental function.7 
In COVID-19 survivors, respiratory rehabilitation may improve 
respiratory function, functional ability, and QoL.15,23 In this 
context, Pilates may be especially appealing as it can improve 
core stability, flexibility, muscle strength, muscle control, and 
breathing.2,21,26,29 During Pilates training, several muscle groups 
are engaged, including muscles involved in breathing (especially 
in the function of exhalation), and these contractions continue 
during the inhalation and the exhalation stage,12 which can yield 
improvements in pulmonary function.9

Pilates training is effective in improving lung and respiratory 
function by emphasizing the muscles involved in breathing.9  
A water-based extension of Pilates, termed Aqua-Pilates, has 
also been shown to improve balance, muscle strength, and 
flexibility. Given the widespread diffusion of COVID-19 and the 
high prevalence of respiratory system damage and physical 
inactivity, viable treatment and management exercise regimens 
must be discerned. Pilates may be useful in this regard; 
however, no research has yet examined the effects of Pilates 
training in people with a history of COVID-19 or compared the 
effects of Aqua-Pilates and Pilates on respiratory function and 
QoL. Other possible advantages of Pilates are the lower risk of 
contamination due to individual use of equipment and 
distancing and the lower respiratory stress.3,16 The present study 
investigated the effects of 8-weeks Pilates and Aqua-Pilates 
training on pulmonary function and QoL in people with a 
history of COVID-19.

Methods
Participants

According to an a priori sample analysis using GPower 3.1.9.2 
(University of Kiel, Germany), a sample of 42 participants would 
be necessary to detect an effect size of 0.5 considering a 
statistical power of 0.8. Based on this, 48 participants were 
recruited to account for attrition. Subsequently, 1 subject in the 
Pilates group and 1 subject in the Aqua-Pilates group were 
unable to complete the study, while 1 subject in the control 
group withdrew from the study. Therefore, the sample consisted 
of 45 participants (24 men and 21 women) with a history of 
COVID-19, with a mean age of 49.9 years. Candidates were 
invited to participate in the study by direct approach at Imam 

Khomeini hospital, Mazandaran province, Amol City, Iran, 
which was a government allocated facility for COVID-19 
patients. Inclusion criteria were as follows: (1) having a history 
of COVID-19 disease; (2) having a minimum standard in 
pulmonary function measurements in the pretest (FEV1 ≥ 70%); 
(3) at least 1 month post discharge; (4) no smoking; and (5) no 
regular exercise. Exclusion criteria were as follows: (1) 
recurrence of the disease; (2) muscle injuries; (3) inability to 
perform exercise; and (4) lack of regular participation in the 
exercise program.

Participants did not have lung problems before being infected 
by SARS-CoV-2. All participants experienced at least 50% of 
pulmonary involvement and were hospitalized in the intensive 
care unit of the hospital for at least 3 days and received 
noninvasive respiratory assistance. After hospital discharge, 
patients reported to experience shortness of breath and fatigue 
during daily activities.

Study Design

This study was a quasi-experimental and applied study, with 
pretest and posttest measurements. Objectives and research 
methods, including the method of performing Pilates training, 
the duration of each exercise session, and the length of the 
research, were explained to the participants. Demographic 
characteristics and pulmonary function were recorded before 
group randomization. Participants were divided randomly into 3 
groups (n = 15): Pilates training, Aqua-Pilates training (Pilates in 
water), and control. Participants in the control group did not 
engage in any prescribed exercise during the study. The training 
protocol was performed for 8 weeks (3 sessions per week). 
Aqua-Pilates movements were performed in a pool with a depth 
of 120 to 140 cm based on participant height. A Pilates instructor 
and a lifeguard with a valid certificate from the Lifeguard and 
Diving Federation were also present in the pool during the 
training sessions; 2 certified Pilates instructors and 2 assistants 
conducted and supervised all training sessions. Supervisors had 
been trained previously, and reviewed training programs and 
discussed the procedures before sessions to reliably administer 
interventions between sessions and groups. Due to the principles 
of overload during the research, the training was performed 
gradually in 3 levels: beginner, intermediate, and advanced. 
Pilates training in the experimental groups, in the 1st, 2nd, and 
3rd weeks, started at the beginner level, then at the intermediate 
level in the 4th, 5th, and 6th weeks, and, finally, up to the 
advanced level in the 7th and 8th weeks. The Pilates movements 
were performed with repetitions ranging from 5 to 10, with deep 
Pilates breathing and according to the desired rate of perceived 
exertion (RPE) intensity (according to the Borg CR10 Scale) for 
the subjects in the training sessions. The rest time between each 
movement was 1 minute, while in each training session, 10 to 15 
minutes were allocated for warm-up, 40 minutes for the main 
exercise, and 5 to 10 minutes for cool-down. The training 
protocol was designed purposely similar in both land and water 
environments. The Pilates movements used during the training 
sessions are listed in Table 1.
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Assessments

At 24 h before the beginning of the training protocol, the most 
common important spirometric indicators were measured 
according to health protocols and prerequisites of the 
spirometry test, using a medical-grade spirometer (MIR; New 
Spirolab model). Respiratory maneuvers were performed as 
standard, and the required sitting position was explained to the 
subjects. Subsequently, a clip was used to occlude the nose and 
participants took 3 normal inhalations and exhalations to 
measure forced vital capacity (FVC), followed by a full 
inhalation and maximal exhalation. To measure forced 
expiratory volume in 1 second (FEV1), after 3 normal 
inhalations and exhalations, participants took a full inhalation, 
followed by a deep exhalation that lasted more than 6 seconds, 
and finally a deep inhalation. After performing each test 3 
times, the best result of each participant was recorded, and the 
ratio of FEV1 to FVC (FEV1/FVC) was calculated (20). All 
measurements were performed at a temperature of 24 ± 2°C 
and a humidity of 49% to 51%. The 26-item questionnaire 
World Health Organization Quality of Life BREF was used to 
assess QoL, including 5 dimensions of general health, physical 
health, mental health, environmental health, and social 
function. A score was obtained for each dimension, which was 
converted to a standard score between 0 and 100 using a 

standardized formula, where a higher score indicated higher 
QoL. All measurements were repeated in the same position 
after 8 weeks of research and 48 hours after the last training 
session.

Health Protocol

All stages of the study were performed in compliance with all 
health protocols and the “social distancing plan” in the country. 
In the experimental groups, the training protocol was 
performed while observing a social distance of 150 cm. 
Participants were advised to wear a mask for commuting. 
Before entering the training sessions, participants were 
disinfected with the Sanocid-Plus solution, and their body 
temperature was measured with a digital thermometer (Rosmax 
model HA500). For spirometry testing, disposable Turbines with 
Cardboard Mouthpiece (MIR; FlowMir) were used for each 
participant. After each measurement, the tools and work 
environment were completely disinfected.

Study Termination

If we observed fever above 37.5°C, any reported feeling of 
weakness, discomfort, shortness of breath (dyspnea), and excess 
RPE, participants were not permitted to continue engaging in 
the study.

Table 1.  Pilates training program in experimental groupsa

Parts of the Training Program

Warm-upb The Main Programc Cool-downd

(1) Pilate standing
(2) Pilates breathing
(3) Walking on one’s toes
(4) Scapular stabilization-elevation and 

depression
(5) Scapular protraction and retraction
(6) Spinal rotation
(7) Spinal articulation from prone
(8) Spinal articulation from supine

(1) The hundred
(2) Leg circles
(3) Foot swing
(4) Rolling like a ball
(5) Single-leg stretch
(6) Tree pose
(7) Spine stretch
(8) Open-leg rocker
(9) Spine twist
(10) Corkscrew
(11) Jump standing
(12) Leg kick-back
(13) One leg adduction and abduction
(14) Neck pull
(15) Side kick
(16) Teaser
(17) Swimming
(18) Kicks

(1) Stretching the neck, triceps, deltoid
(2) Chest expansion back stretch
(3) One leg, double leg and upper leg 

stretching
(4) Mermaid
(5) Relaxation
(6) Breathing

aThe number of repetitions each movement: 5 to 10 repetitions. The rest time between each movement: 1 minute.
bIntensity and duration of training in the warm-up section: rate of perceived exertion (RPE) 7 to 9 in 10 to 15 minutes.
cIntensity and duration of training in the main program section: RPE 14 to 16 in 40 minutes.
dIntensity and duration of training in the cool-down section: RPE 7 to 9 in 5 to 10 minutes.
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Ethical Considerations

The ethics committee of Hakim Sabzevari University approved 
the study protocol with the ethics code IR.HSU.REC.1399.016. 
The participants, with the condition of volitional unconditional 
withdrawal from the research, signed a written consent.

Statistical Analysis

SPSS 26.0 was used for all statistical analyses. Normality was 
assessed through the Kolmogorov-Smirnov test and Levene’s test 
was used to assess equality of variance. Next, paired-samples t 
tests were used to compare the pretest and posttest results 
within groups, and analysis of covariance (ANCOVA), with 
Bonferroni-adjusted post hoc tests, was used to compare results 
between groups. To compare the posttest results, we used the 
pretest values as covariate variables. Pearson product moment 
correlation coefficient was used to calculate the association 
between variables. Statistical significance was accepted at  
P < 0.05.

Results

Normality of the data was checked using Kolmogorov-Smirnov’s 
test (P > 0.05), and the equality of error variance was assessed 
and confirmed using Levene’s test of error variance (P > 0.05). 
One subject in the Pilates group and 1 subject in the Aqua-
Pilates group were unable to complete the study, while  
1 subject in the control group withdrew from the study. Hence, 
45 subjects (49.9 ± 6.4 years) completed the 8-week 
programme. The demographic characteristics of the subjects are 
shown in Table 2.

The results of the paired-samples t test to compare the 
within-group differences showed that there were significant 
differences in pulmonary function indices and dimensions of 
QoL, but only in the experimental groups, and these results 
were significantly higher in the posttest than in the pretest 
(Table 3).

Changes in FVC were 1.9% (P > 0.05), 21.4% (P < 0.05)  
and 22.1% (P < 0.05) for control, Pilates, and Aqua-Pilates 
groups, respectively. FEV1 changed 3% (P > 0.05), 32.3%  
(P < 0.05), and 34.7% (P < 0.05); and FEV1/FVC% changed 1.1% 
(P > 0.05), 9% (P < 0.05), and 10.3% (P < 0.05) for control, 

Pilates, and Aqua-Pilates groups, respectively. The results of the 
ANCOVA to compare the differences between groups showed 
that there were significant differences in FVC, FEV1, and FEV1/
FVC (%) indices in the experimental groups compared with the 
control group. Differences between Aqua-Pilates and Pilates 
groups were not statistically significant (Figure 1). The QoL 
scores showed significant differences between the experimental 
groups and the control group, and these differences were 
significantly higher in the Aqua-Pilates group than in the Pilates 
group (Table 3).

There were significant correlations between changes in FVC 
and changes in general QoL (0.32, P = 0.03), as well as in 
physical (0.51, P < 0.01), social (0.369, P = 0.01), environmental 
(0.577, P < 0.01), and mental domains (0.653, P < 0.01). Changes 
in FEV1 were significantly correlated with changes in general 
QoL (0.423, P < 0.01) and physical (0.554, P < 0.01), social 
(0.427, P < 0.01), environmental (0.646, P < 0.01), and mental 
domains (0.685, P < 0.01). Changes in FEV1FVC were 
significantly correlated with changes in general QoL (0.597,  
P < 0.01), physical (0.567, P < 0.01), social (0.509, P < 0.01), 
environmental (0.717, P < 0.01), and mental domains (0.64,  
P < 0.01).

Discussion

Our findings indicate that 8-week Pilates training, in both 
aquatic and land environments, significantly improved 
pulmonary function and QoL, compared with a control group 
(P < 0.05). Moreover, Aqua-Pilates training yielded greater 
responses than the Pilates training (P < 0.01). Due to the lack of 
similar research on sports activity in people with a history of 
COVID-19, direct comparisons are difficult. However, specific to 
the application of Pilates, Giacomini et al17 found that 8 weeks 
of Pilates training improved maximum expiratory volume, 
ventilation, and transverse abdominal muscle thickness in 16 
physically inactive women. Liu et al22 examined the effects of 
respiratory training on respiratory function, QoL, and 
psychological function, reporting positive effects following the 
intervention.

Indeed, Pilates is regarded as a type of resistance training in 
which resistance is applied in the form of body weight, and the 

Table 2.  Demographic characteristics of the groupsa

Characteristics Pilates Training Aqua-Pilates Training Control

Age, years 49.5 ± 7.1 50.4 ± 6.6 50 ± 5.9

Weight, kg 72.7 ± 12.6 75.8 ± 16.3 74.7 ± 12.8

Height, m 1.69 ± 0.08 1.72 ± 0.07 1.70 ± 0.09

BMI, kg/m2 25.5 ± 2.4 25.6 ± 3.5 25.8 ± 3.1

aData are shown as mean ± SD; 8 men and 7 women in each group. BMI, body mass index.
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principle of overload is in the form of increasing the level of 
training and repetitions. According to the physiological 
principles of Pilates training, skeletal muscles can be strongly 
affected by training.9

Previous studies suggested that the lungs are the most affected 
organs by COVID-19 with different pathophysiological 
events.8,25,31 Problems such as restrictive ventilation disorders, 
compromised diffusion capability, and residual impaired lung 
function are common and could decrease QoL among survivors 
of COVID-19.37 Moreover, respiratory capacity and function may 

be reduced for months in COVID-19 survivors, making 
pulmonary rehabilitation highly recommended.5,8 Respiratory 
muscles play an essential role in all aspects of daily living, in 
such a way that higher ability and respiratory capacity are 
associated with better QoL.20 The correlation found between 
respiratory markers and QoL confirms these suggestions. A 
prominent issue in respiratory diseases is a decrease in 
respiratory vital capacity and inefficiency of the respiratory 
system.20 The vital capacity, or the maximum amount of air 
exhaled after intense inhalation, is used as an indicator of lung 
function and provides useful information about the strength of 
respiratory muscles and lung function.11 Lung lesions following 
active treatment protocols may affect the patient's respiratory 
function30; however, our study showed that pulmonary function 
improved significantly after 8 weeks of Pilates training. The 
focus on using the respiratory muscles, abdominal muscles, and 
intercostal muscles may contribute to its beneficial effects.22 In 
general, it has been reported that exercise ameliorates 
respiratory problems by improving diaphragm muscle function, 
possibly by inducing favorable adaptation in cellular 
bioenergetics and stress response.32 Pilates training can elicit 
improvements in ventilation, can prevent the accumulation of 
secretions and atelectasis, increases strength and coordination of 
respiratory muscles, and reduces bronchospasm and 
inflammation of the airways.17 Adaptation to this training 
reduces the pressure on the respiratory muscles and increases 
the efficiency of these muscles, reduces resistance to inhaling 
and exhaling, and improves the signs and symptoms of 
respiratory diseases such as wheezing, sputum, shortness of 
breath, and cough.18 The present study showed that the 
improvement in pulmonary function was greater in the 
Aqua-Pilates group than in the Pilates group. This result may be 
due to the water resistance with which the participants had to 
perform breathing movements. Indeed, Ozcan et al27 showed 
that water training improves respiratory muscle strength and 
FVC to a greater extent than land training, due to viscosity and 
water resistance.

We also showed that 8 weeks of Aqua-Pilates or Pilates 
training improved QoL, and these improvements were greater in 
the Aqua-Pilates group than in the Pilates group. These results 
are concordant with some previous works. Yohannes et al36 
showed that 147 patients with coronary artery disease who 
performed 6 weeks of continuous physical activity, improved 
their QoL and reduced depression. Furthermore, Gandolfi et 
al13, who examined the effects of Pilates training on QoL and 
bone regeneration in older women, highlighted that the Pilates 
group had greater improvements in all components of QoL 
(physical, vitality, and emotional) compared with the control 
group. Kovach et al33 investigated the effects of 6 months of 
Pilates and fitness training in water in older participants and 
reported that training, both on land and in water, improved 
various dimensions of QoL. Indeed, the improvement in the 
psychological dimension of QoL in people with a history of 
COVID-19 in this study may be due to increases in self-
confidence, self-efficacy, and independence. Moreover, Pilates 
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Figure 1.  (a) FVC, (b) FEV1, and (c) FEV1/FVC% from pre- to 
post-intervention period. FEV1, forced expiratory volume in 1 
second; FVC, forced vital capacity.
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training improves the physical dimension of QoL by increasing 
mobility, ameliorating the weaknesses caused by inactivity, and 
increasing strength.28

It is conceivable that the significant improvements in the QoL 
of people in the active groups were related to the positive 
effects of Pilates training on reducing depression and improving 
mental health, which, in turn, may be related to the role of 
serotonin. Imbalance in serotonin levels may affect social and 
psychological functions related to QoL. Indeed, it is well known 
that participation in physical activity can positively influence 
serotonin.38 In a study by Hassan and Amin, 12 weeks of Pilates 
training in women with depression increased blood serotonin 
concentration, decreased depression, improved social 
relationships, and improved social function.1 These findings are 
consistent with the present study.

Similarly, Eyigor et al10 found that sports activity improved 
physical function and increased muscle strength and QoL in 
older women. It has been proposed that sports and physical 
activity improve the dimensions of QoL by improving 
cardiovascular endurance, strengthening muscles, balance, 
coordination, relaxation, stress, anxiety, mood, general health, 
mental health, and cognitive function.6 The Bonferroni-adjusted 
post hoc test results showed that the QoL dimensions were 
statistically significantly different between the Pilates and 
Aqua-Pilates groups, with higher results for the latter.

Moreover, our results show that improvements in all 
respiratory parameters were significantly correlated with all 
general QoL and all domains, suggesting that the increased vital 
capacity is an important aspect for COVID-19 survivors.

However, despite the novelty of this work, there are major 
limitations that need to be considered. We did not control diet 
during the training protocol, physical level activity, normal daily 
activities or oxygen saturation, which can affect individual 
responses. Another important limitation is the absence of 
objective measurements of function, such as muscle strength 
and cardiorespiratory capacity.

Conclusion

Eight weeks of Pilates or Aqua-Pilates training can improve 
pulmonary function and QoL in people with a history of 
COVID-19. Moreover, Aqua-Pilates training appears to be 
preferable to standard Pilates. Thus, according to these results, 
Pilates training could be used or explored as a strategy to foster 
recovery in patients with postacute COVID-19.
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