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Background: The purpose of this study was to examine the differences in anthropometric 

measurements using an aerobic and Pilates exercise program which lasted 24 weeks.

Method: This was a clinical intervention study of 303 women over the age of 60 living in 

Novi Sad, Serbia. Changes in body mass index and skinfold thickness were estimated through 

height, weight, and anthropometric measurements. The program comprised Pilates exercises 

for upper- and lower-body strength, agility, and aerobic capacity.

Results: Fat mass (FM) improved significantly (pre-test, 32.89%, 8.65; post-test, 28.25%, 

6.58; P,0.01). Bone diameters and muscle perimeters showed no significant changes pre- and 

post-test (P.0.05), but there was a higher correlation between FM (%) and waist–hip ratio 

(rho, 0.80; P,0.01).

Conclusion: A mixed program of aerobics and Pilates, controls and improves baseline muscle 

mass and decreases FM values, without causing deterioration during practice and follow-up 

exercises.
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Introduction
Changes in body composition can very often cause chronic diseases, and as a result 

have become a primary concern.1 Lean body mass (LBM) and fat mass (FM) are 

body composition states that change continuously and are closely related to the aging 

process when compared with other factors.2,3 Moreover, a strong link has been estab-

lished between decreased muscle strength, physical capacity, quality of life, and the 

loss of fat-free mass.4

These changes can be seen in variations in body composition after middle age,5 

through the increase of FM, reduction in LBM,6,7 and through the loss of height due 

to compression of the vertebrae and progressive curvature of the back.8 Consequently, 

another deterioration has been identified from the age of approximately 65 to 75–80,9 

where the loss of muscle mass becomes 25%.10

Physical activity (PA) is considered to be one of the most important health indica-

tors which produces benefits for all age groups,11–13 is used as an effective intervention 

to prevent functional loss related to age,14–17 and promotes an improved quality of life 

and, as a result, greater longevity, coupled with appropriate eating patterns.18–21 Physical 

exercise also improves quality of life due to the reduction of FM and obesity,22,23 and 

prevents a rapid reduction in the size and number of muscle fibers.24

The practice of exercise should be consistent and controlled by specific programs. 

If the subject chose to do the opposite, ie, not follow a specific exercise program, 
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body composition might not be affected.25 Thanks to a 

progressive strength program which lasted 12 months, 

improvements in the health of elderly women with meta-

bolic diseases were reflected in their body composition.26 

According to Sims et al there are studies that do not show clear 

links between PA programs and changes in FM in women aged 

between 50 and 79, and which do not show prevention of loss 

of LBM in aerobic activities, regardless of the level.27

However, PA in the elderly is a widely studied and cor-

roborated factor that improves quality of life.28 In turn, it 

helps to reduce the loss of functionality and the implications 

of such during the aging process.29 The American College of 

Sports Medicine (ACSM)30 recommends, as part of a guide 

on basic exercises, that the elderly use training programs that 

focus on resistance, strength, aerobic capacity, and flexibility 

exercises. Part of its content focuses on the Pilates method 

through the activation of brain cells, stimulation of the mind, 

and the positive impact on the body.31 The ACSM ranked 

this method in seventh place as an emerging PA in 2008 and 

2009,32 and in the US alone, the number of users reached 

10.5 million in 2004. The Pilates method coincides with the 

modern principles of fitness, personal training, and mental 

happiness through exercises that maintain a neutral spine 

position and appropriate use of the floor and equipment to 

develop strength and balance.33

Aerobic capacity and endurance can also help to main-

tain muscle mass and strength in the elderly as well as the 

Pilates method.22 According to De Cocker et al, there are 

relatively few studies related to muscle strengthening activi-

ties compared with other aerobic activities.34 Some of the 

studies provide beneficial effects, while others do not offer 

any significant changes35 in terms of intensity, duration, 

frequency,36 or activity.35

This research project aimed to assess the differences in 

body composition and anthropometric measurements of a 

sample of Serbian women over the age of 60, in a 24-week 

clinical intervention study, through a guided program that 

combined aerobics and Pilates.

Methods
Participants
A total of 303 elderly Serbian females and eight males 

over the age of 60 voluntarily participated in this study. It 

was decided to exclude the men due to their small number. 

Subjects were informed about the experimental procedures, 

completed a medical history form, and signed an informed 

consent statement. The inclusion criteria were that the par-

ticipants were women aged greater than 60 and less than 

70 years. The exclusion criteria included having any chronic 

disease, limited functional mobility and taking medications. 

Thirty participants were smokers. A blood test was carried 

out to check that the participants had no problems related 

to the following biological parameters: glucose (4.68 g/L), 

triglycerides (1.29 mmol/L), high density lipoprotein 

(1.48 mmol/L), and low density lipoprotein (3.78 mmol/L). 

The average age for the onset of menopause was 48.86 years. 
The average number of pregnancies was 1.92. No participants 

were medicated during the training process, and none of the 

participants performed any other PA.

Measurements obtained were: height, weight, body 

mass index, subcutaneous skinfold thickness (triceps, 

subscapularis, suprailiac, abdomen, front thigh, and medial 

calf), muscular girths (upper arm relaxed, upper arm flexed 

and tensed, abdominal, thigh, and maximum calf), and four 

diameters (wrist, femur, humeral, and ankle).

Instruments
Bodyweight was measured to ±0.1 kg on an electronic 

scale (Seca GmbH & Co, KG, Hamburg, Germany), with 

participants wearing light indoor clothing and no shoes. 

Measurements were performed following the standardized 

techniques adopted by the International Society for the 

Advancement of Kinanthropometry.37 The technical error of 

measurement was lower than 5% for skinfold thickness and 

lower than 1% for the other measurements. Skinfold thick-

ness was taken using a caliper with a precision of 0.2 mm 

(Holtain Ltd, Crymych, UK). Girths were performed with a 

flexible metallic tape measure with a precision of 0.1 mm. 

Body mass index was calculated as weight (kg) × height2 

(m). The equation used to determine FM was: corporal 

density of Durnin–Womersley38 =1.1567 − 0.0717 × log (sub-

scapularis skinfold + triceps skinfold + forearm skinfold + 

biceps skinfold) and FM equation39 (%) = [4.57/corporal 

density − 4.142] × 100.

Procedure
This present study was initiated in order to establish the 

influence of PA (through a program of educational activity 

and PA based on Pilates and aerobics) on the elderly, with 

different bodyweights and FM. A medical and sociodemo-

graphic questionnaire was completed to collect social, demo-

graphic, and medical variables. Consequently, the collection 

of anthropometric measurements was carried out.

Data were collected twice. On the first occasion, a pre-test 

was evaluated during the month of May 2011. Then, a post-

test was performed in November of 2011. The Pilates-gym 
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training process lasted for 24 weeks. The program had an 

80% attendance rate during this period.

The training program consisted of music-based aerobics and 

Pilates, basic to intermediate level. Following these sessions, 

concepts of health education were given to orientate partici-

pants towards a more healthy posture and the practice of food 

hygiene in their daily lives. The diet regime was established 

according to the recommendations of ACSM13 and was fol-

lowed by 91% of the participants. The sessions included in this 

program took place twice per week and lasted 55–60 minutes 

per day-session, with an effective PA time of 45 minutes, in line 

with the requirements laid out by the ACSM.23 The program 

comprised Pilates exercises for upper- and lower-body strength, 

agility, and aerobic capacity. During the first session of the 

intervention process, participants were asked their perceived 

level of exertion on a scale of 0–10 (Borg scale) to establish 

the initial level and then gradually increase exercise intensity. 

This course lasted 24 weeks and was based initially on a pilot 

study in which changes in behavior and body composition of 

the participants were expected.40 This study was approved by 

the Ethical Committee of the University of Novi Sad.

statistical analyses
Data were analyzed using the SPSS (SPSS, Chicago, IL, 

USA) statistical program, version 17.0. Normality of dis-

tribution was tested by means of the Kolmogorov–Smirnov 

test, which suggested that the variables were not distributed 

normally. Descriptive statistical methods were used for the 

calculations of the means and standard deviations. Repeated-

measurement tests were used to determine the differences 

between times (Wilcoxon test; repeated-measures test). For 

all analyses, significance was accepted at P,0.05.

Results
Characteristics of the subjects are shown in Table 1. 

Participants had a lower height and had gained more weight 

after the training period, although these data were not sig-

nificant. However, the FM was lower after the Pilates-gym 

program (P,0.01). Blood pressure, both systolic and 

diastolic, increased (P,0.05).

Muscle perimeters were all lower, apart from in the waist. 

These data show no significant differences between pre- and 

post-test (Table 2). Waist-to-thigh ratio was higher post-test 

than pre-test.

As for skinfold thickness, various results were obtained 

(P,0.05). In some participants, they were higher such as 

skinfold thickness of triceps, inner forearm, and the abdo-

men, and in others, the results were lower, such as in skinfold 

thickness in the subscapularis, outer forearm, mid-thigh, and 

calf (Table 3).

Lastly, bone diameters were similar in the pre- and post-

tests (P.0.05) (Table 4). Regarding correlations, there was 

a strong relationship between FM (%) and waist-to-hip ratio 

(rho, 0.80; P,0.01).

Discussion
This is the first study assessing the effects of 24 weeks of 

Pilates-aerobic exercise on older, Serbian women. The aim of 

this study was to examine body composition (FM and LBM) 

at the beginning and end of an aerobic-Pilates program. To 

ensure a full collaboration of participants over the period of 

24 weeks, it was especially important that they were moti-

vated in these longitudinal studies so that the practice of PA 

was done on a daily basis.41

When there is an increase in FM, there is a reduction in 

muscle strength, physical capacity, and quality of life, along 

with a loss of fat-free mass.4 The elderly, with more sedentary 

lifestyles, lose fat-free mass faster than people who perform 

PAs through a combination of strength training42 and force 

balance training,43 the latter being the reason for the preven-

tion of weight loss and in maintaining functional capacity in 

Table 1 Descriptive characteristic of participants

Pre-test Post-test P-value

height (cm) 165.1±5.11 164.7±4.90 0.84
Weight (kg) 62.63±9.92 64.38±13.20 0.64

BMI (kg ⋅ m−2) 22.94±3.26 23.75±4.88 0.57
FM (%) 32.89±8.65 28.25±6.58 0.00
FM (kg) 23.02±9.45 18.96±8.15 0.00
sYs 111.8±16.9 122.7±14.4 0.05
DIAs 71.82±8.74 77.27±8.76 0.01

Abbreviations: BMI, body mass index; DIAs, diastolic blood pressure; FM, fat 
mass; sYs, systolic blood pressure.

Table 2 Wilcoxon paired-samples test (muscle perimeters)

Girth Pre-test Post-test P-value

Arg 26.33±2.99 25.86±5.04 0.71
AFTg 27.75±1.21 26.43±5.24 0.54
FOrg 23.25±1.21 22.40±2.93 0.48
OMPg 88.50±8.10 87.88±10.22 0.83
WAIsTg 74.38±6.63 75.58±12.92 0.71
Whtr 0.45±0.04 0.46±0.08 0.67
Whr 0.76±0.55 0.77±0.68 0.96
MThIg 56.08±4.03 52.70±6.60 0.36
WTr 0.67±0.70 1.40±0.14 0.01
CAlFg 37.33±1.72 34.12±3.18 0.12

Abbreviations: AFTg, arm girth (flexed and tensed); ARg, arm girth (relaxed); 
CAlFg, calf girth; FOrg, forearm girth; MThIg, mid-thigh girth; OMPg, omphalion 
girth (abdominal); WAIsTg, waist girth; Whr, waist-to-hip ratio; Whtr, waist-to-
height ratio; WTr, waist-to-thigh ratio.
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people above the age of 70.44 Low mortality values and less 

muscle fat have even been linked to an increase in aerobic 

exercise through walking speed.44 This body fat (%) is related 

to the waist-to-hip ratio, as in the study by Bae et al1 with a 

sample of the elderly. However, the correlation between the 

two that we have obtained is stronger (r=0.80; P,0.01) due 

to the homogeneity of the study sample.

Joseph Pilates developed a system of exercises which is 

defined as “a unique method of physical fitness that uses a 

combination of muscle strengthening, lengthening and breath-

ing to develop trunk muscles and restore muscle balance.”45 

The Pilates method is considered by European practice 

guidelines as an adequate treatment for correct modification 

of posture,46,47 but it is not effective in the diminution of dis-

ability.48 Despite there being no clear evidence of improved 

functionality in elderly people through the practice of Pilates, 

except balance,49,50 an improvement in body composition in 

healthy people has been found,51 as observed in the present 

study, as well as a reduction in risk situations and cardiovascu-

lar mortality.52 Various aerobic exercise programs have shown 

improvements in functional capacity and particularly cardio-

vascular type exercises in women during the aging process.53 

The participants had an improved FM level of 32.89%±8.65% 

and at the end of the Pilates-aerobic program (24 weeks), the 

FM levels had decreased to 28.25%±6.58%. Skinfold thick-

ness variations were very small (P.0.05); however, Table 3 

shows that in all cases it decreases. Therefore, the sum of these 

skinfolds is a major difference. This is the reason why FM 

is highly significant (P,0.01). This decline in FM is linked 

to the completion of PA controlled and planned,41 in addition 

to following a balanced diet. However, other authors such as 

Dias et al54 and Lim et al55 have not found any improvements 

in their participants who took part in a Pilates program. The 

reason for this is thought to be due to the short duration of 

the course (6 weeks).

FM in the elderly does not only remain stable through 

the practice of the Pilates-aerobic program, but it can also 

decrease significantly (Table 1). Hence, as a result of the 

human aging process, there is a considerable loss of skeletal 

muscle mass over time, especially in women.53 However, our 

results are similar pre-post after 24 weeks of PA (P.0.05), 

although Pereira et al report an increase in skeletal muscle 

mass, thanks to the Pilates programs.

Conclusion
In conclusion, a combined program of aerobic and Pilates, 

carried out under the supervision of an instructor, at least 

twice a week, produces health benefits in functionally 

independent women over the age of 60. Furthermore, ini-

tial muscular mass values remained stable, whereas FM 

decreased, without causing deterioration of health during the 

practice of exercises. For the level of balance and functional 

performance, physical capacity was not evaluated. We need 

to conduct further research, using fitness tests and comparing 

benefits of physical programs, especially Pilates and aero-

bic activity. Finally, it is important to note that the present 

study has its limitations with this population. According to 

some authors, data of the Serbian elderly sample is limited56 

because there are not many studies related to this area of 

Europe and in particular regarding the elderly.
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ses 16.74±8.64 14.60±5.73 0.38
TrIs 18.70±5.28 19.43±5.59 0.67
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