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INTRODUCTION

 With ageing maximum HR decreases1 due to 
the natural pacemaker (the sinoarterial (SA) node) 
losing some of its cells which may result in cardiac 
arrhythmias in the elderly, as well as incompetency 
among the valves inside the heart, which control 
the direction of blood flow.2 Ageing also results 
in a reduced elasticity in the arteries and possible 
reductions in left ventricular contractility.1 
Another age-related finding was that with ageing, 
a decrease occurs in both the sympathetic and 
parasympathetic regulation of the heart3-5 and 
a reduced sensitivity of the heart to the body’s 
chemical catecholamine stimulation.1 The aorta also 
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ABSTRACT
Objective: This	study	aimed	to	determine	the	effects	of	mat	Pilates	on	resting	heart	rate,	resting	blood	
pressure	and	fasting	blood	glucose,	cholesterol	and	triglycerides	in	elderly	women.
Methodology:	Fifty	sedentary,	apparently	healthy	females	aged	60	and	older	were	randomly	assigned	into	
a	control	(CG,	n	=	25)	or	an	intervention	(IG,	n	=	25)	group.	The	IG	took	part	in	an	eight-week	progressive	
mat	Pilates	exercise	program,	three	times	weekly	while	the	CG	did	not	take	part	in	any	structured	exercises	
throughout	the	eight-week	period.	All	subjects	underwent	pre-	and	post-tests	in	which	cardiometabolic	
parameters	were	assessed.
Results:	In	the	eight-week	mat	Pilates	program,	the	IG	only	demonstrated	a	significant	(p	≤	0.05)	decrease	
in	systolic	BP	(p	=	0.040)	from	135.84	±	14.66mmHg	to	128.80	±	16.36mmHg	and	a	significant	increase	in	
blood	glucose	(p	=	0.000)	from	5.07	±	0.46mmol.L-1	to	5.83	±	0.57mmol.L-1,	whereas	resting	HR	(p	=	0.148)	
(from	68.80	±	12.58beats.min-1	to	73.20	±	11.46beats.min-1),	resting	diastolic	BP	(p	=	0.342)	(from	75.64	±	
10.10mmHg	to	77.44	±	9.32mmHg),	blood	TC	(p	=	0.073)	(from	5.37	±	0.99mmol.L-1	to	5.67	±	1.04mmol.L-1)	
and	blood	TG	(p	=	0.384)	(from	1.77	±	0.88mmol.L-1	to	1.92	±	0.87mmol.L-1)	did	not	produce	any	significant	
changes.
Conclusion:	Due	to	the	contradictory	nature	of	the	cardiometabolic	variables	(except	systolic	BP)	with	
the	 findings	 of	 previous	 studies,	 it	 is	 difficult	 to	 establish	 a	 case	 for	 using	 Pilates	 as	 a	 substitute	 for	
more	conventional	forms	of	exercising	when	exclusively	attempting	to	favourably	alter	cardiometabolic	
parameters	at	least	among	the	elderly	women	in	our	sample.
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becomes thicker, stiffer and less flexible, which then 
results in an increase in BP and causes the heart 
to work harder, which may lead to myocardial 
hypertrophy.2 However, this gradual stiffening and 
inability of the arteries to dilate and constrict, can 
explain the increases found in BP with ageing.2,6 
Ageing also appears to be associated with specific 
and selective impairments in baroreflex function, 
which includes a decreased ability to alter cardiac 
period in response to acute alterations in BP and 
a decreased ability of the baroreflexes to buffer 
changes in systemic BP.7 Kidneys of the elderly also 
secrete less rennin,2 resulting in a decreased ability 
to respond to decreases in BP by eventually causing 
vasoconstriction and thus, BP to increase.
 Ageing can also be seen as one of the largest 
factors affecting glucose homeostasis. According 
to Elahi and Muller and Stout,8,9 several glucose 
age-related responses occur, such as a decrease in 
glucose tolerance, inappropriate insulin secretion 
and insulin insensitivity occurs, where in turn, 
a number of possible mechanisms for glucose 
intolerance in the elderly exist. Glucose intolerance 
can be caused by changes in hormones involved 
in the increase uptake and suppression of glucose 
usage such as glucagon, growth hormone and 
pancreatic hormones.9 With ageing, there is also 
a tendency to increased total body weight and 
increased distribution of adipose tissue in the 
abdominal area, which mainly influence glucose 
tolerance by causing insulin resistance.8,9

 With regards to lipids, Gostynski et al.10 found 
that the prevalence of dyslipidemia increases 
with age, however, there has been much debate 
whether cholesterol increases are the result of a 
natural process of intrinsic ageing or whether it 
is due to age-associated anthropometrics and/or 
lifestyle changes.10 Schubert et al.11 found that age 
is an important independent predictor for LDL-C 
and TC in men and TC in women, but it is not as 
influential as body composition and lifestyle on 
HDL-C and TG in men and women and LDL-C in 
women. Regardless of the link between overweight 
and cholesterol levels Nakagawa et al,12 found that 
intramyocellular lipid content also increases with 
age in lean elderly. This might be related to blood 
lipid and lipoprotein profiles, with a decrease in 
HDL-C and might affect health risks and muscle 
attenuation with age in lean elderly.
 The weakening of the cardiovascular system asso-
ciated with ageing, could be countered by increasing 
levels of physical activity and functional fitness.13 
Pilates results in various physical improvements 

such as, increases in flexibility, bone density and 
dynamic balance as well as favourable changes in 
body mass index and have a positive effect on mus-
cular strength and endurance.14-17 Correct breathing 
during Pilates can also prevent excessive stress on 
the heart, result in total body relaxation and mental 
calmness.16 This reduction in stress as a result of Pi-
lates can reduce other serious complications. It may 
directly or indirectly result in an improvement in 
cardiometabolic parameters, especially in the elder-
ly, resulting in reduced risk of developing coronary 
artery disease (CAD).18 However, little literature is 
available on the effects of Pilates on cardiometabilic 
parameters, therefore creating a need for scientific 
evidence on the beneficial effects of Pilates on car-
diometabolic parameters.

METHODOLOGY

 A sample of 50 elderly female subjects (≥ 60 years 
of age), selected from caring facilities within Preto-
ria, Gauteng Province, South Africa were randomly 
assigned into one of two groups using a random 
numbers table; with 25 subjects undergoing an 
eight-week mat Pilates program (IG), while the 
other 25 subjects participated as a non-exercising 
control group (CG). The research protocol was ap-
proved by the Institutional Review Boards of the 
Tshwane University of Technology, Pretoria, South 
Africa and was endorsed by the International Phys-
ical Activity Projects (IPAP). Permission to conduct 
the study at the caring facilities was obtained from 
the relevant care facilities and all subjects signed a 
written informed consent form indicating all the ad-
vantages and risks involved of participation in the 
study. All subjects were required to obtain medi-
cal clearance prior to commencement of pre-testing 
procedures. Both groups took part in identical pre- 
and post-tests. Subject demographics at baseline are 
shown in Table-I.
 All subjects were required to undergo 
cardiometabolic testing prior to and at completion 
of the eight-week treatment period. Each subject’s 
resting heart rate was measured in a seated position 

Table-I: Subject demographic data.
   Non-exercising      Mat Pilates
 control group (CG) program group (IG)
         n = 25          n = 25

Age (years) 65.32 ± 5.01 66.12 ± 4.77
Weight (kg) 75.19 ± 14.78 71.71 ± 14.92
BMI (kg.m-2) 29.32 ± 5.44 28.32 ± 6.77
Values are means ± standard deviation ± SD; kilograms 
per square meter
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(after five minutes rest) by means of manually 
applying mild pressure. Pressure was applied to 
the radial artery on the lateral side of the anterior 
forearm just proximal to the wrist.2 Resting BP was 
measured by means of a sphygomanometer and a 
stethoscope (Jiangsu Dengguan Medical Treatment 
Instrument Co., Ltd.). The subject was required 
to be supine for five minutes and the tested arm 
was supported and the cuff was wrapped securely 
around the right arm at heart level. The stethoscope 
was placed below the cuff and the cuff inflated to 
approximately 180 millimeters mercury (mmHg). 
The pressure was then slowly released and 
different heart sounds were heard. The first sound 
heard was used as the systolic blood pressure 
(heart contraction) value and the sound heard 
when the tone changed or disappeared was used 
for the diastolic blood pressure (heart relaxation) 
reading.2 Fasting blood glucose, total cholesterol 
(TC) and triglycerides (TG) were measured by 
means of using the Reflotron system (F. Hoffmann-
La Roche, Grenzarcherstrausse 124, CH-4070 Basel, 
Switzerland) after an eight-hour fast. A multiclix 
lancing device was used to prick the subjects’ finger. 
A drop of blood was then placed on a Reflotron 
testing strip and the test strip placed in the Reflotron. 
The glucose, cholesterol and triglycerides readings 
were then digitally displayed.
 Mat Pilates exercises were derived from Worth19 
in order to compile the mat Pilates exercise 
program. A session was allocated to explain the 
basics of mat Pilates, before commencement of the 
program. This session included an explanation 
of the neutral position of the spine and also the 
correct breathing techniques used during Pilates. 
After the introductory session the eight-week mat 
Pilates exercise program commenced. The program 
consisted of three non-consecutive sessions a 
week, 60 minutes in duration, for eight-weeks 
with increasing intensity. All sessions started with 
breathing, followed by a flowing system from 

standing, to sitting, to lying down exercises and 
ended with the rest position. 
 Statistical analysis consisted of basic statistics to 
determine pre- and post-test means and standard 
deviations. A paired samples t-test was used to 
determine if a significant change took place in 
the measurements at post-test. Differences in 
measurements were compared using a one-way 
analysis of variance (ANOVA) using a Dunnett 
T3 post-hoc analysis. Data was analyzed using 
commercial software (Statistical Package for Social 
Sciences (SPSS) Version 17, Chicago, IL) and 
statistical significance set at p ≤ 0.05.

RESULTS

 At pre-test, the CG and IG were heterogeneous 
for resting HR (p = 0.047). At pre-test, the groups 
were, however, homogenous for resting systolic 
BP (p = 0.736), resting diastolic BP (p = 0.143), 
fasting blood glucose levels (p = 0.319), blood TC 
(p = 0.754) and blood TG (p = 0.474). Following 
the eight-week mat Pilates program, the IG only 
demonstrated a significant (p ≤ 0.05) decrease in 
systolic BP (p = 0.040) from 135.84 ± 14.66mmHg to 
128.80 ± 16.36mmHg and a significant increase in 
blood glucose (p = 0.000) from 5.07 ± 0.46mmol.L-1 
to 5.83 ± 0.57mmol.L-1, whereas resting HR (p = 
0.148) (from 68.80 ± 12.58beats.min-1 to 73.20 ± 
11.46beats.min-1), resting diastolic BP (p = 0.342) 
(from 75.64 ± 10.10mmHg to 77.44 ± 9.32mmHg), 
blood TC (p = 0.073) (from 5.37 ± 0.99mmol.L-1 to 
5.67 ± 1.04mmol.L-1) and blood TG (p = 0.384) (from 
1.77 ± 0.88mmol.L-1 to 1.92 ± 0.87mmol.L-1) did 
not produce any significant changes following the 
eight-week exercise programme. Despite the CG 
demonstrating no significant difference in resting 
systolic BP (p = 0.705), resting diastolic BP (p = 
0.471), blood TC (p = 0.054), blood TG (p = 0.321), 
the CG did demonstrate significant changes in 
resting HR and blood glucose from pre- to post-test 
(p = 0.000 and p = 0.001, respectively) (Table-II).

Daniel Ter Goon et al.

Table-II: Pre- and post-test cardiometabolic changes 
in the mat Pilates and non-exercising control groups.

Variables Non-exercising control group (CG) n = 25 Mat Pilates program group (IG) n = 25
  Pre-test Post-test p-value Pre-test Post-test p-value

Resting heart rate (beats.min-1) 62.48±8.98 74.92 ± 9.96 0.000* 68.80±12.58 73.20±11.46 0.148
Resting systolic blood pressure (mmHg) 134.48±13.65 136.00±17.83 0.705 135.84±14.66 128.80±16.36 0.040*
Resting diastolic blood pressure (mmHg) 81.36 ± 9.27 79.76 ± 9.31 0.471 75.64 ±10.10 77.44 ± 9.32 0.342
Glucose (mmol.L-1) 5.24 ± 0.71  5.75 ± 0.59 0.001* 5.07 ± 0.46 5.83 ± 0.57 0.000*
Total cholesterol (mmol.L-1) 5.27 ± 1.27 5.43 ± 1.27 0.054 5.37 ± 0.99 5.67 ± 1.04 0.073
Triglycerides (mmol.L-1) 1.62 ± 0.54 1.78 ± 0.71 0.321 1.77 ± 0.88 1.92 ± 0.87 0.384
Values are means ± standard deviation ± SD; *: Indicates significant difference from pre- to post-test (p ≤0.05)
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DISCUSSION

 As individuals age, physiological functioning 
decreases and most of the elderly develop at least 
one of the following chronic diseases: hypertension 
(49%), arthritis (36%), heart disease (31%), cancer 
(20%) and/or diabetes (15%).20 It was however, 
stated that exercise has major benefits for the car-
diovascular system (CVD, hypertension, stroke, 
arrhythmias and peripheral artery disease) and 
metabolism (body fat, glucose homeostasis and in-
sulin levels and lipids).21 Results obtained from the 
present study, however, indicate that eight-weeks 
of mat Pilates did not produce improvements in 
any of the cardiometabolic variables tested except 
systolic BP, which is a desirable finding as hyper-
tension is one of the most significant risk factors for 
cerebrovascular and CVD.22

 The present study correlates with the findings 
of Jago et al.14 regarding diastolic BP by indicating 
that no significant changes occurred in diastolic 
BP at post-test. In this regard, Jago et al.14 found 
non-significant changes in systolic and diastolic 
BP (from 108.2±9.4 mmHg to 102.5±5.6 mmHg and 
from 62.7±6.2 mmHg to 58.9±6.9 mmHg, respec-
tively), following four-weeks of Pilates training in 
girls. Even though no significant change occurred 
in diastolic blood pressure (BP), the present study 
demonstrated a significant reduction in systolic 
BP. Brandaorondon et al.23 found that exercise sig-
nificantly decreases BP in hypertensive elderly and 
provokes a decrease in BP that lasts for 22 hours, the 
moderately hypertensive pre-test systolic BP value 
should not be neglected. This reduction found in BP 
after exercise in elderly hypertensive individuals 
can be associated with a decrease in stroke volume 
and left ventricular end-diastolic volume.23 The re-
duction in BP can also be attributed to a diet high in 
cholesterol or fat that might result in fatty deposits 
called plaques to clot the arteries, thus resulting in 
narrowing of the arteries and increasing pressure. 
However, this cannot be confirmed in the present 
study since no dietary analyses were conducted. 
Exercise also exerts beneficial effects on blood li-
pids, but since the separate measures of high-densi-
ty lipoprotein cholesterol (HDL-C) and low-density 
lipoprotein cholesterol (LDL-C) were not assessed, 
the vascular remodeling of existing arteries can also 
not be confirmed in the present study. In general, 
obesity and overweight are considered controlla-
ble risk factors for hypertension,18 but with a more 
thorough investigation24 found that body mass 
index (BMI), WHR, and skinfolds adiposity have 

some independent effect on the risk of elevated BP, 
where waist and hip circumferences are most im-
portant variables in women for obesity and BP. As 
such, it can be assumed that the decrease found in 
BP after completion of the eight-week mat Pilates 
programme in the present study can be as a result 
of the decrease found in waist circumference (WC) 
from 83.50 ± 12.79mm to 81.44 ± 9.90mm at post-
test. Another influential mechanism in the decrease 
in systolic BP could have been due to total body re-
laxation and mental calmness as a result of correct 
breathing during the mat Pilates intervention,16 as 
mental or emotional stress activates nervous and 
endocrine responses, such as an increase in epi-
nephrine and norepinephrine stimulation that re-
sults in an increase in BP, while preparing the body 
for physical activity.2,25

 Skeletal muscle is the primary site of glucose dis-
posal, therefore by increasing skeletal mass might 
be an effective way to improve insulin action.26 
Based on this statement, a decrease in blood glu-
cose in the IG would have been expected as the pre-
sent study demonstrated a significant (p = 0.006) 
increase in lean body mass (LBM) (from 46.67 ± 
6.33kg to 48.04 ± 7.52kg) in the IG. However, this 
was not the case, instead both the control group 
(CG) and the IG demonstrated a significant increase 
in blood glucose. The mean fasting glucose lev-
els are significantly higher during the colder than 
warmer months.27 The present study was conduct-
ed during the transition from a warmer to a colder 
season, hence the possibility of the increase in blood 
glucose observed in the present study. The signifi-
cant increase in glucose from pre- to post-test can 
also possibly be due to different instead of fixed 
nutritional consumption followed by each subject, 
several days prior to testing.
 The present study found no significant changes 
in TC and TG after completion of an eight-week 
mat Pilates programme. The results found on blood 
lipids in the present study was not attributable to 
any of the anthropometric variables as the major-
ity of TG are stored in adipose cells28 and favour-
able changes from pre- to post-test was observed in 
body fat percentage (BF%) (from 33.85 ± 6.67% to 
32.23 ± 5.82%), WC (from 83.50 ± 12.79 millimeters 
to 81.44 ± 9.90 millimeters), fat mass (FM) (from 
25.03 ± 9.53 kilograms to 23.69 ± 8.06 kilograms) 
and LBM (from 46.67 ± 6.33 kilograms to 48.04 ± 
7.52 kilograms) (data not shown). A possible reason 
might have been due to an increase in HDL-C with-
out a corresponding decrease in LDL-C, but as the 
CG also showed an increase in TC, this could not 



be a reasonable assumption. Uncontrollable factors 
affecting lipids are genetics, age and gender,29 but 
as only elderly women were used in the study age 
and gender could not have influenced the outcome. 
Boardley et al29 however, indicated that dietary in-
take also influences blood lipids. As such, the ob-
servation might also be, as in the case of glucose, 
attributed to different instead of fixed nutritional 
consumption followed by each subject several days 
prior to testing. However, again this cannot be con-
firmed since no dietary analyses were conducted.

CONCLUSIONS

 The present study demonstrated that eight-weeks 
of Pilates is sufficient to produce a significant im-
provement in systolic BP, however, due to the 
contradictory nature of the other cardiometabolic 
variables with the findings of previous studies, it 
is difficult to establish a case for using Pilates as a 
substitute for more conventional forms of exercis-
ing when exclusively attempting to favourably alter 
cardiometabolic parameters in elderly women. 

ACKNOWLEDGEMENTS

 The authors would like to thank the Tshwane 
University of Technology (TUT), South Africa for 
their approval and financial support as well as the 
International Physical Activity Projects (IPAP) for 
their endorsement of the study and financial and 
statistical support.

REFERENCES
1. Nessel EH. The physiology of aging as it relates to sports. 

AMAA J. 2004;17:12-17.
2. Seeley RR, Stephens TD, Tate P. Anatomy and physiology. 

7th ed: New-York: McGraw-Hill; 2006.
3. Carter JB, Banister EW, Blaber AP. Effect of endurance 

exercise on autonomic control of heart rate. J Sports Med. 
2003;33:33-46.

4. Ergun U, Nurlu MDG, Komurcu F. Analysis of heart rate 
variability: normal values of subjects over 60 years old. Int J 
Neuroscience. 2008;118:165–173.

5. Singh D, Deepak KK. Spectral evaluation of aging effects on 
blood pressure and heart rate variations in healthy subjects. 
J Med Eng Technol. 2006;30(3):145–150.

6. Lawrence A, Llinas RH. Hypertension and stroke. 
Hypertension and stroke: preceding p1-94. [Online]. 
Available from: http://web.ebscohost.com/ehost/
pdfviewer/pdfviewer?vid=4&hid=104&sid=0295c7b1-
a205-4205-a4bc-8889ac4695e2%40sessionmgr111 [Accessed: 
08/07/2011] 2006.

7. Monahan KD. Effect of aging on baroreflex function in 
humans. Am J Physio - Regulatory, Integrative Comp 
Physiol. 2007;293:R3-R12.

8. Elahi D, Muller DC. Carbohydrate metabolism in the 
elderly. Euro J Clin Nutr. 2000;54:S112-S120.

9. Stout RW. Glucose tolerance and ageing. J Royal Soc Med. 
1994;87(10):608-609. 

10. Gostynski M, Gutzwiller F, Kuulasmaa K, Doring A, 
Ferrario M, Grafnetter D, et al. Analysis of the relationship 
between total cholesterol, age, body mass index among 
males and females in the WHO MONICA Project. Int J Obes. 
2004;28(8):1082–1090.

11. Schubert CM, Rogers NL, Remsberg KE, Sun SS, Chumlea 
WC, Demerath EW, et al. Lipids, lipoproteins, lifestyle, 
adiposity and fat-free mass during middle age: the Fels 
Longitudinal Study. Int J Obes. 2006;30(2):251–260.

12. Nakagawa T, Hattori M, Harada K, Shirase R, Bando M, 
Okano G. Age-related changes in intramyocellular lipid 
in humans by in vivo 1 h-mr spectroscopy. Gerontol. 
2007;53(4):218–223.

13. Martins RA, Veríssimo MT, Coelho E Silva MJ, Cumming SP, 
Teixeira AM. Effects of aerobic and strength-based training 
on metabolic health indicators in older adults. Lipids Health 
Dis. 2010;9:76.

14. Jago R, Jonker ML, Missaghian M, Baranowski T. Effect of 4 
weeks of Pilates on the body composition of young girls. J 
Prev Med. 2006;42:177–180.

15. Johnson EG, Larsen A, Ozawa H, Wilson CA, Kennedy 
KL. The effects of Pilates-based exercise on dynamic 
balance in healthy adults. J Bodywork Mov Therapies. 
2007;11(3):238–242.

16. Robinson L, Fisher H, Knox J, Thomson G. The official body 
control Pilates manual. London: Macmillan; 2000.

17. Sekendiz B, Altun O, Korkusuz F, Akýn S. Effects of Pilates 
exercise on trunk strength, endurance and flexibility in 
sedentary adult females. J Bodywork Mov Therapies. 
2007;11:318–26.

18. Wilmore JH, Costill DL, Kenney WL. Physiology of sport 
and exercise. 4th ed: Champaign, IL: Human Kinetics; 2008.

19. Worth Y. Needs to know Pilates? All the tips and techniques 
you need to get a toned, flexible body. London: Collins; 2004.

20. Howley ET, Franks BD. Fitness professional’s handbook. 
5th ed: Champaign, IL: Human Kinetics; 2007.

21. Simon H. Moderate exercise: no pain, big gains. Medscape 
Internal Medicine. 2006;8(1) [Online]. Available from www.
medscape.com/viewarticle/524377?src=mp. [Accessed: 
08/10/2010].

22. Ogihara T, Rakugi H. Hypertension in the elderly a Japanese 
perspective. Drugs Aging. 2005;22(4):297-314.

23. BrandaoRondon MUP, Alves MJNN, Braga AMFW, Teixeira 
OTUN, Barretto ACP, Krieger EM, et al. Postexercise blood 
pressure reduction in elderly hypertensive patients. J Am 
Col Cardiol. 2002;39:676–682.

24. Badaruddoza Kaur N, Barna B. Inter-relationship of waist-to-
hip ratio (WHR), body mass index (BMI) and subcutaneous 
fat with blood pressure among university-going Punjabi 
Sikh and Hindu females. Int J Med Medical Sci. 2010;2:5-11.

25. Prentice WE. Arnheim’s Principles of Athletic Training: 
a Competency-based approach. (13th ed.): New-York: 
McGraw-Hill; 2009.

26. Kitamura I, Takeshima N, Tokudome M, Yamanouchi K, 
Oshida Y, Sato Y. Effects of aerobic and resistance exercise 
training on insulin action in the elderly. Geriatr Gerontol 
Int. 2003;3:50–55.

27. Gikas A, Sotiropoulos A, Pastromas V, Papazafiropoulou A, 
Apostolou O, Pappas S. Seasonal variation in fasting glucose 
and HbA1c in patients with type 2 diabetes. Primary Care 
Diabetes. 2009;3(2):111–114.

28. Thompson DL. Fitness professional’s handbook. 5th ed:  
Champaign, IL: Human Kinetics, 2007.

29. Boardley D, Fahlman M, Topp R, Morgan AL, Mcnevin 
N. The impact of exercise training on blood lipids in older 
adults. Am J Geriatr Cardiol. 2006;16(1):30-35.

504   Pak J Med Sci   2013   Vol. 29   No. 2      www.pjms.com.pk

Daniel Ter Goon et al.


