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The main aim of this study was to determine health benefits among women older than 55 years who participated in organized, group-
based physical activity (OPA). Thirty-five women aged 65.0 + 7.3 years volunteered for this study. The classical and nonclassical
cardiovascular (CVD) risk factors were measured before and after a 2-week OPA camp in a remote location and 3 months of OPA.
Self-guided physical activity was analyzed 18 months after OPA. Two-week effects included significant decreases in body mass index,
waist and hip circumferences, resting systolic and diastolic blood pressure (BP) and resting heart rate, improved exercise capacity
(EC), improved low-density lipoprotein and high-density lipoprotein (HDL-C), cholesterol, and other atherogenic lipid indices
(ALI), and a reduction in 10-year estimated risk of death from CVD. Three-month effects included a further decrease in systolic BP,
improvements in EC and HDL-C, and maintenance of lower levels of ALI, as well as lower CVD risk. The implementation of the
OPA programme had a positive impact on somatic features, exercise capacity, biochemical indices, and risk for death from CVD.
The presented programme can be regarded as an effective element of primary prevention of cardiovascular diseases among women

older than 55 years.

1. Introduction

It is expected that the number of elderly people (>60 years
old) in Poland will increase to 26.7% of the total population
by 2035, primarily due to increasing life expectancy [1]. A
similar trend is observed worldwide, especially in developed
countries. The process of aging results in physical fitness
reduction (especially strength, endurance, agility, and flexi-
bility), which leads to functional problems in daily activities
and difficulties in normal functioning of the elderly [2, 3].
Physical fitness appears to be a significant element of quality
of life [4]. Moreover, regular physical activity and physical
fitness were also established as independent predictors for
cardiovascular diseases (CVD) [5].

It is well established that systematic physical activity is
associated with health benefits; it reduces risk for all-cause
mortality, hypertension, coronary heart disease, obesity, dia-
betes, breast cancer, and osteoporosis, and it improves the

mental health and quality of life of the elderly [6-8]. Despite
that, the level of physical activity is insufficient in many
societies. Physical inactivity is believed to be one of the most
important public health problems in the 21st century [9].

In Poland, similarly to other developing and developed
countries, low levels of physical activity are noted, both in
children and in adults [10, 11]. Furthermore, relatively high
prevalence of metabolic diseases, obesity, and hypertension
is noted in adults, accompanied by a generally low level of
awareness of these diseases [12-14].

Retirement seems to have upmost importance for adult
behaviours and is perceived as a key transition which impacts
physical and social activities [15]. In the period of retirement,
physical activity associated with work-related transportation
is reduced. Moreover, this decrease in active transportation
is not compensated for by additional recreational physical
activity [15]. Therefore, the retirement transition could be
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regarded as a period of good opportunity for intervention
aimed at encouraging and developing behaviours of regular
physical activity. Effective approaches to help preolder and
older people maintain a healthy and active lifestyle as well
as evaluation of effectiveness of physical activity intervention
programmes adopted to specific communities are needed.
Therefore, the aim of this study was to determine health bene-
fits among women older than 55 years who participated in an
organized, group-based physical activity (OPA) programme.

2. Materials and Methods

2.1. Subjects and Experimental Design. Thirty-five Caucasian
women aged 65.0 £ 7.3 years volunteered for this study. Sub-
jects were recruited through advertisements in an academic
community for participation.

The criteria to be included in the study were age >55
years, being female, no health contraindications (confirmed
by medical examination), and consent for participation in the
whole study (exercises and examinations). Subjects’ charac-
teristics are presented in Table 1.

The subjects were instructed to maintain their usual
nutritional habits throughout the training period; no nutri-
tional intervention was introduced. Before starting the study,
all participants received a complete explanation of the pur-
pose, risks, and procedures of the investigation and provided
written informed consent. The investigation was approved
by the Ethics and Research Committee of the Jozef Pilsudski
University of Physical Education in Warsaw, Poland.

2.2. Study Design. Participants were physically tested on
three occasions. The first one took place before the Active
Leisure Time Programme (ALTP), pretraining outcomes,
treated as baseline characteristics. The second one was per-
formed within two days after ALTP, the first posttraining
outcome, regarded as short-term effects. The third part of
measurements was conducted within two days after the 3-
month Prevent Falls in the Elderly Programme, posttraining
outcome, treated as intermediate-term effects. Additionally,
one was performed correspondently with a specific question-
naire to analyse the level of self-guided physical activity 18
months after ALTP (long-term effects). The study organiza-
tion was summarized in Table 2.

2.3. Exercise Protocol

2.3.1. Active Leisure Time Programme (ALTP). Firstly, par-
ticipants followed a multicomponent exercise training pro-
gramme in a remote location (a municipal sports centre
in Kozienice, Poland). ALTP includes two weeks of daily
physical activities, performed 3 times per day, supplemented
by additional social, educational, and motivational activities.
Exercise activities include general fitness classes and yoga
(with the main goal of muscle strength and body balance),
Nordic walking, and aqua fitness. In total, 39 physical activ-
ities were performed within two weeks. Exercise intensity
was controlled by heart rate, which ranged within 40-60%
of maximal heart rate. Simultaneously, subjects controlled
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TABLE 1: Baseline subjects’ characteristics (mean + SD); n = 35.

Age [years] 654 +73
Body height [cm] 159.7 £ 5.60
Body mass [kg] 69.1+12.4
BMI 26.7 4.7
Fat mass [%] 374+ 6.4
Waist circumference [cm] 89.9 +11.9
Hip circumference [cm] 105.9 + 8.8
WHR 0.85 + 0.07
Systolic blood pressure [mmHg] 1332 +£16.7
Diastolic blood pressure [mmHg] 78.0 + 8.0
Heart rate [beats/min] 83.1+10.9
FVC [L] 2.85+0.57
FVC [%] 113.8 +16.2
FEV1 [L] 221+ 0.42
FEV [%] 106.4 +16.7
Tiffeneau index [—] 0.78 £ 0.07
Tiffeneau index [%] 101.8 + 9.3
Glucose [mmol/L] 5.24 + 0.96
Total cholesterol [mmol/L] 5.60 + 1.15
HDL cholesterol [mmol/L] 1.66 + 0.38
LDL cholesterol [mmol/L] 3.46 +1.12
Triglycerides [mmol/L] 0.94 £0.43
hsCRP [mmol/L] 0.30 £ 0.36
Duration of test exercise [s] 294.4 +779
Maximal tolerated load [MET] 38+0.5
Maximal tolerated load [W] 58.1+12.2
10-year absolute CVD risk score [%] 53+29

Note: WHR: waist to hip ratio; FVC: forced vital capacity; FEV1: forced
expiratory volume in 1 second; FEVI/FVC: Tiffeneau-Pinelli index; TG:
triglycerides; TC: total cholesterol; HDL-C: cholesterol high-density lipopro-
tein; LDL-C: cholesterol low-density lipoprotein; hsCRP: high sensitive C-
reactive protein; CVD: cardiovascular diseases.

exercise intensity by ratings of perceived exertion (RPE) using
the 6-20 Borg Scale [16]. Participants were instructed that
RPE should range between 8 and 15 points. 20% of exercise
was ranked below 9 points, 70% was ranked within 10-
12 points, and 10% was assessed within 13-15 points. The
sessions were conducted by a physical education instructor
with specialization in training older adults and consisted
of three parts: (1) general warm-up activity, calisthenics,
and stretching exercises at the start of sessions; (2) aerobic
exercises; and (3) cool-down activities. Each session lasted
40-75 minutes, making a total of 3-4 hours per day. The
programme was previously described in detail by Kozdron
(17].

2.3.2. Prevent Falls in the Elderly Programme (PFEP). A 3-
month programme of general fitness exercise (gymnastics,
body balance, and muscle strength) was conducted with the
main purpose to prevent falls in the elderly. Independently
of participating in programmed activities, informational ses-
sions aimed to encourage undertaking self-guided physical
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TABLE 2: Organization of the study.

Stage Duration

Number of

participants Measurements

Baseline measurements 2 days

Body mass and composition
Waist and hip circumferences
Physical fitness

35 Blood profile
Blood pressure and heart rate
Pulmonary indices
CVD risk score

Group-based physical activity camp in a

14d
remote location (ALTP) ays

35

Follow-up measurements I 2 days

Body mass and composition
Waist and hip circumferences
Physical fitness

29 Blood profile
Blood pressure and heart rate
Pulmonary indices
CVD risk score

Prevent Falls in the Elderly Programme (PFEP) 3 months

31

Follow-up measurements II 2 days

Body mass and composition
Physical fitness

Blood profile

Blood pressure and heart rate
Pulmonary indices

CVD risk score

23

Self-guided physical activities 18 months

26

Follow-up measurements IIT 1day

26 Physical Activity Survey

activities were performed. Regular activities were conducted
in 2 sessions per week.

2.3.3. Self-Guided Physical Activities. At the end of the ALTP,
the participants were asked to participate in self-guded
physical activities. This was an 18-month period; physical
activities were not limited, not prescribed, and not controlled.

2.4. Measurements. Prior to the beginning of organized,
group-based physical activity (OPA), subjects were ques-
tioned about their health status by a medical doctor. Subjects
were examined two days prior to the beginning of the ALTP,
the following day after the ALTP, and the next day after
the Prevent Falls in the Elderly Programme, and the data
concerning physical activity level were collected 18 months
after the ALTP.

2.5. Anthropometrics. Somatic measures were obtained while
subjects were dressed in light clothing without shoes. Height
and body mass were recorded using a portable stadiometer
and balance weighting scales, respectively. Body mass index
(BMI) was calculated using the standard formula: mass
(kg)/height2 (m). Waist circumference was measured around
the abdomen at the level of the umbilicus. Hip circumference
was measured at the level of the maximum extension of the
buttocks posteriorly in a horizontal plane. WHR was calcu-
lated as waist circumference (cm) divided by hip circumfer-
ence (cm), while WHtR was calculated as waist circumference

(cm) divided by height (cm) [18]. Percent body fat was
measured using bioelectrical impedance (Tanita, Model BC-
545 Tanita, Japan) performed during 8.00-10.00 a.m. In
accordance with the manufacturer’s instructions, the subjects
stood on the metal footpads in bare feet, and fat mass
(%) was determined using the prediction equations supplied
by the manufacturer. Fat mass (kg) and fat-free mass (%)
were subsequently calculated from body weight using the
measured fat mass (%). Before the measurements subjects
had fasted for 12 h and not exercised for at least 12 h.

2.6. Physical Fitness. Aerobic capacity and exercise tolerance
were measured using an incremental exercise stress test
performed on an electrically braked bicycle ergometer. The
test started with a 3 min warm-up at a workload of 10 W
and continued with 20 W increments every two minutes until
reaching a limit of 75% maximal heart rate (HRmax). HRmax
was estimated with the following equation: HRmax = 220 —
age (years). At the end of test the participants were asked
to rate their perceived exertion using 6-20 Borg scale. The
subjects were informed about the test protocol beforehand.
Electrocardiography (ECG) was recorded throughout the
exercise test (CASE Value, GE Healthcare). Blood pressure
was measured every 2min during the test using a sphyg-
momanometer by the Korotkow method. Heart rate was
recorded via ECG. Oxygen consumption was estimated using
the equation of Storer et al. [19]. Some serious syndromes
during or after the exercise tests gave reasons to exclude a



candidate from the exercise activity programme. The follow-
ing outcomes were included into further analysis: time of
exercise in protocol, maximal tolerated load in exercise pro-
tocol expressed in Watt, maximal tolerated load in exercise
protocol expressed in metabolic equivalent units, maximal
oxygen consumption, and rate of perceived exertion at the
end of exercise protocol.

Physical fitness level was assessed with criteria of physical
fitness proposed by Hakola et al. [20].

2.7. Blood Profile. Blood for biochemical assays was with-
drawn from the antecubital vein. The pre- and posttraining
venous blood samples were obtained from the participants
between 8:00 and 10:00 a.m. after a 12-hour overnight fast.
Routine biochemical methods were used for the determina-
tion of TC, TG, HDL-C, glucose, and hsCRP. LDL-C was
calculated using the formula of Friedewald. All measure-
ments were carried out at the biochemistry laboratory of the
University of Physical Education in Warsaw, Poland.

2.8. Cardiac and Pulmonary Indices. Blood pressure and
heart rate recorded at rest by an experienced physician, using
a standard mercury sphygmomanometer. The pulmonary
outcomes were forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), and Tiffeneau index, which is
the ratio between forced expiratory volume in one second and
forced vital capacity (FEVI/FVC). Three manoeuvres were
performed in order to obtain only the best values for the
analysis. The measurements were conducted using an Easy-
One 2001 spirometer (ndd Medical Technologies, Ziirich,
Switzerland). The values were expressed in absolute terms and
as a percentage of the theoretical value for individuals of the
same age, weight, and height in the reference population.

2.9. Statistics. Descriptive measures were calculated for all
variables. Data were verified for normality of distribution
with the Kolmogorov-Smirnov test. Variables that did not
meet the assumption of normality were analysed with non-
parametric statistics.

One-way analysis of variance or the Kruskal-Wallis test
was used to compare means of continuous variables before
and after the training periods. Bonferronis test or the
Wilcoxon rank test was used for post hoc analysis. The
statistical level was set at P < 0.05. Statistical tests were
performed with SPSS software (v. 17; SPSS Inc.)

3. Results

As effect of 2-week and 3-month exercise intervention
main physical fitness outcomes were significantly improved
(Figure 1). Comparing to baseline, the time of exercise in
protocol was significantly increased at first follow-up (P <
0.001) and at second follow-up measurements (P < 0.001).
Also, the maximal tolerated load in exercise protocol was
greater at first (P < 0.01) and second follow-up measure-
ments (P < 0.001) than at baseline. These changes were
reflected by improvements in estimated VO, max (P < 0.01
and P < 0.001, resp.). The rate of perceived exertion at the end
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FIGURE I: Rate of changes of physical fitness indices after Active
Leisure Time Programme (black bars) and Prevent Falls in the
Elderly Programme (grey bars), compared to baseline. Note: values
are mean normalised outcomes. T protocol: time of exercise in
protocol; load max: maximal tolerated load in exercise protocol
expressed in Watt; MET max: maximal tolerated load in exercise
protocol expressed in metabolic equivalent units; VO, max: maximal
oxygen consumption; RPE: rate of perceived exertion at the end
of exercise protocol. Levels of statistical significance: **P < 0.01,
P < 0.001.
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FIGURE 2: Rate of changes of somatic variables after Active Leisure
Time Programme (black bars) and Prevent Falls in the Elderly
Programme (grey bars), compared to baseline outcomes. Note:
values are mean normalised outcomes. BMI: body mass index;
BM: body mass; FM: fat mass; TBW: total body water; WC: waist
circumference; HC: hips circumference; WHR: waist to hip ratio;
WtHR: waist to height ratio. Levels of statistical significance: *P <
0.05, **P < 0.01,and ***P < 0.001.

of exercise protocol remained similar to baseline after 2-week
exercise intervention; after 3-month of exercise participants’
rate of perceived exertion increased insignificantly.

Body mass and fat mass did not change significantly after
2-week and 3-month exercise intervention (Figure 2). BMI
was significantly lower after ALTP (P < 0.05), but after PFEP
the decrease was statistically insignificant. After ALTP waist
and hip circumferences were statistically decreased, when
compared to baseline (P < 0.01 and P < 0.05, resp.).
Similarly, WHR and WHtR indices were also improved after
ALTP (P < 0.05 and P < 0.001, resp.).
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FIGURE 3: (a-b) Rate of changes of blood biochemical indices after Active Leisure Time Programme (black bars) and Prevent Falls in the
Elderly Programme (grey bars), compared to baseline. Note: values are mean normalised outcomes. TG: triglycerides; TC: total cholesterol;
HDL-C: cholesterol high density lipoprotein; LDL-C: cholesterol low density lipoprotein; hsCRP: high sensitive C-reactive protein. Levels of

statistical significance: *P < 0.05, “*P < 0.01, and ***P < 0.001.

Fasting glucose, TG, TC, and hsCRP concentrations did
not change significantly after 2-week and 3-month interven-
tions (Figure 3). HDL-C increased significantly after ALTP
and PFEP, when compared to baseline (P < 0.001 and
P < 0.001, resp.). LDL-C lowered significantly after 2-
week exercise intervention (P < 0.05), but changes were
not maintained after 3 months. The other lipid atherogenic
indices (non-HDL, TG:HDL, LDL:HDL, and TC:HDL)
decreased significantly after ALTP (P < 0.05, P < 0.001,
P < 0.01, and P < 0.01, resp.) and remained decreased
after PFEP, when compared to baseline (P < 0.05, P < 0.05,
P < 0.01,and P < 0.01, resp.). Only the values of logTG did
not change within whole study.

The significant decreases in heart rate at rest (RHR),
resting systolic (BP sys.), and resting diastolic blood pressure
(BP dsys.) were noted after 2-week exercise intervention
(P <0.001, P < 0.001, and P < 0.05, resp.), when compared
to baseline. After 3-month intervention RHR and BP sys.
were lower than at baseline (P < 0.01 and P < 0.001), but
BP dsys. was not statistically improved when compared to
baseline (Figure 4). The pulmonary indices like FVC, FEV1,
and Tiffeneau index did not change significantly within the
study.

4. Discussion

The main aim of this study was to determine the health bene-
fits gained by women older than 55 years, who participated in
the organized physical activity programme. This study exam-
ined the effects of specific physical activity programmes on
the magnitude of changes in selected somatic, biochemical,
spirometric, cardiac, and physical fitness indices. Generally,
this research confirms the assumption that regular physical
activity allows one to gain health benefits as a result of
structured short- and intermediate-term interventions [21,
22]. 'This research could be regarded as interesting as it
aimed to evaluate a specific physical activity programme [17],

RHR

- BP sys.

- BP dsys.
" FVC

- FEV1

 Tiffeneau
-Pinelli ind.

-0.8 -0.6 -0.4 -0.2 0.0 0.2

FIGURE 4: Rate of changes of cardiac and spirometric indices after
Active Leisure Time Programme (black bars) and Prevent Falls in
the Elderly Programme (grey bars), compared to baseline. Note:
values are mean normalised outcomes. RHR: heart rate at rest; BP
sys.: systolic blood pressure; BP dsys.: diastolic blood pressure; FVC:
forced vital capacity; FEVI: forced expiratory volume in 1 second;
FEV1/FVC: Tiffeneau-Pinelli index. Levels of statistical significance:
*P < 0.05, P < 0.01,and """ P < 0.001.

intended for preolder women in the retirement period, in the
context of both health and physical fitness.

In this study, participation in a physical activity pro-
gramme resulted in increase of physical capacity after only 2
weeks of physical exercise and subsequently its maintenance
(VO,max, maximal load) or further increase (time of exercise
in testing protocol) within 3 months. Finally, the capability
to continue exercise and to exercise with higher load was
increased significantly (P < 0.001 and P < 0.001,
resp.). The changes in estimated VO,max (18.6%; P <
0.05) were relatively high. Similar results could be expected
following a 16-week period of increased physical activity and
further increase is possible after 20 weeks or intervention
involving interval training [23-25]. These findings could be
important for participants’ health as low physical fitness
is a significant precursor of premature cardiovascular and



noncardiovascular mortality [26]. Furthermore, in the first
stage of the analysed programme, adaption to moderate-to-
vigorous intensity of exercise was obtained, which is included
in current recommendations [27].

Despite beneficial changes in physical capacity, no posi-
tive changes were noted for spirometric indices. Nevertheless,
baseline indices of FVC and FEV1 were relatively high,
respectively, 114% and 106% of reference values. Maintaining
high spirometric indices in the elderly is desirable as it was
established that, with the decrease in pulmonary function, the
risk of cardiovascular events significantly increases [28].

The findings of this study are in contrast with results
from other studies that did find a lowering of BMI and fat
mass effect in elderly subjects after aerobic training. BMI
significantly decreased in only 2 weeks of ALTP, but this
effect, similarly as for body and fat mass decrease, was
not maintained within the whole period of observation.
Findings from the other studies suggest that, as a result
of physical activity of moderate intensity (>60% VO,max),
the body mass could be decreased by 1-4% within 2-9
months, mainly due to a decrease in body fat [29]. However,
other investigators also did not note a significant decrease
in body mass in physically active elderly people. Manini et
al. found that changes in energy expenditure for activity is
not associated with changes in body mass composition in
older women [30]. A plausible explanation for not finding
positive changes in body composition after 3 months of
physical training may be the relatively low contribution
of exercise of moderate-to-vigorous intensity (13-15 points
on the Borg Scale; approximately 10%), despite quite high
exercise volume. Nevertheless, significant reductions of waist
(P < 0.05) and hip circumferences (P < 0.05) as well as WHR
(P < 0.02) were noted. Both waist circumferences and WHR
are considered as independent predictors of cardiovascular
diseases (CVD) and risk of all-cause mortality [31, 32]. In
wide, randomized clinical trials health effects such as positive
changes in lipid profile, improved cardiorespiratory fitness,
and a hypotensive effect of increased physical activity were
noted in older people, even when body mass was not reduced
[33]. The obtained results support hypothesis that weight
loss is not mandatory for exercise-induced effects on health
indices [34].

The results of this study support findings that regular
physical activity has a positive impact on lipid profile.
After only two weeks of a multicomponent exercise training
programme in a remote location a significant increase in
HDL-C concentration (P < 0.001) and decrease in LDL-C
concentration (P < 0.05) were noted. Within the next three
months of systematic physical activity in the Prevent Falls
in the Elderly Programme, further but insignificant positive
changes in HDL-C were observed, and LDL-C insignificantly
decreased. Within the whole period of increased physical
activity, HDL-C improved permanently, while LDL-C did not
change. These results are consistent with results of earlier
studies. Findings of cross-sectional studies conducted among
the elderly showed that total physical activity (involving
work related PA, leisure-time, and recreation PA) had a
significant, positive correlation with HDL-C concentration,
but no significant association was found for LDL-C and
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triglycerides [35]. It was determined that mean increase
in HDL-C as a result of exercise intervention lasting at
least 8 weeks was 2.53 mg/dL. Moreover, favourable changes
occur when energy expenditure for physical activity exceeds
900 kcal per week and further increase in physical activity can
bring additional health benefits [36].

It was revealed that only the concentration of LDL-C
among other lipids and biomarkers of myocardial infarction
does not change significantly in relation to increasing phys-
ical activity intensity level [37]. Nevertheless, a large meta-
analysis showed that it is possible to reduce the concen-
tration of LDL-C by about 3% (i.e., —4.2 + 1.1 mg/dL) as
a result of at least an 8-week period of increased physical
activity [38]. In the present study, after 3 months of exercise
intervention, a decrease of LDL-C by about 5% was noted,
but it was not statistically significant. Mean change in TG
after 3 months of physical training was about 8%, but also
statistically insignificant. Lack of positive changes in TG as
a result of exercise training was also observed in studies
aimed at determining the effectiveness of walking among
adult women [39]. On the other hand, a number of studies
have demonstrated the positive effect of exercise training in
reduction of TG concentration, and its effectiveness depends
not only on the nature of the exercise (kind and intensity),
but mainly on the amount of exercise. It was found that the
most favourable changes in lipid profile are achieved when
the highest amount of weekly exercise, with minimal weight
change, occurred [40].

In the current study, persistent and significant changes
in the concentrations of total cholesterol and TG were not
found. This is consistent with many other exercise-based
interventional studies, but beneficial changes in LDL as
a result of increased physical activity could be achieved
[41]. However, contrary to the lack of beneficial changes
in LDL, TC, and TG after ALTP and PFEP, in the cur-
rent investigation, lipid atherogenic indices (non-HDL,
TC:HDL, LDL: HDL, and TG: HDL) changed significantly
in favourable directions, which at least partially confirms the
antiatherogenic effects of this intervention.

One of the most important health effects for the elderly
observed in this study was a reduction in resting blood
pressure by an average of 8.5% and 3.1% for systolic and
diastolic within 3 months. These results are in accordance
with previous research that found a postexercise hypotensive
effect after intervention based on a different kind of aerobic
exercise [42, 43].

At 18 months following participation in programmes
of organized physical activity only every seventh person
was not physically active. More than 2/3 of participants
continued engagement in increased physical activity. Mean
time of physical activity in this group was sufficient to
achieve additional health benefits in accordance with WHO
recommendations.

Participation in analysed programmes, of both 2 weeks
and 3 months duration, significantly improved health indices
and physical fitness, cumulatively decreasing the risk of
premature death. This should allow reaching lower risk of
CVD. This finding is consistent with other research, mainly
cross-sectional [6, 21, 44].
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It seems that one would expect a greater reduction in
risk of CVD when multidimensional programmes were more
effective in reducing body fat mass, due to the presence of a
moderately strong correlation between somatic indices (BMI
and percentage of body fat) and a number of health indicators
[45].

4.1. Limitations. The study has some limitation that have to
be addressed: nutrition habits, smoking habits, medication,
and physical activity due to leisure activities can affect the
way how the health indices respond to the increased physical
activity and should be recognised as potential biases. To
decrease possible influences of nutrition habits changes, the
participants were instructed to maintain their nutritional
habits during the intervention programme.

5. Conclusion

The findings of this study showed that implementation of the
OPA programme had a positive impact on somatic features,
exercise capacity, biochemical indices, and risk of death
from CVD. The presented programme can be regarded as
an effective element of primary prevention of cardiovascular
diseases among women older than 55 years.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This project was financially supported by the Jozef Pilsudski
University of Physical Education in Warsaw via Grant DS-
120.

References

[1] M. Waligérska and L. Nowak, Prognoza Ludnosci Polski na Lata
2008-2035, Notatka Informacyjna, Warsaw, Poland, 2011.

[2] Z. Milanovi¢, S. Panteli¢, N. Trajkovi¢, G. Spori$, R. Kosti¢,
and N. James, “Age-related decrease in physical activity and
functional fitness among elderly men and women,” Clinical
Interventions in Aging, vol. 8, pp. 549-556, 2013.

[3] C. P. Schuch, G. Balbinot, M. Boos, L. A. Peyré-Tartaruga, and
D. Susta, “The role of anthropometric changes due to aging on
human walking: mechanical work, pendulum and efficiency,
Biology of Sport, vol. 28, no. 3, pp. 165-170, 2011.

[4] T. Mitchell and C. E. Barlow, “Review of the role of exercise in
improving quality oflife in healthy individuals and in those with
chronic diseases,” Current Sports Medicine Reports, vol. 10, no.
4, pp. 211-216, 2011.

[5] S.Dograand L. Stathokostas, “Sedentary behavior and physical
activity are independent predictors of successful aging in
middle-aged and older adults,” Journal of Aging Research, vol.
2012, Article ID 190654, 8 pages, 2012.

[6] D. E. R. Warburton, C. W. Nicol, and S. S. D. Bredin, “Health
benefits of physical activity: the evidence,” Canadian Medical
Association Journal, vol. 174, no. 6, pp. 801-809, 2006.

[7] A. Famula, O. Nowotny-Czupryna, K. Czupryna, and J.
Nowotny, “Previous physical activity and body balance in
elderly people;” Biology of Sport, vol. 30, no. 4, pp. 311-315, 2013.

[8] M. Akbarpour, “The effect of aerobic training on serum
adiponectin and leptin levels and inflammatory markers of
coronary heart disease in obese men,” Biology of Sport, vol. 30,
no. 1, pp. 21-27, 2013.

[9] S. N. S. Blair, “Physical inactivity: the biggest public health
problem of the 21st century,” British Journal of Sports Medicine,
vol. 43, no. 1, pp. 1-2, 2009.

[10] J. Bergier, L. Kapka-Skrzypczak, P. Bilinski, P. Paprzycki, and
A. Wojtyla, “Physical activity of Polish adolescents and young
adults according to IPAQ: a population based study,” Annals of
Agricultural and Environmental Medicine, vol. 19, no. 1, pp. 109-
115, 2012.

[11] J. Lobaszewski, K. Przewozniak, K. Zatonska et al., “Patterns
of leisure time physical activity and its determinants among a
sample of adults from Kielce region, Poland the ‘PONS’ study;’
Annals of Agricultural and Environmental Medicine, vol. 18, no.
2, pp. 241-245, 2011

[12] K. Zatonska, R. Ilow, B. Regulska-Ilow et al., “Prevalence of
diabetes mellitus and IFG in the prospective cohort ‘PONS’
study—baseline assessment,” Annals of Agricultural and Envi-
ronmental Medicine, vol. 18, no. 2, pp. 265-269, 2011.

[13] K. Zatonska, K. Janik-Koncewicz, R. Ilow et al., “Prevalence of
obesity—baseline assessment in the prospective cohort ‘PONS’
study,” Annals of Agricultural and Environmental Medicine, vol.
18, no. 2, pp. 246-250, 2011.

[14] A. Szuba, H. Martynowicz, K. Zatonska et al.,, “Prevalence
of hypertension in a sample of Polish population— baseline
assessment from the prospective cohort ‘PONS’ study,” Annals
of Agricultural and Environmental Medicine, vol. 18, no. 2, pp.
260-264, 2011.

[15] A.S. Slingerland, E J. van Lenthe, J. W. Jukema et al., “Aging,
retirement, and changes in physical activity: prospective cohort
findings from the GLOBE study,” American Journal of Epidemi-
ology, vol. 165, no. 12, pp. 1356-1363, 2007.

[16] G. Borg, “Perceived exertion as an indicator of somatic stress,”
Scandinavian Journal of Rehabilitation Medicine, vol. 2, no. 2,
pp. 92-98, 1970.

(17] E. Kozdron, Organized Physical Recreation of Older Women
in Urban Enviroment. Programme Proposition and Analysis of
Heath-Related Effects, AWF, Warsaw, Poland, 2006.

[18] B. C. C. Lam, G. C. H. Koh, C. Chen, M. T. K. Wong, and
S. J. Fallows, “Comparison of body mass index (BMI), body
adiposity index (BAI), waist circumference (WC), waist-to-hip
ratio (WHR) and waist-to-height ratio (WHtR) as predictors
of cardiovascular disease risk factors in an adult population in
Singapore,” PLOS ONE, vol. 10, no. 4, Article ID 0122985, 2015.

[19] T. W. Storer, J. A. Davis, and V. J. Caiozzo, “Accurate prediction
of VO2max in cycle ergometry;” Medicine & Science in Sports &
Exercise, vol. 22, no. 5, pp- 704-712, 1990.

[20] L. Hakola, P. Komulainen, M. Hassinen et al., “Cardiorespira-
tory fitness in aging men and women: the DR’s EXTRA Study,’
Scandinavian Journal of Medicine and Science in Sports, vol. 21,
no. 5, pp. 679-687, 2011.

[21] H. M. Ahmed, M. J. Blaha, K. Nasir, J. J. Rivera, and R.
S. Blumenthal, “Effects of physical activity on cardiovascular
disease,” The American Journal of Cardiology, vol. 109, no. 2, pp.
288-295, 2012.

[22] S. M. A.J. Tielemans, S. S. Soedamah-Muthu, M. de Neve et
al.,, “Association of physical activity with all-cause mortality and



(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(34]

@
o

[36]

incident and prevalent cardiovascular disease among patients
with type 1 diabetes: the EURODIAB Prospective Complica-
tions Study;,” Diabetologia, vol. 56, no. 1, pp. 82-91, 2013.

G. Huang, C. A. Gibson, Z. V. Tran, and W. H. Osness,
“Controlled endurance exercise training and VO,,,,, changes
in older adults: a meta-analysis,” Preventive Cardiology, vol. 8,
no. 4, pp. 217-225, 2005.

K. E. Malbut, S. Dinan, and A. Young, “Aerobic training in the
‘oldest old’: the effect of 24 weeks of training,” Age and Ageing,
vol. 31, no. 4, pp- 255-260, 2002.

S. Ahmaidi, J. Masse-Biron, B. Adam et al., “Effects of interval
training at the ventilatory threshold on clinical and cardiores-
piratory responses in elderly humans,” European Journal of
Applied Physiology and Occupational Physiology, vol. 78, no. 2,
pp. 170-176, 1998.

R. Vigen, C. Ayers, B. Willis, L. DeFina, and J. D. Berry, “Asso-
ciation of cardiorespiratory fitness with total, cardiovascular,
and noncardiovascular mortality across 3 decades of follow-up
in men and women,” Circulation: Cardiovascular Quality and
Outcomes, vol. 5, no. 3, pp. 358-364, 2012.

Committee Physical Activity Guidelines Advisory, 2008 Phys-
ical Activity Guidelines for Americans, Committee Physical
Activity Guidelines Advisory, Rockville, Md, USA, 2008.

A. Arcari, S. Magnacca, F. Bracone et al.,, “Relation between
pulmonary function and 10-year risk for cardiovascular disease
among healthy men and women in Italy: the Moli-sani Project,”
European Journal of Preventive Cardiology, vol. 20, no. 5, pp.
862-871, 2013.

S.J. Kay and M. A. F. Singh, “The influence of physical activity
on abdominal fat: a systematic review of the literature,” Obesity
Reviews, vol. 7, no. 2, pp.- 183-200, 2006.

T. M. Manini, J. E. Everhart, S. D. Anton et al., “Activity energy
expenditure and change in body composition in late life,” The
American Journal of Clinical Nutrition, vol. 90, no. 5, pp. 1336
1342, 2009.

S. Czernichow, A.-P. Kengne, R. R. Huxley et al., “Comparison
of waist-to-hip ratio and other obesity indices as predictors of
cardiovascular disease risk in people with type-2 diabetes: a
prospective cohort study from ADVANCE,” European Journal
of Cardiovascular Prevention and Rehabilitation, vol. 18, no. 2,
pp. 312-319, 2011.

P. Srikanthan, T. E. Seeman, and A. S. Karlamangla, “Waist-hip-
ratio as a predictor of all-cause mortality in high-functioning
older adults,” Annals of Epidemiology, vol. 19, no. 10, pp. 724-
731, 2009.

A. L. Dunn, B. H. Marcus, J. B. Kampert, M. E. Garcia, H. W.
Kohl III, and S. N. Blair, “Comparison of lifestyle and structured
interventions to increase physical activity and cardiorespiratory
fitness: a randomized trial,” The Journal of the American Medical
Association, vol. 281, no. 4, pp. 327-334,1999.

J. Farinha, D. dos Santos, G. Bresciani et al., “Weight loss is
not mandatory for exercise-induced effects on health indices in
females with metabolic syndrome;” Biology of Sport, vol. 32, no.
2, pp. 109-114, 2015.

K. Iijima, S. Iimuro, T. Shinozaki et al., “Lower physical activity
is a strong predictor of cardiovascular events in elderly patients
with type 2 diabetes mellitus beyond traditional risk factors:
the Japanese elderly diabetes intervention trial,” Geriatrics &
Gerontology International, vol. 12, supplement 1, pp. 77-87, 2012.

S. Kodama, S. Tanaka, K. Saito et al., “Effect of aerobic exercise
training on serum levels of high-density lipoprotein cholesterol:

[37]

(38]

(41]

[42]

(43]

[44]

(45]

The Scientific World Journal

a meta-analysis,” Archives of Internal Medicine, vol. 167, no. 10,
pp. 999-1008, 2007,

A. K. Chomistek, S. E. Chiuve, M. K. Jensen, N. R. Cook, and
E. B. Rimm, “Vigorous physical activity, mediating biomarkers,
and risk of myocardial infarction,” Medicine and Science in
Sports and Exercise, vol. 43, no. 10, pp. 1884-1890, 2011.

G. A. Kelley, K. S. Kelley, and Z. V. Tran, “Aerobic exercise
and lipids and lipoproteins in women: a meta-analysis of
randomized controlled trials,” Journal of Women’s Health, vol.
13, no. 10, pp. 1148-1164, 2004.

H. E. Aldred, A. E. Hardman, and S. Taylor, “Influence of 12
weeks of training by brisk walking on postprandial lipemia and
insulinemia in sedentary middle-aged women,” Metabolism,
vol. 44, no. 3, pp. 390-397, 1995.

W. E. Kraus, J. A. Houmard, B. D. Duscha et al., “Effects of the
amount and intensity of exercise on plasma lipoproteins,” The
New England Journal of Medicine, vol. 347, no. 19, pp. 1483-1492,
2002.

W. Guo, H. Kawano, L. Piao, N. Itoh, K. Node, and T. Sato,
“Effects of aerobic exercise on lipid profiles and high molecular
weight adiponectin in Japanese workers,” Internal Medicine, vol.
50, no. 5, pp. 389-395, 2011.

C. L. M. Forjaz, T. Tinucci, K. C. Ortega, D. E. Santaella, D.
Mion Jr., and C. E. Negrdo, “Factors affecting post-exercise
hypotension in normotensive and hypertensive humans,” Blood
Pressure Monitoring, vol. 5, no. 5-6, pp. 255-262, 2000.

J. R. MacDonald, “Potential causes, mechanisms, and implica-
tions of post exercise hypotension,” Journal of Human Hyper-
tension, vol. 16, no. 4, pp. 225-236, 2002.

K. Mazurek, P. Zmijewski, A. Czajkowska, and G. Lutostawska,
“Cardiovascular risk in students with different level of aerobic
capacity;” Biology of Sport, vol. 27, no. 2, pp. 105-109, 2010.

O. Asghar, U. Alam, S. A. Hayat, R. Aghamohammadzadeh,
A. M. Heagerty, and R. A. Malik, “Obesity, diabetes and atrial
fibrillation; epidemiology, mechanisms and interventions,” Cur-
rent Cardiology Reviews, vol. 8, no. 4, pp. 253-264, 2012.



