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Abstract

Objectives: The aim of this study was to evaluate the effect of peripheral heart action (PHA) and yoga exercises on respiratory func-
tions and CRP of obese postmenopausal women.
Methods: In this quasi-experimental study, 40 elderly women (age: 65.3 ± 2.6 years) referring voluntarily to the Sport Counseling
Center of Sports and Youth Administration of Qazvin province in 2018 were randomly assigned to three groups: yoga exercise group
(n = 14), strength training group (n = 13), and control group (n = 13). The experimental groups performed the exercise protocols (yoga
and PHA training) three sessions a week each lasting 40 minutes for two months. Tests were performed to evaluate the subjects’ ven-
tilatory capacity including FVC and FEV1 using spirometry and CRP. The tests were done in pre-test and post-test. Data were analyzed
by SPSS software using t-test, one-way ANOVA, and Tukey post hoc test.
Results: FEV1 was better in the yoga and PHA exercise groups than in the control group (P = 0.001 and P = 0.016, respectively). Fur-
thermore, CRP was better in the yoga and PHA training groups than in the control group (P = 0.001 and P = 0.02, respectively). There
was no significant difference in the study variables between the two training groups (P = 0.97).
Conclusions: Based on the obtained results, due to the vulnerability of the elderly to cardiorespiratory and inflammatory problems,
it is highly proposed to apply such exercises to improve the physiological functions.
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1. Background

Mortality from cardio-respiratory illness is prevalent
in the elderly (1, 2). Aging creates many changes in the
physiological, physical, and psychological functioning of
aged populations that disturb the lifestyle and functional
independence of the elderly (3, 4). The aging process im-
poses limitations on cardiorespiratory functions, which
can reduce the capacity of people to tolerate exercise; it
even causes respiratory diseases (5). Research evidence
shows that the loss of respiratory function associated with
impaired mobility results in a reduction in the use of envi-
ronmental oxygen, thus decreasing the forced expiratory
volume in elderly women and men and putting their car-
diovascular system at potential risk (6, 7). Muscle weak-
ness is more common in postmenopausal women, espe-
cially in those with overweight and obesity (8, 9). Accord-
ing to some studies, the strength of respiratory muscles
in the elderly begins to decrease over time, which can also
reduce the function of respiratory pump muscles (10, 11).

Since there is a direct relationship between lung and heart
function, any weakness in respiratory function may lead
to changes in cardiovascular outcomes (12). In the same
vein, overweight and obesity adversely affect inflamma-
tory factors such as C-reactive protein (CRP) that is respon-
sible for the development of cardiovascular disease (13).
Based on research evidence, physical activity and exercise
are effective in improving the respiratory function and re-
ducing the risk factors associated with cardiovascular dis-
ease (14, 15). Accordingly, it seems that training adapta-
tions and improved muscle mass and respiratory function
in obese individuals can reduce inflammatory factors and
decrease the risk of these diseases. A study by Irandoust
and Taheri (16) showed that a yoga practice protocol signif-
icantly improved the static, dynamic, and lower limb mus-
cle strength and flexibility of elderly women. Recently, re-
searchers have been concerned about the effectiveness of
exercises in improving the physical and physiological state
of the elderly without putting stress on joints and skeletal
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systems. These exercises have included a combination of
physical and mental exercises focusing on movement con-
trol, body positioning, and breathing. These resistance ex-
ercises emphasize mostly factors such as flexibility, power,
breathing, and balance (16). Yoga is such a mind-body in-
tervention that is increasingly being explored for thera-
peutic potentials in the elderly. In a study, it was indi-
cated that about 15.8 million American people are involved
in yoga training (17). This type of exercise, with its roots
in ancient Indian philosophy, is used for physical, mental,
and spiritual well-being. On the other hand, to the best of
our knowledge, this is the first study that directly inves-
tigates the potential cardiorespiratory changes following
engagement in particular resistance exercises such as pe-
ripheral heart action (PHA) training. This mode of train-
ing was initially introduced by Dr. Arthur Steinhaus in the
1940s. It was specifically designed to keep blood circula-
tion throughout the whole body during the entire work-
out with few exercises (five to six) performed at low inten-
sity (18). The logic of using these training methods is the
interest of the elderly in such exercises, on the one hand,
and some physical limitations that elders have in physical
activity, on the other hand.

2. Objectives

Generally, since the elderly are unable to perform aer-
obic exercises and high-pressure exercises due to muscu-
lar atrophy and weakness of the skeletal system the aim of
this study was to evaluate the effect of peripheral heart ac-
tion (PHA) exercise and yoga exercise on respiratory func-
tion and CRP in obese postmenopausal women.

3. Methods

The quasi-experimental study was conducted with the
pre-test and post-test design. The sample size was calcu-
lated to include 40 individuals based on the error level of
0.05 and the probability of 0.8 (Equetion 1).

(1)

n =

(
Z1−α

2
+ Z1−β

)2 (
S12 + S22

)
(µ1 − µ2)

2

=
(1.96 + 0.84)2 ×

(
1.722 × 5.22

)
(75.50− 73.19)2

= 40.282

3.1. Participants

In this study, 40 elderly women (age: 65.3 ± 2.6 years)
referring voluntarily to the Sport Counseling Center of
Sports and Youth Administration of Qazvin province in

2018 were randomly assigned to three groups: yoga exer-
cise group (n = 14), strength training group (n = 13), and
control group (n = 13). The inclusion criteria consisted of
percent body fat of ≥ 35% and lack of smoking and any
serious medical conditions such as stroke, diabetes, and
heart attack preventing participants from adhering to the
exercise protocol. Taking drugs during the study and ab-
sence in training sessions were the exclusion criteria. The
present study was approved by the Ethics Committee of
Imam Khomeini International University (Ref. no. 17628)
and a consent form was signed by each participant prior
to the beginning of the experimentation.

3.2. Experimental Design

The measurements of respiratory functions and CRP
were carried out in two stages of pre-test and post-test.
The experimental groups performed the exercise protocols
(yoga and PHA training) three sessions a week each lasting
40 minutes for two months. The control group performed
daily routine activities. The exercise protocols were per-
formed by professional trainers under the supervision of
an exercise physiologist. The exercise protocols for PHA (19)
and yoga (16) training are seen in Table 1.

3.3. CRP Measurement

Blood samples were collected by venipuncture from
the forearm vein after the subjects were sitting at a rest po-
sition for 15 minutes. Serum CRP concentration was deter-
mined using Pars-Azmun kits by the Immunoturbidimet-
ric method (20).

3.4. Respiratory Function Measurement

Ventilation capacity (VC) and forced vital capacity
(FVC) were assessed using a spirometer (Cosmed Pony FX
Spirometer) in order to measure the respiratory functions
of participants (21).

3.5. Body Composition Measurement

Lean body mass (LBM), percent body fat (PBF), and WHR
of the participants were measured using a body composi-
tion analyzer (ZENUS 9.9 PLUS Model).

3.6. Ethical Considerations

The study was approved by the Ethics Committee of
Imam Khomeini International University (Ref. No. 17628).

3.7. Statistical Analysis

Data are presented as means ± SD in tables and texts.
The normal distribution of data was assessed using the
Shapiro-Wilk test. Data were analyzed by t-test, One-way
ANOVA, and Tukey post hoc test for multiple comparisons.
The significance level was set at P ≤ 0.05.
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Table 1. Exercise Protocols

Exercise Protocols

PHA

Warm-up (5 min) Jogging and general stretching exercise

Set 1 (10 min), rep: 10, set: 2 Stabilization

Ball dumbbell chest press

Ball squat

Single leg cable

Step-up to balance

Single leg dumbbell shoulder press

Set 2 (10 min), 40% 1RM, rep: 10, set: 2 Strength

Bench press

Barbell squat

Seated row

Romanian deadlift

Seated leg dumbbell shoulder press

Set 3 (10 min), rep: 10, set: 2 Power

Medicine ball chest pass

Squat jump

Soccer throw-in

Power step-up

Front medicine ball oblique throw

Cool-down, (5 min) Walking and stretching exercises

Yoga

Warm-up (5 min) Jogging and general stretching exercise

Set 1 (10 min), rep: 10, set: 2 Asana exercises (10 min)

Stretching movements

Set 2 (10 min), 40% 1RM, rep: 10, set: 2 Pranayama exercises (10 min)

Sitting with a flat back, with a deep inhalation and exhalation with a special rhythm and
coordinated with imprisonment for a short time to start the next step

Set 3 (10 min), rep: 10, set: 2 Meditation exercises (10 min)

Sleeping in the privacy, breathing with proper rhythm, isometric contractions of big muscles,
stretching and dropping, concentration training

Cool-down, (5 min) Walking and stretching exercises

Abbreviations: 1RM, one-repetition maximum; Rep, repetition.

4. Results

As shown in Table 2, 40 obese postmenopausal volun-
teers participated in the study with a mean age of 65.3 ±
2.6 years. The mean weight of participants was as follows:
77.6± 3.9 vs. 75.7± 3.96 kg in the yoga training group, 75.43
± 6.01 kg in the PHA exercise group, and 76.77 ± 6.44 kg in
the control group respectively in pre-test and post-test. No
significant difference was seen in the baseline values (P ≥
0.05). The distribution of data was recognized as normal
using the Shapiro-Wilk test (P = 0.61).

One-way ANOVA results showed no significant differ-
ence in any of the cardiopulmonary variables in the pre-
test stage between the groups (P = 0.44). However, there
was a significant difference in FVC, FEV1, and CRP variables
between the groups in post-test (P = 0.003). Moreover,
there was a significant difference between the groups in

the body composition (P = 0.03). The Tukey test results of
the variables are presented in Figures 1-3.

As shown in Figure 1, Tukey post hoc test results showed
that the FVC variable was significantly better in the PHA
training group than in the control group (P = 0.008); how-
ever, no significant difference was observed between the
other groups (P = 0.12).

As shown in Figure 2, the results of Tukey post hoc test
showed that the FEV1 variable was better in the yoga train-
ing group and the PHA exercise group than in the control
group (P = 0.001, P = 0.016, respectively), but there was no
significant difference between the two training groups (P
= 0.97).

As shown in Figure 3, the results of Tukey post hoc test
showed that the CRP variable was better in the yoga and
PHA training groups than in the control group (P = 0.001,
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Table 2. One-Way ANOVA Test for Comparing Cardiorespiratory Variables (Mean Difference Between Post-Test and Pre-Test)

Variable
Yoga Group PHA Group Control Group

Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test

Cardiorespiratory

FVC, L 0.52 ± 1.68 0.51 ± 1.99 0.46 ± 1.71 0.39 ± 2.13 0.38 ± 1.65 0.50 ± 1.63

FEV1, L 0.51 ± 1.89 0.04 ± 2.39 0.53 ± 1.97 0.46 ± 2.30 0.63 ± 1.96 0.71 ± 2.00

CRP, mg/mL 0.35 ± 1.69 0.05 ± 1.08 0.04 ± 1.65 0.3 ± 1.37 0.33 ± 1.63 0.37 ± 1.61

Body composition

LBM, kg 1.72 ± 42.75 2.05 ± 43.60 5.20 ± 41.95 4.92 ± 42.01 2.23 ± 41.96 2.06 ± 41.73

PBF, % 3.03 ± 40.41 3.88 ± 39.48 2.90 ± 42.11 3.13 ± 41.60 2.45 ± 40.92 2.94 ± 40.65

Weight, kg 3.9 ± 77.6 3.96 ± 75.7 6.44 ± 76.77 6.01 ± 75.43 3.53 ± 75.98 4.63 ± 75.07

Pretest 
Posttest
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Figure 1. Comparison of FVC in the study groups before and after the intervention
(Tukey post hoc test). * significant difference between the PHA and control groups.
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Figure 2. Comparison of FEV1 in the study groups before and after the intervention
(Tukey post hoc test). * significant difference between the PHA and control groups.
# Significant differences between yoga and control groups.

P = 0.02, respectively), but there was no significant differ-
ence between the two training groups (P = 0.08). The re-
sults of the Tukey post hoc test regarding the lean body
mass variable showed that the yoga training group was
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Figure 3. Comparison of CRP in the study groups before and after the intervention
(Tukey post hoc test). * significant difference between the PHA and control groups.
# Significant differences between the yoga and control groups.

better than the control group (P = 0.014). However, no
significant difference was observed in other variables be-
tween the groups (P = 0.13).

5. Discussion

Considering the health-related risk factors among the
elderly, providing healthy options has yielded a great deal
of interest among health researchers. The purpose of this
study was to evaluate the effect of PHA and yoga training on
respiratory functions and CRP in obese postmenopausal
women. The results showed that the PHA training resulted
in a significant improvement in all respiratory factors (FVV,
FEV1, and CRP). In justifying the obtained results, it can be
noted that based on research evidence, the effectiveness of
these exercises has been well documented on the regula-
tion of hypertension (19). Thus, it is logical that the im-
provement of respiratory function may occur as a conse-
quence of this exercise (22). The strengthening of respira-
tory muscles in PHA exercises is another factor explaining
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this result. Piras other colleagues reported in a study that
PHA exercises could improve cardiovascular adaptations,
reduce the sympathetic activity of the vessels, and improve
parasympathetic status; moreover, less oscillation of sys-
tolic blood pressure occurs as a sign of sympathetic regu-
lation (18, 19, 23). The other results indicated the improve-
ment of FEV1 and CRP after exercise interventions. These
positive changes can be attributed to Pranayama exercises
(respiratory techniques) and Asana exercises (physical con-
dition) (10). Pranayama exercises can affect pulmonary ca-
pacity and improve diaphragm performance by increas-
ing the amount of respiration (22). As shown in the re-
sults, LBM was significantly better in the Yoga group than
in the other groups, which could also justify better car-
diopulmonary function. This result is consistent with the
findings of Bezerra (10) that showed yoga improved respi-
ratory function in the elderly. They stated that breathing
exercises in yoga training keep the diaphragmatic muscles
in contraction and increase their strength. On the other
hand, the development of inspiratory muscles improves
the function of expiratory muscles, which justifies the re-
sults.

Of the limitations of this study were the low number of
participants and the lack of the physiological assessment
of hormonal factors involved in cardiovascular processes.
A comprehensive study regarding the psychological and
physiological aspects can strengthen such a study.

5.1. Conclusions

Given that elderly people suffer impaired respiratory
function due to physiological changes and body composi-
tion, as well as muscle atrophy and inflammatory factors,
it is highly suggested that both PHA and yoga exercises
be performed to improve their physical and physiological
condition.
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