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Abstract

Introduction: The aging process will cause anatomical and physiological
changes in various organs and the body systems, including changes in the
cardiovascular, respiratory, and musculoskeletal systems which then progressively
reduce cardiovascular and pulmonary functional capacity, ultimately affecting
cardiorespiratory fitness, which can be assessed by a 6-minute walk test/6MWT.
Aerobic exercise, including senam lansia, will affect cardiorespiratory fitness by
increasing muscles blood flow. Adding expiratory muscle strengthening exercises
with a Positive Expiratory Pressure/PEP threshold will strengthen expiratory
muscles, the most common muscles affected in aging. This study aims to prove the
effectiveness of adding expiratory muscle-strengthening exercises to senam lansia
on the cardiorespiratory fitness of the pre-frail elderly.

Method: 24 subjects who met the study criteria were randomly divided into an
intervention group (n=12) who receive PEP 5 times per week + senam lansia 3
times per week for 6 weeks, and a control group (n=12) who only had senam lansia
3 times per week for 6 weeks. Cardiorespiratory fitness was measured before and
after intervention using the 6MWT.

Result: There was an increase in 6MWT scores before and after treatment in both
the intervention group (p=0.002) and the control group (p<<0.001). Comparison
between groups showed a significant 6MWT score difference in the intervention
group (p<<0.001).

Conclusion: The addition of expiratory muscle strengthening exercises to senam
lansia for 6 weeks had a better improvement in cardiorespiratory fitness compared
to only having senam lansia.
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Abstrak

Pendahuluan: Proses penuaan akan menyebabkan perubahan anatomi dan
fisiologis pada berbagai organ dan sistem tubuh, termasuk perubahan pada
sistem kardiovaskular, pernapasan, dan muskuloskeletal yang kemudian secara
progresif mengurangi kapasitas fungsional kardiovaskular dan paru, yang akhirnya
memengaruhi kebugaran kardiorespirasi, yang dapat dinilai dengan tes jalan
6 menit/6MWT. Latihan aerobik, termasuk senam lansia, akan memengaruhi
kebugaran kardiorespirasi dengan meningkatkan aliran darah otot. Menambahkan
latihan penguatan otot ekspirasi dengan ambang Positive Expiratory Pressure/PEP
akan memperkuat otot ekspirasi, otot yang paling umum terpengaruh pada penuaan.
Penelitian ini bertujuan untuk membuktikan efektivitas penambahan latihan
penguatan otot ekspirasi pada senam lansia terhadap kebugaran kardiorespirasi
lansia pre-frail.

Metode: 24 subjek yang memenuhi kriteria penelitian dibagi secara acak menjadi
kelompok intervensi (n=12) yang menervima PEP 5 kali per minggu + senam
lansia 3 kali per minggu selama 6 minggu, dan kelompok kontrol (n=12) yang
hanya melakukan senam lansia 3 kali per minggu selama 6 minggu. Kebugaran
kardiorespirasi diukur sebelum dan sesudah intervensi menggunakan 6MWT.
Hasil: Terdapat peningkatan skor 6MWT sebelum dan sesudah perlakuan pada
kelompok intervensi (p=0,002) dan kelompok kontrol (p<<0,001). Perbandingan
antar kelompok menunjukkan perbedaan skor 6MWT yang signifikan pada kelompok
intervensi (p<<0,001).

Kesimpulan: Penambahan latihan penguatan otot ekspirasi pada senam lansia
selama 6 minggu memberikan peningkatan kebugaran kardiorespirasi yang lebih
baik dibandingkan dengan hanya melakukan senam lansia.

Kata Kunci: Pre-frail, Senam lansia, Positive Expiratory Pressure (PEP),
Cardiorespiratory fitness.
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Introduction

According to data from “Badan Pusat
Statistik” (BPS) in 2021, there are 29.3 mil-
lion elderly people in Indonesia or it is equiv-
alent with 10.82 percent of the total popula-
tion.! The increase in the number of elderly
people is a challenge for the country due to
its demand for adequate costs. On the other
hand, the elderly have many potentials if they
are healthy, independent, active and produc-
tive.The aging process is a natural process
that runs continuously, and has an impact on
decreasing the function of various organs and
body systems thus various health problems
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arise in the elderly, including frailty.>* Frail-
ty is a dynamic process, where previously
the elderly will experience predisposing con-
ditions, namely pre-frail. Early detection by
finding pre-frail status in the elderly can be an
opportunity to provide effective management.
Intervention by providing a multi-component
programs will be able to prevent an elderly
person from falling from a pre-frail condition
to frailty.>*

The aging process results in a decrease
in cardiovascular and lung functional capacity
which can affect cardiorespiratory fitness.!?
One indicator of cardiorespiratory fitness is
the results of the 6 minutes walk test, a test
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that can be used to estimate cardiorespiratory
fitness. >

Physical exercise is an effort to slow
down the declining process of physical fit-
ness. One of the exercises for the elderly is
low impact aerobic exercise. In general, aero-
bic exercise will have an effect on cardiorespi-
ratory fitness by increasing blood flow to the
muscles.>®” Several previous studies stated
that in the aging process, expiratory muscles
are more affected than inspiratory muscles.
Previous studies also showed the effect of
strengthening expiratory muscles on cardiore-
spiratory fitness.*® Knowing that there is no
research which can explain the effectiveness
of adding expiratory muscle strengthening ex-
ercises to senam lansia on the cardiorespirato-
ry fitness of pre-frail elderly in Indonesia, the
researchers were interested in carrying out a
design research on the effectiveness of adding
expiratory muscle strengthening exercises to
senam lansia on the cardiorespiratory fitness
of the prefrail elderly population.

Method

The research was carried out after
obtaining ethical clearance from the Ethics
Commission of Dr. Kariadi General Hospital
Semarang with number 1366/EC/KEPK-RS-
DK/2022.This study was a parallel random-
ized controlled trial. This research was con-
ducted at Wisma Wredha Rindang Asih I and
IT in February — March 2023. Subjects were
then randomly randomized, and divided into
two groups, namely the treatment group and
the control group, where the number of sub-
jects in the control group was 12 people and
in the treatment group there were 12 people.
The samples were then selected based on in-
clusion and exclusion criteria, the inclusion
criteria were; age > 60 years; Pre-frail elderly;
MOCA-Ina > 26; Can understand commands;
Can walk without tools; Geriatric Depression
Scale score < 5; Cooperative and willing to
participate in research by signing informed

consent. Meanwhile, the exclusion criteria
are; Having concomitant diseases (angina
pectoris, myocardial infarction, uncontrolled
diabetes mellitus, pulmonary disease, stroke,
parkinsonism, osteoarthritis of the knee or
hip grade III-IV); Having a history of malig-
nant hypertension (blood pressure > 180/120
mmHg); Having acute sinusitis or epistaxis,
disease of the tympanic membrane or inner ear
structures; Having a leg length difference of >
2 inches; Fear of falling (fall efficacy scale >
70). The sampling method was carried out us-
ing the consecutive sampling method. Every
elderly person who met the research criteria
was included in the next study. Based on sam-
ple size calculations. The minimum number
of research subjects in one group is 10 people;
To anticipate the possibility of dropping out, 2
research subjects were added, so that the total
number of research subjects was 12 people for
each group. Treatment group participants per-
formed expiratory muscle strengthening ex-
ercises with PEP Threshold Phillips, 5 times
per week for 6 weeks, 3 sets of 10 repetitions,
with an initial intensity of 60% MEP (30 RM),
and the intensity would be increased if partic-
ipants felt comfortable for 2 weeks and do se-
nam lansia 3 times a week for 6 weeks. Mean-
while, the control group did senam lansia 3
times a week for 6 weeks.

All data is processed with the help of a
computer using SPSS® software. Significance
in this study is obtained if a p value <0.05 is
obtained with a 95% confidence interval.

Result

The study began with informed con-
sent, and initial assessment of cardiorespira-
tory fitness was performed with a 6-minutes
walk test. The intervention began on February
13, 2023 and ended on March 25, 2023. Char-
acteristics data showed that research subjects
had positive frailty phenotype components for
physical activity (100%), hand grip strength
(91.6%), and walking speed (8.3 %). All re-

Table 1. Comparison of the Control and Treatment Groups
Seen from the Results of the 6 Minute Walk Test

. Group
6-minute walk test p
Treatment Control
Pre-intervention 230,25 + 76,25 192,25 +72,18 0,2238
Post - intervention 288,13 + 78,95 206,63 £ 71,97 0,015%
p 0,002 <0,0017
Difference 57,88 +£21,78 14,38 £ 2,18 <0,001*

Notes: * Significant (p < 0.05); § Independent t; | Mann Whitney; q Paired t; Wilcoxon
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search subjects had low scores on the physical
activity scale, caused by a lack of moderate
and heavy intensity physical activity in nurs-
ing homes. Data that influence cardiorespira-
tory fitness, such as age, gender, temperature
and body composition, are homogeneous.

The normality test assessed using the
Shapiro-Wilk test showed normal data for
the results of the 6-minutes walk test in both
groups and the difference in the values of the
control group, while the difference values in
the treatment group were not normal.

Discussion

In this study, we found that both se-
nam lansia 3 times a week for 6 weeks and
senam lansia followed by expiratory muscle
strengthening exercises 5 times a week for
6 weeks, 3 sets x 10 repetitions significantly
improved cardiorespiratory fitness in pre-frail
elderly (p=0.002 in the treatment group and
p<0.001 in the control group). However, the
change in the average value of cardiorespira-
tory fitness as assessed by the 6- minutes walk

Table 2. Comparison of Control and Treatment Groups Seen

from the V02Max Results
VO2max Group P
Treatment Control
Pre-intervention 7,11 £ 4,74 5,20 + 3,66 0,453*
Post - intervention 10,17 +4,88 5,97 £ 3,63 0,023*
p 0,002 <0,001"
Difference 3,07+1,15 0,76 £ 0,12 <0,001*

Notes: * Significant (p < 0.05),; } Mann Whitney; 9§ Paired t; Wilcoxon

The data normality test for VO2max
results was assessed using the Shapiro-Wilk
test. The VO2max values in the treatment
group before and after treatment, as well as
the difference in METS values in the control
group were normal. The VO2max values in
the control group before and after treatment,
as well as the difference in VO2max values in
the treatment group were not normal.

test in the treatment group at the end of the
study (288.13 + 78.95) was greater than the
average value of the 6-minutes walk test in the
control group at the end of the study (206, 63 +
71.97), with the mean difference between the
two groups found to be significant (p<0.001).

The results of the subject’s VO2 max
and METS were also found to be significant,
there was an increase in METS values after

Table 3. Comparison of Control and Treatment Groups Seen

from METS Results
METS Group p
Treatment Control
Pre-intervention 2,03+1,35 1,49 + 1,05 0,453*
Post-intervention 2,91 +1,39 1,70 £ 1,04 0,023*
p 0,002 <0,0017
Difference 0,88 +£0,33 0,22 +£0,03 <0,001*

Notes: * Significant (p < 0.05); ; Mann Whitney,; § Paired t; Wilcoxon

The data normality test for METS re-
sults was assessed using the Shapiro-Wilk test.
METS values in the treatment group before
and after treatment, as well as the difference,
are normal. METS values in the control group
before and after treatment also the difference
were not normal.
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treatment (2.91 £+ 1.39) greater than the con-
trol group (1.70 £ 1.04) with a significant dif-
ference in METS values = p < 0.001. These
results indicate that the addition of expiratory
muscle strengthening exercises can further
improve the cardiorespiratory fitness of pre-
frail elderly people. At the end of this study,
it was found that 70% of participants experi-
enced an increase in the intensity of expiratory
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muscle strengthening exercises by 1-2 cm Hg.
Previous studies have shown that in elderly
populations in Asia, a change of 17.8 meters
in testing is considered as minimal clinically
significant change. A systematic review stated
that the minimum clinically significant change
in the adult population with pathological con-
ditions is 14 — 35 meters. Based on this re-
search, the average increase in the 6-minutes
walking test score has reached the minimum
clinically significant value.'*!"

The results of this study show that
elderly exercise improves cardiorespiratory
fitness. Elderly exercise is low impact aero-
bic exercise, with light to moderate intensi-
ty continuously, the movements are easy to
do, the movements will not cause injury, the
movements themselves rarely change so they
can be done by healthy elderly, pre-frail el-
derly, frail elderly, elderly with comorbidities.
such as controlled hypertension and diabetes
mellitus as well as elderly people who do not
experience acute disease conditions. Putra D,
et al.’s research stated there is a significant ef-
fect of giving seniors exercise for a total of
20 minutes, 3 times a week for 4 weeks on
increasing cardiorespiratory fitness.>!?

The basic of breathing exercises us-
ing PEP is to apply pressure due to resistance
during expiration, resulting in pressure in
the mouth which is transmitted to the airway
which will strengthen the expiratory muscles,
hold the airway open during expiration and
prevent premature closure of the airway so
that the expiration time will be shorter. This
results in increased lung volume, reducing
hyperinflation and increasing airway clear-
ance.3,|3,l4

There are several studies which prove
that giving PEP can improve patients cardiore-
spiratory fitness, including research conducted
by Su et al.'” who gave PEP with an expiratory
pressure of 10-20 cmH20 2 times a day for 1
month as home therapy to 16 elderly COPD
patients showed an increase in functional ca-
pacity as measured using the 6-minutes walk
test.!> Naoki et al.® conducted a study on 63
elderly patients with musculoskeletal diseas-
es where after 6 weeks there were significant
changes in the distance traveled in the 6-min-
utes walk test, respiratory function, swallow-
ing ability and quality of life in the treatment
group who received conventional rehabil-
itation plus training using PEP. In the study
conducted by Mauren et al.'® conducted on pa-
tients undergoing CABG surgery, the results
of the 6-minutes exercise test 1 week before
surgery and 1 month after surgery increased
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significantly in the treatment group given ex-
ercise with PEP."

There has been no research that dis-
cusses the effect of PEP and aerobic exercise
on the cardiorespiratory fitness of pre-frail el-
derly people. The addition of PEP to elderly
exercise is predicted to further improve the re-
spiratory function of pre-frail elderly. Increas-
ing ventilation and oxygenation by adminis-
tering PEP increases lung volume, increasing
the diffusion process, thereby opening the air-
way for better breathing.'*!

This research has several limitations.
First, blinding could not be performed in this
study because of the intervention technique
and environment. Second, this study did not
objectively measure the lung and heart func-
tion of the research subjects. This study also
did not objectively assess blood hemoglobin
levels, which can predict a decrease in VO2
Max.

Conclusion

There was a significant difference in
cardiorespiratory fitness improvement of pre-
frail elderly who received additional expira-
tory muscle strengthening exercises by doing
elderly exercise.

References

1. Girsang APL, Ramadani KD, Nugroho
SW, Sulistyowati NP, Putrianti R, Wilson
H. Statistik Penduduk Lanjut Usia 2021
Jakarta: Badan Pusat Statistik; 2021.

2. Darmojo RB, Martono HH. Teori Proses
Menua. In: Martono HH, Pranarka K, edi-
tors. Buku Ajar Boedhi-Darmojo Geriatri
(Ilmu Kesehatan Usia Lanjut). 4 ed. Ja-
karta: Balai Penerbit FKUI; 2009. p. 7-15.

3. Ferrucci L, Fabbri E, Walston J. Frailty.
In: Halter J, Ouslander J, Studensky S,
High K, Asthana S, editors. Hazzard’s
Geriatric Medicine And Gerontology. 7
ed. New York: McGraw Hill Education;
2017. p. 862-8.

4. Setiati S. Geriatric Medicine, Sarkopenia,
Frailty, dan Kualitas Hidup Pasien Usia
Lanjut: Tantangan Masa Depan Pendi-
dikan, Penelitian dan Pelayanan Kedok-
teran di Indonesia. Journal Kedokteran
Indonesia. 2014;1:234-41.

5. Martono H, Darmojo RB. Olah Raga dan
Kebugaran Usia Lanjut. In: Martono HH,
Pranarka K, editors. Buku Ajar Boed-
hi-Darmojo Geriatri (Ilmu Kesehatan
Usia Lanjut). 4 ed. Jakarta: Balai Penerbit

J Indon Med Assoc, Volum: 75, Nomor: 2, April - Mei 2025



Effectiveness of Adding Expiratory Muscle Strengthening Exercise to Senam Lansia

FKUI; 2009. p. 105-14.

6. Basuni DT, Putra HL. Uji Latih Beban
pada Rehabilitasi Jantung. I ed. Ricky A,
Kusumawardhani K, Ayu EA, Sariyani
BL, Magoomammahmuudaa, editors. Ja-
karta: PB PERDOSRI; 2016. 54-9 p.

7. Riebe D. Exercise Prescription for
Healthy Populations with Special Consid-
eration and Enviromental Considerations.
ACSM’s Guidelines for Exercise Testing
and Prescription. 10 ed. Philadelphia:
Wolters Kluwer; 2018.

8. Maki N, Sakamoto H, Takata Y, Ko-
bayashi N, Kikuchi S, Goto Y, et al. Effect
of respiratory rehabilitation for frail older
patients with musculoskeletal disorders:
a randomized controlled trial. J Rehabil
Med. 2018;50(10):908-13.

9. Emirza C, Aslan GK, Kilinc AA, Coku-
gras H. Effect of expiratory muscle train-
ing on peak cough flow in children and
adolescents with cystic fibrosis: A ran-
domized controlled trial. Pediatr Pulmo-
nol. 2021;56(5):939-47.

10. Bohannon RW, Crouch R. Minimal clin-
ically important difference for change in
6-minute walk test distance of adults with
pathology: a systematic review. J Eval
Clin Pract. 2017;23(2):377-81.

11. Kwok BC, Pua YH, Mamun K, Wong
WP. The minimal clinically important dif-
ference of six-minute walk in Asian older
adults. BMC Geriatr. 2013;13:23.

12. Putra DP, Imania DR, Fis M. Pengaruh
Senam Lansia Terhadap Kebugaran

J Indon Med Assoc, Volum: 75, Nomor: 2, April - Mei 2025

13.

14.

15.

16.

17.

Kardiorespirasi Pada Lansia. JURNAL
MEDICAL P-ISSN : 2685-7960 e-ISSN
: 2685-7979. 2019;1:1-6.

Hasan H, Maranatha R. Perubahan Fung-
si Paru Pada Usia Tua. Jurnal Respirasi.
2019;3:52.

Nusdwinuringtyas N, Hariza O, Sunarjo
P, Triangto K, Kamelia T, Kekalih A. Ef-
fect of Expiration Muscle Exercise Using
Positive Expiratory Pressure in Chronic
Obstructive Pulmonary Disease. Journal
of Physical Medicine Rehabilitation &
Disabilities. 2021;7:63.

Su C-L, Chiang L-L, Chiang T-Y, Yu C-T,
Kuo H-P, Lin H-C. Domiciliary Positive
Expiratory Pressure Improves Pulmonary
Function and Exercise Capacity in Pa-
tients with Chronic Obstructive Pulmo-
nary Disease. Journal of the Formosan
Medical Association. 2007;106(3):204-
I1.

Haeffener MP, Ferreira GM, Barreto SSM,
Arena R, Dall’Ago P. Incentive spirometry
with expiratory positive airway pressure
reduces pulmonary complications, im-
proves pulmonary function and 6-minute
walk distance in patients undergoing cor-
onary artery bypass graft surgery. Amer-
ican Heart Journal. 2008;156(5):900.e1-.
e8.

Ramadhani A, Sapulete IM, Pangemanan
DHJe. Pengaruh senam lansia terhadap
kadar gula darah pada lansia di BPLU
Senja Cerah Manado. 2016;4(1): 104-9.

100



