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ABSTRACT

Background: Hypertension in Indonesia affects 30.8% of adults, with contributing factors including diet,
smoking, physical activity, and stress. An initial survey in the Lingkar Timur Community Health Center area
found data on 781 adults with hypertension. Based on interviews with 10 hypertensive patients, it was found
that they only underwent pharmacological therapy and were unaware that inspiratory muscle training
techniques could lower blood pressure.

Objectives: The purpose of this study was to assess the influence of Inspiratory Muscle Training (IMT) on
the blood pressure of hypertensive late adults within the Lingkar Timur Health Center's jurisdiction.
Methods: This was a quasi-experimental study with a total sample of 44 participants, divided into an
intervention group (n=22) and a control group (n=22). Non-probability sampling with a purposive method
was used, selecting respondents based on inclusion criteria: late adult age, systolic blood pressure >140
mmHg, and diastolic blood pressure >90 mmHg.

Results: Statistical analysis, utilizing the independent t-test for systolic blood pressure and the
Mann-Whitney U test for diastolic blood pressure, revealed a p-value of a<0.05. This signifies a statistically
significant outcome of Inspiratory Muscle Training (IMT) on the blood pressure of hypertensive patients.
Conclusion: Inspiratory Muscle Training (IMT) effectively lowers blood pressure for late adults in
conjunction with hypertension.
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INTRODUCTION

Hypertension is widely recognized as a "silent killer" because many individuals remain unaware of
their condition until severe organ damage occurs, potentially leading to fatal outcomes. The serious
consequences of hypertension, such as cardiac dysfunction, coronary artery disease, renal impairment,
cognitive decline, or stroke, often manifest only in advanced stages. The incidence of hypertension and its
complications has risen significantly in recent years, necessitating urgent prevention and treatment,
especially in adulthood to mitigate fatal impacts (Ervina & Ayubi, 2018).

Epidemiological data indicate a heightened risk of hypertension in adults aged 20 and above, a trend
closely linked to lifestyle factors. Adulthood is typically categorized into early adulthood (20-30 years),
middle adulthood (31-39 years), and late adulthood (40-60 years). Globally, 40% of adults are projected to be
affected by hypertension, with this figure expected to reach 29% worldwide by 2025, and 31.7% in
Indonesia. Essential hypertension accounts for 95% of all cases (Dewati et al., 2023). The Framingham Heart
Study revealed that over 90% of participants with normal blood pressure at age 55 eventually developed
hypertension (Franklin et al., 2021). Late adults face a 2.9 times higher risk of hypertension compared to
early and middle adults due to decreased vascular elasticity, leading to arterial stiffness and subsequent blood
pressure elevation (Ekarini et al., 2020).

The global prevalence of hypertension is on the rise. In 2023, the World Health Organization (WHO)
estimated that 1.28 billion grown-ups aged 30-60 worldwide had hypertension, with a significant most
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people in low and middle-income countries like Indonesia. A concerning statistic is that roughly 46% of
these individuals are unaware they have the condition (WHO, 2022). The Indonesian Ministry of Health has
identified hypertension as the most frequently diagnosed non-communicable disease (NCD) in its healthcare
facilities. This is further corroborated by data from the Institute for Health Metrics and Evaluation (IHME),
which reported Indonesia's mortality rate at 1.7 million. Hypertension stands as the primary risk factor for
death in Indonesia at 23.7%, followed by hyperglycemia (18.4%) and smoking (12.7%). Overall,
hypertension comes in second for causes of death within the country (Kemenkes, 2023).

According to the 2023 Indonesian Health Survey, hypertension is the fourth highest risk factor for
death, accounting for 10.2% of fatalities. Indonesian Health Survey also reported a national hypertension
prevalence of 30.8%. While the lowest prevalence was observed in Papua Pegunungan Province (19.9%),
Central Kalimantan Province recorded the highest at 40.7%. Bengkulu Province's hypertension prevalence of
24.8% ranks 30th nationally, which is lower than the national average (Dinkes Kota Bengkulu, 2023).
Despite this, hypertension prevalence in Bengkulu City is substantial, with the city's Health Office reporting
50,898 diagnosed cases. Among the 20 Community Health Centers in Bengkulu City, Community Health
Centers Lingkar Timur ranks fifth highest with 2,906 cases, indicating a significant burden of hypertension in
its working area (Rahmadhani, 2021).

Hypertension development is influenced by both controllable and uncontrollable elements.
Modifiable factors include lifestyle elements such as dietary patterns, stress, smoking, physical activity, and
obesity. Non-modifiable factors encompass genetic predisposition, particularly a family history of
hypertension, and increasing age (Putra et al., 2024). Current approaches to managing hypertension
predominantly involve pharmacological therapy, specifically antihypertensive medications. However,
non-pharmacological interventions also offer viable alternatives, especially for individuals with mild to
moderate hypertension. Commonly implemented non-pharmacological strategies include breathing
relaxation techniques, walking, massage, acupuncture, cupping therapy, traditional herbal remedies, and
acupressure (Mardiansyah et al., 2022).

Breathing relaxation therapy is a complementary approach increasingly utilized for hypertension
management. This technique is highly effective in reducing blood pressure because it diminishes sympathetic
activity, slows heart rate, and promotes stable vasodilation, thereby lowering blood pressure (Yusuf, 2023).
Various forms of breathing relaxation exist, including inspiratory muscle training, abdominal breathing, slow
and deep breathing, alternate nostril breathing, pursed-lip breathing, resonance breathing, and visualized
breathing (Barrera et al., 2020). Inspiratory Muscle Training (IMT) specifically involves respiratory muscle
exercises designed to enhance muscle flexibility, alleviate stress, and reduce muscle tension. This practice
facilitates vasodilation by stretching and relaxing stiff muscles, providing comfort to patients and optimizing
blood circulation. IMT is a structured breathing exercise method that strengthens the muscles involved in
inspiration, such as the diaphragm and intercostal muscles, through the use of a specialized device that
provides resistance during inhalation, thereby improving the strength and efficiency of respiratory muscles
(Aulia et al., 2024).

MATERIALS AND METHODS

This study used a quantitative research approach with aiquasi-experimental design, specifically a
pre-test and post-test with a control group design. This design allowed for the comparison of outcomes
between an intervention group receiving Inspiratory Muscle Training (IMT) and a control group.

RESULTS AND DISCUSSION

Characteristics and Equivalence of Respondents

Table 1. Demographic Profile of Respondents in Lingkar Timur Community Health Center's Service Area,
Bengkulu City (2025)

Variable Group |
Intervention Control Value
(n=22) (n=22)

Age 0,457

Mean 4727 49,41 *

Min 41 41

Max 54 58

SD 3,966 4,944

CI 95% 45,51 ;49,03 47,22 ;51,60
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**Chi-Square test
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Gender 0,112
Men 10 (45,5%) 5(23,7%) ok
Women 12 (54,5%) 17 (77,3%)
Work 0,757
Not Working 13 (59,1%) 14 (63,6%) ok
Working 9 (40,9%) 8 (36,4%)
History of Hypertension 0,540
> 5 years 14 (63,6%) 12 (54,5%) ok
<5 years 8 (36,4%) 10 (45,5%)
Genetic History
No history 6 (27,3%) 3 (13,6) 0,457
There is a history 16 (72,7%) 19 (86,4%) o
Smoking History 0,472
No smoking 16 (72,7%) 18 (81,8%) ok
Smoking 6 (27,3%) 4 (18,2%)
Medication History 0,365
Compliant 13 (59,1%) 10 (45,5%) ok
non-compliant 9 (40,9%) 12 (54,5%)
**T Independent test

Table 1 shows the baseline characteristics of the study participants. During the intervention group,

the mean age was 47.27 years (SD=3.966), with a slight majority being female (54.5%). Most respondents
were not working (59.1%), reported adherence to hypertension medication (59.1%), had a history of
hypertension for more than 5 years (63.6%), had a genetic history of hypertension (72.7%), and were
non-smokers (72.7%). Conversely, in the comparison group, the mean age was 49.41 years (SD=4.944), with
a larger proportion being female (77.3%). The majority were not working (63.6%), had a history of
hypertension for more than 5 years (54.5%), reported non-adherence to medication (54.5%), predominantly
had a genetic history (86.4%), and were non-smokers (81.8%). Equivalence testing for all characteristics
(age, gender, occupation, history of hypertension, genetic history, smoking history, and medication
adherence) between the intervention and control groups showed a p-value >0.05, indicating that these
variables were comparable between the two groups at baseline.

Table 2: Impact of Inspiratory Muscle Training on Systolic Blood Pressure in Hypertensive Older Adults:
Lingkar Timur Community Health Center, Bengkulu City (2025)

Variable Intervention Control p

Pre Intervention
Systolic Blood Pressure

Mean 154,36 148,91
Median 154,5 149
Min 132 129 0,173 %**
Max 200 170
SD 13.464 10,871
CI95% 148,39-160,3 144,09-153,73
3
Diastolic Blood Pressure
Mean 94,14 94,05
Median 95 93,5 0,921%*
Min 90 90
Max 100 100
SD 3,091 2,984
CI 95% 92,77-95,51 92,72-95,37
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Variable Intervention Control
Post Intervention

Systolic Blood Pressure

Mean 139,05 141,82
Median 139 140

Min 123 127

Max 178 159

SD 12,148 9,535
CI95% 133,66-144.,4 137,59-146,0
Diastolic Blood Pressure

Mean 86,27 89,27
Median 87 90

Min 75 85

Max 92 95

SD 3,894 3,042

CI 95% 84,55-88,00 87,92-90,62

*** Mann-Whitney Test

Before the intervention, Table 2 indicates the mean systolic blood pressure for the intervention group
was 154.36 mmHg (SD=13.464), while the control group averaged 148.91 mmHg (SD=10.871). For
diastolic blood pressure, the pre-intervention mean was 94.14 mmHg (SD=3.091) within the intervention
group, while 94.05 mmHg (SD=2.984) in the control group. Equivalence tests showed that both systolic
(p=0.173) and diastolic (p=0.921) blood pressures were comparable between the two groups before
intervention (p > 0.05). Following the intervention, the intervention group's average systolic blood pressure
was 139.05 mmHg (SD=12.148), while in the control group, it was 141.82 mmHg (SD=9.535). The mean
diastolic blood pressure post-intervention was 86.27 mmHg (SD=3.894) for the intervention group and 89.27
mmHg (SD=3.042) for the control group.

Table 3: Difference in Respondent Blood Pressure Before and After Intervention in the Intervention Group in
the Working Area of Community Health Center Lingkar Timur, Bengkulu City 2025

Variable Median V4 P
(min — max) value

Systolic Blood Pressure
Before Intervention 154,36(132-200) -4,1 0,00
After Intervention 2 139,05(123-178) 09 ] A

2
Diastolic Blood Pressure
Before Intervention 94,14(90-100) -4,1 0,00
After Intervention 2 86,27(75-92) 14 [ otk

2

%% Wilcoxon Signed-Rank Test

Table 3 indicates that the Wilcoxon Signed-Rank Test found a significant difference in the median
systolic and diastolic blood pressure within the intervention group when comparing measurements before
and after the intervention. The p-value for both systolic and diastolic blood pressure was 0.001 (<a0.05).
This demonstrates a notable reduction in blood pressure within the intervention group following the IMT
intervention.
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Table 4: Difference in Respondent Systolic Blood Pressure Before and After Intervention in the Control
Group in the Working Area of Community Health Center Lingkar Timur, Bengkulu City 2025

Difference

Variable n  Mean =+ SD Mean =+ Cl t Pvalue
95%
SD
Systolic Blood Pressure
Before Intervention 22 148,91 +10,871
After Intervention 22 141,82 +9,535 7,091 5,334-8 8,392 0,001 ***%*
+3,963 ,848

*Fx%* Paired Samples T-test

Table 4 displays the findings from a Paired Samples T-test, showing a significant differenceiin
systolic blood pressure within the control group from before to after the intervention. The mean difference
observed was 7.091 (p=0.001 <a0.05), indicating a notable change in systolic blood pressure for this group.

Table 5: Difference in Respondent Diastolic Blood Pressure Before and After Intervention in the Control
Group in the Working Area of Community Health Center Lingkar Timur, Bengkulu City 2025

Variable Median Z P
(min — max) value
Diastolic Blood Pressure
Before Intervention 93,5(90-100) -4,0 0,00
After Intervention 2 89,27(85-95) 22 | Rolahoh
2

%% Wilcoxon Signed-Rank Test

Table 5 shows that the Wilcoxon Signed-Rank Test found a significant difference in median diastolic blood
pressure within the control group from before to after the intervention (p=0.001 < 00.05). This suggests a
noticeable change in diastolic blood pressure for this group.

Table 6: The Effect of Inspiratory Muscle Training on Systolic and Diastolic Blood Pressure Reduction in
Late Adults with Hypertension in the Working Area of Community Health Center Lingkar Timur, Bengkulu
City 2025

Variable n Mean = SD Difference CI 95% t Pvalue
Mean

Systolic Blood Pressure

Intervention 22 15,32 8,227 4,610-11.84 4510

Control 22 +7,415 5 ’ 0,001*

7,09+ 3,963
Variable n Median (Min-Max) U P-value
Diastolic Blood Pressure
_Interventlon 22 95(90-100) 108,500 0,002+

Control 22 93(90-100)

*Independent t-test
**% Mann-Whitney U Test

Table 6 indicates that the independent t-test found a significant difference in the mean reduction of
systolic blood pressure between the intervention and control groups (p=0.001 < a0.05). This suggests that
Inspiratory Muscle Training (IMT) has a significant effect on reducing systolic blood pressure in
hypertensive patients. The results of the Mann-Whitney U test, which revealed a significant difference in the
change in diastolic blood pressure between the intervention and control groups (p=0.002 < 00.05). This
suggests a significant effect of Inspiratory Muscle Training (IMT) on reducing diastolic blood pressure in
hypertensive patients.
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This study explored how Inspiratory Muscle Training (IMT) affects Hypertension management in
older adults living in the service area of the Community Health Center Lingkar Timur in Bengkulu City. Our
results illuminate the characteristics of this patient group and demonstrate the effectiveness of IMT as a
non-pharmacological approach to managing hypertension.

The demographic profile of our respondents showed a mean age in the late adulthood category
(47.27 years for the intervention group and 49.41 years for the control group), consistent with other studies
on hypertension prevalence (Nisak, 2024). This reinforces the understanding that hypertension risk increases
with age due to natural physiological changes like decreased vascular elasticity and reduced heart function
(Falah, 2019). We observed a higher proportion of female respondents in both groups (54.5% in intervention,
77.3% in control), aligning with other research indicating higher hypertension prevalence in women,
particularly those in perimenopause age due to declining estrogen levels affecting vascular flexibility
(Wegrzynowicz et al., 2024).

A significant majority of respondents in both groups were unemployed (59.1% intervention, 63.6%
control). This finding, echoed by other studies (Ramdhika et al., 2023), suggests a correlation between
reduced physical activity and increased hypertension risk, as lower activity levels can lead to a higher resting
heart rate and greater cardiac workload. Most respondents had a hypertension of less than 5 years (63.6%
intervention, 54.5% control), consistent with previous findings (Nurdin et al., 2024), indicating that
accumulated risk factors can accelerate hypertension onset (Putra et al., 2024). A strong genetic
predisposition to hypertension was observed in both groups (72.7% intervention, 86.4% control), reinforcing
the well-established understanding of hypertension as a heritable condition (Khairunnissa et al., 2022).

Interestingly, most respondents in both groups were non-smokers (72.7% intervention, 81.8%
control), consistent with other local studies (Hanifah et al., 2025). While not directly causative, smoking
contributes to arterial damage and reduced blood vessel elasticity, increasing the heart's workload
(Garwahusada & Wirjatmadi, 2020). Regarding medication adherence, the intervention group showed higher
adherence (59.1%) compared to the control group (54.5% non-adherent). This varied finding highlights the
complex nature of medication adherence, as noted by Susanto et al. (2023) (Nurdin et al., 2024),
emphasizing the need for comprehensive support from family and healthcare professionals to encourage
consistent medication use (Moningkey et al., 2023).

The core findings of this study demonstrate a significant positive impact of Inspiratory Muscle
Training (IMT) on blood pressure in late adults with hypertension. We observed a significant reduction in
both systolic (p=0.001) and diastolic (p=0.001) blood pressure within the intervention group after IMT.
Furthermore, a comparison between the intervention and control groups revealed a statistically significant
difference in the mean reduction of both systolic (p=0.001) and diastolic (p=0.002) blood pressure, indicating
IMT's effectiveness in lowering blood pressure. These results align strongly with previous research by
(Kahraman et al., 2023) and (Craighead et al., 2021), Both of whom reported similar significant benefits of
IMT on blood pressure. The mechanism by which IMT likely achieves this effect involves strengthening
respiratory muscles, which can lead to improved cardiovascular autonomic balance, a decrease in
sympathetic nervous system activity, and enhanced endothelial function. These physiological changes
collectively promote vasodilation and contribute to a reduction in systemic blood pressure. Our findings
underscore the potential of non-pharmacological interventions like IMT as a valuable alternative or
complementary approach to conventional antihypertensive drug therapy.

This study, while providing compelling evidence, is not without limitations. Its quasi-experimental
design, while practical for a real-world setting, meant that complete randomization was not possible, which
might have introduced unmeasured confounding variables compared to a fully randomized controlled trial.
Furthermore, conducting the study at a single Puskesmas in Bengkulu City may limit the generalizability of
these findings to more diverse populations or other healthcare systems. The relatively short intervention
period of 12 days might also restrict the observation of long-term blood pressure effects or sustained
adherence to IMT. Future studies ought to utilize a randomized controlled trial design involving larger and
more geographically diverse participant pools, extending the intervention duration, and integrating objective
measures of IMT adherence and intensity to strengthen the evidence base. Despite these limitations, the
study's implications are significant for the Sustainable Development Goals (SDGs), with a specific focus on
SDG 3, which addresses Good Health and Well-being. By demonstrating the effectiveness and feasibility of
IMT as a non-pharmacological intervention, this research contributes directly to the global target of reducing
premature mortality from non-communicable diseases (NCD) by one-third through prevention and treatment
by 2030. Integrating IMT into primary healthcare settings, such as Puskesmas in Indonesia, offers an
accessible, scalable, and potentially cost-effective strategy to improve hypertension management at the
community level. This aligns well with broader efforts to strengthen national capacities for early warning,
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risk reduction, and the comprehensive management of public health risks, ultimately contributing to better
cardiovascular health outcomes and overall well-being.

The study primarily reveals how the interventions affected blood pressure. In the intervention group,
the mean systolic blood pressure significantly decreased from 154.36 mmHg (SD=13.464) before IMT to
139.05 mmHg (SD=12.148) after. Similarly, diastolic blood pressure in this group reduced from 94.14
mmHg (SD=3.091) to 86.27 mmHg (SD=3.894) post-IMT. For the control group, who received medication
adherence monitoring, the mean systolic blood pressure decreased from 148.91 mmHg (SD=10.871) to
141.82 mmHg (SD=9.535), and diastolic blood pressure changed from 94.05 mmHg (SD=2.984) to 89.27
mmHg (SD=3.042).

These results are consistent with existing literature supporting the efficacy of IMT in lowering blood
pressure. Craighead et al. (2021) in Colorado, reported reductions in mean systolic and diastolic blood
pressure from 135.2/79.2 mmHg to 126.3/77.2 mmHg after IMT. Further supporting evidence comes from
Craighead et al. (2022) In Colorado, also significant reductions in mean systolic blood pressure from 137.23
mmHg to 118.56 mmHg and diastolic from 86.48 mmHg to 72.62 mmHg following IMT (Hiizmeli et al.,
2025). More recently, Hiizmeli et al. (2025) in Turkey, reported similar trends, with mean systolic blood
pressure dropping from 124.33 mmHg to 117.44 mmHg and diastolic from 73.40 mmHg to 70.66 mmHg
after IMT intervention. The consistent findings across these studies, including our own, underscore the
therapeutic potential of IMT in hypertension management. The observed reductions in the control group's
blood pressure, while present, were less pronounced than those in the intervention group, highlighting the
specific benefit of IMT beyond general monitoring. The mechanisms driving these improvements are
believed to involve enhanced respiratory muscle strength, leading to improved autonomic nervous system
balance and vascular function.

Blood pressure changes varied significantly between the intervention and control groups after their
respective interventions, a core finding of this study (p=0.001). Both groups experienced a reduction in blood
pressure, but the intervention group, which received Inspiratory Muscle Training (IMT), exhibited a more
substantial decrease. Specifically, the intervention group showed an average systolic blood pressure
reduction of 15.31 mmHg and a diastolic blood pressure reduction of 7.87 mmHg. The control group, only
receiving medication adherence monitoring, saw more modest average reductions: 7.09 mmHg in systolic
and 4.78 mmHg in diastolic blood pressure.

These findings are consistent with several other studies demonstrating the effectiveness of IMT.
Barrera et al. (2020) reported average reductions of 8.0 mmHg in systolic and 4.7 mmHg in diastolic blood
pressure. Craighead et al. (2021) found mean differences of 8.9 mmHg in systolic and 2.0 mmHg in diastolic
blood pressure. Further supporting evidence comes from Hiizmeli et al. (2025), with average decreases of
6.89 mmHg systolic and 2.47 mmHg diastolic. A more pronounced effect was noted by Craighead et al.
(2022), showing average reductions of 24 mmHg in systolic and 14.86 mmHg in diastolic blood pressure.
The consistency across these studies reinforces that IMT significantly impacts blood pressure.

The mechanism behind IMT's blood pressure-lowering effect is primarily attributed to its influence
on the sympathetic nervous system. IMT, as a form of resistive breathing exercise, induces significant
intrathoracic negative pressure during inspiration. This pressure stimulates mechanoreceptors in the
respiratory tract and chest wall, which reflexively modulate the autonomic nervous system. While not
significantly improving lung function or cardiovascular baroreflex sensitivity, IMT has been shown to reduce
sympathetic nerve activity to vascular smooth muscles, as evidenced by a decrease in muscle sympathetic
nerve activity (MSNA) burst frequency (Falah, 2019). This reduction in sympathetic activity directly leads to
a decrease in vasoconstrictor tone, promoting peripheral vasodilation and consequently lowering systemic
vascular resistance and blood pressure. Furthermore, IMT may contribute to improved endothelial function
and nitric oxide (NO) bioavailability by reducing oxidative stress, further supporting its blood
pressure-lowering effects (Aulia et al., 2024). The consistent daily monitoring in the control group likely
contributed to their observed blood pressure reduction, but the significantly larger reductions in the IMT
group underscore the specific physiological benefits of this targeted respiratory exercise. The intervention in
this study involved IMT three times a week for four weeks for the intervention group, alongside daily
medication adherence monitoring for the control group.

The most significant finding of this study is the demonstration of a clear and statistically significant
influence of Inspiratory Muscle Training (IMT) on blood pressure in hypertensive patients at Puskesmas
Lingkar Timur, Bengkulu. Our analysis yielded a p-value of 0.001 for both systolic and diastolic blood
pressure, both well below the significance level of 0<0.05. This robust statistical evidence confirms the
positive impact of IMT. These results are strongly consistent with a growing body of evidence from other
studies. Barrera et al. (2020) in Arizona, a significant effect of IMT on hypertension with a p-value of 0.002.
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Craighead et al. (2021) In Colorado, similarly, a significant influence, with p-values of 0.001 for systolic and
0.003 for diastolic blood pressure. Further supporting this, Hiizmeli et al. (2025) in Turkey, a significant
effect of IMT on lowering both systolic (p=0.001) and diastolic (p=0.008) blood pressure in hypertensive
patients. The consistent findings across these diverse studies, including our own, provide compelling
evidence for IMT as a valuable intervention for managing hypertension.

CONCLUSION

Both the intervention and control groups saw a reduction in their systolic and diastolic blood
pressure, according to the study's conclusion. However, the reduction observed in the intervention group was
significantly greater than that in the control group, both before and after treatment. This suggests that
inspiratory muscle training effectively lowered both systolic and diastolic blood pressure in hypertensive
patients in Bengkulu City's Community Health Center Lingkar Timur area.
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