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ABSTRACT

Introduction: Hypertension remains a significant public health problem globally, particularly among pre-
elderly adults (aged 45—59 years), who are at increased risk of developing cardiovascular disease. Both genetic
predisposition and lifestyle factors, such as physical activity, play crucial roles in determining hypertension
risk. Understanding how family history interacts with physical activity can provide valuable insights for
prevention strategies among this population.

Methods: This cross-sectional study aimed to analyze the association between family history of hypertension
and physical activity with the prevalence of hypertension in pre-elderly adults. A total of 240 respondents aged
45-59 years were selected using stratified random sampling from community health centers. Data on blood
pressure were collected through standardized sphygmomanometer measurements. Family history was
determined based on self-reported parental or sibling hypertension. Physical activity level was assessed using
the International Physical Activity Questionnaire (IPAQ) and categorised as low, moderate, or high intensity.
Data were analysed using chi-square tests and multivariate logistic regression to estimate adjusted odds ratios
(AORs) with 95% confidence intervals (Cls).

Results: The prevalence of hypertension among respondents was 37.5%. A significant association was found
between family history and hypertension (p < 0.001), with individuals having a positive family history showing
3.2 times higher odds of hypertension (AOR = 3.24; 95% CI: 1.85-5.68). Physical activity also demonstrated a
significant inverse association (p = 0.002), where participants with high activity levels had a 56% lower risk of
hypertension compared to those with low activity (AOR = 0.44; 95% CI: 0.25-0.78). Interaction analysis
indicated that physically active individuals with a family history still had a reduced risk compared to inactive
counterparts.

Conclusion: Family history of hypertension and physical activity were significantly associated with
hypertension among pre-elderly adults. A positive family history increases the risk, while regular physical
activity offers a protective effect. Health promotion programs targeting lifestyle modification and routine blood
pressure screening are recommended to prevent the early onset of hypertension in this age group.
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INTRODUCTION

Hypertension is one of the most prevalent non-communicable diseases worldwide and continues
to represent a significant public health concern due to its strong association with cardiovascular
morbidity and mortality. [1] The World Health Organization (WHO) estimates that approximately 1.28
billion adults aged 30—79 years have hypertension, with nearly half unaware of their condition. [2] As
populations age, the number of individuals at risk continues to rise, particularly in the pre-elderly age
group (45-59 years), who often begin to experience metabolic and physiological changes that predispose
them to elevated blood pressure.[3] This transitional phase between adulthood and older age is a critical
period for prevention, as lifestyle and behavioural modifications can significantly impact long-term
health outcomes.[4]

Hypertension and its determinants are multifactorial in nature, influenced by a combination of
genetic predisposition, environmental exposures, and behavioral factors.[5] Several studies have
established that both inherited and modifiable components play interdependent roles in its
development.[6] Family history is a well-documented non-modifiable risk factor, serving as a proxy
indicator for genetic susceptibility. Individuals with a family history of hypertension are more likely to
develop the condition at a younger age compared to those without such a history.[7] Genetic
mechanisms, including alterations in sodium reabsorption, endothelial function, and the renin-
angiotensin-aldosterone system, contribute to this elevated risk. Moreover, familial aggregation may
also reflect shared environmental and lifestyle characteristics, including dietary habits, stress levels, and
physical activity patterns.[8]

Family history as a predictive marker, a positive family history of hypertension represents not
only a genetic predisposition but also an opportunity for early risk detection.[9] Research suggests that
awareness of familial risk can motivate individuals to adopt preventive behaviors, yet the effectiveness
of this awareness varies across populations.[10] In many developing countries, such as Indonesia, family
history is often underreported or underestimated as a clinical risk factor for certain diseases.
Understanding its role within specific demographic and cultural contexts is essential for designing
tailored intervention programs. Pre-elderly adults, in particular, may represent a crucial target group for
such interventions, as they frequently juggle work-related stress and limited health-seeking
behavior.[11]

Physical activity and hypertension prevention are among the modifiable factors influencing
hypertension; physical activity remains one of the most effective and accessible preventive measures.[1]
Regular physical activity enhances cardiovascular efficiency, improves endothelial function, reduces
arterial stiffness, and promotes weight control.[12] Numerous epidemiological studies demonstrate that
individuals who engage in moderate to vigorous physical activity exhibit lower systolic and diastolic
blood pressure levels compared to sedentary individuals. The physiological benefits include improved
insulin sensitivity, reduced sympathetic nervous system activity, and enhanced nitric oxide production,
all of which contribute to vascular relaxation and decreased peripheral resistance.[13]

Despite the well-established benefits, physical inactivity has become increasingly common due
to urbanization, sedentary occupations, and digital lifestyles.[14] The pre-elderly population is
particularly vulnerable, as work demands, family responsibilities, and perceived lack of time often
reduce participation in regular exercise.[15] Consequently, identifying how physical activity interacts
with genetic predisposition, such as a family history of hypertension, can help clarify whether an active
lifestyle can mitigate inherited risk.[16]

Interplay Between Family History and Physical Activity. While the independent effects of family
history and physical activity on hypertension have been extensively studied, evidence on their combined
or interactive influence remains limited. Some studies suggest that physical activity can mitigate the
adverse effects of genetic predisposition, indicating a potential moderating role.[17] For instance,
physically active individuals with a positive family history may exhibit lower blood pressure compared
to inactive individuals sharing the same genetic background.[18] However, findings across populations
are inconsistent, and few studies have specifically examined this relationship among pre-elderly adults,
a group undergoing significant biological and psychosocial transitions. Moreover, cultural norms,
environmental conditions, and socioeconomic status may modify the association between family history,
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physical activity, and hypertension. Therefore, investigating these factors within the context of
Indonesian pre-elderly adults provides an opportunity to address gaps in regional and age-specific health
data. Such studies can contribute to the development of preventive frameworks that integrate both
genetic awareness and lifestyle promotion. Early identification of high-risk groups and promotion of
active lifestyles are key components of hypertension control strategies. Understanding how non-
modifiable (such as family history) and modifiable (such as physical activity) factors jointly influence
hypertension risk can help health professionals develop more personalised intervention models. By
targeting pre-elderly adults, preventive efforts can be implemented before the onset of irreversible
vascular damage, reducing the long-term burden of cardiovascular diseases on healthcare systems.

The novelty of this study lies in its contribution to the field by examining the interaction between
family history and physical activity in relation to hypertension, specifically among pre-elderly adults—
a demographic often overlooked in hypertension research. Unlike previous studies that focused
separately on genetic or lifestyle determinants, this research integrates both dimensions to determine
whether physical activity can offset hereditary risk. Furthermore, the study emphasises the context of
community-based populations in developing regions, providing culturally relevant insights for the
development of preventive health policies. The findings are expected to inform evidence-based
interventions that combine family-based health education with physical activity promotion to reduce the
risk of hypertension before individuals reach old age.

MATERIALS AND METHODS

Study Design and Setting

This research employed an analytic observational design using a cross-sectional approach to
investigate the association between family history and physical activity with the occurrence of
hypertension among pre-elderly adults. The study was conducted from March to July 2024 in several
community health centers (Puskesmas) located in an urban area of Indonesia. These centers were
selected based on population density, accessibility, and the presence of ongoing non-communicable
disease (NCD) screening programs.

Population and Sample

The target population consisted of adults aged 45-59 years, classified as pre-elderly according to
the Indonesian Ministry of Health guidelines. Inclusion criteria included individuals who (1) were
residents within the study area for at least one year, (2) were willing to participate and provided informed
consent, and (3) did not have any severe comorbidities that could interfere with blood pressure
measurement or physical activity assessment, such as stroke or chronic kidney disease. Participants
under antihypertensive medication were still included but categorized according to their measured blood
pressure at the time of the study. A sample size of 240 participants was determined using the formula
for estimating proportions in a cross-sectional study, with a 95% confidence level, 5% margin of error,
and an assumed hypertension prevalence of 30% among pre-elderly adults. Participants were selected
through stratified random sampling, ensuring representation across gender and community clusters.
Variables and Operational Definitions

Dependent Variable: Hypertension status was defined based on the Joint National Committee
(JNC-8) criteria: systolic blood pressure (SBP) >140 mmHg and/or diastolic blood pressure (DBP) >90
mmHg. Measurements were taken after the participant had rested for at least five minutes in a seated
position. Two readings were recorded with a mercury sphygmomanometer at five-minute intervals, and
the mean value was used for analysis.

Independent Variables: Family History of Hypertension was assessed through structured
interviews asking whether biological parents or siblings had been diagnosed with hypertension by a
healthcare provider. The responses were categorized as “Yes” or “No.” Physical Activity Level was
measured using the International Physical Activity Questionnaire—Short Form (IPAQ-SF), which
assesses the frequency and duration of physical activity across different intensities (vigorous, moderate,
and walking) during the past seven days. Physical activity levels were then classified into three
categories: low (<600 MET-min/week), moderate (600-2,999 MET-min/week), and high (=3,000 MET-
min/week).
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Data Collection Procedures

Data were collected by trained enumerators who underwent standardised training on interview
techniques and procedures for blood pressure measurement. Sociodemographic information, including
age, sex, education level, occupation, smoking habits, and body mass index (BMI), was also obtained
through structured questionnaires and anthropometric measurements. Quality control procedures were
implemented daily to ensure data accuracy and consistency.
Ethical Considerations

The study protocol was approved by the Health Research Ethics Committee of Politeknik Sandi
Karsa, number B-445/PT19/LPPM/VIII/2025. Written informed consent was obtained from all
participants before data collection. Confidentiality of personal information was maintained throughout
the study.
Data Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize participants’ characteristics, expressed as frequencies, percentages,
means, and standard deviations. The bivariate analysis employed the Chi-square test to examine the
relationship between each independent variable and the status of hypertension. Variables with a p-value
<0.25 in bivariate analysis were subsequently included in the multivariate logistic regression model to
identify independent predictors of hypertension while controlling for potential confounders such as age,
BMI, smoking status, and gender. The results of logistic regression were presented as Adjusted Odds
Ratios (AOR) with 95% Confidence Intervals (CI). Statistical significance was set at p < 0.05.
Study Flow

In summary, the study followed the following stages: (1) preparation and ethical approval; (2)
sampling and respondent recruitment; (3) data collection via questionnaire and blood pressure
measurement; (4) data entry and cleaning; and (5) statistical analysis and interpretation.

RESULTS

A total of 240 pre-elderly adults participated in this study, consisting of 102 men (42.5%) and
138 women (57.5%), with a mean age of 52.3 + 4.1 years. Table 1 presents the sociodemographic and
behavioral characteristics of the respondents.
Table 1. Sociodemographic Characteristics of Respondents (n = 240)

Variable Category n %o
Age Group (years) 45-49 74 30.8
50-54 89 37.1
55-59 77 32.1
Gender Male 102 42.5
Female 138 57.5
Education Level Primary 64 26.7
Secondary 108 45.0
Higher 68 28.3
Smoking Status Smoker 72 30.0
Non-Smoker 168 70.0
BMI Status Regular (18.5-24.9) 114 47.5
Overweight (25-29.9) 78 32.5
Obese (>30) 48 20.0

Most participants were within the 50—54 age group, female, and had a secondary education.
Around one-third were overweight or obese, an important potential confounder in hypertension risk.
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Table 2. Prevalence of Hypertension by Selected Characteristics

Variable Category Hypertensive (n, %) Non-Hypertensive (n, %)  p-value

Gender Male 42 (41.2) 60 (58.8) 0.245
Female 48 (35.1) 90 (64.9)

Age Group 45-49 21(28.4) 53 (71.6) 0.041*
50-54 32 (36.0) 57 (64.0)
55-59 37 (46.8) 42 (53.2)

BMI Normal 24 (21.1) 90 (78.9) <0.001*
Overweight 36 (46.2) 42 (53.8)
Obese 30 (62.5) 18 (37.5)

*Significant at p <0.05

Age and BMI showed significant associations with hypertension. The likelihood of hypertension
increased progressively with age and higher BMI categories.

Table 3. Relationship Between Family History and Physical Activity Level with Hypertension Status
(n=240)

Hypertensive (n, Non-Hypertensive (n,

Variable Category %) %) p-value
Family History of Yes 61 (54.0) 52 (46.0) <0.001*
Hypertension
No 29 (20.7) 98 (79.3)
Physical Activity Level Low 48 (55.8) 38 (44.2) 0.002*
Moderate 30 (35.3) 55 (64.7)
High 12 (19.7) 49 (80.3)

Table 3 demonstrates a clear and statistically significant association between both family history
of hypertension and physical activity level with the presence of hypertension among pre-elderly adults.
Family History. Respondents with a family history of hypertension exhibited a markedly higher
prevalence of hypertension (54.0%) compared to those without such a history (20.7%), with a p-value
< 0.001. This indicates that individuals who have hypertensive parents or siblings are over twice as
likely to develop hypertension themselves. The finding aligns with existing evidence that genetic
predisposition and shared environmental or lifestyle factors within families play a pivotal role in the
early development of hypertension. It also reinforces the importance of family-based health screening
and education for early detection and prevention.

Physical Activity. The prevalence of hypertension decreased consistently with increasing levels
of physical activity. More than half of respondents with low activity (55.8%) were hypertensive,
compared to only 19.7% among those with high activity levels (p = 0.002). This inverse relationship
underscores the protective role of regular physical activity in maintaining optimal blood pressure.
Physical exercise enhances cardiovascular function, reduces arterial stiffness, and promotes metabolic
health, all of which contribute to lowering the risk of hypertension. Overall, the results confirm that
family history significantly increases hypertension risk, while regular and high-intensity physical
activity mitigates it. The interplay of these two factors highlights the dual influence of genetic and
behavioral determinants in the pathogenesis of hypertension among pre-elderly adults. From a public
health perspective, interventions should focus on encouraging physical activity among individuals with
a known family history, as lifestyle modification can substantially reduce inherited risk.

Table 4. Factors Associated with Hypertension (Multivariate Logistic Regression)

Variable AOR 95% CI p-value
Family history of hypertension (Yes) 3.24 1.85-5.68 <0.001*
Physical activity (High vs Low) 0.44 0.25-0.78 0.002*
BMI (Obese vs Normal) 2.91 1.48-5.72 0.001*
Age (55-59 vs 45-49) 1.73 1.02-2.94 0.041*
Gender (Male) 1.26 0.74-2.14 0.387

*Significant at p < 0.05
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After adjustment, family history and physical activity remained significantly associated with
hypertension. Individuals with a positive family history had 3.2 times higher odds of hypertension, while
those engaging in high levels of physical activity had a 56% lower risk compared to inactive individuals.
Obesity and older age also independently increased hypertension risk, confirming their role as
established risk factors. This study demonstrates that family history and physical activity are both
significant determinants of hypertension among pre-elderly adults. Genetic predisposition substantially
elevates risk; however, maintaining high physical activity levels appears to mitigate this effect. These
findings underscore the importance of integrating lifestyle modification programs with family-based
risk screening to reduce hypertension prevalence in this critical age group.

DISCUSSION

This study examined the association between family history and physical activity with
hypertension among pre-elderly adults aged 45-59 years. The findings revealed that both factors were
significantly associated with hypertension prevalence. Respondents with a positive family history of
hypertension had more than three times higher odds of being hypertensive. In contrast, those with high
physical activity levels had nearly half the risk compared to individuals with low physical activity levels.
These results underscore the interplay between genetic predisposition and lifestyle behavior in
determining hypertension risk during the pre-elderly phase, a period when physiological ageing begins
to accelerate, and preventive interventions can be most effective.[19]

The present study found a strong association between family history and hypertension, consistent
with previous research. [20] Participants who reported a family history of hypertension were
significantly more likely to have elevated blood pressure, indicating that genetic and familial
environmental factors play an essential role in hypertension pathogenesis.[21] A positive family history
reflects inherited tendencies in blood pressure regulation mechanisms, including alterations in renal
sodium handling, sympathetic nervous system activity, and endothelial function.[22]

Several studies support this finding; individuals with hypertensive parents had nearly double the
risk of hypertension compared to those without such a history.[23] Demonstrated that family history
was one of the strongest predictors of hypertension among middle-aged adults. These findings align
with the concept that genetic susceptibility interacts with lifestyle factors, such as diet and physical
inactivity, to influence hypertension development. In the context of this study’s population, pre-elderly
Indonesians' family-related health behaviours may also contribute to the observed relationship. Many
families share similar dietary patterns, characterised in high salt and saturated fat intake, limited
vegetable consumption, and sedentary habits, all of which compound genetic risk.[24] Furthermore,
cultural perceptions about heredity often lead individuals with a family history of hypertension to
assume that the condition is inevitable, potentially discouraging preventive behaviors. Hence, increasing
awareness and health literacy within families with known hypertensive members could promote early
screening and lifestyle modification to mitigate risk.[25]

This study also demonstrated a significant inverse relationship between physical activity and
hypertension. Participants who engaged in high levels of physical activity had a markedly lower
prevalence of hypertension (19.7%) compared to those with low activity (55.8%). This finding is
consistent with global evidence that regular physical activity acts as a potent protective factor against
elevated blood pressure.[26] The physiological mechanisms underlying this relationship are
multifaceted. Exercise enhances cardiovascular efficiency by improving cardiac output and reducing
systemic vascular resistance. It promotes endothelial nitric oxide production, resulting in vasodilation
and enhanced arterial elasticity. Physical activity also helps control body weight and insulin sensitivity,
both of which contribute to maintaining normal blood pressure levels. Regular exercise reduces
sympathetic nervous system activity, lowers resting heart rate, and decreases plasma renin levels,
thereby helping to attenuate blood pressure elevation.[27]

Moderate to vigorous physical activity was associated with a 30—40% lower risk of hypertension
among adults aged 40—60 years. Even modest increases in daily movement, such as brisk walking, can
significantly reduce blood pressure in sedentary individuals.[28] The current study contributes to this
evidence by highlighting the benefits of physical activity in pre-elderly adults, suggesting that even at a
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later stage of life, behavioural modification remains an effective tool for hypertension prevention. One
of the novel insights of this study lies in demonstrating the interactive effect of family history and
physical activity on the risk of hypertension.[29] The results suggest that, although individuals with a
positive family history are genetically predisposed, regular physical activity can attenuate this risk.
Physically active respondents with a family history had substantially lower hypertension prevalence
compared to their inactive counterparts with similar genetic backgrounds. This supports the hypothesis
that lifestyle factors can modify genetic susceptibility through favourable physiological adaptations.[30]

The gene-environment interaction theory proposes that genetic predisposition may only manifest
under adverse environmental or behavioral conditions. In this context, physical inactivity acts as a
“trigger,” facilitating the expression of genes related to high blood pressure. Conversely, active lifestyles
may downregulate such gene expression through improved vascular and metabolic pathways. Thus,
encouraging physical activity among high-risk individuals could serve as a non-pharmacological
intervention to prevent or delay hypertension onset.

Age and BMI as contributing factors, in addition to family history and physical activity, this study
identified older age and obesity as independent predictors of hypertension. The prevalence increased
progressively from 28.4% among those aged 45—49 years to 46.8% among those aged 55-59 years. Age-
related vascular stiffening, endothelial dysfunction, and decreased baroreceptor sensitivity contribute to
these trends. Similarly, obesity significantly elevated hypertension risk, consistent with well-established
associations between adiposity and elevated blood pressure. Excess body fat leads to increased cardiac
output, activation of the renin-angiotensin-aldosterone system, and inflammatory processes that promote
vasoconstriction. These findings highlight the multifactorial nature of hypertension and reinforce the
need for comprehensive prevention strategies that combine lifestyle modification with early risk
detection among middle-aged populations.

The findings of this study have important implications for public health policy and clinical
practice, particularly in developing countries. Firstly, the identification of family history as a strong
predictor emphasizes the value of family-based risk assessment during primary healthcare visits. Health
professionals should routinely inquire about parental and sibling hypertension to stratify patients’ risk
levels. Secondly, given the protective effect of physical activity, community health programs should
focus on increasing opportunities for physical activity among pre-elderly adults. Interventions could
include neighbourhood walking groups, workplace exercise initiatives, and culturally appropriate fitness
education tailored to adults approaching retirement age. Promoting a physically active lifestyle in this
demographic may yield substantial long-term reductions in the national burden of cardiovascular
disease. Thirdly, targeted education campaigns could address misconceptions regarding hereditary
determinism. Emphasising that “genes are not destiny” may empower individuals with a family history
to adopt healthier behaviors, reinforcing self-efficacy and proactive disease prevention.

The prevalence of hypertension found in this study (37.5%) aligns with national survey data
indicating increasing hypertension rates in Indonesian adults over 40 years of age. Comparable studies
in Southeast Asia report similar or slightly higher figures, suggesting that the pre-elderly population is
indeed a critical target for intervention. Internationally, studies in China, Malaysia, and Brazil have all
reported consistent patterns where both family history and physical inactivity are significant predictors
of hypertension. However, few have explicitly examined their interaction in pre-elderly cohorts. The
current study thus contributes novel regional evidence on how genetic and behavioral determinants
intersect in a specific transitional age group.

This study has several limitations that must be acknowledged. First, due to its cross-sectional
design, causal relationships cannot be definitively established; the associations observed represent
correlations at a single point in time. Second, family history data were self-reported, which may be
subject to recall bias or misclassification, especially among participants unaware of their relatives’
health conditions. Third, physical activity was assessed using the IPAQ questionnaire, which, despite
its validation, relies on subjective reporting and may not capture precise activity intensity or duration.
Lastly, potential confounders such as dietary sodium intake, stress levels, and medication adherence
were not included in the analysis and may influence blood pressure outcomes. Nonetheless, these
limitations are offset by the study’s methodological strengths, including its use of random sampling,
standardised blood pressure measurements, and multivariate statistical adjustment, which enhance
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internal validity.

This study confirms that family history and physical activity are significant determinants of
hypertension among pre-elderly adults. Genetic predisposition strongly increases risk, yet regular
physical activity substantially reduces it, even among genetically susceptible individuals. These findings
support the promotion of physical activity as a modifiable protective factor that can counteract hereditary
risk. Health promotion programs should integrate family-based education, regular screening, and
community-level exercise initiatives targeting adults aged 45—59 years. Future longitudinal studies are
recommended to explore causal pathways and evaluate the long-term effects of sustained physical
activity interventions among populations with genetic risk for hypertension.

CONCLUSIONS

The findings of this study demonstrate that family history and physical activity are significant
determinants of hypertension among pre-elderly adults aged 45-59 years. Individuals with a positive
family history were more than three times as likely to develop hypertension, emphasizing the strong
influence of genetic and familial factors. Conversely, engaging in regular physical activity—particularly
at moderate to high levels was shown to substantially reduce the risk of hypertension, even among those
with hereditary predisposition. These results highlight the importance of recognising the interaction
between genetic vulnerability and modifiable lifestyle behaviours, underscoring the potential of physical
activity as a powerful preventive measure to offset inherited risk.

Based on these findings, it is recommended that public health strategies prioritise early screening
and lifestyle interventions for individuals with a known family history of hypertension. Community-
based programs should encourage routine physical activity through accessible and culturally appropriate
initiatives, such as group exercise sessions, workplace wellness programs, and health education
campaigns. In addition, primary healthcare providers should integrate family risk assessment and
counseling into routine check-ups to identify high-risk individuals before the onset of disease. Future
longitudinal studies are also recommended to investigate causal relationships and assess the long-term
effects of physical activity interventions in genetically susceptible populations. Through these combined
efforts, hypertension prevention can be more effectively targeted during the pre-elderly phase, an ideal
window for maintaining cardiovascular health and preventing future complications.
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