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ABSTRACT

Background: Elevated blood pressure among young adults has become an emerging public health
concern due to unhealthy lifestyle changes and low awareness of cardiovascular risk factors. Lifestyle
factors such as physical activity, smoking habits, dietary habits, and sleep quality may be associated
with blood pressure levels in young adults. This study aimed to analyze the associations between
lifestyle factors and elevated blood pressure among young adults.

Subjects and Method: This was an analytic observational study with a cross-sectional design
conducted among students of Universitas Sebelas Maret, Surakarta, Central Java. A total of 200
respondents were selected using proportional random sampling. The dependent variable was
elevated blood pressure, while the independent variables included physical activity, smoking habits,
dietary habits, and sleep quality. Blood pressure was measured using a digital sphygmomanometer,
while the other variables were assessed using questionnaires. Data were analyzed using simple and
multiple logistic regression and presented as odds ratio (OR) and adjusted odds ratio (aOR) with
95% confidence interval (CI).

Results: Poor sleep quality was associated with higher odds of elevated blood pressure (aOR= 9.15;
95% CI= 3.42 to 24.53; p<0.001). Higher dietary habits were also associated with higher odds of
elevated blood pressure (aOR= 1.27; 95% CI= 1.12 to 1.44; p<0.001), indicating that poorer dietary
habits were related to increased odds of elevated blood pressure. In contrast, high physical activity
was associated with lower odds of elevated blood pressure (aOR= 0.10; 95% CI= 0.01 to 0.79; p=
0.029). Smoking habits were not significantly associated with elevated blood pressure.
Conclusion: Elevated blood pressure among young adults was associated with lifestyle factors.
These findings highlight the importance of promoting healthy lifestyle behaviors as part of hyper-
tension prevention efforts among university students.
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BACKGROUND

Hypertension is one of the leading public
health problems worldwide and an import-
ant risk factor for various cardiovascular
diseases, including coronary heart disease,
stroke, kidney failure, and premature
mortality. The World Health Organization
(WHO) reported that more than 1.28 billion
adults are living with hypertension, and
nearly half of them are unaware of their
condition because hypertension often
develops without specific symptoms (World
Health Organization, 2023). Consequently,
hypertension is widely recognized as a silent
killer and remains a major contributor to the
global burden of non-communicable
diseases.

In Indonesia, hypertension remains a
significant public health challenge. Indone-
sian Health Survey 2023 reported that the
prevalence of hypertension among adults
reached 30.8%. Of greater concern, hyper-
tension increasingly being identified among
young adults. Data from Basic Health
Research 2018 showed that the prevalence
of hypertension among individuals aged 18—
24 years was approximately 13%, yet only
0.85% had been diagnosed by healthcare
professionals (Health Research and Deve-
lopment Agency, 2018). A similar pattern
was observed in the 2023 Indonesian Health
Survey, which reported a hypertension
prevalence of 10.7% among individuals aged
18—24 years, while only 0.4% had ever
received a diagnosis (Ministry of Health of
the Republic of Indonesia, 2023). The gap
between hypertension prevalence based on
blood pressure measurements and the
proportion of diagnosed cases indicates low
levels of early detection and health aware-
ness among young adults. These findings
suggest that blood pressure abnormalities
have emerged during young adulthood and
may progress to hypertension and cardio-
vascular disease later in life if preventive
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measures are not implemented at an early
stage.

Lifestyle factors are important deter-
minants that contribute to elevated blood
pressure and hypertension. The World
Health Organization has identified insuffi-
cient physical activity, smoking, unhealthy
dietary habits, and poor sleep quality as
major behavioral risk factors involved in the
development of non-communicable
diseases, including hypertension (World
Health Organization, 2023). These factors
are commonly observed among young
adults, particularly university students, who
are transitioning toward more independent
lifestyles and often experience changes in
daily habits due to academic and social
demands.

Physical activity plays an important
role in maintaining cardiovascular function
and blood pressure regulation. Individuals
with low levels of physical activity are more
likely to experience elevated blood pressure
due to reduced cardiorespiratory fitness and
increased peripheral vascular resistance
(Hayes et al., 2022). Smoking may also
contribute to elevated blood pressure
through nicotine-induced sympathetic
nervous system activation, resulting in
increased heart rate, peripheral vasocon-
striction, and acute increases in blood
pressure (Hahad et al., 2023). In addition,
dietary habits characterized by high sodium
intake, excessive saturated fat consumption,
frequent fast-food intake, and inadequate
consumption of fruits and vegetables contri-
bute to the development of hypertension
(WHO, 2023). Poor sleep quality may also
disrupt autonomic nervous system regula-
tion and increase sympathetic nervous
system activity, thereby contributing to
elevated blood pressure (Saat et al., 2021).

Several studies have demonstrated
associations between lifestyle factors and
blood pressure among young adults. Low
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physical activity and poor sleep quality have
been associated with increased cardiovascu-
lar risk factors among university students
(Saat et al., 2021). Other studies have shown
that healthy lifestyle behaviors, including
adequate physical activity, healthy dietary
habits, non-smoking status, and optimal
sleep, are associated with more favorable
blood pressure profiles among young adults
(Mao et al., 2024). Recent studies have also
reported that smoking, unhealthy dietary
habits, physical inactivity, and poor sleep
quality are associated with elevated blood
pressure and hypertension among univer-
sity students and young adults (Abd
Alsamad et al., 2025; Adetunji et al., 2025).

Although the relationship between
lifestyle factors and blood pressure has been
widely investigated, most studies have
focused on hypertension as the primary
outcome in the general adult population. In
contrast, studies examining elevated blood
pressure as an early stage in the develop-
ment of hypertension among young adults
remain relatively limited. Elevated blood
pressure is an important predictor of future
hypertension and cardiovascular disease
(Heet al., 2025). Therefore, further research
is needed to examine lifestyle factors asso-
ciated with elevated blood pressure among
young adults. This study aimed to analyze
the associations of physical activity,
smoking habits, dietary habits, and sleep
quality with elevated blood pressure among
young adults.

SUBJECTS AND METHOD

1. Study Design

This was an analytic observational study
with a cross-sectional design conducted at
Universitas Sebelas Maret, Surakarta,
Central Java, Indonesia, from February to
March 2026.

2. Population and Sampel
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The study population consisted of 25,173
active undergraduate students aged 18—24
years at Universitas Sebelas Maret. The
sample size was determined based on the
recommendation for multivariate analysis,
which suggest including 15-20 subjects for
each independent variable in the regression
model (Murti, 2013). Since this study
included 10 independent variables, a mini-
mum sample size of 200 respondents was
required. Accordingly, 200 respondents
were selected using proportional random
sampling, with participants from each
faculty recruited proportionally to the size of
the undergraduate student population.

3. Study Variables

The dependent variable was elevated blood
pressure. The independent variables were
physical activity, smoking habits, dietary
habits, and sleep quality.

4. Operational Definition of Variables
Elevated blood pressure was defined as
systolic blood pressure >120 mmHg and/or
diastolic blood pressure >80 mmHg
measured using a digital sphygmomano-
meter in accordance with the Indonesian
Ministry of Health guidelines (Ministry of
Health of the Republic of Indonesia, 2021).
For analysis purposes, blood pressure was
categorized into normal blood pressure and
elevated blood pressure (prehypertension
and hypertension).

Physical activity was defined as any bodily
movement that requires energy expenditure
during daily activities and was categorized
into low, moderate, and high levels.

Sleep quality was defined as an indivi-
dual's perception of sleep quality over the
previous month, including sleep duration,
sleep latency, sleep efficiency, sleep disturb-
ances, use of sleep medication, daytime
dysfunction, and categorized as good or
poor.

Dietary habits were defined as of food
consumption practiced by respondents in
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their daily lives. Higher scores indicated
poorer dietary habits.

Smoking habits were defined as smoking
behavior and were categorized into non-
smoker, low, moderate and high smoking
intensity.

5. Study Instruments

Blood pressure was measured using a
calibrated digital sphygmomanometer
following standard measurement proce-
dures. Physical activity was assessed using
the International Physical Activity Ques-
tionnaire (IPAQ). Sleep quality was assessed
using the Pittsburgh Sleep Quality Index
(PSQI). Smoking habits were assessed using
the Heaviness of Smoking Index (HSI).
Dietary habits were assessed using a 13-item
questionnaire that met the validity criterion
(corrected item-total correlation >0.30) and
reliability criterion (Cronbach’s alpha=
0.831).

6. Data Analysis

Univariate analysis was performed to
describe the characteristics of the study
participants.  Bivariate analysis was
conducted using simple logistic regression
to estimate the odds ratio (OR) between
lifestyle factors and elevated blood pressure.
Multivariate analysis was performed using
multiple logistic regression to identify

lifestyle factors independently associated
with elevated blood pressure. The results
were presented as adjusted odds ratios
(aOR) with 95% confidence interval (CI).
Statistical significance was set at p<0.05. All
analyses were conducted using Stata version
16.

7. Research Ethics

Ethical approval for this study was obtained
from the Research Ethics Committee of the
Faculty of Medicine, Universitas Sebelas No.
35/UN27.06.11/KEP/EC/2026.

RESULTS

1. Sample Characteristics

A total of 200 students participated in this
study. Table 1 presents the characteristics of
the respondents according to sex, physical
activity, smoking habits, dietary habits,
sleep quality, and blood pressure categories.
Most respondents were female (52.50%),
had moderate physical activity levels
(45.00%), were non-smokers (59.50%), and
reported poor sleep quality (56.50%). Based
on blood pressure categories, the majority of
respondents were classified as prehyper-
tensive (43.00%), followed by normal blood
pressure (34.50%) and hypertension
(22.50%).

Table 1. Sample Characteristics (Categorical Variables)

Variables Frequency (n) Percentage (%)
Sex
Male 95 47.50
Female 105 52.50
Physical Activity
Low 30 15.00
Moderate 90 45.00
High 80 40.00
Smoking Habits
Non-smoker 119 59,50
Low 38 19.00
Moderate 32 16.00
High 11 5.50
Sleep Quality
Good 87 43.50
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Variables Frequency (n) Percentage (%)
Poor 113 56.50
Blood Pressure
Normal 69 34.50
Prehypertension 86 43.00
Hypertension 45 22.50

Table 2 presents the continuous variables
included in this study. The mean age of the
respondents was 19.68 years (SD=1.56). In

addition, the mean dietary habit score was
36.27 (SD=6.66).

Table 2. Univariate Analysis of Continous Variables

Variables n Mean SD Minimum Maximum
Age (years) 200 19.68 1.56 18 24
Dietary habit score 200 36.27 6.66 20 56

2, Bivariate Analysis

Table 3 presents the results of the bivariate
analysis of lifestyle factors associated with
elevated blood pressure. Moderate physical
activity was associated with lower odds of
elevated blood pressure (OR= 0.46; 95%
CI= 0.10 to 2.21; p= 0.334), although the
association was not statistically significant.
High physical activity was associated with
lower odds of elevated blood pressure (OR=
0.03; 95% CI= 0.01t0 0.15; p<0.001). These
findings suggest that higher levels of phy-
sical activity were associated with a lower
likelihood of elevated blood pressure.

Low smoking intensity (OR= 3.57;
95% CI= 1.51 to 8.42; p= 0.004), moderate
smoking intensity (OR= 14.26; 95% Cl=
3.26 to 62.39; p<0.001), and high smoking
intensity (OR= 9.51; 95% CI= 1.18 to 76.63;
p= 0.034) increased elevated blood pressure
compared to non-smoker.

Poor sleep quality (OR= 21.70; 95%
CI= 9.85 to 47.81; p<0.001), and poor
dietary habit (OR= 1.38; 95% CI= 1.25 to
1.53; P<0.001) increased elevated blood
pressure.

Table 3. Results of Simple Logistic Regression Analysis of Lifestyle Factors

Associated with Elevated Blood Pressure

. 95% CI

Independent Variables OR Lower limit _ Upper limit P
Physical Activity
Low Ref
Moderate 0.46 0.10 2.21 0.334
High 0.03 0.01 0.15 <0.001
Smoking Habits
Non-smoker Ref
Low 3.57 1.51 8.42 0.004
Moderate 14.26 3.26 62.39 <0.001
High 9.51 1.18 76.63 0.034
Sleep Quality
Good Ref
Poor 21.70 9.85 47.81 <0.001
Dietary Habits 1.38 1.25 1.53 <0.001
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3. Multivariate Analysis

Table 4 presents that high physical activity
was associated with lower odds of elevated
blood pressure compared with low physical
activity (aOR= 0.10; 95% CI= 0.01—-0.79; p=
0.029). In contrast, respondents with poor

blood pressure than those with good sleep
quality (aOR= 9.15; 95% CI= 3.42-24.53;
p<0.001). Dietary habit score remained
significantly associated with elevated blood
pressure after adjustment for other lifestyle
factors (aOR= 1.27; 95% Cl= 1.12—1.44;

sleep quality had higher odds of elevated P<0.001).

Table 4. Results of Multiple Logistic Regression Analysis of Lifestyle Factors
Associated with Elevated Blood Pressure

. 95% CI

Independent Variables aOR Lower limit Upper limit P
Physical Activity
Low Ref.
Moderate 0.68 0.08 5.53 0.714
High 0.10 0.01 0.79 0.029
Smoking Habits
Non-smoker Ref.
Low 1.83 0.45 7.46 0.398
Moderate 2.82 0.46 17.43 0.264
High 3.69 0.23 57.95 0.353
Sleep Quality
Good Ref.
Poor 9.15 3.42 24.53 <0.001
Dietary Habits 1.27 1.12 1.44 <0.001

N observation=200
Pseudo R2= 55.7%
P value <0.001

DISCUSSION

1. Association between physical acti-
vity and elevated blood pressure
This study found that high physical activity
was significantly associated with lower odds
of elevated blood pressure among young
adults. In contrast, moderate physical acti-
vity was not significantly associated with
elevated blood pressure after adjustment for
other lifestyle factors. These findings
suggest that higher intensity physical acti-
vity may be associated with more favorable
blood pressure levels among young adults.
The findings are consistent with those
reported by Guan et al. (2024) who found an
inverse association between physical activity
and blood pressure. Similarly, Zhou et al.
(2022) reported that greater intensity,
frequency, and volume of physical activity
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were associated with a significantly lower
risk of hypertension. An Indonesian study
by Kusumaningtyas and Handari (2021) also
reported that regular physical exercise
significantly improved cardiorespiratory
endurance among university students,
highlighting the beneficial role of physical
activity in promoting cardiovascular health.
Although that study evaluated -cardio-
respiratory endurance rather than blood
pressure, improved cardiovascular fitness
may partly explain the lower odds of
elevated blood pressure observed among
physically active young adults. In contrast,
Williamson et al. (2022) did not find a
significant association among young adults.
These differences may be explained by
physiological compensatory mechanisms in
younger individuals that help maintain
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blood pressure within the normal range
despite suboptimal physical activity levels.

The protective effect of physical acti-
vity may be explained by several physio-
logical mechanisms. Regular moderate to
vigorous physical activity enhances endo-
thelial nitric oxide production, leading to
improved vasodilation and reduced arterial
stiffness. It also decreases sympathetic
nervous system activity while improving
parasympathetic tone, thereby reducing
resting heart rate and peripheral vascular
resistance. Furthermore, physical activity
improves insulin sensitivity, helps maintain
a heathy body weight, and reduces systemic
inflammation all of which contribute to
better blood pressure regulation (Hayes et
al., 2022). These physiological adaptations
may explain why participants with high
physical activity had lower odds of elevated
blood pressure in the present study, whereas
moderate activity may not have been
sufficient to produce measurable cardio-
vascular benefits after adjustment for other
lifestyle factors.

2. Association between sleep quality

and elevated blood pressure
This study found that poor sleep quality was
significantly associated with elevated blood
pressure among young adults. These
findings suggest that sleep quality is an
important lifestyle factor associated with
blood pressure regulation, even among
young adults.

The findings are consistent with those
of Bigalke et al. (2024) who reported that
sleep disturbances contribute to elevated
blood pressure through cumulative physio-
logical mechanisms. Physiologically, poor
sleep quality may increase sympathetic
nervous system activity, disrupt the normal
nocturnal dipping process, and elevate the
secretion of stress hormones such as
cortisol. These conditions may lead to
vasoconstriction, increased heart rate, and
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endothelial dysfunction, ultimately contri-
buting to elevated blood pressure (Asraf et
al., 2023).

In the present study, sleep quality
demonstrated the strongest association
among all lifestyle factors examined. The
multivariate analysis showed that respon-
dents with poor sleep quality had 9.15 times
higher odds of elevated blood pressure than
those with good sleep quality. This finding
suggests that sleep quality may be the
lifestyle factor most strongly associated with
elevated blood pressure among university
students. This association may be influenced
by academic demands, nighttime use of
electronic devices, and irregular sleep
patterns, all of which are common among
young adults.

However, some studies have reported
different findings. Laxmi & Udaya (2024)
found that sleep disturbances were not
always significantly associated with hyper-
tension unless accompanied by short sleep
duration. Similarly, Sajjadieh et al. (2020)
suggested that the cardiovascular system of
young adults may still possess sufficient
compensatory capacity, preventing imme-
diate increases in blood pressure. Never-
theless, recurrent and prolonged sleep
disturbances may exceed this compensatory
capacity and contribute to elevated blood
pressure.

Among university students, poor sleep
quality may be influenced by late-night
activities, excessive use of digital devices,
caffeine consumption and irregular sleep
schedules, all of which are common in
university settings and may disrupt normal
sleep patterns (Kumar et al., 2025). Beyond
these behavioral factors, chronic sleep
disruption may activate the hypothalamic
pituitary adrenal axis and increase oxidative
stress and systemic inflammation, which
can impair endothelial function and reduce
vascular compliance. Over time, these
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physiological changes may contribute to
persistent elevations in blood pressure.
Therefore, the strong association observed
in this study suggests that maintaining good
sleep may represent an important strategy
for preventing elevated blood pressure
among young adults.

3. Association between dietary habits

and elevated blood pressure

This study found that higher dietary habits
were significantly associated with elevated
blood pressure among young adults.
Because higher scores represented poorer
dietary habits, these findings indicate that
less healthy dietary patterns were associated
with increased odds of elevated blood
pressure. Dietary habits therefore represent
an important lifestyle factor associated with
blood pressure regulation.

The findings are consistent with those
reported by Andrianto et al. (2023), who
found significant associations between
dietary patterns, particularly the consumpt-
ion of salty foods, sugar-sweetened
beverages, and inadequate fruit and
vegetable intake, and the prevalence of
hypertension. Their multivariate analysis
further demonstrated a significant associa-
tion between daily salty food consumption
and hypertension prevalence. Unhealthy
dietary habits often interact with other
lifestyle factors, thereby increasing the
likelihood of cardiovascular disorders
(Fatima et al., 2024).

Physiologically, excessive sodium
intake may lead to fluid retention and
increased blood volume, while excessive fat
consumption may increase vascular resist-
ance, both of which contribute to elevated
blood pressure (Relyta, 2023). Although
some studies have reported inconsistent
findings among young adults (Azizah et al.,
2025; Fernandez-Galvan et al., 2025), the
present study suggests that unhealthy
dietary habits remain associated with
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elevated blood pressure among university
students.

Beyond excessive sodium and fat
intake, unhealthy dietary patterns may also
promote oxidative stress and impair
endothelial function by reducing nitric oxide
bioavailability, increasing endothelial cell
stiffness, and damaging the endothelial
glycocalyx, thereby reducing vascular
relaxation and increasing arterial stiffness
(Patik et al., 2021). In addition, inadequate
consumption of fruits and vegetables may
reduce dietary potassium intake, which
plays an important role in maintaining
endothelial function and counteracting the
adverse vascular effects of high sodium
intake. These physiological mechanisms
may explain the higher odds of elevated
blood pressure observed among students
with poorer dietary habits in the present
study, highlighting the importance of
promoting healthy eating behaviors as part
of blood pressure prevention strategies.

4. Association between smoking

habits and elevated blood pressure
This study found that smoking habits were
not significantly associated with elevated
blood pressure after adjustment for other
lifestyle factors. This finding differs from the
bivariate analysis, which showed a signi-
ficant association between smoking habits
and elevated blood pressure. The attenua-
tion of the association in the multivariate
model suggests that the relationship
between smoking and elevated blood
pressure may be influenced by other lifestyle
factors included in the analysis.

The findings are consistent with those
of Andrianto et al. (2023), who reported that
smoking was not significantly associated
with hypertension prevalence in multi-
variate analysis after considering other
relevant risk factors. Similarly, the absence
of a significant association in the present
study may be partly related to the charac-
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teristics of the study population, which
consisted predominantly of young adults.
Younger individuals may have relatively
shorter durations and lower cumulative
exposure to smoking. Therefore, its long-
term cardiovascular effects on blood
pressure may not yet be fully apparent.

Although smoking was not significant-
ly associated with elevated blood pressure in
this study, it remains an important risk
factor for cardiovascular disease. Nicotine
stimulates catecholamine release, leading to
increased sympathetic nervous system
activity, elevated heart rate, and peripheral
vasoconstriction, which can acutely increase
blood pressure. Chronic cigarette smoke
exposure further promotes oxidative stress,
inflammation, and endothelial dysfunction
by reducing nitric oxide bioavailability and
increasing vascular stiffness, thereby contri-
buting to long term vascular damage and
hypertension (Chang et al., 2021
Dimitriadis et al., 2022; Hahad et al., 2023).
Therefore, the absence of a statistically
significant association in the present study
should not be interpreted as evidence that
smoking has no adverse cardiovascular
effects.

Overall, this study found that lifestyle
factors were associated with elevated blood
pressure among young adults. High physical
activity was associated with lower odds of
elevated blood pressure, whereas poor sleep
quality and higher dietary habits scores were
associated with higher odds of elevated
blood pressure. Because higher dietary
habits scores reflected poorer dietary habits,
respondents with less healthy patterns were
more likely to experience elevated blood
pressure. Sleep quality demonstrated the
strongest association among the lifestyle
factors examined. In contrast, smoking
habits were not significantly associated with
elevated blood pressure after adjustment for
other lifestyle factors in the multivariate
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model. This study has several limitations.
First, the cross-sectional design does not
allow causal relationships between lifestyle
factors and elevated blood pressure to be
established. Second, most variables were
assessed using self-reported questionnaires,
which may have introduced information
bias due to reporting errors. Third, the study
was conducted among students from a single
university, limiting the generalizability of
the findings to broader young adult popula-
tions. Nevertheless, the findings highlight
the importance of strengthening health
promotion programs that focus on
increasing physical activity, improving sleep
quality, and encouraging healthy dietary
habits as part of hypertension prevention
efforts among university students and young
adults.
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