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Hypertension is a measurement of systolic blood pressure (SBP) >140
mmHg and/or diastolic blood pressure (DBP) >90 mmHg. According to
WHO data, the number of adults with hypertension has doubled from
650 million in 1990 to 1.3 billion in 2019. The prevalence in Indonesia
in 2018 was around 34.1% and in Kendal it continues to increase every
year. People who live in the highlands are at risk of developing
hypertension due to differences in the body's physiological processes
with people who live in the lowlands. Various types of air pollutants such
as particulate matter (PM) are widely recorded as being associated with
cardiovascular disease, especially in industrial areas and big cities.
This study is to analyze the effect of proximity to highland residences
and industrial areas on the incidence of hypertension in Kendal
Regency. This study uses observational analytics with a cross-sectional

research design. The sampling technique used is purposive sampling.
Univariate and bivariate analysis using Chi-Square test. Significant
results were obtained based on the Chi-Square test on the effect of
residence in the highlands and industrial areas on the occurrence of
hypertension with a p-value of 0.000 ( p-value <0.05). This study shows
the effect of proximity to residence in the highlands and industrial areas
on the occurrence of hypertension in Kendal Regency.

Introduction

Hypertension is one of the common chronic diseases that can be characterized by a continuous
increase in arterial pressure. Blood pressure has two measurements, namely systolic pressure
(pressure when the heart contracts and pumps blood into the arteries) and diastolic pressure
(pressure when the heart rests between beats). Hypertension is said to be present if systolic
pressure is more than 130 mmHg and diastolic pressure is more than 80 mmHg (Nurochman
et al., 2024; Rahmatillah et al., 2020; Katuuk & Masi, 2018; Laura et al., 2020).

Globally, according to WHO data, the number of adults with hypertension has doubled from
650 million in 1990 to 1.3 billion in 2019 (World Health Organization, 2023). Based on SKI
2023, the prevalence of hypertension was still high at 30.8%, but decreased compared to the
previous year at 34.1% (Kementerian Kesehatan, 2023). Meanwhile, in Central Java Province,
hypertension still occupies the largest proportion of all reported NCDs, which is 72.0% (Dinas
Kesehatan Provinsi Jawa Tengah, 2023).The prevalence of hypertension in Kendal Regency
always increases every year. In 2021, there were 304,315 people, in 2022 around 310,815
people, and in 2023 around 314,884 people (Dinas Kesehatan Kabupaten Kendal, 2023).
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Kendal Regency is one of 35 regencies/cities in the territory of Central Java Province. The
topography of Kendal Regency varies from plains, hills, to mountains with land heights varying
between 0 m to more than 500 m above sea level (Dinas Komunikasi dan Informatika
Kabupaten Kendal, 2018). In people who live in the highlands, hypoxia will occur which will
trigger the process of adaptation of physiological responses to maintain body functions called
acclimatization (Storz & Scott, 2019; Mallet et al., 2023). When hypoxia occurs, it will be
followed by a compensatory mechanism, such as hyperventilation and increased cardiac output,
where increased tissue ventilation and cardiac output can prevent a decrease in inspiratory 02
pressure so that it can increase alveolar O2 pressure and arterial O2 pressure in (Salipadang et
al.,, 2022). In the study Salipadang et al. (2022), significant significance test results were
obtained between the highland area and hypertension respectively on changes in systolic and
diastolic blood pressure p = 0.000 < a and p = 0.048 < «, (p <0.005). Long-term exposure to
air pollutants in the form of nitrogen dioxide pollutants and short-term exposure to sulfur
dioxide exhaust gas and particulates such as dust can have a risk of hypertension (Zahra et al.,
2021; Zhang, 2020). In contrast to research conducted by Zahra et al. (2021), in the study
Kephart et al. (2020)that the results of increased CO exposure caused a decrease in systolic
blood pressure of 0.17 mmHg (95% CI =-2.38, 2.03) and CO was not associated with diastolic
blood pressure (- 0.06 mmHg, 95% CI -1.48 to 1.35) (Kephart et al., 2020).

Based on this background, there are differences in research results so that researchers are
interested in conducting this research to prove whether there is an influence related to residence
in the highlands and industrial areas with the occurrence of hypertension in Kendal Regency.

Methods

The method used is observational analytic with a cross-sectional approach. This study was
conducted at the Plantungan Health Center (Highland Area), Brangsong Health Center
(Industrial Area Area), and Patebon Health Center (Area far from the highlands and industrial
areas). The sample was participants of the Integrated Development Post (Posbindu) in May to
July 2024 who lived in the highland areas (Plantungan Health Center), industrial areas
(Brangsong Health Center), and not both (Patebon Health Center). The sample size was
calculated using the lemeshow formula and a minimum of 96 samples were obtained in each
health center. Sampling was carried out using a purposive sampling type where the samples
were taken based on certain criteria. The inclusion criteria for this study were s all posbindu
participants in the highland areas ( Plantungan Health Center ), industrial areas (Brangsong
Health Center), and not both areas (Patebon Health Center), all posbindu participants aged >40
years, and have complete health records (address and blood pressure). The type of data used in
this study is secondary data. The variables studied were residence in the highland area with the
criteria of residential altitude , as well as residence in the industrial area with the criteria of
near industry and far industry which will be measured with Google Earth, and blood pressure
variables with the criteria of no hypertension (systolic <140 mmHg or diastolic <90 mmHg)
and hypertension (systolic >140 mmHg or diastolic >90 mmHg). Data analysis was carried out
univariately and bivariately. The statistical test used was the Chi-Square test with a confidence
level of 95% (0.05). The researcher has obtained a research permit from the Faculty of
Medicine, Muhammadiyah University of Surakarta No0.4378./C.4-11I/FK/V111/2024 and
research approval from the Head of the National Unity and Politics Agency of Kendal Regency
No. 000.9/1537/V111/2024.

Result and Discussion

Secondary data in this study are residential address, blood pressure, gender and age. The
research data were analyzed using SPSS 25.0 for Windows software consisting of univariate
analysis to determine the frequency distribution and bivariate analysis using the Chi-Square
test . The following are the results of the data analysis:
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Respondent Characteristics

The following univariate t analysis shows that the description of the characteristics of the
respondents in this study can be seen in the following table:

Table 1. Characteristics of respondents' residential areas

Region Category Frequency Percentage
Plateau 109 26.5%
Industrial area 110 26.7%
Far frqm the _hlghlands and 103 16.8%
industrial areas
Total 412 100%

Source: Secondary Data (2024)

Based on univariate analysis using SPSS version 26 on the category of area, it is known that
there are 109 people with a percentage of 26.5% who live in the highlands, there are 110 people
with a percentage of 26.7% who live near the industrial area, and there are 193 people with a
percentage of 46.8% who live far from the highlands and industrial areas. The following
univariate analysis on the gender variable can be seen in the following table:

Table 2. Gender of respondents

Gender Frequency Percentage
Man 56 13.6%

Woman 356 86.4%
Total 412 100%

Source: Secondary Data (2024)

Based on univariate analysis using SPSS version 26 on gender, it is known that there are 56
people with a percentage of 13.6% who are male and there are 356 people with a percentage of
86.4% who are female. The following are the results of univariate analysis on blood pressure
variables can be seen in the following table:

Table 3. Respondents' blood pressure characteristics

Blood pressure Freguency Percentage
Normal 250 60.7%
Hypertension 162 39.3%
Total 412 100%

Source: Secondary Data (2024)

Based on univariate analysis using SPSS version 26 on blood pressure, it is known that there
are 250 people with a percentage of 60.7% who suffer from hypertension and there are 162
people with a percentage of 39.3% with normal blood pressure. The following univariate
analysis on the age variable can be seen in the table

Table 4. Characteristics of respondent age distribution

Age Frequency Percentage
Pre-Elderly and below 282 68.4%
Elderly 130 31.6%
Total 417 100%

Source: Secondary Data (2024)
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Based on univariate analysis using SPSS version 26 regarding age, it is known that there are
282 people with a percentage of 68.4% who are classified as pre-elderly and there are 130
people with a percentage of 31.6% who are classified as elderly.

Bivariate Analysis

The influence of proximity to residential areas in the highlands and industrial areas on the
incidence of hypertension.

Table 5. Blood Pressure Distribution by Regional Category

Blood pressure
Region category Normal | Hypertension | total X2 p
(n/%) (n/%)
Plateau 50 (45.9) 59 (54.1) 109
Industrial area 58 (52.7) 52 (47.3) 110
Control areas (not 26,385 | 0,000
highlands and industrial | 142 (73.6) 51 (26.4) 193
areas)

Source: Secondary Data (2024)

Significant results were obtained based on the Chi-Square test on the effect of residence in the
highlands and industrial areas on the occurrence of hypertension with a p-value of 0.000 ( p-
value <0.05). In the bivariate analysis above, respondents with residences in the highlands were
more likely to have hypertension, as many as 59 samples (54.1%). While respondents with
residences in industrial areas were more likely to have normotensive conditions, as many as 58
samples (52.7%).

The Effect of Proximity of Residence to the Highlands on the Incidence of Hypertension

Based on the study, it is known that there is an influence of residence in the highlands on the
occurrence of hypertension. This is evidenced by the large p-value obtained of 0.000 (0.000
<0.05). So it can be concluded that there is an influence of residence in the highlands on the
occurrence of hypertension in Kendal Regency. Hypertension or high blood pressure is an
increase in systolic blood pressure of more than 140 mmHg and diastolic blood pressure of
more than 90 mmHg in two measurements with an interval of five minutes in a state of
sufficient rest or calm (Apipin & Winarti, 2021). The occurrence of hypertension is influenced
by various factors, one of which is the geographical location in the form of the height of the
place of residence (Kartikasari, 2012; Bhatnagar, 2017).

The altitude of a person's residence affects the physiological condition of the body (Honigman
et al., 1993). The higher the altitude, the lower the temperature and the thinner the oxygen
content in the air. This has an impact on the physiological process of the body in the form of
hypoxia (Budihartono & Afriliana, 2019; Chen et al., 2020). The occurrence of hypoxia will
trigger the process of adaptation of physiological responses to maintain body functions called
acclimatization. In addition, the occurrence of hypoxia will be followed by the occurrence of a
compensation mechanism, such as hyperventilation and increased cardiac output, where
increased tissue ventilation and cardiac output can prevent a decrease in inspiratory O2 pressure
so that it can increase alveolar O2 pressure and arterial O2 pressure in, so that it will increase
tissue O2 saturation. Increased cardiac output as a result of the compensation mechanism for
tissue hypoxia is mainly due to an increase in heart rate regulated by the autonomic nervous
system (Salipadang et al., 2022; Amann & Kayser, 2009; Arjamaa & Nikinmaa, 2011).

The results of this study are in line with the results of a study conducted by Verratti et al. (2020)
which found that there is an influence of residential altitude characteristics on the incidence of
hypertension (P <0.05). The results of another study conducted by Salipadang et al. (2022) also
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found that there is a unidirectional, real and meaningful relationship between differences in
altitude and changes in systolic and diastolic blood pressure. Different results are shown by the
results of a study conducted by which Prihanto et al. (2024) concluded that there is no
relationship between residential area and the incidence of hypertension. This is evidenced by
the results of a study which found that there was no difference between the systolic blood
pressure of residents of the Gurabunga area and the coastal area of Maitara Island.

The Influence of Proximity of Residence to Industrial Areas on the Incidence of
Hypertension

The results of this study also found that there is an influence of residence in an area near
industry with the prevalence of hypertension. This is evidenced by the large p-value obtained
of 0.000 (0.000 <0.05). So it can be concluded that there is an influence of residence in an area
near industry with the prevalence of hypertension in Kendal Regency. Kendal Regency is one
of the areas chosen to be processed into an industrial area because of its strategic location and
flat topography and is located in the coastal area of the north coast of Java Island
(Fadhlurrohman et al., 2020; Rudiarto et al., 2018).

Based on Government Regulation No. 85 of 2019, it is stated that the Kendal Industrial Area
(KIK) is the only holder of Special Economic Zone (KEK) status in the industrial sector on the
island of Java. KIK is also known as the developer of the largest private industrial area in
Central Java with a development area of around 2,200 hectares (Ayatullah et al., 2023). Along
with the development of Kendal Regency as an industrial area, various pollutants that can have
a negative impact on health have also increased. One example of a pollutant that has a negative
impact on health is carbon monoxide. Carbon monoxide is an odorless, tasteless, and colorless
compound produced from the incomplete combustion process of carbon-containing fuels such
as burning oil, coal, wood, or kerosene. When CO is inhaled and absorbed by the lungs, CO
can bind to hemoglobin to form carboxyhemoglobin (COHb) which can interfere with the
absorption of oxygen in the blood (Zahra et al., 2021; Pan et al., 2020).

The results of this study are in line with the results of research conducted by Zahra et al. (2021),
found that long-term exposure to air pollutants in the form of nitrogen dioxide pollutants and
short-term exposure to sulfur dioxide exhaust gas and particulates such as dust can have a risk
of hypertension. Another risk factor is exposure to carbon monoxide, with the highest
concentrations found in heavy traffic and industrial combustion. The results of other studies
conducted by Xu et al. (2022) which found that the higher the level of air pollution, the stronger
the relationship with hypertension. Different results were found in Kephart's study (2020)
which concluded that increased exposure to CO in people living in industrial areas can cause a
decrease in systolic and diastolic blood pressure. So it can be concluded that there is no
relationship between air pollution in industrial areas and the incidence of hypertension.

Research Limitations

This research is not free from several weaknesses which are limitations of the research, the
limitations in this research are: 1) Not all risk factors for Hipertensi can be found in this study,
because the analysis conducted was only based on the data found; 2) This study uses a cross-
sectional research design, where the data collection process is carried out at one time. So that
researchers cannot provide a causal explanation and only show the relationship between
variables.

Conclusion

Based on the results of the study and discussion on respondents at Plantungan Health Center,
Brangsong Health Center, and Patebon Health Center, it can be concluded that there is a
significant relationship between the proximity of residence in the highlands and the incidence
of hypertension in Kendal Regency with a p-value of 0.000 (<0.05 means very significant),
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and there is a significant relationship between the proximity of residence to the industrial area
and the incidence of hypertension in Kendal Regency with a p-value of 0.000 (<0.05 means
very significant), and the number of respondents who experience hypertension is greater in the
industrial area. The implications of this study indicate that the proximity of residence in the
highlands and industrial areas is a risk factor for hypertension in Kendal Regency.
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