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ABSTRACT

Cholelithiasis and hypertension are prevalent conditions with potentially interrelated
pathophysiological mechanisms involving metabolic dysfunction and systemic
inflammation. This retrospective observational study investigated the association of age
and gender with hypertension stages among adult patients diagnosed with cholelithiasis
using non-contrast abdominal CT scans at Royal Prima General Hospital Medan. A total
of 133 hypertensive patients meeting inclusion criteria were analyzed, with 27.1%
classified as stage I hypertension and 72.9% as stage II. Female patients predominated in
both stages (63.9% and 64.9%, respectively), without statistically significant sex
differences between stages (p=0.910). Age distributions revealed a significant association
with hypertension severity: individuals aged 30—44 years mainly presented with stage I
hypertension (83.3%), whereas older groups, particularly those 45 years and above,
predominantly exhibited stage II hypertension (p < 0.001). These findings align with
current understanding of vascular aging and the impact of systemic inflammatory
pathways exacerbated by comorbid cholelithiasis, which may diminish estrogen’s
cardiovascular protective effects in females. The study underscores the necessity for early
detection and tailored management strategies focusing on aging populations with
comorbid conditions to mitigate progression to advanced hypertension stages.
Keywords: hypertension stages, cholelithiasis, age, gender differences

INTRODUCTION

Cholelithiasis, characterized by the formation of gallstones within the biliary tract,
represents a significant global health burden with substantial clinical and economic
implications. Epidemiological data indicate a worldwide prevalence ranging from 10% to
20%, with notable regional and demographic variability influenced by genetic, environmental,
and lifestyle factors. Concurrently, hypertension—a leading cause of cardiovascular morbidity
and mortality—has emerged as a potential independent risk factor for gallstone formation.
Recent studies highlight a bidirectional relationship modulated by age and gender. This
association is particularly significant given the shared metabolic pathways underlying both
conditions, including dyslipidemia, insulin resistance, and chronic inflammation, which
synergistically drive the pathophysiological mechanisms of these diseases (Jones et al., 2024;
X. Wang et al., 2022; Zhang et al., 2022).

Large-scale cross-sectional and cohort studies consistently demonstrate a positive
correlation between hypertension and gallstone disease. A pivotal study involving 318,403
individuals reported that hypertension significantly increases the risk of gallstones (Odds
Ratio [OR] = 1.12; 95% Confidence Interval [CI]: 1.06-1.19), with a dose-response
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relationship observed between blood pressure severity and gallstone prevalence. This
association exhibits marked demographic heterogeneity: the risk is most pronounced in
younger adults (<40 years) and middle-aged adults (40-60 years), diminishing in the elderly
population (>60 years). For instance, systolic blood pressure (SBP) correlates positively with
the age at first cholecystectomy (f = 0.20; 95% CI: 0.13-0.26), suggesting that hypertensive
stress may accelerate gallstone formation in early adulthood while potentially delaying
surgical intervention until later ages (Sun et al., 2009; Zhang et al., 2025; Zhu et al., 2016).

Sex differences further reinforce this relationship. Females exhibit a 1.4 to 1.8-fold
higher prevalence of cholelithiasis compared to males, a disparity attributed to hormonal
influences on biliary cholesterol metabolism. Estrogen increases hepatic cholesterol uptake
and decreases bile acid synthesis, leading to cholesterol-supersaturated bile that facilitates
gallstone nucleation. Hypertension exacerbates this risk, with females showing a stronger
association between elevated blood pressure and gallstones (OR = 1.19 vs. 1.05 in males).
Postmenopausal women experience heightened susceptibility to hypertension-related
cholelithiasis due to decreased estrogen levels and increased insulin resistance, underscoring
the interplay between hormonal changes and metabolic dysfunction. Conversely, hypertensive
males present a distinct risk profile driven by metabolic syndrome components—
hypertension, dyslipidemia, and obesity—that cumulatively increase gallstone risk by 33%
with each additional metabolic abnormality (K. Wang et al., 2025; W. Yu et al., 2024; Zhang
et al., 2022).

The biological nexus between hypertension and cholelithiasis involves shared genetic,
metabolic, and inflammatory pathways. Polymorphisms in genes regulating cholesterol
transport (ABCG5/8) and steroidogenesis (CYP17A1) have been implicated in both
conditions, indicating genetic predispositions contributing to comorbid dysregulation. Insulin
resistance—a hallmark of metabolic syndrome—stimulates hepatic cholesterol secretion and
reduces bile acid synthesis, thereby promoting cholesterol supersaturation in bile. Moreover,
chronic inflammation and oxidative stress associated with hypertension impair gallbladder
motility and wall integrity, exacerbating bile stasis and crystal nucleation. Leptin, an
adipokine elevated in hypertension, also plays a role by altering bile salt composition, notably
reducing hydrophobic bile acids essential for cholesterol solubilization (K. Wang et al., 2025;
K. Yuetal., 2017; Zhu et al., 2016).

Despite substantial epidemiological evidence, inconsistencies persist across studies
due to variations in diagnostic criteria, population stratification, and confounding factors such
as obesity and diabetes. While meta-analyses affirm hypertension as a significant risk factor
for cholelithiasis (Relative Risk [RR]: 1.29; 95% CI: 1.22—1.36), the mechanisms underlying
age- and sex-specific vulnerability remain incompletely understood. For example, the
protective role of estrogen in premenopausal women contrasts with its lithogenic effects under
hyperinsulinemic conditions, highlighting the necessity for further targeted demographic
research. Additionally, the clinical significance of hypertension in the progression to
symptomatic gallstones requiring cholecystectomy warrants clarification, as some studies
report no significant association between hypertension and cholecystectomy risk (H. H. Wang
et al., 2009; X. Wang et al., 2022; W. Yu et al., 2024; Zhang et al., 2022).

The aim of this study is to investigate the relationship between cholelithiasis
(gallstone disease) and the variables of age and gender in adult patients with hypertension,
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using abdominal CT-scan imaging at RSU Royal Prima. Specifically, the study seeks to clarify
how age and sex influence the prevalence or characteristics of cholelithiasis among
hypertensive adults, thereby contributing to a better understanding of the interactions between
these factors in this patient population.

METHODS

This study is designed as an analytical observational study with a retrospective
approach. Specifically, the research involves observing and analyzing existing data without
administering any intervention to the subjects. Data collection will be conducted
retrospectively by reviewing patients' medical histories to identify the associations between
past exposure to independent variables and the occurrence of cholelithiasis in hypertensive
patients, which serves as the dependent variable. The study is carried out at Royal Prima
General Hospital, Medan, with data retrieval performed at the medical records department.
The entire research process spans three months, from May to July 2025.

The target population of this study comprises all adult patients diagnosed with
cholelithiasis and hypertension who underwent non-contrast abdominal CT scans and received
treatment at Royal Prima Hospital Medan between May 2024 and May 2025, totaling 200
individuals. From this population, the study sample was selected using purposive sampling.
Inclusion criteria comprised patients aged over 18 years who were diagnosed with
cholelithiasis and hypertension and had undergone a non-contrast abdominal CT scan.
Conversely, exclusion criteria included patients younger than 18 years and those with
incomplete medical records. To determine the minimum representative sample size, Slovin’s
formula was applied with a tolerable margin of error of 5% (e = 0.05). Based on this
calculation, the final sample size was rounded to 133 patients for use in the study.

The independent variables identified in this study are gender (X1) and age (X2). The
dependent variable is the occurrence of cholelithiasis in adult patients with hypertension (Y),
diagnosed using non-contrast abdominal CT scan modalities. Gender is defined as the
participant’s gender identity, measured nominally (male or female) through medical record
review. Meanwhile, age is measured on an ordinal scale and categorized into four groups:
under 30 years, 30—45 years, 4660 years, and over 60 years, with data also obtained from
medical records. The dependent variable, cholelithiasis with hypertension, is defined as the
medical condition characterized by gallstone presence accompanied by persistent elevated
blood pressure (hypertension). This variable is measured on an ordinal scale based on CT scan
observations from medical records and classified into Grade I and Grade II cholelithiasis with
hypertension.

This study utilized secondary data obtained from patient medical records at Royal
Prima General Hospital Medan, covering a predetermined time period. Data collection was
conducted through systematic observation of the medical record files, supplemented by
documentation methods. The primary instrument employed was a checklist-form observation
sheet, specifically designed to systematically record relevant information. Additionally,
computer software and writing tools were used as supporting instruments for data processing
and documentation of findings.
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All processed data will be analyzed statistically using SPSS version 26. The Chi-
Square test will be employed for this purpose. However, if the assumptions for the Chi-Square
test are not met, such as when the expected frequency in any cell of a 2x2 contingency table
is less than 5, the alternative Fisher’s Exact Test will be used. Statistical significance will be
determined based on the p-value, with an association considered significant if p < 0.05.

RESULTS

This study involved 133 hypertensive patients undergoing abdominal CT scan
procedures at Royal Prima General Hospital Medan. All subjects met the inclusion criteria.
Table 4.1 presents the characteristics of the study subjects based on hypertension stage among
the 133 respondents. The proportion of subjects with stage I hypertension was 36 individuals
(27.1%), while those with stage II hypertension numbered 97 individuals (72.9%). Regarding
sex distribution, within the stage I hypertension group, there were 13 males (36.1%) and 23
females (63.9%). In the stage II hypertension group, there were 34 males (35.1%) and 63
females (64.9%). There was no significant difference in sex distribution between the two
hypertension groups (P =0.910).

Table 1. Chi square test result (n=133)

Hypertension Stage
Stage | Stage 11

Variable (n = 36) (n=97) p value
n % n %
Sex
Male 13 36.1 34 35.1 0.910
Female 23 63.9 63 64.9 '
Age (years)
<30 6 16.7 0 -
30-44 30 83.3 15 15.4
45-60 0 - 57 58.8 <0.001
>60 0 - 25 25.8

For the age variable, the majority of subjects in the stage I hypertension group were aged 30—
44 years (83.3%), whereas in the stage Il hypertension group, the age distribution was 15.4%
in the 3044 years range, 58.8% in the 45-60 years range, and 25.8% aged over 60 years. No
subjects with stage I hypertension were identified in the age groups >45 years. A significant
difference in age characteristics was observed between the two groups (P < 0.0001), with a
higher proportion of older individuals in the stage II hypertension group.

DISCUSSION

The results of this study indicate a higher proportion of stage II hypertension (72.9%)
compared to stage I hypertension (27.1%) among the population with cholelithiasis. Gender
distribution revealed a predominance of females in both hypertension stages (63.9% in stage
I and 64.9% in stage II), with no statistically significant difference. These findings are
consistent with the study by Defianna et al. (2021) in Sleman, Yogyakarta, which reported
hypertension prevalence of 42% among males and 38% among females. However, the results
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differ from global data suggesting that males tend to have a higher prevalence of hypertension
during young to mid-adulthood (Connelly et al., 2022; Mills et al., 2020).

This discrepancy can be explained by the pathophysiological theory proposed by
Gerdts et al. (2022), which states that blood pressure regulation in females is influenced by
the estrogen hormonal system, providing cardiovascular protective effects prior to menopause.
Nevertheless, in populations with comorbidities such as cholelithiasis, these hormonal factors
may not confer the same protection due to systemic inflammation and insulin resistance
associated with lipid metabolism disorders (Zhang et al., 2025).

The study further demonstrated that all patients with stage I hypertension were aged
30-44 years (83.3%), whereas stage II hypertension was distributed across various age groups,
predominantly within the 45-60 years group (58.8%). These findings align with longitudinal
research in China, which reported a significant increase in progression from stage I to stage I1
hypertension with advancing age (Peng et al., 2023). The Framingham study also supports this
trend, indicating that 27% of individuals under 60 years exhibit blood pressure readings
>140/90 mmHg, compared to 75% in those over 80 years (Nugroho & Erniastutik, 2020).

The underlying pathophysiological mechanisms for these observations can be
explained by Buford’s (2016) "Vascular Health Triad" concept, which implicates chronic
inflammation, oxidative stress, and endothelial dysfunction as common pathways in aging and
hypertension development. With advancing age, arterial stiffness increases, the renin-
angiotensin-aldosterone system is activated, and nitric oxide production decreases, all
contributing to hypertension progression (Nolde et al., 2024).

The predominance of stage II hypertension (72.9%) observed in this study exceeds
regional data from Asia. A systematic review in the Asia-Pacific region reported hypertension
prevalence ranging from 20% in Taiwan and South Korea to over 40% in Indonesia and Brunei
(Loo et al., 2024). Studies in Malaysia documented adolescent hypertension rates of 24.5% in
urban areas, whereas in Indonesia, the prevalence among adolescents aged 15-19 years was
only 2.6% (Islam et al., 2025).

These differences may be attributable to unique demographic and socioeconomic
factors in Asia. Kario et al. (2018) identified that Asian populations tend to have smaller body
sizes but relatively larger aortic diameters after adjusting for height and weight, contributing
to increased central pulse pressure. Additionally, Asians generally exhibit higher salt
sensitivity and favorable responses to renin-angiotensin-aldosterone system inhibitors
(Rahman et al., 2024).

The absence of significant gender differences in hypertension stage distribution in this
study contrasts with classical theories regarding gender disparities in hypertension. Mills et
al. (2020) reported a global hypertension prevalence in 2010 of 31.9% among males and
30.1% among females. However, comorbid conditions such as cholelithiasis may alter these
dynamics (Kario et al., 2018; Mills et al., 2020). Supporting this observation is the concept
that estrogen exerts protective effects through modulation of the renin-angiotensin system and
immune cells, alongside vasoprotective properties. Nonetheless, pathological conditions like
cholelithiasis, characterized by chronic inflammation and insulin resistance, may diminish or
negate these hormonal protective effects (Goyal et al., 2022; Zhang et al., 2025).
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The population with cholelithiasis in this study is characterized by chronic systemic
inflammation, which may exacerbate hypertension progression. Evidence suggests that
females could exhibit a more pronounced inflammatory response in hypertension due to
hormonal regulation and social factors (Cheng et al., 2024). This corresponds to the observed
lack of significant gender disparity in hypertension stage distribution among individuals with
comorbidities. The underlying pathophysiology involves activation of inflammatory
pathways, elevated pro-inflammatory cytokines, increased oxidative stress, and endothelial
dysfunction. Chronic inflammation has been shown to accelerate progression from stage I to
stage II hypertension by increasing vascular resistance and sympathetic nervous system
activation (Buford, 2016).

The predominance of stage II hypertension in this study underscores the necessity for
more aggressive intervention strategies in populations with cholelithiasis. Earlier-stage
hypertension in younger individuals is associated with up to a 49% increased risk of
cardiovascular events in those aged <50 years (Peng et al., 2023). This highlights the critical
importance of early detection and comprehensive management in patients with comorbidities.
Evidence-based preventive strategies include multicomponent lifestyle modification, weight
control, regular physical activity, and stress management. Lifestyle interventions have been
shown to reduce hypertension risk by up to 34.2% in rural populations (Ojangba et al., 2023;
Ren et al., 2025).

This study has several strengths that support the validity and relevance of its findings.
First, its design, focusing on subject characteristics according to hypertension stages and
analyzing demographic variables such as age and sex, provides an in-depth understanding of
clinical hypertension distribution in populations with specific comorbidities. Second, clear
statistical analyses with explicit reporting of p-values ensure the reliability of between-group
comparisons. Moreover, the sample size of 133 respondents is reasonably representative for a
local-scale study, providing a foundation for evidence-based policy formulation and targeted
interventions. The study’s multidimensional comparative approach, linking hypertension
findings to cholelithiasis, further enhances its clinical relevance and applicability in health
practice.

However, several limitations must be acknowledged. First, the observational and
descriptive study design precludes conclusions regarding causality between variables and
hypertension progression. Second, the analysis was limited to basic demographic factors
without incorporating other potential risk contributors such as socioeconomic status, family
history, smoking habits, physical activity patterns, diet, and additional comorbidities. Third,
the cross-sectional nature of the study limits assessment of temporal changes or progression
of hypertension. Furthermore, generalizability is constrained since the study was conducted at
a single site with a population that may have unique characteristics, limiting direct
extrapolation of findings to broader populations.

CONCLUSION
This study demonstrated a higher prevalence of stage Il hypertension (72.9%)

compared to stage [ hypertension (27.1%) among hypertensive patients undergoing abdominal
CT scans at Royal Prima General Hospital Medan, with no significant gender differences
observed between hypertension stages. Age was significantly associated with hypertension
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severity, as stage | hypertension predominantly affected individuals aged 30—44 years, while
stage Il hypertension was more common in older age groups (45 years and above). These
findings are consistent with existing literature on the progression of hypertension and highlight
the influence of aging and systemic inflammation associated with comorbid cholelithiasis on
hypertension severity. The predominance of stage Il hypertension in this population
underscores the need for early detection and comprehensive management strategies,
particularly in patients with comorbidities that may exacerbate disease progression. Despite
the study’s strengths in detailed demographic analysis and adequate sample size, its cross-
sectional and observational design limits causal inference and generalizability. Future research
incorporating broader risk factors and longitudinal follow-up is recommended to better
elucidate the mechanisms underlying hypertension progression in patients with cholelithiasis
and to optimize targeted interventions.
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