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Background: Chronic kidney disease is a silent global
health issue, with hypertension and sedentary lifestyle
recognized as modifiable risk factors. Elevated blood
pressure may both cause and result from renal dysfunction,
while physical inactivity can exacerbate metabolic
disturbances affecting kidney health.

Objective: To evaluate structural kidney abnormalities via
ultrasonography and their association with hypertension,
sedentary lifestyle, and body mass index in adults attending
a hospital in Swabi, Pakistan.

Methods: This cross-sectional study enrolled 125 adults at
the District Headquarter Hospital, Swabi, from August
2023 to January 2024. Data were collected using a
structured questionnaire. Abdominal ultrasonography
(Mindray, 3-5 MHz convex transducer) assessed renal
stones, cysts, and hydronephrosis. Blood pressure and self-
reported physical activity were recorded. Associations

were analyzed using SPSS version 25; p < 0.05 was considered significant.
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Results: Mean age was 43.8 + 18.2 years; 55.2% were male. Renal stones were most
frequent (right 37.6%, left 22.4%), followed by cysts (right 12.8%, left 4.8%) and
mild hydronephrosis (10.4%). No significant associations were observed between
kidney abnormalities and hypertension, sedentary lifestyle, or BMI (all p > 0.05).
Conclusion: Structural kidney abnormalities are common in this hospital-based
cohort, while traditional risk factors showed no significant associations.
Ultrasonography is a valuable tool for early detection, and further prospective studies
with functional and biochemical markers are needed to clarify determinants of kidney
disease.

Introduction

Chronic kidney disease (CKD) is a major global public health concern, affecting
approximately 10% of the adult population worldwide and posing a substantial burden
in terms of cardiovascular morbidity, premature mortality, and escalating healthcare
costs, particularly in low- and middle-income countries (LMICs) (1,2). The burden of
CKD is disproportionately higher in South Asia, where delayed diagnosis, limited
screening, and a rising prevalence of non-communicable diseases exacerbate adverse
renal outcomes (3). The global prevalence of CKD stages 1-5 is estimated at 13.4%,
yet a large portion of cases remains undiagnosed, especially in resource-poor
settings(4). In Pakistan, the disease burden is particularly high, with reported CKD
prevalence ranging broadly from 12.5% to 29.9% across different populations(5,6).
Hypertension remains one of the most important modifiable risk factors for kidney
disease, promoting progressive nephron injury through sustained elevations in
systemic and intraglomerular pressure (7).

The primary drivers of kidney injury are intertwined metabolic and cardiovascular
comorbidities, notably diabetes mellitus and hypertension (8). Physical inactivity has
been associated with metabolic dysregulation, chronic inflammation, and endothelial
dysfunction, all of which may adversely affect renal structure and function (9).
Obesity is linked to glomerular hyperfiltration and structural renal changes, whereas
undernutrition may reduce nephron reserve and increase susceptibility to kidney
injury, particularly in resource-constrained populations (10). However, existing
evidence regarding the relationship between these factors and kidney disease remains
inconsistent, especially in cross-sectional studies.

Most epidemiological studies assessing kidney disease rely on biochemical markers
such as serum creatinine and estimated glomerular filtration rate (eGFR), which are
widely used for evaluating renal function at the population level (11). Renal
ultrasonography provides a non-invasive, accessible, and cost-effective method for
detecting morphological kidney changes and is particularly useful in LMIC
settings(12). Despite its utility, ultrasound-based population studies examining kidney
disease in relation to lifestyle and cardiometabolic risk factors are scarce in Pakistan.
Therefore, this cross-sectional study aimed to assess the association between
hypertension, sedentary lifestyle, and BMI categories with ultrasound-detected kidney
disease among adult participants presenting to a district headquarter hospital in Swabi,
Pakistan. By addressing a critical regional evidence gap, this study seeks to inform
early detection strategies and context-specific preventive interventions.

Material and Methods

This cross-sectional study was conducted at the Department of Radiology, District
Headquarter Hospital, Swabi, Pakistan, over six months from January to June 2025
and included 125 adult patients undergoing abdominal or pelvic ultrasonography. The
study included patients with functional kidneys, documented blood pressure
measurements, and available information on physical activity levels, while patients
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with advanced cardiovascular disease, liver cancer, or a history of prior kidney
surgery were excluded.

Ultrasonography was performed using a high-resolution Mindray machine with a 3-5
MHz convex transducer. Kidney assessment included measurements of size, volume,
echogenicity, and identification of structural abnormalities. Blood pressure was
measured using a sphygmomanometer. Hypertension was defined as self-reported
hypertension, elevated measured blood pressure, or current use of antihypertensive
medication. Physical activity was self-reported and categorized as sedentary or
physically active.

Ethical approval was obtained from the Department of Diagnostic Medical
Sonography, Women University Swabi, and the District Headquarter Hospital, Swabi.
Written informed consent was obtained from all participants, and strict measures were
implemented to ensure data confidentiality.

Data were collected using a pre-designed questionnaire capturing sonographic
findings and relevant patient history. Data analysis was performed using SPSS version
25. Quantitative and qualitative variables were summarized using appropriate
descriptive statistics. Associations between categorical variables were assessed using
the Chi-square test, Fisher’s exact test, or the Monte Carlo test, where applicable. A p-
value of <0.05 was considered statistically significant.

Results

A total of 125 participants were enrolled in the study. The mean age was 43.79 *
18.16 years. The mean weight and height were 71.45 + 13.77 kg and 1.76 + 0.18 m,
with a mean BMI of 20.25 + 3.21 kg/m2. Most participants had a normal BMI
(69.6%0), followed by underweight (26.4%) and overweight (4.0%) categories.
Males comprised 55.2% of the sample, while females represented 44.8%.
Hypertension was present in 55.2% of participants. A sedentary lifestyle was reported
by 39.2%, whereas 60.8% engaged in physical activity (Table 1).

Table 1: Demographic Characteristics of the Participant (n = 125)

Variable Mean + SD / n (%)
Age (years) 43.79 + 18.16
Weight (kg) 7145+ 13.77
Height (m) 1.76 +£0.18
BMI (kg/m?) 20.25 +3.21
BMI Category Underweight 33 (26.4)

Normal 87 (69.6)

Overweight 05 (4.0)
Gender Male 69 (55.2)

Female 56 (44.8)
Hypertension Yes 69 (55.2)

No 56 (44.8)
Sedentary Lifestyle Yes 49 (39.2)

No 76 (60.8)
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Ultrasonography revealed that 52% of left kidneys and 29.6% of right kidneys were
normal. Renal stones were the most common abnormality, observed in 22.4% of left
kidneys and 37.6% of right kidneys, while cystic lesions were more frequent in the
right kidney (12.8% vs. 4.8%). Mild hydronephrosis was noted in both kidneys,
predominantly in the left (10.4%). Overall, renal stones and cystic lesions constituted
the main kidney abnormalities in this cohort (Figure 1).

29.6
52
37.6

22.4

Figure 1. Distribution of Ultrasonographic Kidney Abnormalities Expressed as
Percentage

Overall kidney disease status was not significantly associated with hypertension,
sedentary lifestyle, or body mass index (BMI) category. Kidney abnormalities were
observed in 78.3% of participants with hypertension and 76.8% of those without
hypertension (p = 0.50). Similarly, sedentary individuals had a higher prevalence of
kidney abnormalities compared with non-sedentary participants (81.6% vs. 75.0%),
though this difference was not statistically significant (p = 0.38). Across BMI
categories, kidney abnormalities were most frequent among underweight participants
(81.8%), but no significant association was found (p = 0.62). (Table 2)

Table 2: Association of Kidney Disease with Hypertension, Sedentary Lifestyle,
and BMI Category

Factor Normal both Abnormal either p-value
Kidney or both Kidney
n (%) n (%)

Hypertension Yes 15 (21.7%) 54 (78.3%) 0.50
No 13 (23.2%) 43 (76.8%)

Sedentary Yes 9 (18.4%) 40 (81.6%) 0.38
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Lifestyle No 19 (25.0%) 57 (75.0%)

BMI Category Underweight 6 (18.2%) 27 (81.8%) 0.62
Normal 20 (23.0%) 67 (77.0%)
weight
Overweight 2 (40.0%) 3 (60.0%)
Discussion

In this hospital based cross sectional study of 125 adults undergoing diagnostic kidney
ultrasonography at the District Headquarter Hospital in Swabi, Pakistan, we identified
a high proportion of structural kidney abnormalities. Renal stones comprised the most
frequent finding in both kidneys, with a notably higher percentage in the right kidney,
followed by cystic lesions and mild hydronephrosis. Despite more than half of the
participants having hypertension and over one third reporting a sedentary lifestyle, we
observed no statistically significant associations between kidney abnormalities and
hypertension, sedentary lifestyle, or BMI categories in this clinical cohort.

The high frequency of renal stones detected by ultrasonography in our cohort is
consistent with findings from other hospital-based studies in Pakistan, such as those
by Khan et al. and Ahmad et al., which reported substantial rates of nephrolithiasis
among patients undergoing renal imaging or urological evaluation (13,14) .

The absence of a significant association between hypertension and structural kidney
abnormalities in our study contrasts with evidence suggesting a link between
nephrolithiasis and hypertension. A meta-analysis by Shang et al. reported that
individuals with kidney stones had a significantly increased risk of hypertension
compared with those without stones (pooled OR 1.43; 95% CI 1.30-1.56) (15). These
population-level associations may not reflect structural changes detectable by
ultrasound. The lack of significance in our hospital-based cohort may be due to
limited power, selection bias, or ultrasonography’s inability to detect microvascular or
functional renal damage.

Sedentary lifestyle has been identified in epidemiologic studies as a modifiable
behavior associated with adverse renal outcomes, including chronic kidney disease
markers such as reduced estimated glomerular filtration rate and albuminuria (16). In
our cohort, sedentary behavior was more common among participants with kidney
abnormalities than among those without; however, this difference did not reach
statistical significance. Measurement limitations related to self reported physical
activity levels and the heterogeneity in activity definitions may contribute to these
findings.

The association between BMI and kidney stone disease is complex. Systematic
reviews by Garg et al. have reported inconsistent findings, with some studies
demonstrating an increased risk among individuals with obesity, while others
observed no definitive association (17). In the present cohort, overweight participants
were few, and no statistically significant relationship with kidney abnormalities was
identified, likely reflecting limited sample size and reduced statistical power to detect
differences across BMI categories.

This hospital-based study has limitations, including its cross-sectional design, reliance
on self-reported physical activity, absence of biochemical kidney assessments, and
single-center setting, which may limit generalizability. Future studies should use
prospective cohorts with serial imaging, functional biomarkers (e.g., eGFR,
microalbuminuria), and multicenter designs to better evaluate risk factors and
underlying mechanisms.

Page 2009



Conclusion

In this hospital-based cross-sectional study, structural kidney abnormalities
particularly renal stones and cystic lesions were frequently identified among adults
undergoing ultrasonography in Swabi, Pakistan. Traditional risk factors, including
hypertension, sedentary behavior, and BMI, were not significantly associated with
these structural changes, suggesting that other determinants, such as genetic
predisposition, dietary factors, and metabolic conditions, may play a more prominent
role in kidney pathology in this clinical setting. These findings underscore the value
of ultrasonography as a diagnostic tool for early detection of renal abnormalities and
highlight the need for prospective, multicenter studies incorporating functional and
biochemical assessments to elucidate the mechanisms and modifiable risk factors
contributing to kidney disease in hospital-based populations.
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