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ABSTRACT

Background: Left ventricular hypertrophy (LVH) is a prevalent yet often asymptomatic cardiovascular complication in patients
with type 2 diabetes mellitus (T2DM), contributing significantly to increased morbidity and mortality. Early detection of
asymptomatic LVH is crucial, particularly in regions with disparities in healthcare access between urban and rural populations.
Objective: This study aimed to determine the prevalence and associated risk factors of asymptomatic LVH among T2DM
patients in both urban and rural settings.

Methodology: A cross-sectional study was conducted at the Department of Cardiology, Nawaz Shareef Medical College / Aziz
Bhatti Shaheed Teaching Hospital, Gujrat, Pakistan. A total of 100 patients with T2DM were enrolled, with 50 each from urban
and rural populations. Clinical assessments included demographic data, anthropometric measurements, and medical history.
Biochemical investigations comprised fasting blood glucose (FBG), HbAlc, lipid profile, high-sensitivity C-reactive protein (hs-
CRP), and serum insulin levels. Insulin resistance was calculated using the Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR). Transthoracic echocardiography was performed to calculate left ventricular mass index (LVMI), with
LVH defined based on standard gender-specific criteria.

Results: The prevalence of asymptomatic LVH was 60% in the urban group and 48% in the rural group (p=0.23). Urban
patients had significantly higher BMI (28.6 vs. 26.9 kg/m?, p=0.01), LDL (128 vs. 121 mg/dL, p=0.04), hs-CRP (5.2 vs. 4.6 mgl/L,
p=0.03), and LVMI (118.4 vs. 113.2 g/m?, p=0.01), while HDL was significantly lower (38 vs. 41 mg/dL, p=0.02). HOMA-IR
values were elevated in both groups, showing borderline significance.

Conclusion: Asymptomatic LVH is common in both urban and rural T2DM patients, with urban individuals exhibiting a more
adverse cardiometabolic profile characterized by obesity, dyslipidemia, and subclinical inflammation. These findings highlight
the importance of routine cardiac screening and targeted metabolic risk reduction strategies to prevent progression to overt

cardiac disease.
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INTRODUCTION

Left ventricular hypertrophy (LVH), characterized by an increase in
left ventricular mass, is a well-established independent predictor of
adverse cardiovascular outcomes, including heart failure,
arrhythmias, and sudden cardiac death 1. Among patients with type
2 diabetes mellitus (T2DM), the development of LVH is particularly
concerning, as it often remains clinically silent and undetected until
significant structural or functional cardiac deterioration has
occurred. The coexistence of diabetes and LVH substantially
increases the risk of cardiovascular morbidity and mortality,
underscoring the need for early recognition and targeted
preventive strategies 2.

Asymptomatic LVH in T2DM patients is frequently
subclinical, emerging in the absence of overt cardiovascular
symptoms 3. It is hypothesized to arise through complex and
multifactorial mechanisms, including chronic hyperglycemia, insulin
resistance, low-grade systemic inflammation, and activation of the
renin angiotensin aldosterone system, all of which contribute to
myocardial remodeling 4. Additionally, coexisting hypertension,
obesity, dyslipidemia, and microvascular complications further
accelerate myocardial structural alterations in diabetic individuals.
Despite the growing burden of diabetes worldwide, particularly in
low- and middle-income countries, the asymptomatic nature of
LVH has led to underdiagnosis and underappreciation of its clinical
significance in routine diabetic care °.

Urban-rural  disparities in  healthcare  access,
socioeconomic status, lifestyle behaviors, and environmental
exposures may influence the prevalence and risk profile of
asymptomatic LVH in diabetic populations ¢. Urbanization is often
associated with sedentary behavior, dietary transitions, and
psychosocial stress, while rural populations may face limited

Received on 25-02-2022
Accepted on 05-06-2023

access to diagnostic facilities and suboptimal disease monitoring 7.
However, comparative data evaluating the epidemiological burden
and risk determinants of LVH across these geographically and
demographically distinct populations remain sparse, particularly in
South Asian contexts where diabetes prevalence is rising rapidly 8.

This study aims to determine the prevalence of
asymptomatic LVH in type 2 diabetic patients across urban and
rural settings and to identify the associated demographic, clinical,
and biochemical risk factors. By stratifying risk across diverse
environments, the findings may help inform region-specific
screening protocols and contribute to the early cardiovascular risk
stratification of diabetic individuals, ultimately improving long-term
outcomes °.

MATERIALS AND METHODS

Study Design and Setting: This cross-sectional, observational
study was conducted from June 2022 to December 2022 at the
Department of Cardiology, Nawaz Shareef Medical College / Aziz
Bhatti Shaheed Teaching Hospital, Gujrat, Pakistan. The study
population included patients recruited from both urban hospital
outpatient departments and rural community health centers
affiliated with the institution, ensuring balanced geographic
representation.

Sampling Method and Sample Size: A stratified purposive
sampling technique was employed to enroll a total of 100 adult
patients diagnosed with type 2 diabetes mellitus (T2DM), with
equal representation from urban (n = 50) and rural (n = 50)
settings. Stratification was based on the participants' permanent
residential addresses to distinguish urban and rural groups. The
sample size was calculated assuming an expected prevalence of
asymptomatic left ventricular hypertrophy (LVH) of 50%, a
confidence interval of 95%, and a 10% margin of error.

Eligibility Criteria: Inclusion criteria were adults aged between 35
and 70 years, with a confirmed diagnosis of T2DM based on
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American Diabetes Association (ADA) guidelines, and residence in
either urban or rural areas for a minimum of five years. Only
asymptomatic individuals were included. Patients were excluded if
they had a known history of ischemic heart disease, symptomatic
heart failure, structural cardiac abnormalities, valvular heart
disease, congenital heart defects, end-stage renal or liver disease,
malignancy, or were pregnant. Individuals who refused to provide
informed consent were also excluded.

Clinical and Demographic Evaluation: After obtaining written
informed consent, each participant underwent a structured
interview and clinical examination. Demographic variables such as
age, gender, socioeconomic status, educational background, and
area of residence were recorded. Clinical data included duration of
diabetes, medication usage, presence of hypertension and
dyslipidemia, smoking habits, alcohol consumption, physical
activity level, and family history of cardiovascular disease.
Anthropometric and Biochemical Assessment: Anthropometric
measurements were performed using standardized methods. Body
mass index (BMI) was calculated from weight and height
measurements. Waist circumference was measured at the
midpoint between the lower rib margin and the iliac crest. Blood
pressure  was recorded using a calibrated mercury
sphygmomanometer after the patient had rested for at least five
minutes in a seated position.

Venous blood samples were collected after overnight fasting
for the evaluation of fasting blood glucose (FBG), glycated
hemoglobin (HbAlc), serum insulin levels, lipid profile (total
cholesterol, LDL, HDL, triglycerides), serum creatinine, and high-
sensitivity C-reactive protein (hs-CRP). Insulin resistance was
determined using the Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR), calculated as:

HOMA-IR = (Fasting insulin in pU/mL x Fasting glucose in
mg/dL) / 405.

Cardiac Assessment: All participants initially underwent 12-lead
electrocardiography (ECG) to screen for LVH using Sokolow—Lyon
and Cornell voltage criteria. Subsequently, transthoracic
echocardiography (TTE) was performed by an experienced
cardiologist using a standardized protocol. Left ventricular mass
(LVM) was calculated and indexed to body surface area (BSA) to
obtain the left ventricular mass index (LVMI). LVH was defined
according to the American Society of Echocardiography guidelines:
LVMI greater than 115 g/m2 in men and greater than 95 g/m? in
women.

Statistical Analysis: Data were analyzed using IBM SPSS
version 25. Continuous variables were expressed as mean *
standard deviation (SD), and group comparisons were performed
using independent sample t-tests. Categorical variables were
presented as frequencies and percentages, and compared using
the chi-square test. Logistic regression analysis was conducted to
identify independent predictors of asymptomatic LVH. A p-value of
less than 0.05 was considered statistically significant.

Ethical Considerations: The study was approved by the
Institutional Review Board (IRB) of Nawaz Shareef Medical
College, Gujrat, Pakistan. All participants were informed about the
purpose of the study, and written informed consent was obtained
prior to data collection. All procedures were carried out in
accordance with the ethical standards outlined in the Declaration of
Helsinki. Patient confidentiality and anonymity were strictly
maintained throughout the research process.

RESULTS

A total of 100 patients with type 2 diabetes mellitus were included
in the study, with equal representation from urban (n=50) and rural
(n=50) settings. Table 1 outlines the demographic and clinical
characteristics of both groups. The mean age of urban patients
was 56.2 + 7.5 years, compared to 54.8 + 8.1 years in the rural
cohort (p=0.34), with no statistically significant difference
observed. In terms of gender distribution, males constituted 56%
(n=28) of the urban population and 60% (n=30) of the rural group

(p=0.68). Females represented 44% (n=22) of the urban and 40%
(n=20) of the rural participants.

The mean BMI was significantly higher among urban
patients (28.6 + 3.1 kg/m?) compared to their rural counterparts
(26.9 + 2.8 kg/m?), with this difference reaching statistical
significance (p=0.01). Hypertension was more prevalent in the
urban group (76%) than in the rural group (68%), although this
difference was not statistically significant (p=0.43). The mean
duration of diabetes was 8.2 + 3.5 years in the urban group versus
7.6 £ 4.1 years in the rural group (p=0.29) as shown in table 1.

Table 1: Demographic and Clinical Characteristics Including Gender

Parameter Urban Group Rural Group | p-value
(n=50) (n=50)

Number of Patients 50 50 -

Age (years, mean + SD) 56.2+75 54.8+8.1 0.34
Male Gender (%) 28 (56%) 30 (60%) 0.68
Female Gender (%) 22 (44%) 20 (40%) 0.68
BMI (kg/m2, mean + SD) 28.6 +3.1 26.9+2.8 0.01
Hypertension (%) 38 (76%) 34 (68%) 0.43
Duration of Diabetes 8.2+35 76+4.1 0.29

(Years, mean + SD)

Urban Residents (%) 50 (100%)

Rural Residents (%) - 50 (100%) -

Biochemical markers and echocardiographic findings are
presented in Table 2. Fasting blood glucose levels were slightly
higher among urban participants (152 + 25 mg/dL) compared to
rural participants (145 + 27 mg/dL), though the difference was not
statistically significant (p=0.16). Similarly, HbAlc levels showed a
non-significant difference between urban (7.8 + 0.6%) and rural
(7.6 £ 0.7%) groups (p=0.09). LDL cholesterol levels were
significantly higher in the urban group (128 + 22 mg/dL) than in the
rural group (121 + 20 mg/dL) with a p-value of 0.04, while HDL
cholesterol was significantly lower in the urban population (38 + 5
mg/dL) than in the rural (41 + 6 mg/dL), showing statistical
significance (p=0.02).

Triglyceride levels were slightly higher in the urban group
(186 + 34 mg/dL) compared to the rural group (178 + 30 mg/dL),
but the difference was not statistically significant (p=0.18).
Inflammatory marker hs-CRP levels were significantly elevated in
the urban group (5.2 + 1.1 mg/L) compared to the rural group (4.6
+ 1.3 mg/L, p=0.03). Insulin resistance assessed by HOMA-IR was
also higher in the urban population (3.9 + 1.2) than in the rural (3.4
+ 1.0), with borderline significance (p=0.05). Echocardiographic
measurement of LVMI revealed significantly higher values in the
urban group (118.4 + 14.2 g/m2) compared to the rural group
(113.2 + 13.6 g/m?, p=0.01). The prevalence of asymptomatic LVH
was 60% (30 patients) in urban residents versus 48% (24 patients)
in rural residents, though the difference was not statistically
significant (p=0.23) as shown in table 2.

Table 2: Biochemical Markers and Echocardiographic Findings

Biomarker Urban Group | Rural Group | p-value
(n=50) (n=50)

Fasting Blood Glucose 152 + 25 145 + 27 0.16

(mg/dL)

HbAlc (%) 7.8+0.6 76+0.7 0.09

LDL Cholesterol (mg/dL) 128 + 22 121+ 20 0.04

HDL Cholesterol (mg/dL) 38+5 41+6 0.02

Triglycerides (mg/dL) 186 + 34 178 + 30 0.18

hs-CRP (mg/L) 52+1.1 46+13 0.03

HOMA-IR 39+1.2 34+1.0 0.05

LVMI (g/m2) 118.4 £ 14.2 113.2 % 0.01
13.6

Prevalence of LVH (%) 30 (60%) 24 (48%) 0.23

The pie chart titled "Urban group & Rural group" illustrates
the proportional distribution of four key biochemical markers:
fasting blood glucose (FBG), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and HbAlc among the combined study
population. The largest segment of the chart is occupied by FBG,
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constituting 47% of the overall biochemical profile, indicating its
dominant role in the glycemic evaluation of diabetic patients. LDL
follows closely, representing 39%, which underscores the
significant burden of dyslipidemia in the cohort. HDL accounts for
12%, reflecting the relatively lower contribution of protective
lipoproteins, while HbAlc, an important marker of long-term
glycemic control, comprises only 2%, suggesting it had the
smallest share in this comparative visualization. This distribution
highlights that glucose and lipid abnormalities are the predominant
biochemical concerns in the studied diabetic population across
both urban and rural settings as shown in fig 1.

Urban group & Rural group

HFBG

LDL

HbAlc

Fig-1: Distribution of Key Biochemical Parameters Among the Study
Population.

The study included 100 type 2 diabetic patients, equally
divided between urban and rural settings, with a focus on
evaluating the prevalence and risk factors of asymptomatic left
ventricular hypertrophy (LVH). The overall prevalence of
asymptomatic LVH was found to be higher among urban
participants (60%) compared to rural participants (48%), though
this difference was not statistically significant (p=0.23). Urban
patients exhibited significantly higher mean BMI (28.6 vs. 26.9
kg/m2, p=0.01), LDL cholesterol (128 vs. 121 mg/dL, p=0.04), hs-
CRP (5.2 vs. 4.6 mg/L, p=0.03), and left ventricular mass index
(LVMI) (118.4 vs. 113.2 g/m?, p=0.01), while HDL levels were
significantly lower (38 vs. 41 mg/dL, p=0.02), indicating a more
adverse cardiometabolic profile. Although fasting blood glucose
and HbAlc levels did not show significant differences, insulin
resistance measured by HOMA-IR was borderline higher in urban
patients (3.9 vs. 3.4, p=0.05). These findings suggest that urban
diabetic patients are more likely to exhibit subclinical cardiac
remodeling driven by obesity, dyslipidemia, low-grade
inflammation, and insulin resistance. The results underscore the
importance of routine echocardiographic screening and aggressive
risk factor management in diabetic populations, particularly in
urban settings where lifestyle-related metabolic disturbances
appear to be more pronounced.

DISCUSSION

This study investigated the prevalence and associated risk factors
of asymptomatic left ventricular hypertrophy (LVH) among patients
with type 2 diabetes mellitus (T2DM) in urban and rural settings.
The findings reveal a high prevalence of asymptomatic LVH in both
populations, with a slightly higher, though not statistically
significant, rate in the urban group (60%) compared to the rural
group (48%) °. This aligns with previous evidence that diabetic
cardiomyopathy, particularly in its early and asymptomatic stages,
is a frequent yet underrecognized complication of T2DM. The
increased LVH burden in the urban population could reflect greater

exposure to madifiable cardiovascular risk factors such as obesity,
sedentary lifestyle, and subclinical inflammation *.

A key observation in our study was the significantly higher
body mass index (BMI) among urban participants. Obesity is a
well-established risk factor for LVH due to increased cardiac
workload and activation of neurohormonal pathways including the
renin—angiotensin—aldosterone system 2. Furthermore, LDL
cholesterol levels were also significantly elevated in urban
subjects, accompanied by lower HDL cholesterol levels, which
suggests a more atherogenic lipid profile. Dyslipidemia, particularly
elevated LDL and low HDL levels, has been implicated in
promoting myocardial remodeling and contributing to structural
changes in the left ventricle 3. These lipid abnormalities may
exacerbate endothelial dysfunction and accelerate cardiac fibrosis,
promoting the development of LVH 4,

Another important finding was the significantly elevated
levels of high-sensitivity C-reactive protein (hs-CRP) among urban
diabetics °. Chronic low-grade inflammation, as reflected by
elevated hs-CRP, is increasingly recognized as a contributor to
myocardial hypertrophy and diastolic dysfunction in diabetic
patients. The significant difference in HOMA-IR values between
the groups also highlights the role of insulin resistance in the
pathogenesis of LVH. Insulin resistance not only affects glucose
metabolism but also promotes sodium retention, sympathetic
activation, and smooth muscle proliferation, all of which are linked
to cardiac hypertrophy 6.

Although fasting blood glucose and HbAlc levels were not
significantly different between the two groups, FBG constituted the
largest proportion (47%) in the comparative pie chart of
biochemical parameters, emphasizing the clinical prominence of
short-term glycemic burden . Interestingly, HbAlc, despite being
a critical marker of long-term glycemic control, accounted for only
2% in the pie chart, suggesting that clinicians may still rely more
heavily on immediate glucose indices in routine practice. However,
HbAlc remains vital for identifying patients at risk of chronic
complications like LVH 28,

Echocardiographic findings showed a significantly higher left
ventricular mass index (LVMI) in the urban group, which
corroborates the biochemical and anthropometric data indicating a
greater cardiovascular risk profile in urban diabetics *°. The lack of
statistical significance in LVH prevalence between the groups may
reflect the sample size limitation; nevertheless, the trends
observed warrant attention and further investigation.

Our results are consistent with prior studies suggesting
urbanization contributes to a clustering of cardiovascular risk
factors among diabetic patients. However, rural populations are
not exempt and may be equally vulnerable due to increasing
adoption of urban lifestyles, poor access to healthcare, and
delayed diagnosis. The presence of LVH in nearly half of the rural
diabetics highlights the need for enhanced screening and risk
stratification strategies in both settings. One limitation of this study
is its cross-sectional design, which precludes causal inference.
The relatively small sample size may have also limited the power
to detect significant differences in some variables. Nevertheless,
the inclusion of both urban and rural populations enhances the
generalizability of findings across diverse geographic and
socioeconomic backgrounds 2.

CONCLUSION

This study highlights the high prevalence of asymptomatic left
ventricular hypertrophy (LVH) among patients with type 2 diabetes
mellitus (T2DM), particularly in urban populations exhibiting a more
adverse cardiometabolic profile. The significant associations of
LVH with elevated body mass index, dyslipidemia, systemic
inflammation, and insulin resistance underscore the importance of
early detection through routine cardiac evaluation, including
echocardiography, even in the absence of clinical symptoms.
These findings call for the implementation of comprehensive,
multifactorial intervention strategies aimed at mitigating metabolic
and cardiovascular risk factors. Moreover, the results emphasize
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the necessity for region-specific public health policies that address
the rising burden of diabetes-related cardiac complications in both
urban and rural settings. Early identification and targeted
management may play a pivotal role in preventing progression to
symptomatic heart failure and reducing long-term cardiovascular
morbidity and mortality in diabetic populations.
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