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ABSTRACT:

Background: Hypertension is a major risk factor for cardiovascular disease, in which arterial stiffness
plays a central role. Pulse pressure (PP), an indirect indicator of large artery stiffness, has emerged as an
independent predictor of adverse cardiovascular outcomes. This study aimed to evaluate the relationship
between PP and lipid profile parameters among normotensive individuals and hypertensive patients with
differing PP levels.

Methods: This cross-sectional study included 112 adults aged 35-60 years (58% males, 42% females).
Participants were categorized into three groups: normotensives (Group A, n=36), hypertensives with
normal PP (Group B, n=43), and hypertensives with wide PP (Group C, n=33). Serum lipid
parameters—total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglycerides, and the total cholesterol/HDL ratio—were analyzed and compared
across groups using unpaired t-tests in SPSS version 25.

Results: Lipid parameters were progressively higher from normotensives to hypertensives with wide
PP. Hypertensive participants exhibited significantly elevated total cholesterol, LDL-C, triglycerides,
and TC/HDL ratio compared to normotensives (p<0.05). HDL-C levels were significantly lower in
hypertensives; however, no significant difference was observed between hypertensive subgroups based
on PP width.

Conclusion: Wide pulse pressure is associated with an adverse lipid profile in hypertensive individuals,
highlighting PP as a simple and clinically relevant marker for cardiovascular risk assessment.
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Introduction:

Cardiovascular diseases (CVDs) remain the foremost cause of mortality worldwide and continue to

impose a substantial health burden in India. Globally, CVDs account for nearly one-third of all deaths,

while in India they contribute to more than one-quarter of total mortality [1,2]. Over the past century,

deaths attributed to cardiovascular causes have increased markedly, paralleling urbanization, lifestyle 42
changes, and the rising prevalence of non-communicable diseases. Hypertension has emerged as one of

the most important modifiable risk factors driving this epidemic. According to the Great Indian Blood

Pressure Survey, almost one in three Indian adults is hypertensive, representing a significant proportion

of the global hypertensive population [3]. Despite this high prevalence, conventional risk assessment

strategies often fail to fully capture early vascular changes that predispose individuals to cardiovascular

events.

Pulse pressure (PP), calculated as the difference between systolic and diastolic blood pressure, reflects
the stiffness of large arteries and the loss of vascular compliance. Increasing evidence supports PP as an
independent predictor of adverse cardiovascular outcomes, including myocardial infarction, stroke, and
cardiovascular mortality [2-5]. Unlike more sophisticated measures of arterial stiffness, PP can be easily
derived during routine blood pressure measurement, making it a practical and cost-effective marker for
use in everyday clinical settings [5,6]. Elevated PP indicates increased arterial rigidity and altered
ventricular—vascular coupling, both of which contribute to heightened cardiovascular risk.

Dyslipidemia represents another key contributor to cardiovascular disease and vascular dysfunction.
Elevated levels of total cholesterol, low-density lipoprotein (LDL), triglycerides, and an increased total
cholesterol to high-density lipoprotein (TC/HDL) ratio accelerate atherosclerosis and impair endothelial
function. Lipid abnormalities also play a role in the development and progression of hypertension by
promoting vascular inflammation, oxidative stress, and structural remodeling of arterial walls [4].
Emerging lipid-based indices such as the Atherogenic Index of Plasma (AIP) and Lipid Accumulation
Product (LAP) have demonstrated strong associations with arterial stiffness and elevated PP, suggesting
a close interaction between metabolic derangements and hemodynamic stress [7—9]. However, these
indices are not routinely incorporated into clinical practice, particularly in low-resource healthcare
settings.

Although previous studies have established a relationship between widened PP and adverse
cardiovascular outcomes in both normotensive and hypertensive populations, limited data are available
comparing conventional lipid parameters across hypertensive subgroups stratified by PP severity [10].
Understanding these associations may help identify individuals at higher cardiovascular risk even before
overt complications develop. Therefore, the present study was undertaken to evaluate the relationship
between pulse pressure and traditional lipid profile parameters—including total cholesterol, LDL, HDL,
triglycerides, and the TC/HDL ratio—among normotensive individuals and hypertensive patients with
normal and widened pulse pressure. Such insights may enhance cardiovascular risk stratification using
simple, accessible clinical measures.
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AIM AND OBJECTIVE OF THE STUDY

Aim of the Study
To assess the relationship between pulse pressure and lipid parameters among normotensive and
hypertensive adults attending a tertiary care hospital.

Objectives of the Study

1. To compare pulse pressure levels between normotensive individuals and hypertensive patients.

2. To evaluate and compare lipid profile parameters (total cholesterol, LDL, HDL, triglycerides,
and TC/HDL ratio) across normotensive subjects and hypertensive patients with normal and
widened pulse pressure.

MATERIALS AND METHODS

A cross-sectional observational study was conducted following approval from the Institutional Ethics
Committee. Written informed consent was obtained from all participants prior to their enrollment. The
study population comprised 112 adults aged 35-60 years, including 76 known hypertensive patients
attending the Medicine outpatient department and 36 normotensive individuals recruited from the
Master Health Check-up department of PSG Hospitals. Participants were categorized into three groups
based on blood pressure status and pulse pressure (PP): Group A consisted of normotensive individuals
(n =36), Group B included hypertensive patients with normal PP (40-60 mmHg; n = 43), and Group C
comprised hypertensive patients with widened PP (>60 mmHg; n = 33). Blood pressure classification
and diagnostic criteria adhered to the International Society of Hypertension (ISH) Global Practice
Guidelines 2020 [13]. Hypertension was defined as systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg of at least one year’s duration, while normotension was defined as systolic
blood pressure <120 mmHg and diastolic blood pressure <80 mmHg, confirmed on three separate
readings within one month and with no prior history of hypertension or antihypertensive use. Individuals
with obesity, established cardiovascular disease, stroke, malignancy, hematological disorders, chronic
kidney or liver disease, long-standing hypercholesterolemia, recent blood transfusion (within three
months), or newly diagnosed hypertension (<1 year) were excluded.

Participants with diabetes mellitus, smoking habits, or alcohol consumption were included, and these
variables were documented for descriptive analysis. Sample size estimation was performed using
OpenEpi version 3.01, based on differences in mean PP and triglyceride values reported by Gaudio et al.
[12]. A minimum of 30 participants per group was required to achieve 80% statistical power at a 90%
confidence level. Demographic data, clinical history, and examination findings were systematically
recorded. Blood pressure measurements were obtained using standardized 1SH-recommended protocols,
and PP was calculated as the difference between systolic and diastolic pressures. Laboratory
investigations included complete blood count, random blood glucose, lipid profile (total cholesterol,
LDL, HDL, triglycerides), and TC/HDL ratio. Serum creatinine estimation and electrocardiography
were performed to exclude renal and cardiac pathology. Comparative analyses of lipid parameters were
conducted between the three study groups.
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Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS).
Quantitative data were expressed as mean * standard deviation, while categorical variables were
expressed as frequencies and percentages. Independent t-tests were used to compare continuous
variables after verifying normal distribution. Chi-square tests were applied to analyze differences
between categorical variables. Logistic regression models were used to adjust for age and estimate the
independent effects of hypertension, ischemic heart disease, and diabetes mellitus. A p-value of less than
0.05 was considered statistically significant.

Results:

112patientswerestudied(65males;47females)consistingofseventysixhypertensives(normalPP=43;

widePP=33)andthirtysixnormotensives.GroupA(normotensives)had 20malesand16females,group
B(hypertensiveswithnormalPP)had25malesand18femalesandgroupC(hypertensiveswithwidePP) had 20 males
and 13 females. The percentage gender distribution in the study and in each group is represented in Figure 1

and 2 respectively.

Figurel:Gender-basedpopulationdistribution.

Mates

Figure2:Genderdistributionamong3groupsinthestudy.

25
20
41.86%
15 44.44%
10
5
’ G A 36 G B 3 Group C 33
= a4 =
EISSN 1 e o) ) il ) ) e Al ) 1antology.com
B Males Females

@

44


http://www.neuroquantology.com/

Neuroquantology |Feb 2026 | Volume 24 | Issue 2 | Page 41-50]| Doi: 10.48047/nq.2025.24.2.26006
DR. MOOKAMBIKA. R.V. ASSOCIATION OF PULSE PRESSURE WITH LIPID PROFILE IN HYPERTENSIVE AND NORMOTENSIVE
ADULTS A TERTIARY CARE HOSPITAL-BASED CROSS-SECTIONAL STUDY

The mean and SD of age in each group are as follows: 48.33+£8.117 in group A, 45.30+9.563 in group B and
45.75+10.304 in group C, as shown in Figure 3.

Figure3:Meanageof3groupsinthestudy.
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The patients were assessed for history of smoking, alcohol abuse and comorbidities (diabetes mellitus). Figure
4 shows that compared to Group A and B, Group C has a larger percentage of individuals with diabetes

mellitus, history of smoking and alcohol abuse.

Figure4:Percentageofindividualswithdiabetes,smokingandalcoholintakein3groups.
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Average PP, PulseRateandRandom Blood Sugars wereestimatedandtheaveragevalues are reported in Table

:MeanvaluesofPulsePressure,PulseRateandRandombloodsugarsin3groups.
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GroupA

(Normotensives)

GroupB
(Hypertensive with
NormalPulsePressure)

Group C
(Hypertensives with

WidePulsePressure)

(mg/dIl)

PulsePressure 45.55+8.09 50+8.16 75.45+6.66 46
(mmHg)

PulseRate 79.97+8.61 78.65+9.16 92.33+11.06

(Perminute)

Randombloodsugar 135.83+£39.07 129.49+41.58 175.12476.18

Lipidprofileof3groups:

Total cholesterol, LDL, HDL and TG of hypertensives with normal PP (Group B) were higher than

normotensives (Group A) and lipid parameters of hypertensives with wide PP (Group C) was higher than

normotensives (Group A) and hypertensives with normal PP (Group B). Figure 5 demonstrates the mean

increase in TC, LDL and TG levels in hypertensives and decrease in HDL in hypertensives.

Figure5:MeanvaluesoflipidparametersinGroupA,BandC.
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Oncomparisonoflipidparametersbetween3groupsbyunpairedt-test,statisticallysignificantdifferences were
observed between lipid parameters of normotensives (Group A) and hypertensives with normal PP (Group B)
as shown in Table 2 as well as between lipid parameters of normotensives (Group A) and hypertensives with
wide PP (Group C) as shown in Table 3. On comparison of the two groups of hypertensives, that is, Group B
and Group C, as described by Table 4, a statistically significant difference was observed in all lipid

parameters except HDL as represented by p values less than 0.05.

Table2:ComparisonoflipidprofilebetweenGroupAandGroupB.

LipidParameter GroupA GroupB Pvalue
(mg/dL) (N=36) (N=43)
TotalCholesterol 187+17.44 239.77+£74.16 0.0355*
LDL 108.75+20.42 158.16+74.11 0.00022*
HDL 54.83£10.04 47.35+14.97 0.0125*
TG 117.08+20.47 171.42+87.66 0.0005*
TC/HDLRatio 3.55+0.89 6.214.65 0.00125*
Unpairedttestused,valuesarerepresentedasmean+SD,p<0.05isconsideredsignificant.
*representsstatisticallysignificantvalues.
Table3:ComparisonoflipidprofilebetweenGroupAandGroupC.
LipidParameter GroupA GroupC Pvalue
(mg/dl) (N=36) (N=33)
TotalCholesterol 187+17.44 358.15+87.18 0.0024*
LDL 108.75+20.42 251.88+84.52 0.00022*
HDL 54.83£10.04 43.21+155 0.0004*
TG 117.08+20.47 315.3+£119.25 0.0001*
TC/HDLRatio 3.55+0.89 9.8+4.86 0.00023*

Unpairedttestused,valuesarerepresentedasmean+SD,p<0.05isconsideredsignificant.

*representsstatisticallysignificantvalues.

Table4:ComparisonoflipidprofilebetweenGroupBandGroupC.
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LipidParameters GroupB GroupC Pvalue
(mg/dl) (N=43) (N=33)

TotalCholesterol 239.77+74.16 358.15+87.18 0.001*

LDL 158.16+74.11 251.88+84.52 0.0046*

HDL 47.35+14.97 43.21£15.5 0.2433

TG 171.42+87.66 315.3+119.25 0.0023*

TC/HDLRatio 6.2+4.65 9.8+4.86 0.0015*

Unpairedt-testused,valuesarerepresentedasmean+SD,p<0.05isconsideredsignificant.

*representsstatisticallysignificantvalues.
Discussion

Hypertension continues to be a leading cause of cardiovascular illness and death globally and within India
[14,15]. Pulse pressure (PP), calculated as the difference between systolic and diastolic blood pressure,
reflects the relationship between stroke volume and arterial elasticity [16]. In patients with long-standing
hypertension, factors such as increased vascular resistance and reduced arterial compliance contribute to
PP widening. In contrast, early-stage hypertension, especially in younger individuals, is often driven by
increased cardiac output, resulting in relatively stable PP values [17,18].

In this study, PP values among normotensive participants were consistent with established population
norms, similar to findings reported by Chou et al. [6]. Hypertensive individuals with normal PP showed
only a mild increase compared to normotensives, suggesting preserved arterial flexibility. However, those
with wide PP demonstrated substantially higher values, indicating significant vascular stiffening. As age
distribution was comparable across groups, these differences are unlikely to be age-related alone.

Previous studies have identified elevated PP as an independent predictor of cardiovascular morbidity and
mortality [19,20]. Participants with wide PP in the present study exceeded known risk thresholds and also
exhibited significantly abnormal lipid profiles, highlighting the close interaction between metabolic
disturbances and vascular stiffness. A higher prevalence of diabetes mellitus was observed in this group,
supporting earlier evidence linking diabetes, arterial stiffness, and adverse cardiovascular outcomes [21].

Smoking and alcohol consumption were more common among individuals with wide PP. Smoking is
known to worsen lipid profiles, while alcohol intake has been associated with increases in systolic
pressure and PP, potentially contributing to vascular remodeling [22—-24]. Although gender-specific
differences were not analyzed, lipid parameters such as LDL, triglycerides, and TC/HDL ratio increased
progressively with rising PP across the cohort, suggesting a consistent association [6].

Overall, the findings support existing literature indicating that both pulse pressure and dyslipidemia
independently and synergistically increase cardiovascular risk [10,11,25,26]. Incorporating routine PP
measurement alongside lipid assessment may improve early identification of high-risk individuals and
strengthen cardiovascular risk stratification strategies.

Conclusion:

The present study elucidates a positive correlation between pulse pressure and adverse lipid profiles.
Notable increases in total cholesterol, LDL, triglycerides (TG), and the TC/HDL ratio were identified
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among hypertensive individuals compared to their normotensive counterparts, with the most pronounced
values observed in adults exhibiting wide pulse pressure. HDL levels were significantly diminished in the
hypertensive group overall, although no statistical difference was detected between hypertensive
subgroups. These findings indicate that pulse pressure may serve as a practical marker for lipid
dysregulation and could complement traditional cardiovascular risk markers in both normotensive and
hypertensive adults.
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