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ABSTRACT

Objective: To evaluate the impact of SBP on CV risk across different age groups, gender, smoking status, body mass index (BMI) categories, and
regions in India to identify high-risk subpopulations. Methods: This cross-sectional, observational study included adults aged 45-74 years
attending community-based health camps across multiple regions of India. Data on age, gender, smoking status, BMI, SBP, and region were
collected, and the mean 10-year risk was estimated using a validated population-specific risk prediction model. Results: A total of 2,161
participants were included. Higher SBP categories increasingly predominated with advancing age, accompanied by a progressive rise in
cardiovascular risk, from mean (SD) values of 2.74 (1.25)-9.50 (4.51) in the 45-49-year group to 12.64 (1.57)-27.50 (5.17) in those aged 70-74
years. Overall, cardiovascular risk increased 1.7-fold as SBP rose from 120-139 mmHg to 140—159 mmHg across age groups. Men comprised the
majority in the 120—-139 mmHg category and exhibited higher absolute risk than women at comparable SBP levels. Smokers and individuals with
higher BMI demonstrated steeper increases in cardiovascular risk with rising SBP. Regionally, higher SBP clustered predominantly in southern
India, where the greatest risk escalation was observed. Conclusion: These findings highlight the strong, dose-dependent association between SBP
and cardiovascular risk across key demographic and clinical subgroups, underscoring the need for targeted SBP-lowering interventions in high-

risk populations.
KEYWORDS

Systolic Blood Pressure, Cardiovascular Risk, BMI, Smoking, Age, Geographic Variation, India
1.INTRODUCTION 12].

Similarly, smoking is a major global health concern that

Cardiovascular disease (CVD) remains the leading cause of morbidity
and mortality globally, imposing a substantial burden on the healthcare
system and societies. Around 19.8 million people died due to CVD,
accounting for 32% of all deaths worldwide. Of these, 85% were from
stroke and heart attack [1]. India has experienced rapid
epidemiological transitions over the last decade. Approximately 63%
of deaths in India are from non-communicable diseases, and of these,
27% were attributed to CVD, which also counts for deaths from the 40-
69 years age group [2].

Studies have identified hypertension, obesity, and physical inactivity
as potential risk factors for CVD [3]. Elevated systolic blood pressure
(SBP) is one of the most significant and modifiable risk factors for the
development of CVD [4-6]. Numerous population-based studies
demonstrated the magnitude of the associations between higher SBP
and CV risk; however, the strengths of these associations may differ
based on individual characteristics, including age, smoking behaviour,
body mass index (BMI) and regions [7-9].

Age s a particularly significant modifier of blood pressure (BP) related
risk. As individuals grow older, arterial stiffness and vascular
remodelling amplify the adverse effects of elevated SBP, potentially
altering both absolute and relative CV risk. Understanding the age-
related trend of elevated SBP is important for preventing CV risk [10-

significantly exacerbates vascular dysfunctions, inflammatory
processes and oxidative stress. These mechanisms may interact with
elevated SBP in complex ways, further increasing the likelihood of CV
events among smokers [13,14].

In addition, BMI key indicator of overall adiposity, has been shown
impact on hemodynamic load, metabolic risk and endothelial function.
Obesity may exacerbate the harmful effects of elevated SBP, whereas
low BMI has been associated with its own distinct CV vulnerabilities
[13, 15]. Beyond these factors, geographical variations may also
influence the CV risk. As populations across the south region
consistently show a higher prevalence of CV risk, while the other
regions often exhibit lower rates [16]. These disparities are linked to
variations in lifestyle, environmental exposures, socioeconomic
factors and baseline health profiles [17].

Although each risk factor is well-established, the extent to which SBP
interacts with age, smoking status, BMI and region to influence CV
risk remains less clear. A better understanding of these interactions is
essential to improve risk stratification and guide targeted preventive
strategies. The present study aimed to evaluate the impact of SBP on
CV risk across different age groups, smoking status, BMI, and regions,
to identify subpopulations that may benefit from BP-lowering
interventions.
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2.MATERIALSAND METHODS

2.1.Study Design and Population

This cross-sectional study evaluated the association between SBP and
CV risk across demographic and clinical subgroups. Data were
collected from adults attending community-based health camps
conducted across multiple regions of India. Participants aged 45-74
years were included, as this age group represents a population at
elevatedrisk for CV events.

2.2: Data Collection and CV Assessment

Data collected included age, gender, smoking status, region of
residence, and SBP. Anthropometric measurements were obtained
using calibrated equipment and BMI was calculated as weight (kg)
divided by height squared (m?).

Ten-year CV risk was estimated using the World Health Organization
(WHO) CVD Risk Prediction Model, which is validated for use in
diverse populations, including South Asian regions. Individual risk
scores were computed using a STATA do-file developed based on the
WHO risk equations, incorporating age, sex, smoking status, SBP,
BMI, and regional risk calibration (Supplementary Material S1).

Participants were categorized into predefined SBP ranges (<120, 120-
139, 140-159, 160-179, and >180 mmHg) to assess the dose-
dependent relationship between SBP and predicted CV risk.

2.3: Ethical Considerations

The study protocol was approved by the Institutional Ethics
Committee of [institution name], and written informed consent was
obtained from all participants prior to inclusion. The study was
conducted in accordance with the Declaration of Helsinki and
applicable national guidelines for research involving human
participants.

2.4: Statistical Analysis

Data were analyzed using SPSS Statistics V22.0. Descriptive statistics
were used to describe categorical variables (frequency and
percentages) and continuous variables (mean and standard deviation
[SD] or median and range [depending on the normality of data]).
Analysis were stratified by age, gender, BMI, smoking status, and
region. Mean CV risk across SBP categories was compared, and fold
increases in predicted CV risk were calculated using the lowest SBP
category (<120 mmHg or 120-139 mmHg, as appropriate) as the
reference group.

3.RESULTS

A total of 2,161 participants were included in the study. Most
participants had SBP in the 120-139 mmHg range (N=1002), followed
by 140-159 mmHg (N=723), <120 mmHg (N=196), 160-179 mmHg
(N=214),and >180 mmHg (N=26).

In the 45-49-year age group, 69.90% of participants were in the <120
mmHg category, with mean (SD) CV risk scores ranging from 2.74
(1.25) t0 9.50 (4.51) in the >180 mmHg category. Among those aged
50-54 years, 21.44% were in the 140-159 mmHg category, with mean
(SD) CV risk scores ranging from 4.11 (1.42) to 14.33 (5.13) in the
>180 mmHg category. In the 55-59-year group, 22.90% had SBP in the
160-179 mmHg range, with mean (SD) CV risk scores ranging from
5.10(1.10)t027.00 (3.46).

In older age groups (60-74 years), the largest proportions shifted
towards the >180 mmHg category: 23.08% in the 60-64-year group,
with mean (SD) CV risk scores ranging from 7.00 (1.73) to 19.00
(7.04); 15.38% in the 65-69-year group, with scores ranging from 9.50
(1.38)t023.50(8.54); and 23.08% in the 70-74-year group, with scores
ranging from 12.64 (1.57)t027.50 (5.17) (Table 1). Overall, a 1.7-fold
increase in CV risk was observed as SBP increased from 120-139
mmHg to 140-159 mmHg across age groups.

Among genders, the majority of men (78.77%) were in the 120-139
mmHg SBP category (Suppl. Table 1). In men, the mean (SD) CV risk
score increased from4.41 (3.01) at SBP <120 mmHg to 23.88 (8.40) at
SBP >180 mmHg. In women, CV risk scores increased from 2.58
(1.84) at SBP <120 mmHg to 15.50 (6.44) at SBP >180 mmHg (Figure
1). Across the transition from 120-139 mmHg to 140-159 mmHg, CV
risk increased by 1.73-fold in men and 1.64-fold in women.
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Figure 1: Mean Predicted Cardiovascular Risk Across Increasing
Systolic Blood Pressure Categories, Stratified by Sex

The proportion of smokers was highest in the 140-159 mmHg SBP
category (42.96%), followed by 42.86% in the 160-179 mmHg
category and 38.46% in the>180 mmHg category (Suppl. Table 2).
Mean (SD) CV risk increased from 5.75 (2.45) at SBP <120 mmHg to
26.20 (7.39) at SBP >180 mmHg (Figure 2). Overall, a 4.56-fold
increase in CV risk was observed as SBP increased from 120-139
mmHg to 140-159 mmHg.
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Figure 2: Mean Predicted Cardiovascular Risk Across Increasing
Systolic Blood Pressure Categories, Stratified by Smoking Status

Among participants with BMI <20 kg/m? 23.47% had SBP <120
mmHg, with mean (SD) CV risk scores ranging from 2.93 (1.81) to
11.78 (5.47) in the 160-179 mmHg category. In the 20-24 kg/m? group,
47.80% were in the 120-139 mmHg category, with CV risk scores
ranging from 4.02 (3.16) to 16.33 (8.50) in >180 mmHg category. In
the 25-29 kg/m? group, 41.91% had SBP in the 140-159 mmHg range,
with CVrisk scores ranging from4.13 (2.51) to 19.57 (8.46).

In higher BMI categories, elevated SBP predominated. In participants
with BMI 30-35 kg/m?, 25.23% were in the 160-179 mmHg category
and 38.46% were in the >180 mmHg category, with CV risk scores
ranging from 6.71 (5.38) to 20.20 (6.80). Among those with BMI >35
kg/m?, 18.69% and 19.23% fell into these categories, respectively,
with CV risk increasing from 4.54 (2.33) to 28.20 (7.92). Overall, the
mean CV risk increased with higher SBP and BMI (Table 2). The mean
fold increase in CV risk across all BMI groups was 1.54-fold as SBP
increased from 120-139 mmHg to 140-159 mmHg.

Across geographic zones, the South accounted for the largest
proportion of participants in higher SBP categories, comprising
44.54% in 140-159 mmHg, 67.76% in 160-179 mmHg, and 57.69% in
the >180 mmHg categories. Mean (SD) CV risk scores increased with
rising SBP across all zones. CV risk ranged from 3.03 (1.54) to 21.13
(8.64) in the South, 4.12 (2.97) to 20.75 (11.59) in the East, and 6.26
(4.35)t0 19.29 (7.54) in the North. In the West, mean CV risk increased
from 3.42 (1.97) to 14.58 (5.62) up to the 160-179 mmHg category
(Table 3). Regionally, CV risk increased by 1.87-fold in the South,
1.75-fold in the West, 1.61-fold in the East, and 1.55-fold in the North.

4.DISCUSSION
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In the present cross-sectional study, CV risk increased progressively
across higher SBP categories, with clinically relevant variation
observed across age, gender, smoking status, BMI, and geographic
region. The pattern of higher CV risk at elevated SBP levels was more
evident with advanced age and appeared to be more pronounced
among men, smokers, individuals with higher BMI, and participants
from certain regions. These findings suggest that the relationship
between SBP and CV risk is influenced by multiple demographics,
lifestyle, and regional factors, and that elevated SBP commonly
coexists with other risk-enhancing characteristics.

The age-stratified pattern observed in this study, wherein CV risk rose
progressively with increasing SBP and advancing age, is consistent
with findings reported in large population-based cohorts. Both the
Singapore Chinese Health Study and the China Kadoorie Biobank
have shown that SBP levels of 120-139 mmHg are generally
associated with lower CV mortality, with higher risk observed at SBP
>140 mmHg among middle-aged and older adults. This aligns with our
descriptive observation of higher mean CV risk scores in elevated SBP
categories [18,19]. Previous literature has also suggested that the
relative contribution of elevated SBP may be greater in younger adults
and attenuate with age, although elevated SBP remains clinically
relevant across all age groups [20.21]. Furthermore, the 2019
ACC/AHA Guideline notes that while the relative risk of CV events
associated with elevated SBP and diastolic blood pressure may decline
with age, the absolute burden of CV risk increases in older individuals
(=65 years), emphasising the importance of BP monitoring and
management throughout the lifespan [22].

In the present study, CV risk showed a consistent rise pattern with
increasing SBP in both men and women, indicating a broadly similar
trend across gender. Men were more frequently represented in the 120-
139 mmHg SBP category and exhibited higher absolute CV risk scores
atelevated SBP levels, while women also demonstrated increasing CV
risk with rising SBP. These observations are in line with descriptive
findings of NHANES and other large cohorts studies [17,23, 24]. Prior
studies have suggested that women may experience a relatively steeper
increase in CV risk at lower SBP thresholds, particularly after
menopause, potentially related to hormonal changes, vascular
remodelling, and loss of estrogen-mediated cardioprotection [23].
Evidence from Asian populations similarly indicates that elevated SBP
is associated with a substantial increase in CV risk in both genders
[24]. Taken together, these findings underscore the relevance of
gender-specific considerations in CV risk evaluation and BP
management.

Regarding smoking status, smokers were more commonly observed in
higher SBP categories, and mean CV risk scores increased markedly
with rising SBP among smokers. The gradient of CV risk across SBP
categories among smokers suggests a combined influence of smoking
and elevated SBP on overall CV risk. This trend is consistent with large
pooled cohort analyses demonstrating a log-linear relationship
between SBP and CV outcomes in smokers, wherein smoking appears
to exacerbate the adverse CV risk profile associated with elevated SBP
[25,26]. Previous studies have also reported higher CV mortality

Table 1: Association of Systolic Blood Pressure with Age Groups

among smokers with hypertension compared with non-smokers [25],
supporting the descriptive pattern observed in the present study.
Collectively, these findings highlight the importance of addressing
both BP control and smoking behaviour in CV risk reduction
strategies.

Across all BMI categories, CV risk increased with higher SBP, with
higher BMI groups showing a greater concentration of participants in
elevated SBP categories. Overweight and obese participants were
more frequently observed in higher SBP categories and demonstrated
higher CV risk scores, suggesting an additive clustering of
cardiometabolic risk factors. These finding are in line with reports
from large Asia-pacific cohort studies reporting substantially higher
CVD risk among obese individuals with elevated SBP compared with
those of normal weight [27]. Evidence from hypertensive cohorts has
also described a U-shaped relationship between BMI and CVD
mortality, with increased risk at both low and high BMI extremes [28].
Additionally, metabolic abnormalities such as dyslipidemia, which
commonly coexist with higher BMI and elevated BP, may further
contribute to CV risk through mechanisms involving atherosclerosis
and endothelial dysfunction.

Geographic variation in CV risk patterns was also observed, with CV
risk increasing alongside SBP across all zones, and the south zone
accounting for a larger proportion of participants in elevated SBP
categories. Prior population-based analyses have demonstrated
substantial geographic heterogeneity in CV risk across India, with
South Indian states such as Kerala reporting higher predicted 10-year
CV risk and hypertension prevalence, while some eastern states report
comparatively lower risk [29,30]. These regional variations in BP-
related CV risk likely reflect underlying variation in dietary patterns,
physical activity, socioeconomic status, healthcare access, and broader
social determinants of health.

A key strength of this study is that, to our knowledge, it is among the
first to describe regional patterns of CV risk in relation to SBP across
India while simultaneously considering multiple demographic and
lifestyle factors. The large and diverse population-based comparisons
enhance the generalizability of the findings. However, several
limitations warrant consideration. The cross-sectional design
precludes casual interference, the analysis lack certain clinical
variables, and formal statistical testing was not performed, which
limits inference regarding the strength of associations. Future
longitudinal studies incorporating comprehensive clinical parameters
and inferential analyses are needed to further elucidate the observed
patterns and their implications for CV risk prediction and prevention.

5.CONCLUSION

The findings of this study indicate that higher SBP is consistently
accompanied by higher CV risk, and this pattern is more evident
among older individuals, men, smokers, those with higher BMI, and
participants from certain geographic regions. These observations
underscore the relevance of integrated prevention strategies focusing
on BP control, weight management, smoking cessation, and region-
specific interventions to reduce CV risk in the Indian population.

Systolic Blood Pressure (mmHg)
Age group (years) <120 (N=196) 120-139 (N=1002) |140-159 (N=723) |160-179 (N=214) |>180 (N=26)
45-49, n (%) 137 (69.90) 512 (51.10) 198 (27.39) 40 (18.69) 4 (15.38)
CVD risk score, mean (SD) 2.74 (1.25) 4.43 (1.96) 6.75 (3.31) 9.23 (4.61) 9.50 (4.51)
Median (range) 2.00 (2.00- 7.00) 3.50 (2.00-10.00)  |5.00 (3.00-13.00) |6.50 (5.00-17.00) |8.00 (6.00-16.00)
50-54, n (%) 27 (13.78) 191 (19.06) 155 (21.44) 41 (19.16) 3 (11.54)
CVD risk score, mean (SD) 4.11 (1.42) 5.76 (2.13) 8.55 (3.30) 10.85 (4.53) 14.33 (5.13)
Median (range) 4.00 (3.00-8.00) 5.00 (3.00-12.00) |7.00 (5.00-15.00) ]9.00 (6.00-20.00) [13.00 (10.00-20.00)
55-59, n (%) 10 (5.10) 106 (10.58) 128 (17.70) 49 (22.90) 3(11.54)
CVD risk score, mean (SD) 5.10 (1.10) 7.74 (2.22) 11.20 (3.45) 17.18 (8.02) 27.00 (3.46)
Median (range) 5.00 (4.00-8.00) 7.00 (5.00-12.00)  |11.50 (6.00-18.00) |16.00 (8.00-28.00) [29.00 (23.00-29.00)
60-64, n (%) 5(2.55) 86 (8.58) 125 (17.29) 41 (19.16) 6 (23.08)
CVD risk score, mean (SD) 7.00 (1.73) 9.52 (2.21) 13.19 (3.59) 16.10 (5.83) 19.00 (7.04)
Median (range) 6.00 (6.00-10.00) 9.00 (7.00-15.00) |13.00 (8.00-21.00) |12.00 (11.00-26.00) [17.50 (13.00-32.00)
65-69, n (%) 6 (3.06) 66 (6.59) 56 (7.75) 19 (8.88) 4 (15.38)
CVD risk score, mean (SD) 9.50 (1.38) 12.62 (2.29) 16.41 (3.37) 19.74 (6.31) 23.50 (8.54)
Median (range) 9.00 (8.00-12.00) 12.00 (9.00-17.00) |15.00 (11.00-22.00) | 18.00 (13.00-30.00) [20.00 (18.00-36.00)
70-74, n (%) 11 (5.61) 41 (4.09) 61 (8.44) 24 (11.21) 6 (23.08)
CVD risk score, mean (SD) 12.64 (1.57) 15.78 (1.71) 20.51 (3.52) 24.17 (6.17) 27.50 (5.17)
Median (range) 12.00 (11.00-16.00) |16.00 (13.00-21.00) |19.00 (15.00-28.00) |22.00 (17.00-34.00) |27.00 (23.00-37.00)
CVD, cardiovascular; SD, standard deviation.
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Systolic Blood Pressure (mmHg)
BMI (kg/m?) <120 (N=196) 120-139 (N=1002) |140-159 (N=723) |160-179 (N=214) >180 (N=26)
<20, n (%) 46 (23.47) 63 (6.29) 21 (2.90) 9(4.21) 1(3.85)
CVD risk score, mean (SD) |2.93 (1.81) 5.25 (2.85) 7.62 (4.88) 11.78 (5.47) -
Median (range) 2.00 (2.00-11.00)  |5.00 (2.00-14.00)  6.00 (3.00-22.00)  |13.00 (5.00-20.00) -
20-24, n (%) 82 (41.84) 479 (47.80) 195 (26.97) 51 (23.83) 3(11.54)
CVD risk score, mean (SD) |4.02 (3.16) 5.71 (3.39) 9.38 (4.80) 11.78 (6.28) 16.33 (8.50)
Median (range) 2.00 (2.00-16.00)  4.00 (3.00-19.00)  |8.00 (4.00-23.00)  |10.00 (5.00-28.00) 13.00 (10.00-26.00)
25-29, n (%) 48 (24.49) 331(33.03) 303 (41.91) 60 (28.04) 7(26.92)
CVD risk score, mean (SD) [4.13 (2.51) 7.30 (3.84) 11.42 (5.31) 15.58 (7.85) 19.57 (8.46)
Median (range) 3.00 (2.00-13.00) |7.00 (3.00-21.00) 11.00 (4.00-25.00) |13.50 (5.00-30.00) 22.00 (7.00-28.00)
30-35, n (%) 7(3.57) 81 (8.08) 130 (17.98) 54 (25.23) 10 (38.46)
CVD risk score, mean (SD) |6.71 (5.38) 7.52 (3.72) 12.14 (5.45) 15.78 (7.00) 20.20 (6.80)
Median (range) 4.00 (2.00-14.00)  |8.00 (3.00-17.00) 11.00 (4.00-27.00) [15.00 (5.00-32.00) 19.00 (13.00-37.00)
>35,n (%) 13 (6.63) 48 (4.79) 74 (10.24) 40 (18.69) 5(19.23)
CVD risk score, mean (SD) [4.54 (2.33) 8.35 (3.66) 11.97 (5.55) 19.43 (8.10) 28.20 (7.92)
Median (range) 4.00 (2.00-7.00) 10.00 (3.00-18.00) |13.00 (4.00-28.00) |20.00 (6.00-34.00) 29.00 (15.00-36.00)

BMI, body mass index; CVD, cardiovascular disease; SD, standard deviation.

Table 3: Association of Systolic Blood Pressure with Zone

Systolic Blood Pressure (mmHg)
Zone <120 (N=196) 120-139 (N=1002) |140-159 (N=723)  |160-179 (N=214) >180 (N=26)
North, n (%) 34 (17.35) 115 (11.48) 74 (10.24) 28 (13.08) 7(26.92)
CVD risk score, mean (SD)  6.26 (4.35) 6.94 (3.59) 10.76 (5.70) 14.50 (7.04) 19.29 (7.54)
Median (range) 5.00 (2.00-16.00)  6.00 (3.00-19.00) |9.00 (4.00-25.00) 13.00 (5.00-30.00) 20.00 (6.00-28.00)
East, n (%) 42 (21.43) 422 (42.12) 273 (37.76) 29 (13.55) 4 (15.38)
CVD risk score, mean (SD)  4.12 (2.97) 7.35 (4.00) 11.81 (5.11) 13.55 (7.03) 20.75 (11.59)
Median (range) 3.00 (2.00-14.00)  [6.00 (3.00-21.00) |12.00 (4.00-25.00) |11.00 (5.00-30.00) 18.00 (10.00-37.00)
South, n (%) 70 (35.71) 308 (30.74) 322 (44.54) 145 (67.76) 15 (57.69)
CVD risk score, mean (SD)  |3.03 (1.54) 5.61 (3.31) 10.48 (5.50) 15.84 (8.00) 21.13 (8.64)
Median (range) 2.00 (2.00-8.00) 4.00 (2.00-19.00) [9.00 (3.00-28.00) 14.00 (5.00-34.00) 22.00 (7.00-36.00)
West, n (%) 50 (25.51) 157 (15.67) 54 (7.47) 12 (5.61) 0
CVD risk score, mean (SD)  3.42 (1.97) 5.48 (2.71) 9.61 (4.44) 14.58 (5.62) -
Median (range) 3.00 (2.00-11.00)  |4.00 (2.00-15.00) [9.00 (4.00-25.00) 14.50 (5.00-28.00) -

CVD, cardiovascular disease; SD, standard deviation.
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