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ABSTRACT 
Background: Systemic inflammation is increasingly recognised as a contributor to hypertension pathophysiology. C-
reactive protein (CRP), a widely available inflammatory marker, has been associated with elevated blood pressure in 
various populations, yet data on newly detected, treatment-naïve hypertensive individuals remain limited, particularly in 
Indian settings. 
Aim: To evaluate CRP levels in newly detected hypertensive adults compared with normotensive controls and to assess 
the relationship between CRP and hypertension grade according to the European Society of Hypertension (ESH) 2023 
classification. 
Methods: This case- control observational study was conducted at Sharda Hospital, Greater Noida, from April 2024 to 
November 2025. A total of 180 participants were enrolled: 90 newly detected, treatment-naïve hypertensive cases and 90 
age- and sex-matched normotensive controls. Hypertension was defined and graded using ESH 2023 criteria. CRP was 
measured using immunoturbidimetric assay. Statistical analyses included independent t-tests for group comparisons, 
Pearson correlation for CRP-blood pressure relationships, one-way ANOVA for CRP across hypertension grades, and 
Spearman correlation for ordinal trend assessment. 
Results: Hypertensive cases demonstrated markedly higher CRP levels than controls (26.98 ± 4.54 vs 5.14 ± 2.37 mg/L; 
p < 0.001). CRP showed strong positive correlations with both systolic blood pressure (r = 0.921, p < 0.001) and diastolic 
blood pressure (r = 0.858, p < 0.001). Among hypertensive cases, CRP increased progressively across ESH grades: Grade 
1 (21.83 ± 2.27 mg/L), Grade 2 (28.56 ± 2.78 mg/L), and Grade 3 (35.60 ± 2.86 mg/L), with significant differences 
confirmed by ANOVA (F = 89.128, p < 0.001). Spearman correlation demonstrated a strong ordinal association between 
hypertension grade and CRP (ρ = 0.772, p < 0.001). 
Conclusion: In newly detected, treatment-naïve adults, CRP levels are significantly elevated in hypertensive individuals 
compared with normotensive controls and increase progressively with hypertension severity. These findings support an 
inflammatory association with hypertension and suggest CRP may serve as a marker of disease severity in early 
hypertension. 
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INTRODUCTION 
Systemic arterial hypertension is a highly prevalent chronic 
condition affecting over 1.28 billion adults worldwide, with 
approximately two-thirds residing in low- and middle-
income countries [1,2]. In India, the burden has escalated 
dramatically, with urban populations showing higher 
prevalence rates than rural areas [3]. Beyond its 

haemodynamic consequences, hypertension is increasingly 
understood as a systemic disorder involving inflammatory 
processes that contribute to vascular dysfunction and end-
organ damage [4,5]. 
The role of inflammation in hypertension pathogenesis has 
gained substantial attention. Chronic low-grade 
inflammation promotes endothelial dysfunction by 
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reducing nitric oxide bioavailability, increasing oxidative 
stress, and activating pro-inflammatory pathways [6,7]. 
These processes contribute to arterial stiffness, vascular 
remodelling, and sustained elevation of blood pressure. 
Among the inflammatory markers implicated in 
cardiovascular disease, C-reactive protein (CRP) has 
emerged as a clinically accessible and well-validated 
biomarker [8,9]. 
CRP is an acute-phase reactant synthesised primarily in the 
liver in response to interleukin-6 (IL-6) and other pro-
inflammatory cytokines [10]. Beyond its role as a passive 
marker of inflammation, CRP exerts direct effects on 
vascular biology, including inhibition of endothelial nitric 
oxide synthase, promotion of endothelin-1 release, and 
enhancement of monocyte adhesion to endothelial cells 
[11,12]. Clinical studies have demonstrated associations 
between elevated CRP and incident hypertension, 
cardiovascular events, and mortality [13,14]. 
The relationship between CRP and hypertension severity 
has been explored in various populations. Several studies 
have reported that CRP levels increase with advancing 
blood pressure stage [15,16]. However, evidence 
specifically addressing newly detected, treatment-naïve 
hypertensive individuals remains limited, particularly in 
Indian populations where genetic, dietary, and 
environmental factors may influence inflammatory profiles 
[17]. Furthermore, few studies have employed 
contemporary classification systems such as the European 
Society of Hypertension (ESH) 2023 guidelines for 
hypertension staging [18]. 
Understanding the inflammatory burden at the time of 
initial hypertension detection, before therapeutic 
intervention, may provide insights into early 
pathophysiological processes and identify individuals at 
higher cardiovascular risk. The present study aimed to 
evaluate CRP levels in newly detected hypertensive adults 
compared with normotensive controls and to assess the 
relationship between CRP concentration and hypertension 
grade according to ESH 2023 criteria. 
 
METHODS 
Study Design and Setting: This case- control observational 
study was conducted in the Department of General 
Medicine, School of Medical Sciences & Research, Sharda 
Hospital, Greater Noida, Uttar Pradesh, India, from April 
2024 to November 2025. The study protocol was approved 
by the Institutional Ethics Committee, and written informed 
consent was obtained from all participants prior to 
enrolment. 
Participants: Consecutive adults attending the Medicine 
outpatient and inpatient departments who met eligibility 
criteria were screened and enrolled. The case group 
comprised individuals with newly detected hypertension 
who were treatment-naïve (no prior antihypertensive 
therapy). The control group consisted of age- and sex-
matched normotensive individuals. Hypertension was 
diagnosed and staged according to ESH 2023 guideline 
thresholds. 
Inclusion criteria were: (1) age ≥18 years; (2) newly 
detected hypertension (cases) or normotension (controls) as 

defined by ESH 2023 criteria; and (3) no prior 
antihypertensive medication use.  
Exclusion criteria were: (1) current antihypertensive 
therapy; (2) diabetes mellitus; (3) chronic kidney disease or 
other renal disorders; (4) active infection or fever within 
two weeks; (5) known inflammatory, autoimmune, or 
haematological disease; (6) malignancy; (7) complications 
of hypertension including heart failure, coronary artery 
disease, stroke, or peripheral arterial disease; (8) moderate 
or severe valvular heart disease; and (9) pregnancy or 
lactation. 
Sample Size: Sample size was calculated using the Cochran 
formula for prevalence studies. With Z = 1.96, estimated 
hypertension prevalence (p) = 0.31, and margin of error (e) 
= 0.07, the minimum required sample size was 166 
participants. To account for potential non-response and to 
enable balanced case-control comparison, we planned and 
recruited 180 participants (90 cases and 90 controls). 
Clinical Measurements: Blood pressure was measured 
using a calibrated sphygmomanometer with participants 
seated and rested for at least five minutes. Two readings 
were obtained over the right arm, separated by five minutes, 
and the average was recorded. Hypertension grades were 
assigned according to ESH 2023 criteria: Grade 1 (systolic 
140-159 mmHg or diastolic 90-99 mmHg), Grade 2 
(systolic 160-179 mmHg or diastolic 100-109 mmHg), and 
Grade 3 (systolic ≥180 mmHg or diastolic ≥110 mmHg). 
Height and weight were measured, and body mass index 
(BMI) was calculated. 
Laboratory Procedures: Venous blood samples were 
collected from the antecubital vein using atraumatic 
technique after overnight fasting. Serum was separated by 
centrifugation and stored appropriately until analysis. CRP 
was measured using the immunoturbidimetric Tina-quant 
CRP method according to manufacturer instructions, with 
results expressed in mg/L. Fasting plasma glucose and 
standard biochemical parameters were also measured. 
Statistical Analysis: Data were analysed using IBM SPSS 
version 25 and Microsoft Excel. Continuous variables were 
summarised as mean ± standard deviation (SD). Categorical 
variables were expressed as frequencies and percentages. 
Between-group comparisons for continuous variables were 
performed using independent samples t-test. Chi-square test 
was used for categorical comparisons. Pearson correlation 
coefficient was calculated to assess linear relationships 
between CRP and blood pressure. One-way analysis of 
variance (ANOVA) was used to compare CRP across 
hypertension grades. Spearman rank correlation was 
employed to assess the ordinal association between 
hypertension grade and CRP. A two-sided p-value < 0.05 
was considered statistically significant. 
 
RESULTS 
Participant Characteristics: A total of 180 participants 
were enrolled, comprising 90 hypertensive cases and 90 
normotensive controls (Figure 1). Baseline characteristics 
are presented in Table 1. Cases were significantly older than 
controls (53.26 ± 5.56 vs 44.78 ± 8.10 years; p < 0.001). 
The proportion of males was higher among cases (53.33%) 
than controls (77.78%), with a significant sex difference 
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between groups (χ² = 11.91, p < 0.001). Cases had 
significantly greater body weight (76.54 ± 11.11 vs 70.32 ± 
4.50 kg; p < 0.001) and BMI (27.1 ± 3.2 vs 25.1 ± 1.8 kg/m²; 
p < 0.001) compared with controls. 
Mean systolic blood pressure was markedly higher in cases 
than controls (164.36 ± 10.93 vs 120.71 ± 2.96 mmHg; p < 

0.001), as was diastolic blood pressure (96.17 ± 5.52 vs 
78.42 ± 1.48 mmHg; p < 0.001), confirming the validity of 
group classification. Among the 90 hypertensive cases, 27 
(30.0%) were classified as Grade 1, 58 (64.4%) as Grade 2, 
and 5 (5.6%) as Grade 3 hypertension according to ESH 
2023 criteria (Table 2). 

 

 
Figure 1. Study flow diagram showing participant screening, exclusions, and final group allocation. 

 
Table 1. Participant characteristics by study group 

Characteristic Cases (n=90) Controls (n=90) p-value 

Age (years), mean ± SD 53.26 ± 5.56 44.78 ± 8.10 < 0.001 

Male sex, n (%) 48 (53.33%) 70 (77.78%) < 0.001 

BMI (kg/m²), mean ± SD 27.1 ± 3.2 25.1 ± 1.8 < 0.001 

SBP (mmHg), mean ± SD 164.36 ± 10.93 120.71 ± 2.96 < 0.001 

DBP (mmHg), mean ± SD 96.17 ± 5.52 78.42 ± 1.48 < 0.001 

FPG (mg/dL), mean ± SD 113.14 ± 16.76 79.09 ± 3.75 < 0.001 

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose. 

 

Table 2. Distribution of participants by ESH 2023 blood pressure category 
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ESH 2023 Category Cases, n (%) Controls, n (%) 

Normal 0 (0.0%) 90 (100.0%) 

Grade 1 Hypertension 27 (30.0%) 0 (0.0%) 

Grade 2 Hypertension 58 (64.4%) 0 (0.0%) 

Grade 3 Hypertension 5 (5.6%) 0 (0.0%) 

CRP Levels: Cases versus Controls: CRP levels were 
markedly elevated in hypertensive cases compared with 
normotensive controls (Table 3, Figure 2). The mean CRP 
concentration in cases was 26.98 ± 4.54 mg/L (range 18-
40 mg/L) versus 5.14 ± 2.37 mg/L (range 2-8 mg/L) in 

controls. This difference was highly statistically significant 
(t = 40.461, p < 0.001), indicating a substantially greater 
inflammatory burden among newly detected hypertensive 
individuals. 

 

Table 3. CRP distribution by study group 

Statistic Cases (n=90) Controls (n=90) Overall (n=180) 

Mean ± SD (mg/L) 26.98 ± 4.54 5.14 ± 2.37 16.06 ± 11.53 

Minimum 18 2 2 

Maximum 40 8 40 

t-statistic 40.461 — — 

p-value < 0.001 — — 
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Figure 2. Box plot showing CRP levels in hypertensive cases versus normotensive controls. 
Correlation of CRP with Blood Pressure: CRP 
demonstrated strong positive correlations with both systolic 
and diastolic blood pressure across all participants (Table 4, 
Figures 3-4). The Pearson correlation coefficient between 
CRP and systolic blood pressure was r = 0.921 (p < 0.001), 

indicating a very strong linear relationship. Similarly, CRP 
correlated strongly with diastolic blood pressure (r = 0.858, 
p < 0.001). These findings indicate that higher 
inflammatory burden, as reflected by CRP, is closely 
associated with greater blood pressure elevation. 

 
Table 4. Correlation of CRP with blood pressure parameters 

Blood Pressure Parameter Pearson r p-value 

Systolic BP (mmHg) 0.921 < 0.001 

Diastolic BP (mmHg) 0.858 < 0.001 
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Figure 3. Scatter plot showing the correlation between CRP and systolic blood pressure. Blue circles represent 

controls; red circles represent hypertensive cases. The dashed line represents the fitted regression line. 
 

 
Figure 4. Scatter plot showing the correlation between CRP and diastolic blood pressure. Blue circles represent 

controls; red circles represent hypertensive cases. The dashed line represents the fitted regression line. 
 
CRP Across Hypertension Grades: Among hypertensive 
cases, CRP levels increased progressively with advancing 
ESH 2023 grade (Table 5, Figure 5). Mean CRP was 21.83 
± 2.27 mg/L in Grade 1, 28.56 ± 2.78 mg/L in Grade 2, and 
35.60 ± 2.86 mg/L in Grade 3 hypertension. One-way 
ANOVA confirmed statistically significant differences 

across grades (F = 89.128, p < 0.001). The Spearman 
correlation coefficient between hypertension grade 
(ordinal) and CRP was ρ = 0.772 (p < 0.001), demonstrating 
a strong monotonic trend of increasing CRP with more 
severe hypertension (Table 6). 
 

 
Table 5. CRP levels by ESH 2023 hypertension grade among cases 
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ESH Grade n Mean ± SD Min Max 

Grade 1 27 21.83 ± 2.27 18 24 

Grade 2 58 28.56 ± 2.78 24 32 

Grade 3 5 35.60 ± 2.86 32 40 

ANOVA: F = 89.128, p < 0.001. CRP values in mg/L. 

Table 6. Ordinal association between hypertension grade and CRP 
 

Analysis Spearman ρ p-value 

CRP vs Hypertension Grade (Grades 1-3) 0.772 < 0.001 

 

 
Figure 5. Box plot showing CRP levels across ESH 2023 hypertension grades among cases. CRP increases 

progressively from Grade 1 to Grade 3. 
 
Sensitivity Analysis: When normotensive controls were 
included as a 'Normal' category, the analysis across all four 
blood pressure categories (Normal, Grade 1, Grade 2, Grade 
3) revealed a continuous inflammatory gradient (Table 7, 
Figure 6). Mean CRP values were 5.14 ± 2.37 mg/L 
(Normal), 21.83 ± 2.27 mg/L (Grade 1), 28.56 ± 2.78 mg/L 

(Grade 2), and 35.60 ± 2.86 mg/L (Grade 3). ANOVA 
confirmed highly significant differences (F = 543.186, p = 
0.002), and the Spearman correlation across all four 
categories was exceptionally strong (ρ = 0.907, p < 0.001). 
 

 
Table 7. Sensitivity analysis: CRP across Normal and Grades 1-3 

Category n Mean ± SD Min Max 

Normal 90 5.14 ± 2.37 2 8 

Grade 1 27 21.83 ± 2.27 18 24 
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Grade 2 58 28.56 ± 2.78 24 32 

Grade 3 5 35.60 ± 2.86 32 40 

ANOVA: F = 543.186, p = 0.002. Spearman ρ = 0.907, p < 0.001. CRP values in mg/L. 
 

 
Figure 6. Sensitivity analysis showing CRP levels across Normal (controls) and hypertension Grades 1-3. A 

continuous inflammatory gradient is evident from normotension through severe hypertension. 
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Figure 6 – Study Flow and Outcomes for C-Reactive Protein and Hypertension Grade in Newly Detected, 

Treatment-Naive Adults 
 
DISCUSSION 
This study demonstrates that CRP levels are markedly 
elevated in newly detected, treatment-naïve hypertensive 
adults compared with normotensive controls, and that CRP 
concentration increases progressively with hypertension 
severity as defined by ESH 2023 grades. The strong 
correlations between CRP and both systolic and diastolic 
blood pressure, coupled with the clear graded relationship 
across hypertension stages, support an association between 

systemic inflammation and blood pressure elevation at the 
earliest clinical presentation of hypertension. 
Principal Findings: The primary finding of substantially 
elevated CRP in hypertensive cases (26.98 ± 4.54 mg/L) 
compared with controls (5.14 ± 2.37 mg/L) indicates a 
pronounced inflammatory burden at the time of initial 
hypertension detection. This five-fold elevation suggests 
that systemic inflammation is not merely a consequence of 
longstanding hypertension or antihypertensive medication 
effects, but rather accompanies the early stages of 
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hypertensive disease. The very strong correlations with 
systolic (r = 0.921) and diastolic (r = 0.858) blood pressure 
further support a close relationship between inflammatory 
activity and blood pressure magnitude. 
Comparison with Previous Studies: Our findings align 
with and extend previous research on CRP and 
hypertension. He et al. (2022) [19], studying 120 elderly 
hypertensive patients and 120 controls, reported mean high-
sensitivity CRP of 4.62 ± 1.78 mg/L in hypertensives versus 
2.31 ± 1.12 mg/L in normotensives (p < 0.01), with 
moderate correlations between CRP and systolic blood 
pressure (r = 0.47) and diastolic blood pressure (r = 0.42). 
While our study demonstrated higher absolute CRP values 
and stronger correlations, both investigations confirm 
elevated CRP in hypertension. The higher values in our 
cohort may reflect differences in assay methodology, 
population characteristics, or the specific focus on newly 
detected cases. 
Dzieża-Grudnik et al. (2023) [20] examined 101 newly 
diagnosed hypertensive subjects and 49 normotensive 
controls, reporting median CRP of 3.2 mg/L (IQR 2.1-4.9) 
in hypertensives versus 1.4 mg/L (IQR 0.9-2.3) in controls 
(p < 0.001). They observed moderate correlations of CRP 
with systolic pressure (r = 0.38) and diastolic pressure (r = 
0.28). Importantly, their study also documented a 
progressive increase in CRP across blood pressure 
categories, with median values rising from 2.9 mg/L in 
prehypertension to 4.7 mg/L in Stage 2 hypertension. Our 
findings of a strong ordinal trend (Spearman ρ = 0.772) are 
consistent with this graded pattern. 
Kansui et al. (2019) [21] provided longitudinal evidence 
linking baseline CRP to incident hypertension in a cohort of 
1,012 middle-aged Japanese men. They demonstrated that 
elevated CRP at baseline predicted the development of 
hypertension over follow-up, suggesting a potential role for 
inflammation in hypertension pathogenesis rather than 
merely as a consequence. CRP elevation at initial 
hypertension detection is consistent with inflammation 
being present early in the disease process. 
Zhang et al. (2019) [22] evaluated CRP among 80 
hypertensive patients with cerebral infarction, reporting 
very strong correlations between CRP and vascular injury 
parameters. Their findings that hs-CRP correlated with both 
systolic pressure (r = 0.89) and infarct size (r = 0.97) in 
certain subgroups suggest that inflammatory burden may 
relate to end-organ damage beyond blood pressure 
elevation alone. Our strong correlations (r = 0.858-0.921) 
are comparable and support the close relationship between 
CRP and haemodynamic parameters. 
Shukla et al. (2025) [23] examined inflammatory indices in 
100 newly detected hypertensive patients and 100 controls 
in an Indian setting. Although they focused on the 
neutrophil-to-lymphocyte ratio (NLR) rather than CRP 
specifically, they observed progressive increases in NLR 
across hypertension stages (mean NLR of 2.13 ± 0.78 in 
Stage 1 versus 3.42 ± 1.02 in Stage 2; p < 0.001), with a 
significant ordinal trend (Spearman ρ = 0.542). This parallel 
finding using a different inflammatory marker supports the 
concept of stage-dependent inflammatory activation in 
hypertension. 

Pathophysiological Considerations: The association 
between CRP and hypertension may be explained by 
several mechanisms. CRP is synthesised in the liver 
primarily in response to IL-6, a key mediator of systemic 
inflammation [10]. Beyond serving as a marker, CRP has 
direct vascular effects including inhibition of endothelial 
nitric oxide synthase, reduction of prostacyclin release, and 
promotion of endothelin-1 production [11,12]. These 
actions promote vasoconstriction and reduce vasodilatory 
capacity, potentially contributing to elevated blood 
pressure. 
Furthermore, CRP promotes adhesion molecule expression 
on endothelial cells, facilitating monocyte recruitment and 
vascular inflammation [24]. This chronic inflammatory 
state contributes to arterial stiffness and vascular 
remodelling, both of which are implicated in hypertension 
pathophysiology [6,7]. The progressive increase in CRP 
across hypertension grades observed in our study suggests 
that inflammatory burden escalates with disease severity, 
potentially reflecting a bidirectional relationship where 
inflammation promotes hypertension and hypertension 
further enhances inflammation. 
Clinical Implications: The marked CRP elevation in newly 
detected hypertensives has potential clinical implications. 
CRP measurement is widely available, inexpensive, and 
standardised across laboratories. Our findings suggest that 
CRP may serve as a readily accessible marker of 
inflammatory burden at hypertension diagnosis. While this 
study demonstrates association rather than causation, the 
graded relationship with hypertension severity raises the 
possibility that CRP could complement blood pressure 
measurement in risk stratification. It is important to note 
that CRP is a non-specific marker elevated in various 
inflammatory conditions. Our exclusion criteria attempted 
to minimise confounding by excluding individuals with 
active infection, known inflammatory diseases, and other 
conditions affecting CRP. However, residual confounding 
cannot be entirely excluded in observational studies. 
 
Strengths and Limitations: Strengths of this study include 
the focus on newly detected, treatment-naïve hypertensive 
individuals, which eliminates confounding by 
antihypertensive medications that may affect inflammatory 
markers. The use of ESH 2023 criteria for hypertension 
staging provides contemporary classification. Rigorous 
exclusion criteria minimised confounding from known 
inflammatory conditions, diabetes, and renal disease. 
Several limitations warrant consideration such as :  (1) 
Whether elevated CRP precedes, accompanies, or follows 
blood pressure elevation cannot be determined. (2) the 
study was conducted at a single tertiary care centre, which 
may limit generalisability. (3) despite exclusion criteria, 
significant differences in age, sex, and BMI between groups 
represent potential confounders. Cases were older, had 
more females, and higher BMI, all of which may 
independently influence CRP levels. While we did not 
perform adjusted analyses in the primary results, the 
magnitude of CRP differences (five-fold elevation) 
suggests that group differences are unlikely to be fully 
explained by these covariates. (4) the small number of 
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Grade 3 hypertensives (n=5) limits conclusions about this 
subgroup. (5) CRP was measured at a single time point, and 
intra-individual variability was not assessed. 
Future Directions: Future research should address the 
temporal relationship between CRP and hypertension 
through prospective longitudinal studies. Investigation of 
whether CRP predicts disease progression, treatment 
response, or cardiovascular outcomes in newly detected 
hypertensives would have clinical relevance. Studies 
examining whether anti-inflammatory interventions affect 
both CRP and blood pressure in this population would help 
establish whether the relationship is causal. Larger, 
multicentre studies with adjustment for potential 
confounders would strengthen the evidence base. 
 
CONCLUSION 
In newly detected, treatment-naïve adults, CRP levels are 
markedly elevated in hypertensive individuals compared 
with normotensive controls and increase progressively with 
blood pressure level and hypertension grade. These findings 
support an inflammatory association with hypertension 
severity at the earliest clinical presentation. CRP, as a 
widely available inflammatory marker, may complement 
blood pressure assessment in characterising inflammatory 
burden in early hypertension. Longitudinal studies are 
needed to determine whether CRP predicts disease 
progression or cardiovascular outcomes and to establish the 
temporal and causal nature of this relationship. 
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