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Purpose: This study aimed to investigate the association between the pan-immune-inflammation value (PIV) and dipper/non-dipper
status in newly diagnosed hypertensive (HT) patients. Given the role of systemic inflammation in circadian blood pressure (BP)
pattern, we hypothesized that elevated PIV levels would be linked to an impaired nocturnal BP decline.

Patients and Methods: A total of 725 newly diagnosed hypertensive patients and 343 normotensive controls were prospectively
included in the study. The HT patients were further classified as dipper (n=339) or non-dipper (n=386) based on 24-hour ambulatory
BP monitoring (ABPM). PIV was calculated as (neutrophil count x platelet count x monocyte count) / lymphocyte count. Multivariate
logistic regression analysis was performed to assess the independent association between PIV quartiles and non-dipper status. Receiver
operating characteristic (ROC) curve analysis was conducted to determine the predictive value of PIV.

Results: PIV was significantly higher in non-dipper hypertensive patients compared with dipper hypertensive patients (p<0.001). In
multivariate regression models adjusted for age, sex, body mass index (BMI), smoking, diabetes mellitus, and echocardiographic
parameters, the highest PIV quartile (Q4) was independently associated with non-dipper status (OR: 12.56, 95% CI: 7.31-21.56,
p<0.001). ROC analysis demonstrated that a PIV cutoff of 326.96 predicted non-dipper status with a sensitivity of 70.5% and
specificity of 65.5% (AUC: 0.725, p<0.001).

Conclusion: Elevated PIV levels were significantly associated with non-dipper hypertension, reinforcing the contribution of systemic
inflammation to circadian BP dysregulation. These findings suggest that PIV may serve as a potential biomarker for risk stratification
and personalized treatment approaches in hypertensive patients.
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Introduction
One of the world’s major health problems is hypertension (HT), which affects a worldwide population greater than 1.3 billion
and is a significant contributor to heart disease and related deaths.' Vascular dysfunction and end-organ damage are caused by
a complex interaction of hemodynamic, neurohormonal, and inflammatory processes.> Despite advancements in antihyper-
tensive therapy, a substantial proportion of patients continue to experience disease progression and associated complications.’
Circadian regulation of blood pressure (BP) plays a critical role in cardiovascular (CV) health.* A physiological nocturnal
BP decline, known as the dipper pattern, is associated with favorable CV outcomes. In contrast, non-dipper HT, characterized
by attenuated nocturnal BP reduction, has been linked to increased risks of arterial stiffness, target organ damage, and adverse
CV events.” The mechanisms underlying the dipper and non-dipper phenotypes remain incompletely understood, but
accumulating evidence suggests that chronic inflammation and immune dysregulation contribute to these distinct BP patterns.
In recent years, systemic inflammatory markers derived from routine blood parameters have gained attention as potential
predictors of CV risk, such as lymphocyte count, platelet count, neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte
ratio (PLR), monocyte to lymphocyte ratio (MLR).%” Drugescu et al and Bozduman et al reported that lymphocyte count,
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PLR, NLR and MLR became elevated in non-dipper HT and were also associated significantly with non-dipping circadian BP
pattern.® On the other hand, Sunbul et al proposed that PLR but not NLR was independently associated with non-dipping
circadian BP pattern despite increase in both ratios in non-dipper HT patients.'® Conflicting results also present regarding the
platelet counts in different circadian BP patterns in HT patients. Some studies reported a significantly decreased platelet counts
in non-dipper HT patients, whereas some others reported no difference in platelet counts between non-dipper and dipper
circadian BP pattern not only in HT patients, but also in prehypertensive and normotensive subjects.”!' However, a composite
marker called the pan-immune-inflammation value (PIV), which includes platelet, lymphocyte, monocyte and neutrophil
counts, was proposed to provide a better and more comprehensive assessment of bodily inflammatory and immune status than
these conventional indices like platelet counts, NLR, PLR, neutrophil and lymphocyte counts. In this regard, the superiority of
PIV was demonstrated over the conventional inflammatory indices such as NLR and PLR in the prediction of prognosis,
degree of stenosis and impaired coronary flow after percutaneous coronary intervention in ACS patients. Furthermore,
elevated PIV was found be related to poor outcomes in a number of different disease states, including coronary artery disease,
HT, and heart failure.'? However, its role in circadian BP regulation remains largely unexplored.

Given the well-established link between systemic inflammation and HT, we hypothesized that PIV may be associated
with circadian changes in BP. In this regard, we aimed to perform a study to assess the association of PIV with dipper/
non-dipper status in newly diagnosed hypertensive patients. By elucidating this association, we sought to provide novel
insights into the inflammatory mechanisms underlying circadian BP pattern, which may have implications for risk
stratification and targeted therapeutic strategies in HT management.

Methods

Study Design and Patient Recruitment

We conducted the current prospective and observational study between December 2024 and February 2025 to investigate the
association between PIV and the dipper/non-dipper status in newly diagnosed patients with HT. Participants were consecu-
tively included from the cardiology outpatient clinic of a tertiary center. The selection criteria called for (1) a diagnosis of
essential HT confirmed through 24-hour ambulatory BP monitoring (ABPM), characterized by a respective mean 24-hour
systolic BP (SBP) and diastolic BP (DBP) > 130 mmHg/ 80 mmHg, or a respective mean daytime (06:00-22:00) SBP and
DBP >135/85 mmHg, or a respective mean nighttime (22:00-06:00) SBP and DBP >120/70 mmHg in line with the relevant
guidelines."® Patients were excluded if they had (1) secondary HT, (2) prior antihypertensive medication use, (3) acute or
chronic infections, (4) autoimmune or hematological disorders, (5) malignancies, (6) chronic inflammatory diseases, (7)
history of acute coronary syndrome or cerebrovascular events, or (8) lacking laboratory or clinical data. Our study protocol
was in compliance with the Declaration of Helsinki and was approved by the Ahi Evran University Clinical Research Ethics
Committee (Decision No: 2024/20-176, Date: December 10, 2024). The study participants gave written informed consent.

Blood Pressure Measurement and Circadian Pattern Classification

All participants underwent 24-hour ABPM using a validated oscillometric ABPM device (The Mobil-O-Graph manu-
factured by I.LE.M. GmbH, Stolberg, Germany). Measurements were taken every 30 minutes during the daytime, from
06:00 until 22:00, and every 60 minutes during the nighttime, from 22:00 until 06:00. A qualified daytime and nighttime
measurement were defined as having at least 14 valid readings and at least 7 valid readings during the awake and the
asleep periods, respectively. Sleep and awake periods were assessed based on the self-information of patients.'*

The device was calibrated before each measurement, and the participants were instructed to maintain their usual daily
activities while restricting excessive movements during the recordings. The mean 24-h, daytime, and nighttime SBP and
DBP were calculated. Patients were classified as dippers if their nocturnal SBP decreased by >10% relative to daytime
SBP and as non-dippers if their nocturnal SBP reduction was <10%.

Echocardiographic Assessment
Transthoracic echocardiography was performed using the Philips Affiniti CVx CV Ultrasound System (manufactured by
Philips Medical Systems in Andover, MA, USA) by consultant cardiologists blinded to the ABPM findings. Simpson’s

6218 https: Journal of Inflammation Research 2025:18



Ates et al

biplane method was utilized to calculate the left ventricular ejection fraction (LVEF). Standard echocardiographic
parameters, including left atrial diameter (LAD), early mitral inflow velocity (E-wave), early diastolic mitral annular
velocities (E’ septal and E’ lateral), and E/E’ ratios, were measured in accordance with American Society of
Echocardiography guidelines.

Laboratory and Inflammatory Markers

Blood samples from the venous system were taken in the morning following an overnight fast of at least eight hours.
Parameters from the complete blood count (CBC), such as white blood cells, neutrophils, lymphocytes, monocytes, and
platelet counts, were examined using a computerized hematology analyzer (The Beckman Coulter DXH 800 analyzer
manufactured by Beckman Coulter, Fullerton, CA, USA). Routine biochemical markers, including serum creatinine,
fasting glucose, total cholesterol, LDL-C, HDL-C, triglycerides, and hemoglobin, were measured using standard
enzymatic methods. PIV was computed as neutrophil count x platelet count X monocyte count divided by the
lymphocyte count.

Statistical Analysis

Statistical analyses were conducted using SPSS (version 29.0, IBM Corp., Armonk, NY, USA). Continuous variables showing
non-normal distribution required evaluation of normality using the Kolmogorov—Smirnov test; data were presented as median
and interquartile range (IQR), specified as the 25th to 75th percentile. Given the non-parametric nature of the data, Kruskal—
Wallis test was used to compare continuous variables among the three study groups, and ANOVA was performed as
a supplementary parametric approach when necessary. The chi-square test was used to analyze categorical variables.

To evaluate the independent association between PIV and non-dipper status, multivariate logistic regression analysis was
conducted. The PIV was categorized into quartiles (Q1-Q4), with Q1 serving as the reference group, and three separate
models were developed to examine the association while controlling for potential confounders. Model 1 was an unadjusted
crude model, assessing the direct association between PIV quartiles and dipper/non-dipper status. Model 2 was adjusted for
body mass index (BMI), sex, age, diabetes mellitus, smoking status, coronary artery disease (CAD) and chronic obstructive
pulmonary disease (COPD) to account for key demographic and clinical factors. Model 3 included additional adjustments
such as serum creatinine, hemoglobin, total cholesterol, LDL-C, HDL-C, triglycerides, LVEF, LAD, and E/E’ ratios (septal
and lateral) to ensure a comprehensive multivariable analysis incorporating metabolic and echocardiographic parameters.

Additionally, univariate and multivariate analyses were performed in an attempt to delineate the independent
predictors of non-dipper status. Variables of <0.05 p value in the univariate regression model were incorporated in
multivariate analysis through a backward stepwise selection method to optimize the model and exclude non-significant
variables. PIV was included in the analysis as a continuous variable. Correlations between PIV and ambulatory BP
parameters were assessed using Spearman correlation coefficient, given the non-parametric distribution of the data. Two-
tailed p-value was accepted to be statistically significant, if it is <0.05.

Results
Study Population and Demographics

A total of 1248 patients were initially screened for recruitment to the study. Following application of the exclusion
criteria, 152 patients were removed from consideration due to existing secondary HT, previous use of antihypertensive
medication, acute or chronic infections, autoimmune disorders, a history of cancer, chronic inflammatory conditions,
prior CV or cerebrovascular events, or missing clinical data. In addition, 28 patients were excluded due to incomplete
laboratory results. Thus, the final study cohort comprised 1068 patients, which were categorized into the non-dipper
hypertensive (n=386), dipper hypertensive (n=339), and control (n=343) groups (Figure 1).

Mean age (p = 0.897), BMI (p = 0.103), and gender distribution (p = 0.971) did not significantly differ among the
groups. However, significant differences were observed in total cholesterol (p<0.001), LDL-C (p<0.001), HDL-C
(p=0.001), and triglyceride levels (p<0.001), with higher values seen in hypertensive groups compared with the controls.
The ambulatory BP parameters demonstrated significantly higher 24-h, daytime, and nighttime systolic and diastolic BPs
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7 1,248 patients were initially screened for inclusion

152 patients were excluded due to the following reasons
* Secondary hypertension
* Previous use of antihypertensive medication
* Acute or chronic infections
* Autoimmune disorders
* History of cancer
¢ Chronic inflammatory conditions

* Prior cardiovascular or cerebrovascular events

753 patients remained after applying the initial exclusion
crtena

28 patients were excluded due to incomplete laboratory

results

725 patients were included in the final cohort

J

~ ¢ p

Control group: 343 patients Non-dipper hypertensive group 384 patients Dipper hypertensive group: 339 patients

Figure | Flowchart Depicting the Patient Selection Process and Group Classification.

in the hypertensive groups compared with the controls (p<0.001 for all). Additionally, white blood cell (WBC) count,
neutrophil count, platelet count, monocyte count, and PIV were significantly elevated in the non-dipper group compared
with the dipper hypertensive patients and the controls (p<0.001 for all) (Table 1).

Table | Baseline Clinical, Biochemical, Echocardiographic, and Ambulatory Blood Pressure Monitoring Parameters of
Patients According to Non-Dipper Hypertension, Dipper Hypertension, and Control Groups

Variable Non-Dipper HT (n=386) | Dipper HT (n=339) Controls (n=343) Overall p-value
Age, year 52 (45-57) 52 (41-59) 51 (35-62) 0.897
Gender (male), n (%) 198 (51,3) 175 (51,6) 179 (52.2) 0.971
DM. n (%) 93 (24.1) 85 (25.1) 85 (24.8) 0.951
Smoking. n (%) 169 (43.8) 144 (42.5) 157 (45.8) 0.683
COPD. n (%) 53 (13.7) 44 (13) 47 (13.7) 0.947
CAD. n (%) 18 (4.7) 18 (5.3) 17 (5) 0.923
Body Mass Index (kg/m?) 28.63 (22.99-33.06) 28.08 (21.97-33.76) 26.87 (21.61-31.95) 0.103
Creatinine. mg/dl 0.8 (0.68-0.93) 0.8 (0.68-0.92) 0.79 (0.65-0.9) 0.769
BUN. mg/dl 29.01 (22-34) 30 (23-33) 30 (22-34) 0.392
(Continued)
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Table 1 (Continued).

Variable Non-Dipper HT (n=386) | Dipper HT (n=339) Controls (n=343) Overall p-value
Total Cholesterol. mg/dl 211.53 (194.73-219.43) 213.23 (193-225) 192 (180.1-199) <0.001*
LDL-C. mg/dl 126.3 (115-130) 129.89 (120-140) 113.88 (104-122) <0.001°
HDL-C. mg/dI 45.45 (43-47.5) 45.76 (41-48.11) 47.1 (4249) 0.001°¢
Triglyceride. mg/d| 196.1 (129-201.98) 191 (135-199) 161.25 (117-167.2) <0.001¢
24-h SBP. mmHg 131 (123-140) 130 (124-141) 109 (105-113) <0.001°¢
24-h DBP. mmHg 80 (74.75-88) 82 (78-89) 64 (60-67) <0.001f
Daytime SBP. mmHg 130 (122-140) 133 (126-145) 111 (106-116) <0.0018
Daytime DBP. mmHg 83 (77-91) 86 (81-93) 68 (64-72) <0.001"
Nighttime SBP. mmHg 128 (119-137) 122 (115-130) 104 (98-110) <0.001
Nighttime DBP. mmHg 8l (74-88) 77 (72-83) 62 (57-65) <0.001"
E Wave. cm/s 71.75 (61.13-84.84) 75.08 (63.51-88.17) 74.71 (62.82-89.01) 0.05
E’ Septal. cm/s 9.73 (7.45-12.13) 9.77 (7.36—12.54) 9.89 (7.66—12.4) 0.568
E’ Lateral. cm/s 12.63 (10.29-15.92) 13.48 (10.39-16.53) 13.9 (10.59-17.45) 0.025'
LVEF. % 60.99 (55.62-65) 61 (55.81-65) 60.8 (55.63-65) 0.882
Left Atrium Diameter. mm 36.91 (33.68-40.44) 37.95 (33.841.11) 37.25 (33.9141.18) 0.304
E/E’ Septal 7.62 (5.73-9.71) 7.75 (6.08-9.98) 7.31 (5.84-9.88) 0.491
E/E’ Lateral 5.69 (4.52-7.14) 5.66 (4.48-6.85) 5.39 (4.38-6.7) 0.267
White Blood Cell. 10%/uL 8.2 (7-9.96) 7.5 (6.4-8.5) 7.1 (6.1-8.24) <0.001*
Hgb. g/dI 14 (12.7-15.1) 13.81 (12.7-15.4) 14.01 (13-15.2) 0.453
Neutrophil Count. 103/l 5.1 (4.22-6.3) 4.45 (3.6-5.23) 3.98 (3.31-4.97) <0.001"
Lymphocyte Count. 10*/uL 2.18 (1.76-2.87) 2.27 (1.8-2.7) 2.3 (1.93-2.74) 0.078
Platelet. 10*/pL 268.5 (238-318.25) 254 (210-286) 239 (199-288) <0.001™
Monocyte Count. 10%/uL 0.59 (0.50-0.69) 0.59 (0.48-0.6) 0.59 (0.46-0.62) <0.001"
PIV 399.2 (296.42-524.74) 279.62 (192.6-354.54) | 234.82 (151.04-328.36) <0.001°

Notes: Values are n (%). Median (25th and 75th percentiles). °p = 0.688 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs
control). ®p = 0.430 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control). °p = 0.463 (non-dipper vs dipper), p = 0.591
(dipper vs control), p = 0.032 (non-dipper vs control). °p = 0.912 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control).
°p = 0.655 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control). p = 0.013 (non-dipper vs dipper), p < 0.001 (dipper vs
control), p < 0.001 (non-dipper vs control). 8p = 0.002 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control). "p = 0.001
(non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control). 'p = 0.012 (non-dipper vs dipper), p < 0.001 (dipper vs control), p <
0.001 (non-dipper vs control). 'p = 0.007 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control). 'p = 0.234 (non-dipper vs
dipper), p = 0.577 (dipper vs control), p = 0.012 (non-dipper vs control). “p = 0.004 (non-dipper vs dipper), p = 0.230 (dipper vs control), p < 0.001 (non-
dipper vs control). 'p < 0.001 (non-dipper vs dipper), p = 0.004 (dipper vs control), p < 0.001 (non-dipper vs control). ™p < 0.001 (non-dipper vs dipper),
p = 0.043 (dipper vs control), p < 0.001 (non-dipper vs control). "p < 0.001 (non-dipper vs dipper), p = 0.618 (dipper vs control), p < 0.001 (non-dipper vs
control). °p < 0.001 (non-dipper vs dipper), p < 0.001 (dipper vs control), p < 0.001 (non-dipper vs control).

Abbreviations: BUN, Blood Urea Nitrogen; CAD, Coronary Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; DBP, Diastolic Blood
Pressure; DM, Diabetes Mellitus; E’ Lateral, Early Diastolic Mitral Annular Velocity (Lateral); E’ Septal, Early Diastolic Mitral Annular Velocity (Septal); E/E’
Lateral, Ratio of Early Transmitral Flow Velocity to Early Diastolic Mitral Annular Velocity (Lateral); E/E’ Septal, Ratio of Early Transmitral Flow Velocity to
Early Diastolic Mitral Annular Velocity (Septal); Hgb, Hemoglobin; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein
Cholesterol; LVEF, Left Ventricular Ejection Fraction; PIV, Pan-Immune Inflammation Value; SBP, Systolic Blood Pressure.
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Correlation Between PIV and Clinical Parameters in Hypertensive Patients

Bivariate correlation analysis between the dipper and the nondipper HT patients revealed that PIV was significantly
correlated with the nighttime SBP (r=0.085, p=0.022), nighttime DBP (r=0.090, p=0.015), and triglyceride levels
(r=0.086, p=0.021). On the other hand, PIV was found to be negatively correlated with LDL-C (r=—0.119, p=0.001).
No statistically significant correlations were observed with the other parameters (Table 2).

Multivariate Logistic Regression Analysis of PIV Quartiles and Nondipper Status in

Hypertensive Patients

Multivariate logistic regression analyses between the dipper and the nondipper HT patients were performed to assess the
association between PIV quartiles and non-dipping circadian pattern. In the unadjusted Model 1, patients in the greatest
PIV quartile (Q4) had a significantly higher odds ratio (OR) for non-dipper HT (OR: 12.06, 95% CI: 7.09-20.49,
p<0.001) compared with the reference Q1 group. This association remained robust in Model 2 (adjusted for BMI, sex,
age, smoking, diabetes mellitus, COPD, and CAD) (OR: 12.50, 95% CI: 7.32-21.36, p<0.001) and Model 3 (fully
adjusted for metabolic/echocardiographic parameters) (OR: 12.56, 95% CI: 7.31-21.56, p<0.001). A significant trend
was observed across all models (p for trend <0.001), indicating a strong relationship between increasing PIV levels and
non-dipper HT (Table 3).

Table 2 Bivariate Correlation Analysis According to
PIV in Hypertensive Patients

PIV Coefficient (r) | p-value
Age. year 0.006 0.868
Body Mass Index (kg/m2) 0.052 0.166
E’ Septal. cm/s —0.012 0.740
E’ Lateral. cm/s —0.025 0.494
LVEF. % —0.005 0.903
24-h SBP. mmHg 0.006 0.865
24-h DBP. mmHg -0.017 0.649
Daytime SBP. mmHg —0.036 0.331
Daytime DBP. mmHg —0.019 0.614
Nighttime SBP. mmHg 0.085 0.022
Nighttime DBP. mmHg 0.090 0.015
LDL-C. mg/dI —-0.119 0.001
Triglyceride. mg/dI 0.086 0.021
HDL-C. mg/d| —0.034 0.362

Note: Spearman correlation analysis was used.

Abbreviations: PIV, Pan-immune-inflammation value; SBP, Systolic
blood pressure; DBP, Diastolic blood pressure; LDL-C, Low-density
lipoprotein cholesterol; HDL-C, High-density lipoprotein choles-
terol; LVEF, Left ventricular ejection fraction; BMI, Body mass
index; E’ Septal and E’ Lateral, Early diastolic mitral annular velocities
(tissue Doppler measurements).
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Table 3 Multivariable Logistic Regression Analysis for the Association Between Pan-Immune-Inflammation

Value (PIV) Quartiles and Non-Dipper Status in Hypertensive Patients

Model | Model 2 Model 3

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
PIV
QI (Reference) Reference Reference Reference
Q2 2.27 (1.34-3.84) 0.002 2.34 (1.37-3.98) 0.002 2.38 (1.394.07) 0.002
Q3 4.78 (2.84-8.07) <0.001 4.88 (2.88-8.26) <0.001 491 (2.88-8.38) <0.001
Q4 12.06 (7.09-20.49) | <0.001 12.50 (7.32-21.36) | <0.001 12.56 (7.31-21.56) | <0.001
p for trend <0.001 <0.001 <0.001

Notes: Statistical test: Multivariable logistic regression analysis was performed to evaluate the association between PIV quartiles and non-
dipper status. Patients were categorized into quartiles (Q1-Q4) based on their PIV values. with QI serving as the reference group in all
regression models. Odds ratios (OR) with 95% confidence intervals (Cl) were calculated for Q2—Q4 relative to QI. A p-value for trend
was also provided to assess the linear association across increasing PIV quartiles. Model |: Adjusted for none. Model 2: Adjusted for age
and sex. body mass index (BMI). diabetes mellitus (DM). smoking status. chronic obstructive pulmonary disease (COPD). coronary artery
disease (CAD). Model 3: Adjusted for age. sex. body mass index (BMI). diabetes mellitus (DM). smoking status. chronic obstructive
pulmonary disease (COPD). coronary artery disease (CAD). serum creatinine. hemoglobin (Hb). total cholesterol (TC). low-density
lipoprotein cholesterol (LDL-C). high-density lipoprotein cholesterol (HDL-C). triglycerides (TG). left ventricular ejection fraction (LVEF).

left atrial diameter (LAD). E/E’ septal ratio. and E/E’ lateral ratio.

Abbreviations: Q, Quartile; PIV, Pan-immune-inflammation value; OR, Odds ratio; Cl, Confidence interval; E/E', Early diastolic

transmitral flow velocity / early diastolic mitral annular velocity.

Univariate and Multivariate Predictors of Nondipper Status in Hypertensive Patients
In the univariate analysis between the dipper and the nondipper HT patients, nighttime SBP (OR: 1.012, 95% CI:
1.003-1.020, p=0.005), nighttime DBP (OR: 1.027, 95% CI: 1.013-1.041, p<0.001), lower E-wave velocity (OR: 0.987,
95% CI: 0.977-0.997, p=0.010), and a higher PIV (OR: 1.005, 95% CI: 1.004—1.006, p<0.001) were significantly
associated with non-dipper status. In the multivariate analysis, nighttime DBP (OR: 1.025, 95% CI: 1.010-1.039,
p=0.001), E-wave velocity (OR: 0.988, 95% CI: 0.977-0.999, p=0.026), and PIV (OR: 1.005, 95% CI: 1.004—1.006,
p<0.001) remained independently associated with non-dipper HT (Table 4).

Table 4 Univariate and Multivariate Logistic Regression Analyses for Factors Associated with Non-Dipper

Status in Hypertensive Patients

All Patients
Univariate Analysis Multivariate Analysis®

Variable p OR (95% CI) p-value [} OR (95% CI) p-value
PIV 0.005 1.005 (1.004-1.006) | <0.001 0.005 1.005 (1.004-1.006) | <0.001
Female —0.013 | 0.987 (0.737-1.322) 0.930
Age. year —0.005 | 0.995 (0.983-1.008) 0.449
BMI —0.004 | 0.996 (0.978-1.015) 0.696
DM —0.053 | 0.948 (0.676—1.331) 0.760
Smoking 0.053 1.055 (0.785—1.416) 0.723
COPD 0.065 1.067 (0.695—1.639) 0.767
Nighttime SBP. mmHg 0.012 1.012 (1.003-1.020) 0.005

(Continued)
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Table 4 (Continued).

All Patients
Univariate Analysis Multivariate Analysis®
Variable B OR (95% CI) p-value p OR (95% CI) p-value
Nighttime DBP. mmHg 0.027 1.027 (1.013—1.041) | <0.001 0.024 1.025 (1.010-1.039) 0.001
Hgb —0.041 | 0.960 (0.883-1.043) 0.334
LVEF. % —0.004 | 0.996 (0.970-1.023) 0.763

Left Atrium Diameter. mm | —0.007 | 0.993 (0.964-1.023) 0.635

E/E’ Septal —0.020 | 0.980 (0.935-1.028) 0.404
E/E’ Lateral —0.005 | 0.995 (0.925-1.070) 0.886
E Wave. cm/s —0.013 | 0.987 (0.977-0.997) 0.010 —0.012 | 0.988 (0.977-0.999) 0.026
E’ Lateral. cm/s —0.037 | 0.964 (0.924-1.005) 0.085

Notes: PMultivariate analysis was performed using the backward stepwise regression method. including variables with a p-value <0.05 in the univariate
analysis. Patients. the table shows the 3 coefficient. odds ratio (OR) with 95% confidence intervals (Cl). and p-values for each variable. Statistically
significant variables in the multivariate analysis (p <0.05) indicate independent associations with non-dipper status in hypertensive patients.
Abbreviations: PIV, Pan-Immune-Inflammation Value; BMI, Body Mass Index; DM, Diabetes Mellitus; COPD, Chronic Obstructive
Pulmonary Disease; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; Hgb, Hemoglobin; LVEF, Left Ventricular Ejection
Fraction; E/E’ Septal, Ratio of early mitral inflow velocity to early diastolic septal mitral annular velocity; E/E’ Lateral, Ratio of early mitral
inflow velocity to early diastolic lateral mitral annular velocity; E Wave, Early diastolic mitral inflow velocity; Left Atrium Diameter, Left atrial
anteroposterior diameter in millimeters.

ROC Curve Analysis for PIV in Predicting Nondipper Status in Hypertensive Patients
A cut-off of 326.96 for PIV emerged as an optimal value in the ROC curve analysis to distinguish the subjects with non-
dipper HT with respective sensitivity and a specificity of 70.5% and 65.5% (AUC: 0.725; p < 0.001) (Figure 2).

Discussion

Main finding of our study was that, independently of traditional CV risk factors, PIV was significantly associated with
non-dipper HT. Our findings also suggest that increased systemic inflammation, as reflected by PIV, contributes to
circadian BP pattern, particularly impairing physiological nocturnal BP decline. Patients with higher PIV levels exhibited
a greater tendency toward a non-dipper pattern, indicating a potential role of systemic inflammation in disrupting normal
vascular homeostasis.

Significance of systemic inflammation has been underscored in the development of HT by previous studies, with
many of whom demonstrating that immune system imbalances led to vascular dysfunction, increased arterial stiffness,
and caused damage to vital organs.”®’ Inflammation-mediated HT is linked to the activation of neutrophils, monocytes,
and platelets, all of which are key components of PIV. Although the relationship between inflammatory markers and
circadian BP patterns has been explored in previous studies, the specific role of PIV in predicting non-dipper status has
not been thoroughly investigated. Wu et al examined the relationship of PIV with long-term CV mortality in hypertensive
patients and demonstrated that higher PIV levels were linked to an increase in CV risk and all-cause mortality.'*> Their
finding is consistent with ours, as non-dipper HT is recognized as an independent risk for adverse CV outcomes.
However, Wu et al did not seek to evaluate circadian BP patterns, making our findings a valuable addition to the
existing literature by establishing a direct link between systemic inflammation and nocturnal BP regulation.

Non-dipping HT has been consistently associated with a worse prognosis compared to dipping HT, primarily due to
its link with increased inflammation, vascular damage, and a higher incidence of end-organ complications.’ Studies
reveal that patients with a non-dipping BP pattern are at an elevated risk of CV and cerebrovascular events. This

heightened risk is largely attributed to the chronic inflammatory processes observed in such patients. Elevated markers
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Figure 2 ROC Analysis Depicting Sensitivity and Specificity of Pan-Immune-Inflammation Value (PIV) in the Prediction of Non-Dipper Status in Hypertensive Patients.

such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and systemic immune-inflammation
index (SII) were demonstrated to independently predict non-dipping HT and its associated complications.'*'?

Inflammatory pathways play a pivotal role in non-dipping HT etiopathogenesis.®'® Neutrophils can influence the
vascular environment by elevating oxidative stress levels, which may impair endothelial function. Additionally, they play
a role in recruiting other immune cells to tissues by releasing chemokines and cytokines with chemoattractant properties.
This immune activation supports a proinflammatory state that contributes to the onset and progression of arterial
hypertension.'” Supporting these premises, a large cohort study encompassing 9383 normotensive subjects from
Japanese population indicated that elevated neutrophil levels were associated with the development of a new hyperten-
sion during a follow-up period of around 40 years.'® Furthermore, greater neutrophils levels indicate acute inflammatory
activation, while reduced lymphocyte counts reflect systemic immune suppression, both of which are hallmark features in
these patients. Elevated neutrophil levels are typically associated with inflammatory responses, whereas reduced
lymphocyte counts may indicate physiological stress and compromised overall health; therefore, NLR may serves as
a marker of systemic inflammation and stress, and changes in NLR have been observed in individuals with HT.'® Beyond
HT, Bozduman et al reported an additional increase in NLR both in normotensive and hypertensive non-dippers,
reflecting a further escalated inflammatory status in non-dipping circadian BP pattern.’ This inflammatory burden
reflected by a higher NLR may contribute to impaired nocturnal blood pressure decline by promoting endothelial
dysfunction and sympathetic overactivity.'* 2!

Additionally, platelet activation has been found to be more pronounced in non-dipping hypertensive individuals,
contributing to a pro-thrombotic state and further vascular injury. This inflammatory milieu not only accelerates vascular
damage but also exacerbates left ventricular hypertrophy, endothelial dysfunction, and arterial stiffness, all of which

contribute to the observed adverse clinical outcomes.>?>?
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Furthermore, non-dipping HT has been linked to significant alterations in hematological parameters. Studies by
Akytiz et al and Sunbul et al have demonstrated that white blood cell count, neutrophil levels, and PLR are significantly
higher in non-dipping hypertensive patients compared to their dipping counterparts.'®'> These findings underline the
crucial role of inflammation in mediating the poor prognosis associated with this condition compared with the
nondipper HT.

Previous studies have explored the prognostic value of PIV for such CV diseases as myocardial infarction and cardiac
failure.>**> Murat et al demonstrated that PIV was superior to other inflammatory markers in predicting mortality in ST-
segment elevation acute coronary syndrome patients, highlighting its role in acute CV events.?® Similarly, Cetinkaya et al
found that PIV was significantly associated with the severity of coronary artery disease in patients with non-ST-segment
elevation acute coronary syndrome, further supporting its role as a marker of systemic vascular inflammation.?” In
addition to its association with HT, PIV has been implicated in other CV conditions, including aortic dissection and
stroke. Yu et al reported that elevated PIV levels were predictive of postoperative in-hospital deaths in acute type-A
aortic dissection patients, suggesting a strong link between systemic inflammation and vascular instability.*® Similarly,
Chen et al demonstrated that PIV had a J-shaped association with stroke risk in hypertensive individuals, emphasizing the
complex relationship between immune activation and cerebrovascular events.”” These findings further reinforce the role
of PIV as a marker of vascular inflammation and highlight its relevance in the broader context of CV disease. Although
our study did not evaluate the patients’ prognosis in the long run, the observed association between PIV and non-dipper
HT suggests that increased systemic inflammation might be indulged in the progression of hypertensive end-organ
damage over time. These studies provide indirect evidence that immune activation contributes to vascular dysfunction,
which is a key feature of HT and related complications. However, no study investigated the association between PIV and
the circadian pattern of HT.

The relationship of inflammation with HT also has been examined in the context of systemic immune activation.
Chronic low-grade inflammation is a hallmark of HT, with elevated inflammatory cytokines like tumor necrosis factor-
alpha, C-reactive protein and interleukin-6 observed in hypertensive individuals.>*'®** Immune cell infiltration of the
vascular endothelium increased oxidative stress, and platelet activation are well-established mechanisms contributing to
endothelial dysfunction and arterial stiffness.” PIV, as a composite index incorporating neutrophils, monocytes, platelets,
and lymphocytes, captures a more comprehensive representation of immune system activation compared to traditional
inflammatory markers. Our findings suggest that increased PIV may reflect an exaggerated immune response that
interferes with BP regulation, particularly during the nocturnal period. Previous studies also supported this hypothesis
by documenting that the patients with increased inflammatory burden exhibit blunted dipping in the nocturnal BP, thus
conferring a higher risk of CV complications.

The clinical implications of our findings are significant, as non-dipper HT has been linked to an increased myocardial
infarction, stroke and heart failure risks. Current HT management strategies primarily focus on BP reduction without
specific consideration of the inflammatory status. Our study suggests that PIV could prove to be valuable biomarker in
the identification of high-risk hypertensive patients who might benefit from more intensified therapeutic interventions.
Given the inflammatory nature of HT, we consider that future researches should focus more on whether anti-
inflammatory strategies, such as IL-6 inhibitors or colchicine, could modulate this variability in BP and improve CV
prognosis in non-dipper hypertensive patients. Additionally, the concept of chronotherapy, which involves timing
antihypertensive medication according to circadian rhythms, may be further optimized by incorporating inflammatory
markers, such as PIV, into treatment algorithms.

Despite its strengths, a number of limitations may apply to our study. The cross-sectional design of the study prevents
causal inferences, so future longitudinal studies are warranted to identify whether PIV predicts progression to non-dipper
HT over time. Additionally, we did not assess specific inflammatory cytokines or immune cell subpopulations, which
could have provided further mechanistic insights into the relationship between inflammation and BP regulation. We also
did not follow up the nondipper patients regarding the possible CV end-points in order to establish a link between PIV
and the patients’ prognosis. Our study population was also limited to a single center, necessitating external validation in
larger, multi-ethnic cohorts to ensure generalizability. Furthermore, all participants in our study were Caucasian and
recruited from a central region of the country; thus, the potential influence of ethnic or regional differences could not be
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evaluated. Future research should focus on elucidating the precise molecular mechanisms linking PIV to HT and
evaluating whether targeted anti-inflammatory interventions can mitigate BP fluctuations in non-dipper patients.

Our results may help incorporate new insights in the inflammatory pathways behind different HT phenotypes and
emphasize the importance of immune system activation in BP regulation. The identification of PIV as a significant
predictor of non-dipper HT reinforces its role as a potential biomarker for risk assessment and tailored treatment
approaches in patients with HT.

Conclusion

Our study provides novel evidence that elevated PIV levels might be associated with non-dipper HT, fortifying the
contribution of systemic inflammation in BP dysregulation. Therefore, our findings propose that PIV could prove a useful
biomarker not only in risk stratification but for targeted intervention in hypertensive patients. The integration of
inflammatory markers into HT management strategies may improve patient outcomes by identifying individuals at
higher risk of adverse CV events. Future large-scale studies are warranted to explore the clinical utility of PIV in guiding
personalized antihypertensive therapy and its potential as a therapeutic target in inflammation-driven HT.
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