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Purpose: This study aimed to investigate the association between the Aggregate Index of Systemic Inflammation (AISI) and non- 
dipper blood pressure (BP) pattern in hypertensive (HT) patients with type 2 diabetes mellitus (DM). Given the well-established role of 
systemic inflammation in circadian BP regulation, we hypothesized that elevated AISI levels would be associated with impaired 
nocturnal BP decline.
Patients and Methods: A total of 356 newly diagnosed HT patients with type 2 DM and 170 normotensive control subjects were 
included in this observational study. HT patients were further classified as dipper (n=186) or non-dipper (n=170) based on 24-hour 
ambulatory blood pressure monitoring (ABPM). AISI was calculated using neutrophil, lymphocyte, platelet, and monocyte counts. 
Correlation analyses were performed to evaluate the relationship between AISI and ambulatory BP parameters. Multivariate logistic 
regression analysis with a backward stepwise method was conducted to determine independent predictors of non-dipper status. 
Receiver operating characteristic (ROC) curve analysis was used to assess the discriminative performance of AISI and other 
inflammatory indices.
Results: AISI and ln(AISI) levels were significantly higher in non-dipper HT patients than in dipper HT patients and normotensive 
controls (p<0.001 for all). Ln(AISI) was positively correlated with nighttime systolic and diastolic BP (p<0.05). In multivariate logistic 
regression analysis, ln(AISI) emerged as the strongest independent predictor of non-dipper blood pressure pattern (OR: 14.13, 95% CI: 
3.68–54.32, p<0.001). In ROC analysis, ln(AISI) showed the highest discriminative performance for identifying non-dipper status, 
with a sensitivity of 71.0% and specificity of 74.1% at a cutoff value of 5.80 (AUC: 0.757, p<0.001), outperforming NLR, PLR, SII, 
and SIRI.
Conclusion: Elevated AISI levels were independently associated with non-dipper blood pressure pattern in hypertensive patients with 
type 2 diabetes mellitus. These findings suggest that AISI may serve as a practical and integrative biomarker for identifying high-risk 
patients with impaired circadian blood pressure regulation.
Keywords: aggregate index of systemic inflammation, non-dipper hypertension, ambulatory blood pressure monitoring, type 2 
diabetes mellitus, systemic inflammation

Introduction
Hypertension continues to represent a major global health burden and remains a leading contributor to cardiovascular 
morbidity and mortality.1 Although substantial progress has been achieved in pharmacological treatment and lifestyle- 
based prevention strategies, many patients still develop progressive vascular injury and target organ damage over time. 
This heterogeneity in clinical outcomes suggests that factors beyond absolute blood pressure (BP) levels play a decisive 
role in cardiovascular risk determination.2
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Accumulating evidence indicates that the circadian pattern of BP variation is a critical modifier of cardiovascular 
prognosis. Under normal physiological conditions, BP decreases during nocturnal sleep, a phenomenon referred to as the 
dipping pattern.3 In contrast, an attenuated or absent nocturnal decline, known as the non-dipper pattern, has been 
consistently linked to adverse cardiovascular consequences, including myocardial remodeling, arterial stiffening, cere
brovascular events, and increased mortality. Despite its clinical relevance, the biological mechanisms responsible for 
impaired nocturnal BP reduction are not yet fully elucidated.4

Systemic inflammation has emerged as a key pathophysiological contributor to circadian BP dysregulation. Chronic 
low-grade inflammatory activity promotes endothelial dysfunction, oxidative stress, and autonomic imbalance, all of 
which interfere with physiological nocturnal vasodilation. Inflammatory mediators may also influence central autonomic 
regulation and renal sodium handling, thereby sustaining elevated nighttime BP levels.5

The coexistence of type 2 diabetes mellitus (DM) further amplifies these adverse mechanisms. Diabetes-related 
metabolic disturbances, including insulin resistance and chronic hyperglycemia, accelerate vascular inflammation, 
platelet activation, and immune dysregulation. As a result, hypertensive (HT) patients with type 2 DM exhibit 
a substantially higher prevalence of non-dipper BP patterns and experience a disproportionately increased cardiovascular 
risk compared with non-diabetic HT individuals.6

Beyond classical metabolic disturbances, type 2 diabetes mellitus is increasingly recognized as a complex immunometa
bolic disorder characterized by chronic low-grade inflammation, oxidative stress, and endothelial dysfunction. These inter
related mechanisms contribute to vascular remodeling, autonomic dysregulation, and impaired circadian blood pressure 
control. At the molecular level, hyperglycemia-induced oxidative stress, advanced glycation end-product formation, and 
inflammatory cytokine activation play a central role in vascular injury and impaired nocturnal blood pressure decline.7

Recent advances in biomedical research have provided novel experimental platforms to better understand these 
complex mechanisms. In particular, three-dimensional organoid models and organ-on-a-chip technologies have emerged 
as innovative tools for studying disease pathophysiology in a controlled microenvironment. These approaches allow 
detailed investigation of cellular interactions, inflammatory pathways, and vascular responses in diabetes, thereby 
offering new insights into the mechanisms underlying cardiometabolic diseases.8

In recent years, hematological inflammatory markers calculated using standard laboratory blood tests have emerged as 
accessible tools for cardiovascular risk assessment.9 Markers such as the neutrophil-to-lymphocyte ratio (NLR),9 platelet- 
to-lymphocyte ratio (PLR),10 systemic immune-inflammation index (SII),11 and systemic inflammation response index 
(SIRI)12 have been shown to reflect different aspects of immune activation and have been associated with hypertension 
severity, abnormal BP patterns, and cardiovascular outcomes. However, these indices differ substantially in the biological 
pathways they represent. NLR mainly reflects the balance between neutrophil-mediated innate immune activation and 
lymphocyte-related adaptive immune regulation, whereas PLR emphasizes platelet-associated inflammatory and throm
botic activity. SII incorporates platelet and neutrophil counts relative to lymphocytes, and SIRI additionally includes 
monocyte-mediated inflammatory activity. Although these markers are clinically useful, each captures only selected 
components of the inflammatory response and may therefore provide an incomplete representation of the multidimen
sional immune-inflammatory burden involved in non-dipper hypertension.13

The Aggregate Index of Systemic Inflammation (AISI) is a composite measure that consolidates neutrophil, 
lymphocyte, platelet, and monocyte counts, thereby offering an integrated representation of systemic inflammatory 
burden.14 By simultaneously reflecting innate immune activation, thrombocytic activity, and adaptive immune regulation, 
AISI may offer a broader insight into inflammation-driven cardiovascular pathophysiology. While previous studies have 
linked AISI to unfavorable outcomes in various inflammatory and cardiometabolic conditions, its association with 
circadian BP patterns in HT patients with type 2 DM remains insufficiently explored.15

Based on this background, we hypothesized that elevated AISI levels would be independently associated with 
impaired nocturnal blood pressure decline and non-dipper blood pressure pattern in hypertensive patients with type 2 
diabetes mellitus. Accordingly, the present study aimed to evaluate the relationship between AISI and nocturnal blood 
pressure dipping status in this population. In addition, we sought to compare the predictive and discriminative 
performance of AISI with other commonly used inflammatory indices, including NLR, PLR, SII, and SIRI, in identifying 
non-dipper blood pressure behavior.
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Methods
Data were retrospectively collected at a tertiary referral institution between January 2024 and November 2025 in order to 
examine the relationship between AISI values and circadian blood pressure variation among hypertensive patients with 
type 2 diabetes. During the specified study period, documentation of patients who had undergone continuous 24-hour 
ambulatory blood pressure assessment in the cardiology outpatient setting was retrospectively evaluated.

Participants eligible for enrollment were adults (≥18 years) with verified essential hypertension and concomitant type 
2 diabetes mellitus. The diagnosis of diabetes was determined in accordance with widely recognized international 
criteria, including elevated fasting plasma glucose (≥126 mg/dL), a 2-hour post–oral glucose tolerance test value 
≥200 mg/dL following a 75-g glucose load, glycated hemoglobin (HbA1c) ≥6.5%, or documented physician-confirmed 
diabetes necessitating pharmacological therapy. Exclusion criteria comprised the presence of secondary forms of 
hypertension, systemic inflammatory or autoimmune disorders, hematological diseases, active infectious processes, 
malignancy, substantial hepatic impairment, established chronic renal dysfunction, overt heart failure symptoms, 
hemodynamically significant valvular abnormalities, sustained arrhythmias including atrial fibrillation, recent acute 
coronary events, as well as insufficient clinical or biochemical data precluding reliable evaluation.

Application of the study selection criteria resulted in a final cohort of 356 hypertensive participants with type 2 
diabetes. The reference group consisted of 170 normotensive volunteers matched demographically to the study popula
tion and free of any prior clinical diagnosis of hypertension or diabetes. A schematic representation outlining participant 
screening procedures, exclusion phases, and final cohort categorization is provided in the flowchart (Figure 1).

All enrolled individuals were subjected to 24-hour ambulatory blood pressure evaluation with a validated oscillo
metric apparatus. The monitoring protocol included automated measurements at 30-minute intervals during daytime 
activity (06:00–22:00) and at hourly intervals throughout the nocturnal phase (22:00–06:00). Ambulatory BP recordings 

Figure 1 Flowchart of participant screening, exclusion criteria, and final cohort classification.
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were considered technically adequate when at least 70% of the expected measurements were successfully obtained, 
corresponding to a minimum of 14 valid daytime readings and at least 7 valid nighttime readings. For each participant, 
separate mean systolic and diastolic blood pressure values were determined for the full 24-hour recording, the daytime 
phase, and the nocturnal phase.

The nocturnal BP decline was defined as the percentage reduction in mean nighttime systolic BP relative to mean 
daytime systolic BP. Patients exhibiting a nocturnal systolic BP decrease of 10% or greater were classified as having 
a dipper BP pattern, whereas those with a reduction of less than 10% were categorized as non-dippers. Using this 
definition,16 individuals with hypertension were classified according to dipping status as either dipper or non-dipper.

Venous blood samples were obtained after an overnight fasting period of at least 8 hours. Complete blood count 
parameters, including total white blood cell, neutrophil, lymphocyte, platelet, and monocyte counts, were measured using 
an automated hematology analyzer. The AISI was calculated using the following formula: neutrophil count × platelet 
count × monocyte count / lymphocyte count.17 In addition to AISI, other inflammation-based indices, including the NLR, 
PLR, SII, and SIRI, were calculated for comparative analyses.

Routine biochemical parameters, including fasting glucose, glycated hemoglobin, serum creatinine, blood urea 
nitrogen, and lipid profile components, were determined using standardized laboratory methods. Transthoracic echocar
diography was performed by experienced cardiologists who were blinded to ABPM results, using a commercially 
available ultrasound system. Assessment of left ventricular ejection fraction was carried out using the biplane 
Simpson methodology, and standard cardiac imaging parameters were obtained in accordance with up-to-date guideline 
directives. All clinical, laboratory, and ambulatory blood pressure data were collected using standardized institutional 
protocols and recorded in a consistent manner by trained healthcare personnel.

The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Ethical 
approval was obtained from the Ethics Committee of Ahi Evran University Faculty of Medicine (Approval No: 2025–18/ 
236, Date: 25.11.2025) as well as from the Kırşehir Provincial Directorate of Health (Approval No: 294519317).

Given the retrospective nature of the study and the use of fully anonymized data, the requirement for written informed 
consent was waived by the institutional review board. Patient confidentiality was strictly maintained throughout the 
study, and all data were handled in compliance with applicable data protection regulations.

Statistical Analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 26.0 (IBM 
Corp., Armonk, NY, USA). The distribution of continuous variables was evaluated using the Kolmogorov–Smirnov test. 
As the majority of continuous variables did not follow a normal distribution according to the Kolmogorov–Smirnov test, 
non-parametric statistical methods were applied throughout the analyses. In light of the skewed distribution observed in 
the majority of variables, continuous measures were presented as median (IQR), and discrete variables were displayed as 
numerical counts accompanied by corresponding percentages. Comparisons among three groups (non-dipper, dipper, and 
control) were performed using the Kruskal–Wallis test. Differences in categorical parameters were assessed by means of 
the chi-square statistical method.

Correlations between the AISI and clinical, hematological, and ambulatory BP parameters were analyzed using 
Spearman’s rank correlation coefficient. Variables with a p value < 0.05 in univariate logistic regression analysis were 
entered into a multivariate logistic regression model using the backward stepwise likelihood ratio (LR) method to 
identify independent predictors of non-dipper hypertension. Results were reported as β coefficients, odds ratios (ORs), 
and 95% confidence intervals (CIs).

The discriminative ability of inflammatory indices—including the natural logarithm of AISI (Ln[AISI]), NLR, PLR, 
SII, and SIRI for predicting non-dipper status was evaluated using receiver operating characteristic (ROC) curve analysis. 
The area under the curve (AUC), 95% confidence interval (CI), and optimal cut-off values (determined by the Youden 
index) were calculated for each parameter. Statistical significance was defined as a two-sided p value below 0.05.
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Results
A total of 356 HT patients with type 2 DM and 170 normotensive individuals were included in the final analysis. 
According to 24-hour ABPM, HT patients were categorized as having a non-dipper (n=170) or dipper (n=186) BP 
pattern.

An overview of the participants’ demographic features, clinical findings, and laboratory measurements at baseline is 
provided in Table 1. Age distribution, sex ratio, smoking status, and the prevalence of coronary artery disease and chronic 
obstructive pulmonary disease were comparable among non-dipper HT patients, dipper HT patients, and normotensive 

Table 1 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=170) Dipper HT (n=186) Controls (n=170) p-value

Age, year 54 (48–61.5) 51 (41–58.5) 51 (34–63) 0.389

Gender (male) 46 (54.1) 46 (49.5) 42 (49.4) 0.777

Smoking 41 (48.2) 45 (48.4) 32 (37.6) 0.266

COPD 14 (16.5) 14 (15.1) 13 (15.3) 0.963

CAD 4 (4.7) 4 (4.3) 4 (4.7) 0.989

Body Mass Index (kg/m2) 29.7 (23.1–37.1) 27.6 (21.4–33.0) 28.5 (21.9–34.0) 0.151

Glucose (mg/dL) 157.0 (142.8–170.2) 155.5 (145.2–167.4) 153.8 (142.2–166.2) 0.243

HbA1c 7.10 (6.60–7.56) 7.05 (6.68–7.46) 6.99 (6.58–7.38) 0.147

Creatinine, mg/dl 0.79 (0.65–0.91) 0.80 (0.67–0.97) 0.80 (0.65–0.91) 0.953

BUN, mg/dl 29 (26–40) 28 (21–32) 31 (22–34.5) 0.070

Total Cholesterol, mg/dl 212.3 (195–221.8) 213.4 (189.4–224.5) 193.0 (182–199) <0.001

LDL-C, mg/dl 127.4 (113.5–141.6) 129.9 (116.5–146.0) 115.0 (106–130) <0.001

HDL-C, mg/dl 45.7 (43.9–49) 46 (42.5–48) 46.8 (42.5–49) 0.349

Triglyceride, mg/dl 194.9 (121.5–201.4) 190.6 (129.5–197.7) 160.3 (109–166.7) <0.001

24-h SBP, mmHg 132 (124–143.5) 131 (125.7–142.0) 109 (104.5–112) <0.001

24-h DBP, mmHg 79 (73–85.5) 83 (78.5–88.0) 63 (59–67.5) <0.001

Daytime SBP, mmHg 131 (122–140.5) 133 (127–145) 110 (105–115) <0.001

Daytime DBP, mmHg 81 (75–89) 87 (82.5–93.5) 68 (61.5–73) <0.001

Nighttime SBP, mmHg 129 (120–141) 123 (114.5–130.5) 104 (97–110) <0.001

Nighttime DBP, mmHg 79 (73–88) 77 (72–82) 62 (57–65) <0.001

Hgb, g/dl 13.9 (12.3–14.9) 13.8 (12.5–15.3) 14.0 (12.9–15.2) 0.422

LVEF, % 62.0 (57.5–65.9) 60.1 (57.5–65.0) 59.7 (55.8–63.8) 0.111

White Blood Cell, 103/µL 8.1 (7.1–9.5) 7.6 (6.3–9.1) 6.9 (5.8–8.1) <0.001

Neutrophil Count, 103/µL 4.97 (4.14–6.07) 4.45 (3.46–5.32) 3.80 (3.17–4.70) <0.001

Lymphocyte Count, 103/µL 2.19 (1.76–2.63) 2.36 (1.87–2.93) 2.18 (1.83–2.73) 0.305

Platelet, 103/µL 271 (241–308.5) 243 (208–275) 244 (200–288) <0.001

(Continued)
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controls (all p>0.05). Body mass index, fasting plasma glucose, glycated hemoglobin, serum creatinine, blood urea 
nitrogen, hemoglobin levels, and left ventricular ejection fraction did not differ significantly across the groups. In 
contrast, total cholesterol, low-density lipoprotein cholesterol, and triglyceride concentrations were significantly higher in 
both HT groups compared with the control group (all p<0.001), whereas high-density lipoprotein cholesterol levels were 
similar among the three groups.

Ambulatory BP parameters showed marked differences between groups. Mean 24-hour, daytime, and nighttime 
systolic and diastolic BP values were significantly elevated in HT patients compared with normotensive controls (all 
p<0.001). When HT subgroups were compared, nighttime systolic and diastolic BP values were significantly higher in the 
non-dipper group than in the dipper group (both p<0.001).

Comparisons of inflammatory and hematological parameters revealed significant group differences. White blood cell, 
neutrophil, platelet, and monocyte counts were higher in non-dipper HT patients compared with dipper HT patients and 
control subjects (all p<0.001), whereas lymphocyte counts did not differ significantly among the groups. Accordingly, 
AISI, Ln(AISI), NLR, PLR, SII, and SIRI were progressively increased from controls to dipper HT patients and were 
highest in non-dipper HT patients (all p<0.001).

Correlation analyses evaluating the relationship between AISI and clinical variables in HT patients are presented in 
Table 2. Ln(AISI) showed strong positive correlations with NLR, PLR, SII, and SIRI (all p<0.001). In addition, Ln(AISI) 

Table 1 (Continued). 

Variable Non-dipper HT (n=170) Dipper HT (n=186) Controls (n=170) p-value

Monocyte Count, 103/µL 0.59 (0.59–0.70) 0.59 (0.48–0.59) 0.55 (0.45–0.59) <0.001

AISI 392.1 (311.8–505.8) 254.3 (176.2–331.7) 213.8 (136.8–330.1) <0.001

Ln (AISI) 5.97 (5.74–6.23) 5.54 (5.17–5.80) 5.37 (4.92–5.80) <0.001

NLR 2.09 (1.90–2.99) 1.85 (1.44–2.21) 1.65 (1.31–2.11) <0.001

PLR 116.2 (103.0–153.5) 103.3 (83.7–125.6) 107.2 (85.2–118.2) <0.001

SII 606.9 (484.8–794.9) 444.3 (316.8–558.0) 396.7 (284.4–557.7) <0.001

SIRI 1.48 (1.10–1.94) 1.08 (0.76–1.34) 0.88 (0.60–1.24) <0.001

Notes: Values are n (%), mean ± standard deviation, or median (25th and 75th percentiles). 
Abbreviations: AISI, Aggregate Index of Systemic Inflammation; BMI, Body Mass Index; BUN, Blood Urea Nitrogen; CAD, Coronary 
Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; DBP, Diastolic Blood Pressure; HDL-C, High-Density Lipoprotein 
Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; Ln (AISI), Natural logarithm of Aggregate Index of Systemic Inflammation. 
LVEF, Left Ventricular Ejection Fraction; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; SBP, Systolic Blood 
Pressure; SII, Systemic Immune-Inflammation Index; SIRI, Systemic Inflammation Response Index.

Table 2 Bivariate Correlation Analysis 
According to AISIin Hypertensive Patients

AISI Coefficient (r) p-value

Ln (AISI) 1.000 <0.001

NLR 0.724 <0.001

PLR 0.442 <0.001

SII 0.865 <0.001

SIRI 0.899 <0.001

Age 0.032 0.674

(Continued)
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demonstrated significant positive correlations with body mass index, blood urea nitrogen levels, nighttime systolic BP, 
and nighttime diastolic BP. Analysis did not show a significant correlation of Ln(AISI) with age, markers of glycemic 
control, lipid variables, daytime blood pressure parameters, hemoglobin concentration, or left ventricular ejection 
fraction.

Univariate and multivariate logistic regression analyses examining factors associated with non-dipper BP pattern are 
shown in Table 3. In univariate analysis, Ln(AISI), NLR, PLR, SII, SIRI, body mass index, blood urea nitrogen, and 
nighttime BP parameters were significantly associated with non-dipper status. Multivariate logistic regression employing 
a backward selection strategy demonstrated that Ln (AISI) remained an independent determinant of non-dipper blood 
pressure pattern. (β=2.649, odds ratio=14.134, 95% confidence interval: 3.678–54.315, p<0.001). Other inflammatory 
indices did not retain independent significance after multivariate adjustment.

Receiver operating characteristic curve analyses evaluating the discriminative performance of inflammatory indices 
are illustrated in Figure 2. Ln(AISI) demonstrated the highest area under the curve (AUC=0.757, p<0.001) for 

Table 2 (Continued). 

AISI Coefficient (r) p-value

BMI 0.156 0.038

Glucose (mg/dL) 0.067 0.125

HbA1c (%) 0.071 0.104

Creatinine 0.109 0.148

BUN 0.212 0.005

Total Cholesterol –0.064 0.398

LDL-C –0.101 0.178

HDL-C 0.034 0.650

Triglyceride –0.018 0.810

24-h SBP 0.070 0.355

24-h DBP –0.027 0.718

Daytime SBP 0.001 0.991

Daytime DBP –0.035 0.640

Nighttime SBP 0.188 0.012

Nighttime DBP 0.162 0.031

Hemoglobin –0.057 0.449

LVEF 0.106 0.158

Abbreviations: AISI, Aggregate Index of Systemic 
Inflammation; Ln(AISI), Natural logarithm of AISI; BMI, 
Body Mass Index; BUN, Blood Urea Nitrogen; SBP, 
Systolic Blood Pressure; DBP, Diastolic Blood Pressure; 
HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, 
Low-Density Lipoprotein Cholesterol; LVEF, Left 
Ventricular Ejection Fraction; NLR, Neutrophil-to- 
Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; SII, 
Systemic Immune-Inflammation Index; SIRI, Systemic 
Inflammation Response Index.
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distinguishing non-dipper HT patients. An optimal cutoff value of 5.80 yielded a sensitivity of 71.0% and a specificity of 
74.1%. The AUC values for SII, SIRI, NLR, and PLR were 0.725, 0.704, 0.671, and 0.657, respectively (all p<0.001) 
(Table 4).

Table 3 Univariate and Multivariate Logistic Regression Analyses for Factors Associated with Non- 
Dipper Status in Hypertensive Patients

Variable All Patients

Univariate Analysis Multivariate Analysisβ

β OR (95% CI) p-value β OR (95% CI) p-value

Ln (AISI) 1.875 6.519 (3.137–13.547) <0.001 2.649 14.134 (3.678–54.315) <0.001

NLR 0.569 1.767 (1.229–2.540) 0.002

PLR 0.013 1.014 (1.005–1.022) 0.001 0.011 1.011 (0.999–1.024) 0.079

SII 0.003 1.003 (1.001–1.004) <0.001 −0.003 0.997 (0.994–1.000) 0.064

SIRI 1.211 3.358 (1.865–6.047) <0.001

Age 0.012 1.012 (0.988–1.037) 0.337

BMI 0.038 1.039 (1.001–1.078) 0.042

Glucose (mg/dL) −0.004 0.996 (0.982–1.011) 0.590

HbA1c (%) −0.115 0.891 (0.585–1.356) 0.590

Creatinine 0.066 1.068 (0.279–4.095) 0.923 −1.745 0.175 (0.024–1.270) 0.085

BUN 0.030 1.031 (1.006–1.056) 0.016 0.030 1.030 (0.999–1.063) 0.059

Total Cholesterol 0.001 1.001 (0.994–1.007) 0.870

LDL-C −0.001 0.999 (0.990–1.008) 0.835

HDL-C −0.006 0.994 (0.961–1.029) 0.746

Triglyceride 0.000 1.000 (0.997–1.003) 0.918

Nighttime SBP 0.030 1.031 (1.008–1.054) 0.009 0.020 1.020 (0.997–1.044) 0.095

Nighttime DBP 0.033 1.033 (1.003–1.064) 0.029

Hemoglobin −0.055 0.946 (0.811–1.104) 0.481

LVEF 0.023 1.024 (0.966–1.085) 0.426

Gender (male) 0.187 1.205 (0.669–2.172) 0.535

Smoking status −0.006 0.994 (0.552–1.790) 0.984

COPD status 0.107 1.113 (0.496–2.494) 0.795

CAD status −0.094 0.910 (0.220–3.759) 0.896

Notes: βMultivariate 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 β coefficient, odds ratio (OR) with 95% confidence intervals (CI), 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: Ln(AISI), Natural logarithm of Aggregate Index of Systemic Inflammation; NLR, Neutrophil-to-Lymphocyte Ratio; 
PLR, Platelet-to-Lymphocyte Ratio; SII, Systemic Immune-Inflammation Index; SIRI, Systemic Inflammation Response Index; BMI, 
Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; LDL-C, Low-Density Lipoprotein Cholesterol; HDL- 
C, High-Density Lipoprotein Cholesterol; LVEF, Left Ventricular Ejection Fraction; COPD, Chronic Obstructive Pulmonary Disease; 
CAD, Coronary Artery Disease.
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Discussion
The results indicate that AISI concentrations were significantly greater in non-dipper hypertensive patients with type 2 
diabetes and were strongly correlated with attenuated nocturnal blood pressure decline. Among all evaluated inflamma
tory indices, including NLR, PLR, SII, and SIRI, Ln(AISI) exhibited the highest discriminative performance for 
identifying non-dipper status. These results indicate that an integrated inflammatory burden reflecting neutrophil 
activation, platelet reactivity, monocyte-driven chronic inflammation, and lymphocyte suppression provides superior 
risk stratification compared with isolated or dual-ratio inflammatory biomarkers.

Consistent with our findings, previous studies have established that non-dipper hypertension is closely associated with 
enhanced systemic inflammation, endothelial dysfunction, sympathetic overactivation, and increased cardiovascular risk.4 

Earlier investigations reported that elevated NLR and PLR levels were independently associated with blunted nocturnal 
BP decline, suggesting that innate immune activation and platelet-driven inflammation contribute to circadian BP 
dysregulation.18,19 Similarly, SII20 and SIRI21 have been shown to be significantly higher in non-dipper individuals 

Figure 2 Receiver operating characteristic (ROC) curves illustrating the diagnostic performance of inflammatory indices—Ln(AISI), NLR, PLR, SII, and SIRI—for predicting 
non-dipper blood pressure pattern in newly diagnosed hypertensive patients.

Table 4 Receiver Operating Characteristic (ROC) Analysis 
Illustrating the Diagnostic Performance of Inflammatory Indices

p AUC Cut-off Sensitivity Specificity

Ln(AISI) <0.001 0.757 5.80 71% 74.1%

NLR <0.001 0.671 2.08 66.7% 64.7%

PLR <0.001 0.657 112.04 63.4% 60%

SII <0.001 0.725 530.34 66.7% 65.9%

SIRI <0.001 0.704 1.24 68.8% 65.9%

Abbreviations: Ln(AISI), Natural logarithm of Aggregate Index of Systemic 
Inflammation; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to- 
Lymphocyte Ratio; SII, Systemic Immune-Inflammation Index; SIRI, Systemic 
Inflammation Response Index.
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and to correlate with arterial stiffness and target organ damage. In our study, NLR, PLR, SII, and SIRI were all 
significantly elevated in non-dipper patients and showed significant associations in univariate analysis; however, their 
predictive performance remained consistently inferior to that of AISI. This observation emphasizes that single- or dual- 
axis inflammatory markers may not adequately capture the full complexity of immune-mediated vascular injury under
lying the non-dipper phenotype.

In patients with type 2 DM, the interaction between inflammation and circadian BP regulation becomes even more 
pronounced.5 Chronic glucose dysregulation is associated with heightened oxidative stress, increased formation of 
glycation-related products, endothelial dysfunction, and persistent activation of innate immune responses. Diabetic 
patients exhibit increased neutrophil activation, platelet hyperreactivity, monocyte infiltration, and impaired lymphocyte- 
mediated immune regulation.22 These alterations accelerate arterial stiffness, impair baroreflex sensitivity, and disrupt 
physiological nocturnal BP reduction.23 Our findings extend this framework by demonstrating that AISI, as a unified 
marker of these immune alterations, robustly identifies diabetic HT patients with impaired circadian BP regulation.

At the cellular level, neutrophils contribute to vascular injury through the release of reactive oxygen species, 
myeloperoxidase, and neutrophil extracellular traps, all of which promote endothelial damage and nitric oxide depletion. 
Activated platelets amplify this inflammatory environment by releasing thromboxane A2 and adhesion molecules, 
facilitating leukocyte recruitment, microvascular thrombosis, and vasoconstriction. Monocytes differentiate into macro
phages within the vascular wall, driving foam cell formation and vascular remodeling, whereas lymphopenia reflects 
impaired adaptive immune control. By integrating these four cellular axes, AISI captures both innate immune activation 
and adaptive immune suppression within a single quantitative parameter.24

Another important mechanistic link involves autonomic nervous system dysregulation. Non-dipper hypertension is 
characterized by persistent nocturnal sympathetic activation and attenuated parasympathetic tone. Inflammatory cyto
kines such as tumor necrosis factor-α and interleukin-6 directly stimulate central sympathetic outflow while simulta
neously impairing endothelial nitric oxide bioavailability, thereby preventing physiological nocturnal vasodilation.25 The 
significant correlations observed between AISI and nighttime systolic and diastolic BPs in our study support the presence 
of this bidirectional neuro-inflammatory interaction.

Beyond neurohumoral mechanisms, systemic inflammation also disrupts renal sodium handling and nocturnal volume 
regulation. Pro-inflammatory cytokines impair tubular sodium excretion and activate the intrarenal renin–angiotensin– 
aldosterone system, leading to nocturnal volume retention and salt-sensitive hypertension.26 In patients with type 2 DM, 
these effects are further aggravated by early diabetic nephropathy and glomerular hyperfiltration, even in the absence of 
overt chronic kidney disease.27 The independent association between AISI and non-dipper status observed in our cohort 
may therefore also reflect inflammation-mediated nocturnal sodium sensitivity and altered pressure–natriuresis 
relationships.

Oxidative stress-driven vascular remodeling represents another major contributor to circadian BP disruption. 
Activated neutrophils and monocytes generate excessive reactive oxygen species, leading to uncoupling of endothelial 
nitric oxide synthase and sustained nocturnal vasoconstriction. Platelets further exacerbate oxidative vascular injury 
through microvascular aggregation and thromboxane-mediated vasoconstriction.28 The combined effect of these pro
cesses results in increased nocturnal vascular resistance and impaired diurnal vascular relaxation.5 By integrating 
multiple cellular contributors to oxidative injury, AISI likely reflects the cumulative oxidative–inflammatory burden 
shaping nocturnal vascular tone.17

In addition to oxidative stress–mediated vascular injury, emerging evidence suggests that modulation of inflammatory 
and oxidative pathways may represent a potential therapeutic target in cardiometabolic diseases. Recent experimental 
studies have highlighted the role of targeted molecular interventions in regulating protein degradation pathways and 
inflammatory signaling cascades, thereby influencing vascular homeostasis. Although these approaches remain largely in 
the preclinical stage, they provide valuable insight into the complex interaction between inflammation, oxidative stress, 
and vascular dysfunction.29

Furthermore, the role of gut microbiota and related metabolic pathways has gained increasing attention in recent 
years. Alterations in gut microbial composition may contribute to systemic inflammation, oxidative stress, and endothe
lial dysfunction, all of which are implicated in hypertension and abnormal circadian blood pressure patterns. While the 
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direct clinical implications of these findings remain to be fully elucidated, they underscore the multifactorial nature of 
cardiometabolic disease and highlight potential avenues for future therapeutic strategies.29

Preclinical studies have shown that prolonged inflammatory stimulation can dysregulate circadian clock gene path
ways operating in vascular smooth muscle and endothelial cellular compartments. Suppression of core clock genes such 
as BMAL1 and PER2 under inflammatory conditions leads to attenuation of physiological diurnal oscillations in vascular 
contractility and endothelial responsiveness.30 This molecular circadian disruption provides a mechanistic explanation for 
the persistent nocturnal BP elevation observed in non-dipper patients.5 From this perspective, AISI may not only reflect 
systemic inflammation but also serve as a surrogate marker of inflammation-driven circadian clock dysregulation at the 
vascular cellular level.

Immune–metabolic crosstalk also plays a central role in non-dipper hypertension among diabetic patients.31 Insulin 
resistance induces a pro-inflammatory shift in adipose tissue macrophages toward an M1 phenotype, leading to sustained 
secretion of pro-HT adipokines and inflammatory mediators. These mediators interfere with insulin-mediated vasodila
tion and perpetuate nocturnal sympathetic activation.32 Lymphopenia, which is embedded within the AISI formula, may 
further indicate impaired immunoregulatory balance in this metabolic–inflammatory axis.33 Accordingly, elevated AISI 
values in non-dipper diabetic HT patients likely mirror the convergence of immune dysregulation, metabolic stress, and 
neurohumoral activation.17

From an epidemiological perspective, non-dipper hypertension has consistently been associated with increased risks 
of stroke, heart failure, chronic kidney disease progression, and all-cause mortality.34 However, identifying non-dipper 
patients in routine clinical practice remains challenging because of limited accessibility of ABPM. In this regard, AISI 
offers a pragmatic, low-cost alternative for preliminary risk stratification. Patients with markedly elevated AISI values 
may be prioritized for ambulatory BP assessment, thereby optimizing healthcare resources while improving early 
detection of high-risk circadian BP phenotypes.

Although NLR, PLR, SII, and SIRI were all significantly associated with non-dipper status in our cohort, their 
predictive performance remained inferior to that of AISI. This finding underscores the concept that composite indices 
integrating multiple inflammatory cell lines provide a more comprehensive representation of systemic inflammation than 
single- or dual-ratio markers. Given the distinct yet complementary biological roles of neutrophils, monocytes, platelets, 
and lymphocytes in vascular inflammation, the superiority of AISI appears both statistically and pathophysiologically 
coherent.

Our results also carry important therapeutic implications. Chronotherapy studies have demonstrated that nighttime 
administration of anti-HT medications improves dipping status and reduces cardiovascular risk.35 Incorporating AISI into 
clinical decision-making algorithms may facilitate individualized chronotherapeutic strategies by identifying patients 
most likely to benefit from targeted nocturnal BP modulation. Moreover, anti-inflammatory strategies, including lifestyle 
modification, weight reduction, optimization of glycemic control, and potentially novel immunomodulatory therapies, 
may represent adjunctive approaches for restoring normal circadian BP rhythm in patients with elevated AISI.

Ateş et al recently demonstrated that pan-immune-inflammation value (PIV) was independently associated with non- 
dipper blood pressure pattern in newly diagnosed hypertensive patients.36 However, unlike their study, which focused on 
a general hypertensive population, our investigation specifically evaluated hypertensive individuals with concomitant 
type 2 diabetes mellitus — a population characterized by amplified inflammatory burden and autonomic dysregulation. 
Furthermore, we comparatively assessed AISI alongside NLR, PLR, SII, and SIRI, demonstrating superior discriminative 
performance of AISI. These findings extend previous observations by highlighting that an integrated inflammatory index 
may have greater clinical relevance in high-risk cardiometabolic phenotypes.

The findings of this research should be interpreted in light of several important limitations. The observational and 
cross-sectional design precludes causal inference between AISI and non-dipper BP pattern. The exclusive inclusion of 
hypertensive patients with type 2 diabetes may reduce the external validity of the results for hypertensive populations 
lacking diabetic comorbidity. Inflammatory indices were measured at a single time point, precluding evaluation of 
longitudinal changes in AISI. Although comprehensive multivariate adjustments were performed, residual confounding 
cannot be entirely excluded. Finally, long-term cardiovascular outcomes were not assessed, limiting prognostic 
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interpretation. Additionally, no formal sample size calculation was performed due to the retrospective design of the study, 
which may limit the statistical power of the findings.

Additional prospective investigations incorporating longitudinal assessment are necessary to better understand the 
evolving interplay between systemic inflammation and circadian blood pressure dysregulation. Serial AISI measurements 
may help identify transitions between dipper and non-dipper phenotypes and better define inflammatory trajectories over 
time. Integrating AISI with measures of arterial stiffness, sympathetic activity, endothelial function, and circadian gene 
expression may further refine mechanistic understanding and risk stratification. Additionally, randomized clinical trials 
evaluating AISI-guided chronotherapy and anti-inflammatory interventions could provide decisive evidence for its 
translational clinical utility.

Conclusion
Elevated AISI levels were independently associated with non-dipper blood pressure pattern in hypertensive patients with 
type 2 diabetes mellitus. Among the evaluated inflammatory indices, AISI demonstrated superior discriminative 
performance, highlighting its potential clinical value as an integrative biomarker of circadian blood pressure 
dysregulation.

However, the findings of this study should be interpreted in light of certain limitations, including its retrospective 
design and the lack of longitudinal outcome data. Future prospective studies with larger cohorts are warranted to validate 
these findings and to further explore the potential role of AISI in risk stratification and personalized management of 
hypertensive patients with diabetes. Therefore, these findings should be considered preliminary and require further 
validation in large-scale prospective studies.
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