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Abstract
Aim: Previous studies showed that essential hypertension (EHT) had been related to chronic inflammation. A non-dipping circadian blood pressure (BP) pattern 
confers a greater cardiovascular morbidity and mortality. The multi-inflammatory index (MII) is a novel systemic inflammatory parameter. We aimed to assess 
the association between MII and the non-dipping BP pattern.
Materials and Methods: A total of 158 EHT patients were stratified into nondipper (n=78) and dipper groups (n=80) on the basis of 24h-ambulatory BP 
monitoring (24h-ABPM). 176 healthy subjects were recruited as control group. Data regarding 24h-ABPM, clinical and laboratory findings were collected from 
the hospital records. MII was calculated as: Neutrophil count × C-reactive protein/Lymphocyte count.
Results: MII was greater in the non-dippers as compared with the dippers and the controls [5.9(1.21-10.1), 3.32(1.34-8.87), and 1.79(0-4.1), respectively, 
p=0.003]. MII was found to show correlation with age (0.200, p=0.011), 24h-systolic BP 0.234, p=0.003), daytime systolic BP (0.192, p=0.016), nighttime 
systolic BP (0.277, p<0.001), and LVMI (-0.195, p=0.021). In the multivariate logistic regression model, daytime systolic BP [Odd ratio: 1.171(1.077-1.272, 
p<0.001] and MII [Odd ratio: 1.150(1.029-1.284), p=0.013] were found to be significantly associated with the non-dipping BP pattern. ROC curve analysis 
revealed a cut-off value of 2.01 with 71.1% sensitivity and 50.4% specificity for MII to predict the nondippers among the EHT patients. 
Discussion: MII is significantly associated with nondipping circadian BP pattern. MII could be a simple and useful marker to predict the nondippers among the 
EHT patients.
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Introduction
Hypertension continues to be a global issue, contributing 
significantly to morbidity and mortality. Although repeated 
blood pressure (BP) measurements in clinical settings have 
traditionally been the cornerstone for diagnosing essential 
hypertension (EHT), 24-hour ambulatory blood pressure 
monitoring (24-h ABPM) is now also used not only for diagnostic 
purposes but to reveal circadian patterns in hypertension. 
Normally, both systolic and diastolic blood pressures are 
expected to decrease by at least 10% during nighttime, a 
phenomenon known as the dipping blood pressure pattern. In 
contrast, when there is no such reduction of at least 10% of 
daytime BP readings during sleep, this is referred to as the 
non-dipping blood pressure pattern [1]. Previous studies have 
demonstrated that a non-dipping BP pattern has been linked 
with a higher cardiac risk and increased all-cause mortality 
compared to the dipping BP pattern [2-5].
The multi-inflammatory index (MII) is a novel index 
encompassing C-reactive protein (CRP) and hematological 
parameters such as neutrophil and lymphocyte counts. Although 
initially proposed as a prognostic indicator in colorectal cancer, 
recent studies have also shown a significant relationship 
between MII and several cardiovascular diseases, such as atrial 
fibrillation, cerebrovascular events, and pulmonary embolism 
[6-9]. However, its association with the circadian pattern of 
hypertension has yet to be elucidated.
The purpose of the present study is to determine the potential 
relationship between the novel MII and the dipping and non-
dipping BP patterns in subjects with a new diagnosis of EHT.

Materials and Methods
This is a retrospective and cross-sectional study. The 
hospital’s digital database regarding the patients with a new 
diagnosis of EHT between October 2022 and May 2024 was 
interrogated. Records of 312 patients with a new diagnosis 
of hypertension were examined. 154 patients were excluded 
from the study based on our exclusion criteria, and finally, a 
total of 158 subjects with newly diagnosed EHT were enrolled. 
On the other hand, 176 age- and sex-matched normotensive 
healthy subjects were also recruited in our study to comprise 
the control group. Relevant demographic and clinical data of 
the subjects with a new diagnosis of EHT and the controls 
were obtained from digital hospital records. Exclusion criteria 
were set as: diabetes mellitus, known coronary artery disease, 
kidney failure, secondary hypertension, atrial fibrillation, active 
infection, malignancy, chronic rheumatic or inflammatory 
diseases, history of cerebrovascular events, and the use of 
steroids or anti-inflammatory medications. The patient group 
was then stratified into those with a dipping circadian BP 
pattern (the DG, n=78) and those with a non-dipping pattern 
(NDG, n=80) based on ambulatory blood pressure monitoring 
(ABPM) readings. The study was conducted by the standards 
set forth by the Helsinki Declaration.
At the office, a regular sphygmomanometer was used in each 
participant to measure the BP in the arm. Subjects were 
seated at least 10 minutes before the BP measurement, and 
3 consecutive BP measurements were made at 5-minute 
intervals. Subjects with a mean office BP greater than 140/90 

mm Hg (systolic or diastolic or both) were followed for twenty-
four hours with ABPM (Mobil-O-Graph, Aachen, Germany). In 
daytime (07:00-23:00), the device performed BP measurements 
at 15-minute intervals, while in nighttime (23:00-07:00) at 
30-minute intervals. After ruling out the secondary causes of 
hypertension, the diagnosis of EHT was made based on a 24-
hour systolic BP mean >130 mm Hg/diastolic BP mean >80 mm 
Hg, a daytime mean systolic BP >135/diastolic BP >85 mm Hg, 
or a nighttime systolic BP mean >120 mm Hg/diastolic BP >70 
mm Hg [13]. A ≥10% reduction in daytime BP during the night 
was considered a dipping BP pattern. Patients without this 10% 
decrease were classified as non-dippers.
Echocardiographic assessment was conducted using the 
PowerVision 6000 (Toshiba, Tokyo, Japan). Simpson’s rule was 
utilized in the determination of the left ventricular ejection 
fraction (LVEF) [10]. In each patient, LV mass index (LVMI) was 
calculated, and left ventricular hypertrophy was defined as 
LVMI >95 g/m² for females and >115 g/m² for males [10].
Blood samples were analyzed using an automatic CBC analysis 
device (Beckman Coulter Inc., CA, US). MII was calculated using 
the formula: Neutrophil count × C-reactive protein / Lymphocyte 
count [6].
Statistical Analysis 
Statistical analysis was conducted using SPSS (Version 29.0 
for Windows, IBM Corp., Armonk, NY, USA). Assessment of 
the distribution of quantitative data was made using the 
Kolmogorov-Smirnov test. Continuous data were expressed 
either as mean ± standard deviation or as median (25th and 
75th interquartile range). On the other hand, categorical 
variables were expressed as counts (percentages). χ² test, one-
way ANOVA, and the Kruskal-Wallis H test were utilized based 
on data type. Multinominal logistic regression analysis was 
implemented to evaluate the associations of the variables with 
NDG. An analysis of the receiver operating characteristic (ROC) 
curve was implemented to delineate the cutoff of MII for NDG, 
if any. Any p-value <0.05 was accepted to be significant.  
Ethical Approval 
This study was approved by the Ethics Committee of Kırşehir 
Ahi Evran University Medical Faculty (Date: 2024-10-22, No: 
2024-17/149).

Results
The groups were similar regarding gender, age, body-mass 
index, and baseline biochemistry parameters. The DG and NDG 
were similar in terms of smoking habits (p<0.05); however, 
smoking was more common in the control group compared 
to the EHT patients (p<0.001). The demographic and clinical 
variable of the subgroups were depicted in Table 1. MII was 
higher in the NDG compared with both the DG and controls 
[5.9 (1.21-10.1), 3.32 (1.34-8.87), and 1.79 (0-4.1), respectively, 
p=0.003]. Neutrophil counts and hs-CRP levels were higher 
in the NDG than in both of the DG and control groups [for 
neutrophils 5610 (4200-6700), 4175 (2967-5577), and 4170 
(3500-5300), respectively, p=0.037; for hs-CRP 3 (1-6), 2.1 (1-
3.4), and 1.75 (1-3), respectively, p=0.006], while lymphocyte 
counts were higher in the DG and control group compared with 
the NDG [2155±544, 2331±918, and 2556±844, respectively, 
p=0.008].
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LVMI was similar between the NDG and DG, but lower in the 
controls compared to the EHT patients [88.5 (78.4-105.6), 88.7 
(79.7-106.4), and 84.2 (72.2-102.1), respectively, p=0.013] 
(Table 1). Office systolic and diastolic BPs were similar between 

the dipper and non-dipper groups but lower in the controls 
compared to the EHT patients (p<0.001). Ambulatory daytime 
and nighttime systolic and diastolic BPs were highest in the NDG 
and lowest in the controls (p<0.001). While 24-hour systolic and 

Table 2. Correlation of multiple immune-inflammation index with some study variables

Variable Rho p

Age 0.200* 0.011

24-hour SBP 0.234** 0.003

24-hour DBP 0.137 0.088

Daytime SBP 0.192* 0.016

Daytime DBP 0.097 0.228

Nighttime SBP 0.277** <0.001

Nighttime DBP 0.219** 0.006

LVMI -0.195* 0.021

*p is significant at 0.05 level. **p is significant at 0.01 level.

Table 1. Baseline demographic and clinical characteristics of the study population

Variable Non-dipper HT (n=78) Dipper HT (n=80) Controls (n=176) P

Multi-inflammatory index 5.9(1.21-10.1) 3.32(1.34-8.87) 1.79(0-4.1) 0.003a

Age, years 52.8±7.3 50.7±6.2 50.4±6.1 0,664

Sex, female, n (%) 42 (53.8%) 44 (55%) 98 (55.6%) 0,413

Smoking, n (%) 31 (39.7%) 33 (41%) 85 (47.7%) 0<00.1

BMI, kg/m2 27.2(26.2~29.3) 27.4(25.3~29.7) 28.2(24.3~31.4) 0.246

Albumin, g/dL 4,6 (4.3~4.8) 4.6 (4.4~4.7) 4.5 (4.35~4.7) 0.746

Lymphocyte/uL 2155±544 2331±918 2556±844 0.008b

Neutrophil/uL 5610(4200-6700) 4175(2967-5577) 4170(3500-5300) 0.037m

hs-CRP, mg/L 3 (1~6) 2.1 (1~3.4) 1.75 (1~3) 0.006c

BUN, mg/dL 14.1(11.3~17.5) 16.7(11.4~23.6) 13.5(10.7~17.6) 0,124

Creatinine, mg/dL 0.8(0.73~0.9) 0.92(0.7~1) 0.75(0.63~0.95) 0.140

Glucose, mg/dL 102(90~108) 100(88.8~106) 102(91~109) 0.683

Total cholesterol, mg/dL 193±36.8 205.8±103.2 199.2±37.7 0.318

LDL cholesterol, mg/dL 119.2±30.8 118±71.6 120±32.2 0.818

Trigliceride, mg/dL 126(84~188) 137(84~217) 142(98~192) 0.241

HDL cholesterol, mg/dL 42(34~52) 48(40~55) 46(40~55) 0.805

LVEF, % 63.5(61~65) 64(62~65) 62(61~65.3) 0.576

LV mass index,g/m2 88.5 (78.4~105.6) 88.7 (79.7~106.4) 84.2 (72.2~102.1) 0.013

Office systolic BP, mmHg 132.7±7.1 133±8.4 119.2±6.8 <0.001j

Office diastolic BP, mmHg 83.5±5.4 84.3±7.5 74.1±6.6 <0.001k

Ambulatory daytime systolic BP, mmHg 134±9.2 138.5±13.1 119.8±7.04 <0.001d

Ambulatory daytime diastolic BP, mmHg 85.8±7.7 90.6±8.4 74.2±6.2 <0.001e

Ambulatory nighttime systolic BP, mmHg 120.6±11.1 124.8±11.2 110.9±9.9 <0.001f

Ambulatory nighttime diastolic BP, mmHg 76.6±8.3 79.3±9.3 68.2±7 <0.001g

24-hour systolic BP, mmHg 133.3±9.2 133.7±12.7 117.3±6.8 <0.001h

24-hour diastolic BP, mmHg 86.6±7 86.6±8.3 74.4±6.2 <0.001i

a p:0.009, between non-dipper and dipper hypertension groups; p<00.1, between non-dipper hypertension and control groups; p=0.021, between dipper hypertension and control groups.
b p:0.585, between non-dipper and dipper hypertension groups; p:0.008 between dipper hypertension and control groups; p:0.202, between non-dipper hypertension and control groups.
c p:0.121, between non-dipper and dipper hypertension groups; p:0.002, between dipper hypertension and control groups; p:0.112, between non-dipper hypertension and control groups.
d p=0.010, between non-dipper and dipper hypertension; p<0.001 between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and control groups.
e p=0.002, between non-dipper hipertension and dipper hypertension groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and ocntrol 
groups.
f p=0.788, between non-dipper hypertension and dipper hypertension groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and ocntrol 
groups.
g p=0.633, between non-dipper hypertension and dipper hypertension groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and ocntrol 
groups.
h p=0.579, between non-dipper hypertension and dipper hypertension groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and ocntrol 
groups.
i p=0.512, between non-dipper hypertension and dipper hypertension groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and ocntrol 
groups.
j p=0.538, between non-dipper hypertension and control groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and dipper hypertension 
groups.
k p=0.632, between non-dipper hypertension and control groups; p<0.001, between dipper hypertension and control groups; p<0.001, between non-dipper hypertension and dipper hypertension 
groups.
m p=0.002, between non-dipper hypertension and control groups; p<782, between dipper hypertension and control groups; p<0.033, between non-dipper hypertension and dipper hypertension 
groups.
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diastolic BPs were similar between the DG and NDG, they were 
lower in the controls compared to the EHT patients (p<0.001) 
(Table 1).
Table 2 depicted the significant correlation of MII with LVMI 
(-0.195, p=0.021), age (0.200, p=0.011), 24-hour systolic BP 
(0.234, p=0.003), daytime systolic BP (0.192, p=0.016), and 
nighttime systolic BP (0.277, p<0.001). Multinominal logistic 
regression identified daytime systolic BP [Odd ratio: 1.171 
(1.077-1.272), p<0.001] and MII [Odd ratio: 1.150 (1.029-
1.284), p=0.013] as significant predictors of the non-dipping 
BP pattern (Table 3). ROC curve analysis revealed a cutoff value 
of 2.01 with 71.1% sensitivity and 50.4% specificity for MII in 
predicting NDG among EHT patients (Figure 1).

Discussion
The key findings of our study may be summarized as follows: 
1) compared with DG, MII is higher in NDG; 2) regression 
analysis revealed a significant association between MII and the 
non-dipping circadian BP pattern; and 3) ROC curve analysis 
demonstrated a cutoff value of 2.01 for MII in predicting 
non-dippers. The current study is the first to evaluate the 
relationship between MII and the non-dipping EHT, to the best 
of our knowledge.
Inflammation and the development of EHT are closely 
intertwined, leading to arterial wall inflammation and 
remodeling [11, 12]. For instance, depletion of B and T cells 
using mycophenolate mofetil has been shown to protect 
against hypertension and renal disease in animal models 
[11]. Innate immune cells and endothelial cells express NLR-
family pyrin domain-containing proteins NLRP1 and NLRP3, 
which activate inflammatory responses in the vessel wall 
through the release of interleukin (IL)-1β, high mobility group 
box 1 protein, and IL-18 [13]. Moreover, elevated levels of 
angiotensin II and endothelin 1 contribute to increased BP and 
vascular endothelial damage, leading to oxidative stress. This 
increased oxidative stress further triggers the T lymphocyte 
activation and the release of pro-inflammatory cytokines such 
as interferon-γ, Tumor necrosis factor-α, IL-17, and IL-6, hence 
creating a vicious cycle of inflammation [13-15]. Kim et al. [16] 
found that alterations in circulating cytokine levels contributed 
to variations in BP. In a Japanese cohort, neutrophil counts 
were significantly associated with EHT risk in both sexes after 
adjusting for demographic factors [17]. Similarly, we found that 
neutrophil counts were higher in NDG as compared with the DG 
and the control group.
The cardiovascular risk (CV) conferred by the non-dipping BP 
pattern has been greater compared to the dipping pattern due 
to more widespread end-organ damage, increased endothelial 

dysfunction, impaired diastolic left ventricular function, and 
chronic sympathetic nervous system activation [1]. Coleman 
et al. [18] demonstrated significantly elevated central systolic 
BP and worsened central hemodynamics in non-dipper EHT 
patients, which may contribute to increased CV mortality. Akyüz 
et al. [19] reported higher neutrophil counts, neutrophil-to-
lymphocyte ratios, and systemic inflammation-immune indices 
in non-dipper EHT patients compared to the DG. Sökmen et al. 
[1] found elevated levels of growth differentiation factor-15, 
an inflammatory cytokine, in patients with non-dipper EHT 
compared to those with a dipping BP pattern. Elçik et al. [20] 
observed faster coronary artery atherosclerotic deterioration in 
subjects with coronary artery disease who were in NDG.
In our study, MII was higher in non-dipper EHT patients, 
which is consistent with previous findings. Goztas et al. [21] 
demonstrated that MII could serve as a simple and useful 
mortality predictor in severe COVID-19 patients. Demirel et al. 
[8] reported that MII could indicate poor prognosis in ischemic 
stroke. Yüksel et al. [7] suggested that MII could predict new-
onset atrial fibrillation in patients undergoing coronary bypass 
surgery. Doğanay et al. [22] found an association between higher 
MII, acute stent thrombosis, and early mortality in patients with 
acute coronary syndrome. Likewise, we found that MII was 
significantly associated with the non-dipping pressure rhythm, 
with a cutoff value of 2.01 as a simple and useful marker for 
predicting non-dippers among EHT patients.
Limitations
The relatively small sample size is a limitation of this study. 
Additionally, we did not assess the prognostic value of MII in 
non-dipper EHT patients. Lastly, the study was conducted 
at a single center, representing a relatively narrow patient 
population. Future studies with larger, multicenter cohorts are 
required to validate the results of our study.
Conclusion
This investigation demonstrated that MII was correlated with 
daytime, nighttime, and 24-hour systolic BP. Furthermore, MII 
was significantly associated with the non-dipping circadian 
pressure rhythm. MII could prove to be a simple and useful 
marker in the prediction of non-dipper EHT patients.
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Univariate               Multivariate

Variable Beta OR (95% CI) p Beta OR (95% CI) p

Age 0.048 1.050(1.019-1.082 0.002 0.035 1.036(0.992-1.081) 0.107

Daytime SBP 0.188 1.207(1.130-1.289) <0.001 0.158 1.171(1.077-1.272) <0.001

Daytime DBP 0.131 1.140(1.078-1.206) <0.001 0.047 1.048(0.958-1.146) 0.309

MII 0.117 1.124(1.044-1.211) 0.002 0.139 1.150(1.029-1.284) 0.013

Table 3. Logistic regression analysis showing the association of non-dipper hypertension with some study variables
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