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Abstract
Objective: Hypertension is related to myocardial ischemia, malignant arrhythmias, and cardiovascular mortality. However, inflammatory 
biomarkers are an important predictor of cardiovascular events. This study aimed to examine the diagnostic utility of inflammatory 
biomarkers in determining non-dipper hypertensive individuals and the relative superiority of the biomarkers.
Method: The research was carried out as a retrospective observational study. The patients with hypertension were classified into two 
groups: non-dipper (n=54) and dipper (n=143). The cut-off value of MLR (monocyte-lymphocyte ratio), NLR (neutrophil-lymphocyte 
ratio), SII (systemic inflammatory index), and RLR (red cell distribution width-lymphocyte ratio) for predicting non-dipper hypertension 
was determined using a receiver operating characteristic (ROC) analysis.
Results: A total of 197 patients, comprising 84 females (42.6%) and, 113 males (57.4%) with a median age of 62 (54-69) years, participated 
in the research. Age, FPG, CRP, WBC, NEU, LYM, MONO, RDW, NLR, MLR, RLR, and SII were higher in the non-dipper group (p<0.05). MLR, 
NLR, RLR, and SII were found to have acceptable diagnostic capabilities in identifying non-dipper hypertension patients (AUC: 0.70-0.76). 
When ROC analysis was performed to determine the main similarities, it was found that there were no differences between inflammatory 
indicators (p>0.05).When the odds ratios of putative variables were evaluated, it was found that increasing MLR (OR: 7.22; 95%CI: 3.52-
14.78; p<0.001), NLR (OR: 8.63; 95%CI: 4.19-17.68; p<0.001), RLR (OR: 4.29; 95%CI: 2.18-8.54; p<0.001), and SII (OR: 6.31; 95%CI: 3.09-
12.85; p<0.001) were independent predictors for non-dipper positivity.
Conclusion: In hypertensive patients, hematological inflammatory biomarkers MLR, NLR, RLR, and SII are valuable in determining non-
dipper hypertension.
Keywords: Non-Dipper hypertension, Monocyte-Lymphocyte Ratio, Neutrophil-Lymphocyte Ratio, RDW-Lymphocyte Ratio, Systemic 
Inflammatory Index

INTRODUCTION
Hypertension is a prevalent systemic disease worldwide 

and is the leading potential cause of cardiovascular events 
(1). Despite many treatment methods, the expected degree 
of preventing organ damage from hypertension has not been 
achieved (2). Blood pressure (BP) is greatest in the morning, 
gradually drops during the day, and reaches its lowest level 
at night. Dipper hypertension is described when overnight BP 
lowers by more than 10% relative to daytime readings, while 
non-dipper hypertension is identified when nighttime BP 

reduces by less than 10% (3). Hypertension is related to harm 
to organs such as the cardiovascular system in non-dippers 
(4). The risk of atherosclerotic events is three times greater in 
people with non-dipper hypertension than those with dipper 
hypertension (5). 

Inflammation plays a role in the pathogenesis of 
hypertension (6). Variation in BP is connected with 
inflammatory indicators. Recent research has revealed that 
inflammatory biomarkers, such as monocyte-lymphocyte 

https://orcid.org/0000-0001-6985-6112
https://orcid.org/0000-0002-8875-5672
https://orcid.org/0000-0001-8145- 9574


Interdiscip Med J 2024;15(51):27-33 28Günlü S, Kayan F, Karahan MZ.

ratio (MLR), systemic inflammatory index (SII), and neutrophil-
lymphocyte ratio (NLR) are useful for predicting the non-
dipper pattern in hypertension (7). RDW-lymphocyte ratio 
(RLR) was compared with other markers in many diseases 
(8). The predictive value of RLR in estimating the non-dipper 
pattern remains unknown.

We aimed to examine the diagnostic utility of inflammatory 
biomarkers in determining non-dipper hypertensive 
individuals and the relative superiority of the biomarkers.

METHOD
This retrospective research was carried out between March 

2021 and January 2023. Patients diagnosed with hypertension 
were enrolled in this study. Exclusion criteria were coronary 
artery disease, hyperthyroidism, hypothyroidism, valve 
disease, heart failure, renal failure, autoimmune disease, 
active infection or cancer, using steroids or anticoagulants, 
hepatic disease, morbidly obese, pulmonary disease, 
congenital heart disease, hematological disease. This 
research eliminated participants for whom data were 
unavailable and whose ambulatory BP monitoring analysis 
was ineffective. The local ethics committee (Gazi Yasargil 
Training and Research Hospital) approved the study protocol 
(No: 2023-371). It complied with the Helsinki Declaration’s 
ethical criteria for human testing (Date: 03/03/2023) (2013). 
Patients’ sociodemographic and clinical data were extracted 
from archival files. BP measurements of all patients were 
obtained from ambulatory Holter (Schiller BR-102 plus PWA, 
Baar, Switzerland) recordings. According to Holter recordings, 
patients were divided into dipper and non-dipper. Routine 
blood test results studied before ambulatory Holter BP wore 
were used. The formula used to calculate body mass index 
(BMI) was weight divided by height squared. The NLR value, 
which is the primary outcome variable and was utilized to 
calculate the reliability evaluation (post-study power) of 
counts of individuals enrolled in the groups, was by the cross-
sectional research design. NLR was 7.34±5.61 in individuals 
with the non-dipper, whereas it was 3.11±2.36 in individuals 
with the dipper. The post-study power was 99% based on 
the disparity in NLR values between the independent group 
averages. The post-study power was over 80% based on 
the differences in the secondary outcome variables MLR, 
RLR, and SII. The skilled and experienced people wore the 
ambulatory BP device (DMS 300-3A Holter Recorder). Blood 
measures were obtained every 15 minutes between 07:00 
and 23:00, and every 20 minutes between 23:00 and 07:00. 
Using short time intervals, the period from 10:00 to 22:00 
was designated as daytime, while the period from 24:00 to 
6:00 was designated as nighttime. Non-dipper hypertension 
was defined as lowering the mean blood pressure by less than 
10% or staying constant. Dipper hypertension was defined as 
lowering mean systolic and diastolic blood pressure readings 

by more than 10%. The whole blood count was calculated 
using an automated hematology analyzer manufactured 
by Sysmex Corporation (Kobe, Japan). Total leukocyte count 
and differentiation, hemoglobin, hematocrit, platelet levels, 
RDW, NLR, MLR, and RLR values were documented as blood 
parameters. Multiplying the number of platelets by the NLR 
yields the SII (Platelet x NLR). Additionally, CRP levels were 
measured utilizing a Mindray Chemistry Analyzer instrument 
(BS-2000M, China). IBM SPSS software was used for the 
analysis (version 24.0). 

Statistical analysis

The mean standard deviation or median are utilized to 
represent initial continuous variables (interquartile range). 
The Kolmogorov-Smirnov and Shapiro-Wilk tests were utilized 
to determine the normality of the variable distribution. 
Frequencies and percentages were utilized to represent 
categorical variables. The chi-squared or Fisher’s exact test 
was employed for categorical variables. The Student’s t-test 
or Mann-Whitney U-test was used to evaluate continuous 
variables. Statistical significance was stated at 0.05 for all 
tests.

Figure 1. Comparison of the ROC curves for predicting dipper 
hypertension

RESULTS
A total of 197 patients, comprising 84 females (42.6%) 

and, 113 males (57.4%) with a median age of 62 (54-69) years, 
participated in the research. Individuals were classified into 
two groups: non-dipper (n=54) and dipper (n=143). The 
patient’s clinical characteristics and laboratory results were 
expressed in Table 1. Age, FPG, CRP, WBC, NEU, LYM, MONO, 
RDW, NLR, MLR, RLR, and SII were higher in the non-dipper 
group (p<0.05). MLR, NLR, RLR, and SII were found to have the 
acceptable diagnostic capability in determining non-dipper 
hypertension (AUC: 0.70-0.76) (Figure 1, Table 2). When ROC 
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analysis was performed to determine the main similarities, 
it was found that there were no differences between 
inflammatory indicators (p>0.05). Put another way, we found 
that these biomarkers could be utilized interchangeably to 
predict hypertension in non-dippers (Table 3). When the 
odds ratios of putative variables were evaluated, it was found 

that increasing MLR (OR: 7.22; 95%CI: 3.52-14.78; p<0.001), 
NLR (OR: 8.63; 95%CI: 4.19-17.68; p<0.001), RLR (OR: 4.29; 
95%CI: 2.18-8.54; p<0.001), and SII (OR: 6.31; 95%CI: 3.09-
12.85; p<0.001) were independent predictors for non-dipper 
positivity (Table4).

Table 1. Clinical characteristics and laboratory tests of patients.

PARAMETERS Total  (n=197) Dipper hypertension (n=143) Non-dipper hypertension (n=54) p-value*

n % n % n %

Sex, female 84 42.6 58 40.6 25 46.3 0.43

Diabetes mellitus 86 43.6 62 43.3) 24 44.4 0.91

DL 79 40 55 38.8 24 44.4 0.48

Smoking 68 34.5 45 31.9 23 42.6 0.16

Age (years) 62 (54-69) 61 (53-66) 67 (57-74) <0.001

BMI, (kg/m2) 31±4.5 31±4.4 30.8±4.9 0.54

FPG (mg/dL) 126.7±40.2 117.2±25.8 154.4±58.3 <0.001

Urea (mg/dL) 34 (29-39) 34 (28-39) 36 (29-49) 0.07

Creatinine (mg/dL) 0.85 (0.73-0.99) 0.83 (0.72-0.98) 0.87 (0.79-1.01) 0.11

Na (mmol/L) 139.14±2.96 139.13±2.98 139.14±2.89 0.98

K (mmol/L) 4.15±0.57 4.11±0.63 4.23±0.44 0.22

ALT (U/L) 20.59±10.51 19.8±9.63 22.4±12.5 0.09

AST (U/L) 21.76±8.95 21.21±8.34 21.24±10.19 0.15

LDL (mg/dl) 137±37 136±39 140±30 0.42

HDL (mg/dl) 39.8±8.4 40.1±8.3 38.6±9.3 0.24

CRP (mg/L) 3.86±3.89 3.21±2.35 5.75±4.96 0.02

WBC (103mcL) 9.82±3.16 9.21±2.51 11.42±2.71 0.001

HGB (g/L) 14.27±1.78 14.28±1.84 14.23±1.59 0.86

HCT (%) 42.33±4.41 42.43±4.48 42.12±4.23 0.56

NEU (103mcL) 6.96±3.25 6.06±2.45 9.59±3.76 <0.001

LYM (103mcL) 2.37±1.51 2.51±1.06 1.97±1.23 0.004

MONO (103mcL) 0.6±0.18 0.55±0.13 0.75±0.26 0.001

RDW (fL) 13.16±0.89 12.83±0.63 14.11±0.94 <0.001

PLT (103mcL) 258.22±72.86 258.38±70.5 257.74±80.06 0.96

NLR 4.29±3.79 3.11±2.36 7.34±5.61 <0.001

MLR 0.33±0.23 0.24±0.13 0.59±0.42 <0.001

RLR 7.38±5.01 6.28±3.08 10.57±7.57 <0.001

SII (PLT*NLR) 1108.19±989.8 779.8±641.53 2060.51±1350.99 <0.001

Systolic BP (mmHg) 110.64±12.50 108.82±12.58 123.48±18.32 <0.001

Diastolic BP (mmHg) 62.36±5.54 60.42±7.84 69.12±8.14 <0.001

* Student’s t-test, Chi-Square test (p<0.005 significance). Values are presented as mean ± SD as appropriate. DL: Dyslipidemia, BMI: Body mass index, FPG: Fasting plasma glucose, Na: Sodium, 
K: Potassium, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, TSH: Thyroid-stimulating hormone, fT3: free triiodothyronine, LDL: Low-density lipoprotein, HDL: High-density 
lipoprotein, CRP:C-reactive protein, WBC: White blood cell, HGB: Haemoglobin, HCT: Haematocrit,NEU: Neutrophil, LYM: Lymphocyte, MONO: Monocyte, RDW: Red Cell Distribution Width, PLT: 
Platelets, NLR: neutrophil to lymphocyte ratio, MLR: monocyte to lymphocyte ratio, RLR: RDW to lymphocyte ratio
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Table 2. Diagnostic accuracy of inflammatory biomarkers to predict non-dipper hypertension withcut-off values.

AUC Cut-off Sensitivity % Specificity % %95CI P-value PPV % NPV %

MLR 0.76 >0.25 75 73.1 0.70-0.82 <0.001 49.2 88.9

NLR 0.75 >4.53 62.1 83.9 0.67-0.82 <0.001 57.3 85.6

RLR 0.70 >6.85 65 69 0.63-0.76 <0.001 42.3 84.5

SII 0.73 >831.39 72.4 72.6 0.66-0.77 <0.001 47.2 87.2

AUC: Area under the curve, PPV: positive predictive value, NPV: negative predictive value, CI: confidence interval, MLR: monocyte to lymphocyte ratio, NLR: neutrophil to lymphocyte ratio, RLR: RDW 
to lymphocyte ratio, SII: systemic immune inflammation index

Table 3. Pairwise comparison of ROC curves and 
difference between areas.

Difference between 
areas

95% Confidence 
Interval

P-value

MLR-NLR 0.01 0.056-0.081 0.71

MLR-RLR 0.06 0.021-0.145 0.15

MLR-SII 0.03 0.048-0.105 0.46

NLR-RLR 0.05 0.013-0.112 0.13

NLR-SII 0.02 0.015-0.046 0.34

SII-RLR 0.03 0.042-0.108 0.38

MLR: monocyte to lymphocyte ratio, NLR: neutrophil to lymphocyte ratio, RLR: RDW to 
lymphocyte ratio, SII: systemic immune inflammation index

Table 4. Multiple regression analysis of 
inflammatory biomarkers associated with non-dipper 
hypertension.

Odds ratio 95% CI P-value

MLR 7.22 3.52-14.78 <0.001

NLR 8.63 4.19-17.68 <0.001

RLR 4.29 2.18-8.54 <0.001

SII 6.31 3.09-12.85 <0.001

CI: confidence interval, MLR: monocyte to lymphocyte ratio, NLR: neutrophil to lymphocyte 
ratio, RLR: RDW to lymphocyte ratio, SII: systemic immune inflammation index

DISCUSSION
This study’s primary finding is that MLR, RLR, NLR, and SII 

could be utilized to predict non-dipper patterns in individuals 
with hypertension. The ambulatory Holter BP, which is most 
frequently used to determine non-dippers in individuals 
presenting with hypertension, has a lengthy research 
duration. In contrast, because they are easily accessible and 
calculable, inflammatory indices may aid in predicting non-
dipper hypertension that can cause major adverse events.

According to previous studies, patients with non-dipper 

hypertension had a more extensive inflammatory reaction, 
increased serious end-organ damage, and higher cardiac 
morbidity and mortality (9). The non-dipper BP pattern had 
a detrimental impact on cardiovascular risk irrespectively of 
whether the blood pressure was within or beyond the normal 
range (10). The harmful impact of non-dipper hypertension 
could be attributed to endothelial damage. Non-dipper 
hypertension individuals had lower endothelial progenitor 
cell counts than dipper hypertension individuals in previous 
research, which is crucial for endothelial stability and arterial 
regeneration (11). Numerous chronic disorders, including 
renal disease, coronary artery disease, hypertension, 
diabetes, connective tissue disease, and cancer, are related 
to theinflammatory process (12,13,14). Inflammation is 
related to BP fluctuation and plays a crucial role in the 
pathophysiology of hypertension (15). Specifically, high BP 
fluctuation may promote vascular inflammation (16). In 
Tanase et al. study, inflammatory cytokines including IL-
6, hs-CRP, and TNF-α were related to BP fluctuation (17). In 
addition, Isayeva et al found that the non-dipper pattern of 
BP was linked to raised inflammatory markers (18). 

The neutrophil-lymphocyte ratio (NLR) is a comprehensive 
inflammatory indicator that evaluates neutrophils and 
lymphocytes and indicates a pro-inflammatory state. Liu et 
al. found that increased NLR levels significantly correlated 
with a raised risk of developing hypertension (19). In 
another study, NLR was a surrogate marker for hypertension 
(20). Belen et al. revealed that NLR values were higher in 
resistant hypertension than in controlled and normotensive 
patients (21). NLR was independently associated with LVH in 
hypertensive patients (22). WANG et al. showed that there was 
a relationship between NLR and artery stiffness in non-dipper 
hypertension (23). Likewise, epicardial fat tissue thickness and 
NLR were higher in newly diagnosed hypertension patients 
(24). In the Taiwan population, NLR was found as an index 
for hypertension in males and the elderly (25). In Sun et al. 
study, higher NLR was associated with in-hospital mortality in 
hypertensive patients aged over 80 years (26).
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Monocytes are a component of innate immunity and 
mature into macrophage and dendritic cells to maintain 
homeostasis, especially when the presence of inflammation 
and infection (27). Monocytosis was employed as a marker 
for several inflammatory disorders such as being essential in 
the formation of atherosclerosis in coronary artery disease 
(28). MLR was identified as an independent risk factor for 
carotid stenosis in hypertensive patients with ischemic stroke 
(29). Zhang et al. revealed that MLR was a predictor of chronic 
kidney disease in hypertensive patients (30). In a study, 
MLR found a new marker to identify target organ damage 
in children with primary and secondary hypertension (31). 
Xiang et al. showed that high MLR values better predict all-
cause mortality in resistant hypertensive patients undergoing 
hemodialysis (32). On the other hand, Yıldırım et al. reported 
that MLR was not a diagnostic marker of preeclamptic 
patients (33).

In hypertensive individuals, elevated angiotensin II values 
may stimulate erythrocyte proliferative progenitors (34). 
Variation in erythrocyte size in circulation is measured by RDW. 
RLR is a novel inflammatory marker derived from the ratio of 
the red cell distribution width to the number of lymphocytes. 
Tanindi et al. found that higher RDW levels were correlated 
with non-dipper hypertension (35). Buyukkaya et al. stated 
that RDW was elevated in non-dipping BP in normotensive 
and hypertensive patients (36). Sarıkaya et al. observed that 
RDW values were higher in hypertension individuals with AF 
(37). In a study, RDW was associated with a higher possibility 
of adverse outcomes of hypertension (38). On the other hand, 
Sun et al. emphasized that RDW was not accompanied by an 
increased risk of all-cause mortality (26).

SII is a novel inflammatory index that thoroughly 
depicts the equilibrium between the immunological and 
inflammatory states of the organism. It has been established 
that a high SII value is connected with adverse consequences 
in individuals with cardiovascular disease and cancer (39). 
Akyüz et al. stated that SII was independently higher in non-
dipper hypertension individuals (40). Saylik et al. observed 
that SII values were elevated in newly diagnosed, untreated 
hypertensive individuals with pronounced daytime BP 
increases (41). In addition, Çırakoğlu et al. demonstrated a 
strong association between carotid intima-media thickness 
and SII in non-dipper hypertension (42). In our study, we found 
that SII had similar diagnostic power to other parameters.

Limitations of the Study

This was a retrospective investigation at a single center. 
The study population was small. ECG and echocardiography 
analyses were not examined. No particular inflammatory 
markers, such as CRP, IL-6, and TNF-α, were examined 
to evaluate and compare the accuracy and efficacy of 
parameters.

CONCLUSION
In this study, MLR, NLR, SII, and RLR had the acceptable 

diagnostic capability in identifying non-dipper hypertension 
patients. These biomarkers could be utilized interchangeably 
to predict hypertension in non-dippers. In this field, large-
scale studies are needed to determine the diagnostic 
importance of hematologic inflammation markers and to 
determine the limit values in predicting the non-dipper 
character in hypertensive patients.

ACKNOWLEDGEMENT
Peer-Review
Both externally and internally peer reviewed.
Conflict of Interest
The authors declare that they have no conflict of interests 

regarding content of this article.
Financial Support
The Authors report no financial support regarding content 

of this article.
Ethical Declaration
Ethical permission was obtained from the Gazi Yaşargil 

Training and Research Hospital Clinical / Human Research 
Ethics Committee for this study with date March 3rd, 202 
and number 2023-371, and Helsinki Declaration rules were 
followed to conduct this study.

Authorship Contributions
Concept: SG, FK Design: SG, FK, Supervising: SG, FK, 

Financing and equipment: SG, FK, MZK, Data collection and 
entry: SG, FK, Analysis and interpretation: SG, FK, Literature 
search: SG Writing: SG, Critical review: SG, FK, MZK

REFERENCES
1. GBD 2019 Cancer Risk Factors Collaborators. The global burden 

of cancer attributable to risk factors, 2010-19: a systematic 
analysis for the Global Burden of Disease Study 2019.Lancet. 
2022;400(10352):563-591. https://doi.org/10.1016/S0140-
6736(22)01438-6

2. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH 
Guidelines for the management of arterial hypertension 
[published correction appears in Eur Heart J. 2019 Feb 
1;40(5):475].Eur Heart J. 2018;39(33):3021-3104. https://doi.
org/10.1093/eurheartj/ehy339

3. Seo WS, Oh HS.: The circadian rhythms of blood pressure 
and heart rate in the hypertensive subjects: dippers and 
non-dippers. Yonsei Med J. 2002, 43: 320–38. https://doi.
org/10.3349/ymj.2002.43.3.320

4. Liu J, Su X, Nie Y, et al.: Dosing Time Matters? Nighttime 
vs. Daytime Administration of Nifedipine Gastrointestinal 
Therapeutic System (GITS) or Amlodipine on Non-dipper 
Hypertension: A Randomized Controlled Trial of NARRAS. 
Front Cardiovasc Med. 2021, 8:755403. http://doi: 10.3389/
fcvm.2021.755403



Interdiscip Med J 2024;15(51):27-33 32Günlü S, Kayan F, Karahan MZ.

5. Seo HS, Kang TS, Park S, et al. Non-dippers are associated 
with adverse cardiac remodeling and dysfunction (R1). Int 
J Cardiol. 2006;112(2):171-177. https://doi.org/10.1016/j.
ijcard.2005.08.038

6. Virdis A, Dell’Agnello U, Taddei S. Impact of inflammation on 
vascular disease in hypertension. Maturitas. 2014;78(3):179-
183. https://doi.org/10.1016/j.maturitas.2014.04.012

7. Banyeh M, Akilla MA, Adams Y, Depare PP, Bannison SB, 
et al. Neutrophil to lymphocyte ratio versus monocyte to 
lymphocyte ratio in predicting hypertensive diseases of 
pregnancy. Annals of Medical Laboratory Science. 2021; 1(1): 
8-17.http://doi: 10.51374/annalsmls.2021.1.1.0014

8. Duyan M, Vural N. Diagnostic value of systemic immune-
inflammation index and red cell distribution width-
lymphocyte ratio in predicting troponin elevation in carbon 
monoxide poisoning. Cukurova Medical Journal. 2022;47(4): 
1584-90. https://doi.org/10.17826/cumj.1171643

9. Mancia G, Parati G. The role of blood pressure variability in 
end-organ damage. J Hypertens Suppl. 2003; 21(6): S17-S23. 
https://doi.org/10.1097/00004872-200307006-00004

10. Hermida RC, Ayala DE, Mojón A, Fernández JR. Blunted sleep-
time relative blood pressure decline increases cardiovascular 
risk independent of blood pressure level--the “normotensive 
non-dipper” paradox.Chronobiol Int. 2013;30(1-2):87-98. 
https://doi.org/10.3109/07420528.2012.701127

11. Kim S, Kim NH, Kim YK, et al. The number of endothelial 
progenitor cells is decreased in patients with non-dipper 
hypertension. Korean Circ J. 2012, 42:329-34.https://doi.
org/10.4070/kcj.2012.42.5.329

12. Furman D, Campisi J, Verdin E, et al. Chronic inflammation 
in the etiology of disease across the life span.Nat Med. 
2019;25(12):1822-1832. https://doi.org/10.1038/s41591-019-
0675-0

13. Grygiel-Górniak B, Limphaibool N, Puszczewicz M. Cytokine 
secretion and the risk of depression development in patients 
with connective tissue diseases.Psychiatry Clin Neurosci. 
2019;73(6):302-316. https://doi.org/10.1111/pcn.12826

14. Yang YL, Wu CH, Hsu PF, et al. Systemic immune-inflammation 
index (SII) predicted clinical outcome in patients with coronary 
artery disease.Eur J Clin Invest. 2020;50(5):e13230. https://
doi.org/10.1111/eci.13230

15. Caillon A, Paradis P, Schiffrin EL. Role of immune cells in 
hypertension.Br J Pharmacol. 2019;176(12):1818-1828. 
https://doi.org/10.1111/bph.14427

16. Fonkoue IT, Le NA, Kankam ML, et al. Sympathoexcitation 
and impaired arterial baroreflex sensitivity are linked to 
vascular inflammation in individuals with elevated resting 
blood pressure.Physiol Rep. 2019; 7(7): e14057. https://doi.
org/10.14814/phy2.14057

17. Tanase DM, Gosav EM, Radu S, et al. Arterial Hypertension 

and Interleukins: Potential Therapeutic Target or Future 
Diagnostic Marker?Int J Hypertens. 2019; 2019: 3159283. 
https://doi.org/10.1155/2019/3159283

18. Isayeva A, Matiashova L. Inflammation markers in subjects 
with dipper and non-dipper blood pressure patterns.Journal 
of Hypertension. 2022; 40(Suppl 1): e241-e242.https://doi.
org/10.1097/01.hjh.0000837956.80211.8d

19. Liu X, Zhang Q, Wu H, et al. Blood Neutrophil to Lymphocyte 
Ratio as a Predictor of Hypertension.Am J Hypertens. 
2015;28(11):1339-1346. https://doi.org/10.1093/ajh/hpv034

20. Balta S, Ozturk C, Yildirim AO, Aparci M, Demir M, Celik T. 
The Relation Between Neutrophil-Lymphocyte Ratio and 
Hypertension.Am J Hypertens. 2015; 28(11): 1386. https://doi.
org/10.1093/ajh/hpv137

21. Belen E, Sungur A, Sungur MA, Erdoğan G. Increased Neutrophil 
to Lymphocyte Ratio in Patients With Resistant Hypertension.J 
Clin Hypertens (Greenwich). 2015;17(7):532-537. https://doi.
org/10.1111/jch.12533

22. Yu X, Xue Y, Bian B, et al. NLR-A Simple Indicator of 
Inflammation for the Diagnosis of Left Ventricular Hypertrophy 
in Patients with Hypertension.Int Heart J. 2020;61(2):373-379. 
doi:10.1536/ihj.19-138

23. Wang H, Hu Y, Geng Y, et al. The relationship between 
neutrophil to lymphocyte ratio and artery stiffness in subtypes 
of hypertension.J Clin Hypertens (Greenwich). 2017;19(8):780-
785. https://doi.org/10.1111/jch.13002

24. Derya MA, Demir V, Ede H. Relationship between neutrophil-
lymphocyte ratio and epicardial fat tissue thickness in 
patients with newly diagnosed hypertension.Journal of 
International Medical Research. 2018;46(3):940-950. https://
doi.org/10.1177/0300060517749130

25. JhuangYH, Kao TW, Peng TC, et al. Neutrophil to lymphocyte 
ratio as predictor for incident hypertension: a 9-year cohort 
study in Taiwan.Hypertens Res. 2019;42(8):1209-1214. https://
doi.org/10.1038/s41440-019-0245-3

26. Sun X, Luo L, Zhao X, Ye P, Du R. The neutrophil-to-lymphocyte 
ratio on admission is a good predictor for all-cause mortality 
in hypertensive patients over 80years of age.BMC Cardiovasc 
Disord. 2017;17(1):167. https://doi.org/10.1186/s12872-017-
0595-1

27. Orozco SL, Canny SP, Hamerman JA. Signals governing 
monocyte differentiation during inflammation. CurrOpin 
Immunol. 2021; 73: 16-24.https://doi.org/10.1016/j.
coi.2021.07.007

28. Narasimhan PB, Marcovecchio P, HamersAAJ, Hedrick CC. 
Nonclassical monocytes in health and disease. Annu Rev 
Immunol. 2019; 37: 439-56. https://doi.org/10.1146/annurev-
immunol-042617-053119

29. Zuo B, Zhu S, Meng X, Zhao D, Zhang J. Monocyte-lymphocyte 
ratio is associated with carotid stenosis in ischemic stroke: 



Interdiscip Med J 2024;15(51):27-3333 Predicting patients with non-dipper hypertension

A retrospective analysis.Brain Behav. 2019; 9(10): e01429. 
https://doi.org/10.1002/brb3.1429

30. Zhang M, Wang K, Zheng H, Zhao X, Xie S, Liu C. Monocyte 
lymphocyte ratio predicts the new-onset of chronic kidney 
disease: A cohort study.Clin Chim Acta. 2020;503:181-189. 
https://doi.org/10.1016/j.cca.2019.11.021

31. Musiał K, Bargenda-Lange A, Mazurkiewicz P, Gaik M, Gralec 
S, Zwolińska D. Lymphocyte to monocyte ratio and blood 
pressure variability in childhood hypertension-a pilot study 
[published online ahead of print, 2022 Apr 4].Pediatr Res. 
2022;10.1038/s41390-022-02056-1. https://doi.org/10.1038/
s41390-022-02056-1

32. Xiang F, Chen R, Cao X, et al. Monocyte-lymphocyte ratio as a 
better predictor of cardiovascular and all-cause mortality in 
hemodialysis patients: A prospective cohort study.Hemodial 
Int. 2018;22(1):82-92. https://doi.org/10.1111/hdi.12549

33. YıldırımKöpük Ş, Naci N ,Özcan C, Ulu İ. Monocyte to HDL 
Ratio in Preeclamptic Patients: Can It Be a Predictive Marker? 
Clinical and Experimental Health Sciences. 2022; 12(4): 835-
839.https://doi.org/10.33808/clinexphealthsci.1094774

34. Kato H, Ishida J, Imagawa S, Saito T, Suzuki N, Matsuoka T, 
et al. Enhanced erythropoiesis mediated by activation of the 
renin–angiotensin system via angiotensin II type 1a receptor. 
FASEB J 2005; 19: 2023– 5.https://doi.org/10.1096/fj.05-
3820fje

35. Tanindi A, Topal FE, Topal F, Celik B. Red cell distribution 
width in patients with prehypertension and hypertension.
Blood Press. 2012;21(3):177-181. https://doi.org/10.3109/080
37051.2012.645335

36. Buyukkaya E, Erayman A, Karakas E, et al. Relation of 
red cell distribution width with dipper and non-dipper 
hypertension.Med Glas (Zenica). 2016;13(2):75-81. https://doi.
org/10.17392/859-16

37. Sarikaya S, Şahin Ş, Akyol L, et al. Is there any relationship 
between RDW levels and atrial fibrillation in hypertensive 
patients?Afr Health Sci. 2014;14(1):267-272. https://doi.
org/10.4314/ahs.v14i1.41

38. He LM, Gao CY, Wang Y, Wang H, Zhao HY. Red cell distribution 
width and homocysteine act as independent risk factors 
for cardiovascular events in newly diagnostic essential 
hypertension.Oncotarget. 2017;8(60):102590-102599. https://
doi.org/10.18632/oncotarget.21964

39. Yaşar E, Bayramoğlu A. Systemic immune- inflammation 
index as a predictor of microvascular dysfunction in patients 
with cardiac syndrome X. Angiology. 2022;73:615-21.https://
doi.org/10.1177/00033197221087777

40. Akyüz A, Işık F. Systemic Immune-Inflammation Index: A 
Novel Predictor for Non-dipper Hypertension.Cureus. 2022; 
14(8): e28176. https://doi.org/10.7759/cureus.28176

41. Saylik F, Sarıkaya R. Can Systemic Immune-Inflammation Index 
Detect the Presence of Exxaggerated Morning Blood Pressure 
Surge in Newly Diagnosed Treatment-Naive Hypertensive 
Patients?Clin Exp Hypertens. 2021;43(8):772-779. https://doi.
org/10.1080/10641963.2021.1960366

42. ÇırakoğluÖF, Yılmaz AS. Systemic immune-inflammation index 
is associated with increased carotid intima-media thickness in 
hypertensive patients.Clin Exp Hypertens. 2021;43(6):565-571. 
https://doi.org/10.1080/10641963.2021.1916944


