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Neutrophil to Lymphocyte Ratio Is Increased and Associated With Left Ventricular Diastolic Function in Newly Diagnosed Essential Hypertension Children












	
	ORIGINAL RESEARCH
published: 19 May 2021
doi: 10.3389/fped.2021.576005






[image: image2]

Neutrophil to Lymphocyte Ratio Is Increased and Associated With Left Ventricular Diastolic Function in Newly Diagnosed Essential Hypertension Children

Miao Hou†, Lei Cao†, Yueyue Ding, Ye Chen, Bo Wang, Jie Shen, Wanping Zhou, Jie Huang, Qiuqin Xu, Haitao Lv and Ling Sun*

Department of Cardiology, Children’s Hospital of Soochow University, Suzhou, China

Edited by:
Laura Sabatino, Italian National Research Council, Italy

Reviewed by:
Yazhou He, University of Edinburgh, United Kingdom
 Serena Del Turco, Italian National Research Council, Italy

*Correspondence: Ling Sun, sunny70mail@163.com

†These authors have contributed equally to this work

Specialty section: This article was submitted to Pediatric Cardiology, a section of the journal Frontiers in Pediatrics

Received: 24 June 2020
 Accepted: 06 April 2021
 Published: 19 May 2021

Citation: Hou M, Cao L, Ding Y, Chen Y, Wang B, Shen J, Zhou W, Huang J, Xu Q, Lv H and Sun L (2021) Neutrophil to Lymphocyte Ratio Is Increased and Associated With Left Ventricular Diastolic Function in Newly Diagnosed Essential Hypertension Children. Front. Pediatr. 9:576005. doi: 10.3389/fped.2021.576005



Aim: Hypertension is associated with cardiac structural and functional changes, including left ventricular hypertrophy (LVH) and LV systolic dysfunction diastolic dysfunction. Neutrophil-to-lymphocyte ratio (NLR) is a novel inflammatory biomarker associated with cardiovascular diseases. The current study aimed to evaluate NLR in children with newly diagnosed essential hypertension and its relationship between blood pressure and cardiac changes.

Methods and Subjects: Sixty-five children with newly diagnosed essential hypertension and 54 healthy children were included. Clinical characteristics, blood cell counts, and biochemical parameters were collected. LVH was assessed by calculation of LV mass index (LVMI), and LV systolic function was evaluated by measuring LV ejection fraction and fractional shortening. LV diastolic function was primarily assessed with E/E′ ratio by Doppler and echocardiography.

Results: The hypertension children had significantly higher LVMI and E/E′ ratio than the controls, whereas there was no difference in LV systolic function between the two groups. The NLR was significantly higher in the hypertension group than the control group. Moreover, NLR was positively correlated with systolic blood pressure (SBP) and diastolic blood pressure (DBP) levels in the hypertension group. Additionally, a significantly positive correlation between NLR and E/E′ ratio was found in the hypertension group. However, NLR was not related to LVH and LV systolic function indicators in hypertension children.

Conclusion: NLR is elevated in hypertension children, and it is associated positively with office blood pressure levels. Moreover, NLR may help assess LV diastolic function in hypertension children.
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BACKGROUND

Hypertension is the leading risk factor for cardiovascular disease and mortality in adults, with a prevalence of 31.1% worldwide (1). In parallel with the growing prevalence of childhood obesity, it is becoming an increasing problem among children over the last few decades, as a consequence of obese children who are at approximately a three-fold higher risk for hypertension than non-obese children (2). According to the American Heart Association, the prevalence of high blood pressure is 14.2% for US children (3), and the incidence of high blood pressure is 14.13–17.00% for children aged 7–17 years in China (4). Of note, a recent longitudinal study has demonstrated that blood pressure in childhood is the strongest independent predictor of future blood pressure in adulthood (5), emphasizing the importance of blood pressure management in childhood.

Growing evidence shows that hypertension results in target organ damage, even in prehypertension children (6). The increased left ventricular mass (LVM) and cardiac function abnormalities are the early change in target organ damage (7). Therefore, screening for rapid and straightforward indicators to reflect the target organ damage has become a useful strategy in managing childhood hypertension.

Over the last years, comprehensive data have demonstrated the pivotal role of low-grade inflammation in the pathogenesis of essential hypertension and target organ damage in both adults (8) and children (9). The white blood cells (WBCs) and their subtypes with platelets are the essential cells of inflammation. Therefore, blood cell parameters have attracted increasing attention in chronic inflammation disease. The neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte (LMR), and platelet-to-lymphocyte ratio (PLR) were proposed as the inexpensive, easily accessible, and widely available inflammatory markers. They have been shown to be related to cardiovascular diseases in adults, including atherosclerosis (10), heart failure (11), acute coronary syndromes (12), and hypertension (13). Moreover, Skrzypczyk et al. reported that NLR correlated with 24-h ambulatory mean arterial pressure levels in adolescents (14), which suggest that blood cell parameter may also be useful in the pediatrics population. To date, no studies have investigated the possible link between NLR and target organ damage in hypertension children. Therefore, our study aimed to evaluate blood cell count inflammatory markers in children with newly diagnosed essential hypertension and explore the possible link between NLR and cardiac structural and functional changes.



METHODS


Ethics Committee Approval

The local Ethics Committee of Children’s Hospital of Soochow University approved the research project (ID: 2020CS076). All procedures performed involving human participants followed the Declaration of Helsinki, and informed consent was obtained from all participants and their parents included in the study.



Study Group

In the current study, we retrospectively studied 65 children (48 boys, 17 girls) with newly diagnosed essential hypertension hospitalized in the cardiology department in the Children’s Hospital of Soochow University from January 2016 to December 2020, and 54 age and sex-matched healthy children were recruited from the community-based population as the control group.

Clinical parameters, including age, gender, and body mass index (BMI; kg/m2) were obtained in all analyzed children. Hypertension was defined as systolic and/or diastolic pressure ≥95th percentile for sex, age, and height according to the reference value of the Chinese Child Blood Pressure References Collaborative Group (15). Office blood pressure was measured by an automated oscillometric device (Datascope Accutor Plus) with the appropriate size cuff that had been validated for use in children (16). The appropriate cuff size (with bladder width of about 40–50% of the arm circumference and the bladder length of at least 80% of the arm circumference) was determined by measuring the mid-upper arm circumference. Blood pressure was measured in the non-dominant arm in triplicate at 3-min intervals after a 15 min rest in the sitting position with the arm and back supported. After excluding the first reading, the average of two subsequent readings was calculated for analysis.

To exclude secondary hypertension, a thorough medical history, physical examination, and auxiliary examination was carried out following the guideline of the American Academy of Pediatrics (17). In addition, based on medical history, physical examination, and determined high-sensitivity C-reactive protein (hsCRP) levels, children with active inflammation were excluded in the current study.



Laboratory Assessment

Blood was obtained from an antecubital venous catheter after 10–12 h of night fasting. All specimens were EDTA-K2 anticoagulated and tested within 30 min of collection. The hematological parameters, including white blood cell (WBC), differential WBC counts (neutrophils, lymphocytes, and monocytes), and platelet count (Plt) were measured by an automated hematology analyzer. The neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) were calculated.

Moreover, plasma glucose, triglycerides, total cholesterol, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), hsCRP, alanine aminotransferase (ALT), and creatinine were determined at the Department of Clinical Laboratory of the Children’s Hospital of Soochow University.



Echocardiographic Assessment

All echocardiographic parameters were performed using commercially available ultrasound equipment iE33 (Phillips Healthcare, North Andover, Massachusetts, USA).



Left Ventricular Geometry

The M-mode tracing was used to measure the end-diastolic interventricular septal wall thickness (IVSd), left ventricular end-diastolic diameter (LVIDd), left ventricular end-systolic diameter (LVIDs), and end-diastolic posterior wall thickness (PWTd). The left ventricular mass (LVM) was then calculated using the following formula: LVM = 0.8 × 1.04 × [(IVSd + LVIDd + PWTd)3 – LVIDd3] + 0.6, LVM index (LVMI) = LVM/height2.7, relative wall thickness (RWT) = (IVSd + PWTd)/LVIDd. LV hypertrophy (LVH) in children and adolescents is defined as the LVMI ≥ 95th percentile on sex-specific normative LVMI data published by Khoury et al. (18).



Left Ventricular Systolic Function

LV systolic function was assessed by the LV ejection fraction (EF) and fractional shortening (FS) (19).



Left Ventricular Diastolic Function


Pulsed Doppler Assessment

Mitral inflow velocities were acquired with pulsed wave Doppler. The velocities during the early transmitral flow (E) and inflow with atrial contraction (A) were measured, and the E/A ratio was calculated.



Tissue Doppler Imaging

Myocardial flow velocities were obtained in the apical four-chamber view. The peak early E′ and late A′ velocities were recorded, then the E′/A′ ratio and E/E′ ratio were calculated (20), and the left ventricular diastolic dysfunction was defined as E/E′ ratio > 14, according to the recommendations of the American Society of Echocardiography (21).




Statistics

Statistical analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL). Values were expressed as mean and SD. The Shapiro–Wilk-test was used to determine the normality of data. Means were compared using an independent t-test between hypertension and control groups. Categorical variables were compared using the chi-square test. Correlations between variables were evaluated using Pearson’s tests. Multivariate linear analyses were performed to estimate the association of potential confounding factors between the LV diastolic function indicators. A P-value < 0.05 was considered significant.




RESULTS


Clinical Characteristics and Biochemical Parameter in Hypertension and Control Group

During the study period, 177 children with newly diagnosed hypertension were hospitalized. Among them, 85 cases with secondary hypertension and 16 cases with active inflammation and two cases with missing data were excluded; and nine cases refused to participate. Therefore, 65 children with newly diagnosed essential hypertension were evaluated, and the selection process is shown in Figure 1. The clinical characteristics and biochemical parameters of hypertension and control groups are shown in Table 1. There was no difference in terms of sex and age between the two groups. SBP, DBP, pulse pressure, and BMI were significantly higher in the hypertension group than in the control groups. Also, the serum uric acid, ALT, and hsCRP levels in children with hypertension were significantly higher than in the control group, respectively. However, there were no differences in lipids and glucose levels between the two groups (Table 1).


[image: Figure 1]
FIGURE 1. Participant selection process.



Table 1. Clinical characteristics and biochemical parameter in hypertension group and control group.
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Echocardiography Parameters in Hypertension and Control Group

The LVM, LVMI, and RWT were higher in the hypertension group compared with the control group, and 8 of 65 children in the hypertension group had LVH (12.31%). Besides, the E/E′ ratio was higher in the hypertension group in comparison with the control group, LV diastolic dysfunction was found in 1 of the 65 hypertensive subjects (1.54%) (Table 2). However, there was no difference in LV ejection fraction and FS between the two groups.


Table 2. Echocardiography parameters in the hypertension group and control group.
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Blood Cell Counts in Hypertension and Control Group

The WBC count and neutrophil counts were significantly higher in hypertension children than those in the control group, whereas lymphocyte, monocytes, and platelet counts were similar between the two groups (Table 3). Moreover, NLR is higher in the hypertension group than the control group. However, there was no difference in PLR and LMR between hypertension and control groups (Table 3).


Table 3. Blood cell count inflammatory markers in hypertension and control group.
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Correlation Between Blood-Cell Count Inflammatory Markers and Office Blood Pressure With Body Mass Index in Hypertension Children

In the hypertension group, univariate correlation analysis determined a significant positive correlation between NLR with office SBP (r = 0.344, P = 0.005) and DBP (r = 0.310, P = 0.012) levels (Figure 2). However, NLR was not associated with BMI levels. Moreover, WBC counts, neutrophil counts, lymphocyte counts, monocytes counts, platelet counts, PLR, and LMR were not correlated with office blood pressure or BMI levels (Supplementary Table 1).


[image: Figure 2]
FIGURE 2. Correlations between neutrophil-to-lymphocyte ratio (NLR) and systolic blood pressure (A) and diastolic blood pressure (B) levels in hypertension children.




Correlation Between Blood-Cell Count Inflammatory Markers and Left Ventricular Diastolic Function With Hypertrophy in Hypertension Children

NLR was negatively correlated with E′ (r = −0.319, P = 0.010) and the E′/A′ ratio (r = −0.463, P < 0.001), and positively correlated with the E/E′ ratio (r = 0.330, P = 0.007) in the hypertension group (Figure 3). Neutrophil counts were also found to correlate negatively with E′ (r = −0.427, P = 0.001) and the E′/A′ ratio (r = −0.318, P = 0.036) in the hypertension group. Furthermore, after adjusting age, gender, and BMI, the multivariate regression analyses still detected the significant associations between NLR and E/E′ (β = 0.593, P = 0.003, 95% CI: 0.209–0.978). However, there was no correlation between WBC, lymphocyte, monocytes, platelet counts, and BMI with diastolic function parameters (Supplementary Table 2).


[image: Figure 3]
FIGURE 3. Correlations between NLR and left ventricular diastolic function parameters E′ (A), E′/A′ ratio (B), and E/E′ ratio (C) in hypertension children.


On the other hand, these blood cell count inflammatory markers were not associated with left ventricular hypertrophy and systolic function parameters (Supplementary Table 3). However, BMI was positively correlated with LVMI in hypertension children (r = 0.588, P < 0.001).




DISCUSSION

The incidence of hypertension among children is overgrowing in recent years, and high blood pressure can induce cardiac structural and functional target organ damage (22). Our study demonstrated the elevation of LVMI and the reduction of diastolic function in newly diagnosed essential hypertension children. Moreover, we found elevated NLR in the hypertension group, and it is positively correlated with office blood pressure levels, which might imply the possible link between the inflammation and elevation of blood pressure in the hypertension children. Interestingly, NLR was positively correlated with left ventricular diastolic parameter E/E′ ratio in hypertension children, which suggests that NLR may serve as a useful indicator to reflect diastolic dysfunction in hypertension children. To our knowledge, this is the first study that analyzes the change in NLR and its relationship between LV diastolic function in newly diagnosed essential hypertension children.

It is well-established that LVH is an independent risk factor for cardiovascular morbidity and mortality in adulthood (23, 24). Previous studies have proved that LVH was common in hypertensive children (25). However, there is limited data available in the Chinese pediatric population. In this study, we found that LVM and LVMI were both higher in hypertension children, and among 65 hypertension adolescents, 12.31% (8/65) had LVH. Similarly, Litwin et al. demonstrated that 10.3% of 44 hypertension children had some form of LV hypertrophy in the USA population (26), and Falkner reported among 35 African-American adolescents, 19% of them had LV hypertrophy (27). A cross-sectional study of 101 primary hypertension children also reported that 34% of them had LV hypertrophy (28). All these studies demonstrated that LVH was common in hypertensive children. However, the prevalence of LVH varies among these studies, which may be explained by the differences in ethnic and hypertension grades of these participants. Interestingly, BMI was positively correlated with LVMI in hypertension children, and these findings are consistent with the direct positive correlation between BMI and LVH among obese adults in a systematic review (29), which indicates the possible additive and/or interactive effects of obesity and blood pressure on LVH (30).

Several studies have shown that NLR is elevated and related to poor clinical outcomes of cardiovascular disease in adults, including acute coronary syndrome, atherosclerosis, and heart failure (31–33). However, few studies have looked at NLR levels in children with newly diagnosed hypertension (14, 34). In the current study, we found that the neutrophil counts and NLR were significantly higher in hypertension children than in healthy children, and the elevated NLR may reflect the upregulation of overall inflammatory and stress status in these children. Likewise, Derya et al. found that NLR is increased in newly diagnosed hypertension adults and associated positively with low-grade inflammation indicator C-reactive protein levels (13), which is consistent with our findings.

Furthermore, we demonstrated that NLR positively correlated with both office SBP and DBP levels in hypertension children. Similarly, Cimen et al. reported that NLR correlated with blood pressure levels in adults (35). The increase in NLR may reflect the activity of two different immune pathways in the process of blood pressure regulation. On the one hand, neutrophils secrete many cytokines that trigger and amplify inflammatory reactions (36), and activated neutrophils’ release of various proteolytic enzymes that promote endothelial damage and tissue destruction (37, 38). Also, neutrophils can lead to the release of reactive oxygen species (39), and ROS-induced oxidative stress has been shown to cause vasoconstriction (40) with sodium and water retention in the kidney (41). On the other hand, lymphocytes are the primary cells in the regulatory pathway of the immune system, and T lymphocytes cells have been shown to play a crucial role in the BP elevation caused by angiotensin II response to sodium and volume challenges (42). Therefore, NLR gives more information than either of the above parameters in hypertension, which indicates that inflammation may play an essential role in the development of hypertension.

The possible links between NLR and cardiac damages in these hypertension children were also demonstrated in this study. LVH and LV diastolic dysfunction are both the early complication of hypertension (43); and eight children had LVH, and one child had diastolic dysfunction among these hypertension participants. As known, the E/E′ ratio seems to be the most reliable parameter to evaluate LV diastolic function in patients with heart disease, and the increase in E/E′ ratio reflects LV diastolic dysfunction (44). Interestingly, we found that NLR positively correlated with E/E′ ratio among hypertension children; after adjusting for the potential confounding covariates, including BMI, gender and age, NLR still correlated with E/E′ ratio. To our best knowledge, this is the first study to report the correlation between NLR and diastolic function in hypertension children. Since no correlation between blood cell count inflammatory markers and LVH parameters was demonstrated in this study, which suggests that the LV diastolic dysfunction in these hypertensive children is probably due to systematic inflammation (45) rather than left ventricular hypertrophy. These results indicate that NLR may serve as a helpful marker to evaluate the LV diastolic function in hypertension children.

There are several limitations to this study. First, this is a single-center retrospective study, and the sample size is relatively small, along with the large burden of multiple analyses, which increases possible type I error. Second, the gender of hypertension children is unbalanced in this study. Recently, no difference in the global prevalence of hypertension in children was found in a meta-analysis (46). However, the prevalence of hypertension among school-age children was higher in boys than in girls (16.1 vs. 12.9%), according to an updated Report on Cardiovascular Health and Diseases in China (47). Therefore, the gender-specific prevalence of child hypertension might vary among different regions. Moreover, these hypertension children were recruited from a hospital-based population, which may also increase the risk of selective bias and resulting in gender discrepancies. Third, since this is an observational study, we cannot make any causal inferences. Fourth, due to the physiological characteristics in the blood cell counts of children under 5 years of age (48), the results cannot be extrapolated to this population.

In conclusion, we demonstrated that NLR is elevated in hypertension children, and it is associated positively with office blood pressure levels and LV diastolic dysfunction parameters. Our results indicate that inflammation may play a crucial role in the development of hypertension, and the higher NLR may indicate the increased risk for the development of hypertension in children. Moreover, NLR can serve as a useful marker to reflect left ventricular diastolic dysfunction in pediatric patients with primary hypertension.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by The Ethics Committee of Children’s Hospital of Soochow University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

MH, LC, YD, and LS conceived and designed the study and wrote the paper. MH, LC, YD, YC, BW, JS, WZ, JH, QX, HL, and LS performed the study. YC, BW, JS, WZ, JH, QX, and HL reviewed and edited the manuscript. All authors read and approved the manuscript.



FUNDING

This work was supported by a grant from the National Natural Science Foundation of China (ID: 81300692).



ACKNOWLEDGMENTS

This manuscript has been released as a pre-print at Research Square, https://www.researchsquare.com/article/rs-27242/v1 (49).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2021.576005/full#supplementary-material



REFERENCES

 1. Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nat Rev Nephrol. (2020) 16:223–37. doi: 10.1038/s41581-019-0244-2

 2. Sorof J, Daniels S. Obesity hypertension in children: a problem of epidemic proportions. Hypertension. (2002) 40:441–7. doi: 10.1161/01.hyp.0000032940.33466.12

 3. Sharma AK, Metzger DL, Rodd CJ. Prevalence and severity of high blood pressure among children based on the 2017 American academy of pediatrics guidelines. JAMA Pediatr. (2018) 172:557–65. doi: 10.1001/jamapediatrics.2018.0223

 4. Zhang YX, Wang SR. Comparison of blood pressure levels among children and adolescents with different body mass index and waist circumference: study in a large sample in Shandong, China. Eur J Nutr. (2014) 53:627–34. doi: 10.1007/s00394-013-0571-1

 5. Sarganas G, Schaffrath RA, Niessner C, Woll A, Neuhauser HK. Tracking of blood pressure in children and adolescents in Germany in the context of risk factors for hypertension. Int J Hypertens. (2018) 2018:8429891. doi: 10.1155/2018/8429891

 6. Urbina EM, Khoury PR, McCoy C, Daniels SR, Kimball TR, Dolan LM. Cardiac and vascular consequences of pre-hypertension in youth. J Clin Hypertens (Greenwich). (2011)13:332–42. doi: 10.1111/j.1751-7176.2011.00471.x

 7. Alp H, Karaarslan S, Eklioglu BS, Atabek ME, Baysal T. The effect of hypertension and obesity on left ventricular geometry and cardiac functions in children and adolescents. J Hypertens. (2014) 32:1283–92. doi: 10.1097/HJH.0000000000000176

 8. Junqueira C, Magalhaes M, Brandao AA, Ferreira E, Junqueira A, Neto J, et al. Evaluation of endothelial function by VOP and inflammatory biomarkers in patients with arterial hypertension. J Hum Hypertens. (2018) 32:105–113. doi: 10.1038/s41371-017-0024-z

 9. Litwin M, Michalkiewicz J, Niemirska A, Gackowska L, Kubiszewska I, Wierzbicka A, et al. Inflammatory activation in children with primary hypertension. Pediatr Nephrol. (2010) 25:1711–8. doi: 10.1007/s00467-010-1548-4

 10. Balta S, Celik T, Mikhailidis DP, Ozturk C, Demirkol S, Aparci M, et al. The relation between atherosclerosis and the neutrophil-lymphocyte ratio. Clin Appl Thromb Hemost. (2016) 22:405–11. doi: 10.1177/1076029615569568

 11. Durmus E, Kivrak T, Gerin F, Sunbul M, Sari I, Erdogan O. Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio are predictors of heart failure. Arq Bras Cardiol. (2015) 105:606–13. doi: 10.5935/abc.20150126

 12. Dentali F, Nigro O, Squizzato A, Gianni M, Zuretti F, Grandi AM, et al. Impact of neutrophils to lymphocytes ratio on major clinical outcomes in patients with acute coronary syndromes: a systematic review and meta-analysis of the literature. Int J Cardiol. (2018) 266:31–7. doi: 10.1016/j.ijcard.2018.02.116

 13. Derya MA, Demir V, Ede H. Relationship between neutrophil/lymphocyte ratio and epicardial fat tissue thickness in patients with newly diagnosed hypertension. J Int Med Res. (2018) 46:940–50. doi: 10.1177/0300060517749130

 14. Skrzypczyk P, Przychodzien J, Bombinska M, Kaczmarska Z, Mazur M, Panczyk-Tomaszewska M. Complete blood count-derived inflammatory markers in adolescents with primary arterial hypertension: a preliminary report. Cent Eur J Immunol. (2018) 43:434–41. doi: 10.5114/ceji.2018.81353

 15. Hui F, Yinkun Y, Jie M. Updating blood pressure references for Chinese children aged 3–17 years. Chin J Hyperten. (2017) 25:428–35. doi: 10.1161/HYPERTENSIONAHA.117.09983

 16. Maciejczyk M, Taranta-Janusz K, Wasilewska A, Kossakowska A, Zalewska A. A case-control study of salivary redox homeostasis in hypertensive children. Can salivary uric acid be a marker of hypertension? J Clin Med. (2020) 9:837. doi: 10.3390/jcm9030837

 17. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR, et al. Clinical practice guideline for screening and management of high blood pressure in children and adolescents. Pediatrics. (2017) 140:1904. doi: 10.1542/peds.2017-1904

 18. Khoury PR, Mitsnefes M, Daniels SR, Kimball TR. Age-specific reference intervals for indexed left ventricular mass in children. J Am Soc Echocardiogr. (2009) 22:709–14. doi: 10.1016/j.echo.2009.03.003

 19. Akiba T, Yoshikawa M, Otaki S, Kobayashi Y, Nakasato M, Suzuki H, et al. Echocardiographic measurements of left ventricle in normal infants and children. Tohoku J Exp Med. (1986) 149:31–7. doi: 10.1620/tjem.149.31

 20. Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA, Quinones MA. Doppler tissue imaging: a noninvasive technique for evaluation of left ventricular relaxation and estimation of filling pressures. J Am Coll Cardiol. (1997) 30:1527–33. doi: 10.1016/s0735-1097(97)00344-6

 21. Nagueh SF, Smiseth OA, Appleton CP, Byrd BR, Dokainish H, Edvardsen T, et al. Recommendations for the evaluation of left ventricular diastolic function by echocardiography: an update from the american society of echocardiography and the European association of cardiovascular imaging. Eur Heart J Cardiovasc Imaging. (2016) 17:1321–60. doi: 10.1093/ehjci/jew082

 22. Karpettas N, Nasothimiou E, Kollias A, Vazeou A, Stergiou GS. Ambulatory and home blood pressure monitoring in children and adolescents: diagnosis of hypertension and assessment of target-organ damage. Hypertens Res. (2013) 36:285–92. doi: 10.1038/hr.2012.220

 23. de Simone G, Devereux RB, Daniels SR, Koren MJ, Meyer RA, Laragh JH. Effect of growth on variability of left ventricular mass: assessment of allometric signals in adults and children and their capacity to predict cardiovascular risk. J Am Coll Cardiol. (1995) 25:1056–62. doi: 10.1016/0735-1097(94)00540-7

 24. Vlachopoulos C, Aznaouridis K, O’Rourke MF, Safar ME, Baou K, Stefanadis C. Prediction of cardiovascular events and all-cause mortality with central haemodynamics: a systematic review and meta-analysis. Eur Heart J. (2010) 31:1865–71. doi: 10.1093/eurheartj/ehq024

 25. Brady TM, Appel LJ, Holmes KW, Fivush B, Miller ER. Association between adiposity and left ventricular mass in children with hypertension. J Clin Hypertens (Greenwich). (2016) 18:625–33. doi: 10.1111/jch.12717

 26. Litwin M, Obrycki L, Niemirska A, Sarnecki J, Kulaga Z. Central systolic blood pressure and central pulse pressure predict left ventricular hypertrophy in hypertensive children. Pediatr Nephrol. (2019) 34:703–12. doi: 10.1007/s00467-018-4136-7

 27. Falkner B, DeLoach S, Keith SW, Gidding SS. High risk blood pressure and obesity increase the risk for left ventricular hypertrophy in African-American adolescents. J Pediatr. (2013) 162:94–100. doi: 10.1016/j.jpeds.2012.06.009

 28. Richey PA, Disessa TG, Somes GW, Alpert BS, Jones DP. Left ventricular geometry in children and adolescents with primary hypertension. Am J Hypertens. (2010) 23:24–9. doi: 10.1038/ajh.2009.164

 29. Cuspidi C, Rescaldani M, Sala C, Grassi G. Left-ventricular hypertrophy and obesity: a systematic review and meta-analysis of echocardiographic studies. J Hypertens. (2014) 32:16–25. doi: 10.1097/HJH.0b013e328364fb58

 30. Woodiwiss AJ, Norton GR. Obesity and left ventricular hypertrophy: the hypertension connection. Curr Hypertens Rep. (2015) 17:539. doi: 10.1007/s11906-015-0539-z

 31. Kim S, Eliot M, Koestler DC, Wu WC, Kelsey KT. Association of neutrophil-to-lymphocyte ratio with mortality and cardiovascular disease in the jackson heart study and modification by the duffy antigen variant. JAMA Cardiol. (2018) 3:455–62. doi: 10.1001/jamacardio.2018.1042

 32. Li C, Zhang F, Shen Y, Xu R, Chen Z, Dai Y, et al. Impact of neutrophil to lymphocyte ratio (NLR) index and its periprocedural change (NLRDelta) for percutaneous coronary intervention in patients with chronic total occlusion. Angiology. (2017) 68:640–6. doi: 10.1177/0003319716649112

 33. Li T, Gu C, Wang F, Lv B, Zhang C, Peng R, et al. Association of Neutrophil-lymphocyte ratio and the presence of noncalcified or mixed coronary atherosclerotic plaques. Angiology. (2018) 69:256–63. doi: 10.1177/0003319717718330

 34. Cetin N, Kavaz TA. Platelet activation and inflammation in hypertensive children with non-dipper and dipper status. Iran J Kidney Dis. (2019) 13:105–12.

 35. Cimen T, Sunman H, Efe TH, Erat M, Sahan HF, Algul E, et al. The relationship between 24-hour ambulatory blood pressure load and neutrophil-to-lymphocyte ratio. Rev Port Cardiol. (2017) 36:97–105. doi: 10.1016/j.repc.2016.07.009

 36. Adrover JM, Del FC, Crainiciuc G, Cuartero MI, Casanova-Acebes M, Weiss LA, et al. A neutrophil timer coordinates immune defense and vascular protection. Immunity. (2019) 50:390–402.e10. doi: 10.1016/j.immuni.2019.01.002

 37. Boger RH. Association of asymmetric dimethylarginine and endothelial dysfunction. Clin Chem Lab Med. (2003) 41:1467–72. doi: 10.1515/CCLM.2003.225

 38. Gomez-Moreno D, Adrover JM, Hidalgo A. Neutrophils as effectors of vascular inflammation. Eur J Clin Invest. (2018) 48(Suppl. 2):e12940. doi: 10.1111/eci.12940

 39. El-Benna J, Hurtado-Nedelec M, Marzaioli V, Marie JC, Gougerot-Pocidalo MA, Dang PM. Priming of the neutrophil respiratory burst: role in host defense and inflammation. Immunol Rev. (2016) 273:180–93. doi: 10.1111/imr.12447

 40. Touyz RM, Alves-Lopes R, Rios FJ, Camargo LL, Anagnostopoulou A, Arner A, et al. Vascular smooth muscle contraction in hypertension. Cardiovasc Res. (2018) 114:529–39. doi: 10.1093/cvr/cvy023

 41. Lu X, Rudemiller NP, Privratsky JR, Ren J, Wen Y, Griffiths R, et al. Classical dendritic cells mediate hypertension by promoting renal oxidative stress and fluid retention. Hypertension. (2020) 75:131–8. doi: 10.1161/HYPERTENSIONAHA.119.13667

 42. Coppo M, Bandinelli M, Berni A, Galastri S, Abbate R, Poggesi L, et al. Ang II upregulation of the T-lymphocyte renin-angiotensin system is amplified by low-grade inflammation in human hypertension. Am J Hypertens. (2011) 24:716–23. doi: 10.1038/ajh.2011.32

 43. Lee H, Kong YH, Kim KH, Huh J, Kang IS, Song J. Left ventricular hypertrophy and diastolic function in children and adolescents with essential hypertension. Clin Hypertens. (2015) 21:21. doi: 10.1186/s40885-015-0031-8

 44. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al. Recommendations for the evaluation of left ventricular diastolic function by echocardiography. J Am Soc Echocardiogr. (2009) 22:107–33. doi: 10.1016/j.echo.2008.11.023

 45. Szelenyi Z, Fazakas A, Szenasi G, Kiss M, Tegze N, Fekete BC, et al. Inflammation and oxidative stress caused by nitric oxide synthase uncoupling might lead to left ventricular diastolic and systolic dysfunction in patients with hypertension. J Geriatr Cardiol. (2015) 12:1–10. doi: 10.11909/j.issn.1671-5411.2015.01.001

 46. Song P, Zhang Y, Yu J, Zha M, Zhu Y, Rahimi K, et al. Global prevalence of hypertension in children: a systematic review and meta-analysis. JAMA Pediatr. (2019) 173:1–10. doi: 10.1001/jamapediatrics.2019.3310

 47. The Writing Committee of the Report on Cardiovascular Health Diseases in China. Chin Circ J. (2020) 35:833–54. doi: 10.3969/j.issn.1000-3614.2020.09.001

 48. Walters MC, Abelson HT. Interpretation of the complete blood count. Pediatr Clin North Am. (1996) 43:599–622. doi: 10.1016/s0031-3955(05)70424-7

 49. Hou M, Cao L, Ding Y, Chen Y, Wang B, Shen J, et al. Neutrophil to lymphocyte ratio is increased and associated with left ventricular diastolic function in newly diagnosed essential hypertension children. Res Square. (2020). doi: 10.21203/rs.3.rs-27242/v1

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Hou, Cao, Ding, Chen, Wang, Shen, Zhou, Huang, Xu, Lv and Sun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-576005-t002.jpg
WM, g

LWMI, g/m27

RWT (%)

LV hypertrophy, n (%)
€, cmvs

E//A ratio

E/A ratio

E/E’ ratio

Diastolic dysfunction, n (%)
LVEF (%)

FS (%)

Control group

105.61 £29.6
29.42 4 6.56
0.30 £0.04
/
1266 +£1.84
2.05+0.56
217 £0.59
7.77 £1.63
/
72.52 +3.85
42,42 + 4.71

Hypertension group

139.32 & 49.1
87.71 £ 1067
035+ 006
8(12.31%)
1262 1.77
226+ 1.13
1.92 +059
853+ 1.79
1(1.54%)
716+623
434621

P-value

<0.001
<0.001
<0.001
¥
0.898
0.295
0.033
0.038
/
0.389
0.606

LVM, left ventricular mass; LVMI, left ventricular mass index; RWT, relative wall thickness;
LVEF, left ventricular sjection fraction; FS, fractional shortening.





OPS/images/fped-09-576005-t003.jpg
Control group Hypertension group  P-value

WBC (10%/L) 670+ 1.71 765 %227 0017
N (1091) 377 +1.27 462 +1.72 0.003
L(10%L) 242076 243 091 0.931
M (109L) 0.41+0.13 0.46 +0.16 0.089
PIt (10°/) 280.66 + 76.35 287.48 & 77.57 0.110
NLR 168+ 0.75 218+ 1.12 0.005
PLR 122.46 + 36.71 132.08 + 67.77 0.287
LMR 619+ 1.74 641£72 0.832

WBC, white blood cell count; N, neutrophis count; L, lymphocytes count; M,
monocytes count; Pt platelet count; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-
to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.





OPS/images/fped-09-576005-g003.gif





OPS/images/fped-09-576005-t001.jpg
Control group

Clinical characteristics

Gender (WF) 4311
Age, years 123323
BMI (kg/m2) 108.52 + 9.47
SBP (mmHg) 67.75+7.63
DBP (mmHg) 35.87 +15.11
PP (mmHg) 18.77 £2.06
Biochemical variables

Uric acid, pmol/L 328.99 + 83.26
ALT, pmolL. 16.24 £8.76
Creatinine, umol/L. 6928  17.34
TG, mmol/L 1.14 £ 0.50
TC, mmol/L. 864+ 1.12
HDL-c, mmol/L 1224027
LDL-c, mmol/L 194+073
Glucose, mmolL. 414:£1.45
hsCRP, mg/di 0.32:+0.42

Hypertension group

48/17
12.37 £2.34
141,08+ 11.95
85.15 + 11.66
55.05 + 13.68
26.62 + 14.62

407.11 £ 111.07
31.49 £ 41.66
66.15 & 15.47

1.14 £0.49
3.87+£0.98
1.26 +£0.41
2164097
4.27 £1.55
2224508

P-value

0.459
0987
0.003
<0.001
<0.001
<0.001

<0.001
0.004
0311
0.950
0.296
0.654
0.348
0.612
0.004

SBR, systolic blood pressure; DBR, diastolic blood pressure; PP, pulse pressure; TG,
tiglyceride; TC, total cholesterol; HDL-c, high density lipoprotein cholesterof; LDL-c,
low density lipoprotein cholesterol; ALT, alanine aminotransferase; hsCRR, high-sensitiity

C-reactive protein.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neutrophil to Lymphocyte Ratio Is Increased and Associated With Left Ventricular Diastolic Function in Newly Diagnosed Essential Hypertension Children



		Background



		Methods



		Ethics Committee Approval



		Study Group



		Laboratory Assessment



		Echocardiographic Assessment



		Left Ventricular Geometry



		Left Ventricular Systolic Function



		Left Ventricular Diastolic Function



		Pulsed Doppler Assessment



		Tissue Doppler Imaging









		Statistics







		Results



		Clinical Characteristics and Biochemical Parameter in Hypertension and Control Group



		Echocardiography Parameters in Hypertension and Control Group



		Blood Cell Counts in Hypertension and Control Group



		Correlation Between Blood-Cell Count Inflammatory Markers and Office Blood Pressure With Body Mass Index in Hypertension Children



		Correlation Between Blood-Cell Count Inflammatory Markers and Left Ventricular Diastolic Function With Hypertrophy in Hypertension Children







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Neutrophil to Lymphocyte Ratio Is
Increased and Associated With Left
Ventricular Diastolic Function in
Newly Diagnosed Essential
Hypertension Children





OPS/images/fped-09-576005-g001.gif
177 hypertension children
adnited bovpial

——— (FEccondary byperimion

it miving e






OPS/images/fped-09-576005-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





