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Background: Neutrophils and high-density lipoprotein cholesterol (HDL-C) are significantly linked to cardiovascular disease (CVD). 
This study investigates the correlation of neutrophil count to HDL-C ratio (NHR) with cardiac ultrasound parameters and cardiovas-
cular risk in healthy populations.
Materials and Methods: Firstly, NHR was calculated based on neutrophils and HDL-C. Then, the differences in basic clinical 
characteristics and cardiac ultrasound parameters were compared between the high and low NHR groups, males and females. 
Subsequently, cardiovascular risk was predicted according to the Chinese 10-year ischemic cardiovascular disease (ICVD) risk 
assessment tool for people aged 35–60 years. Finally, the correlation between NHR and cardiac ultrasound parameters and 
cardiovascular risk was calculated.
Results: A total of 3020 healthy participants, 1879 males and 1141 females, were included. Participants in the high NHR group had 
significantly increased Aorta (AO), Left Atrium (LA), Right Atrium (RA), Right Ventricle (RV), End Systolic Diameter of Left 
Ventricle (ESD), End Diastolic Diameter of Left Ventricle (EDD), Main Pulmonary Artery (MPA), Right Ventricular Outflow Tract 
(RVOT), Interventricular Septum (IVS), Left Ventricular Posterior Wall (LVPW), and cardiovascular risk and decreased E/A values 
compared to those in the low NHR group. The same results were found in males participants compared to females. A total of 1670 
participants underwent ICVD risk assessment tool. Cardiovascular risk was significantly higher in those with high NHR and in males 
than in those with low NHR and in females. Correlation analysis showed that NHR was positively correlated with AO, LA, RA, RV, 
ESD, EDD, MPA, RVOT, IVS, LVPW and cardiovascular risk, and negatively correlated with E/A values.
Conclusion: Our study demonstrates that NHR is significantly associated with cardiac ultrasound parameters and cardiovascular risk 
in healthy populations. NHR may serve as a useful indicator for the early diagnosis and treatment of cardiovascular disease among 
healthy populations.
Keywords: neutrophils, high-density lipoprotein cholesterol ratio, cardiovascular risk, cardiac ultrasound, cardiovascular disease

Introduction
The largest cause of morbidity and mortality in the world is cardiovascular disease (CVD), which places a significant 
burden on the healthcare system.1 Atherosclerosis, which is the primary cause of CVD, is influenced by lipids and 
inflammation.2,3 A lipoprotein called low-density lipoprotein (LDL), which transports cholesterol into peripheral tissue 
cells, can oxidize to form oxidized LDL, which, when present in excess, increases the risk of atherosclerosis.4 High-density 
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lipoprotein HDL-cholesterol (HDL-C), on the other hand, acts as a preventative measure against atherosclerosis by moving 
cholesterol from bodily tissues to the liver, lowering the level of free cholesterol in plasma HDL, and minimizing the 
deposition of cholesterol in tissues.5

Acute cardiovascular events are brought on by the rupture or erosion of unstable atheromatous plaques in the 
coronary arteries, which causes acute myocardial ischemia or necrosis due to total or incomplete blockage of the 
coronary lumen and causes a considerable rise in mortality. Neutrophils play a significant part in this process by 
attracting pro-inflammatory cells and releasing cytokines.6,7 Increased peripheral blood neutrophil levels are linked to 
both unfavorable cardiovascular outcomes and atherosclerosis. Additionally, by preventing the production of neutro-
phil inflammatory factors, HDL-C may provide additional protection against acute cardiovascular events.8 As a result, 
both low HDL-C and increased neutrophils are harmful CVD risk factors. The neutrophil counts to HDL-C ratio 
(NHR) is a brand-new measure for lipid metabolism and inflammation. NHR is linked to poor cardiovascular outcomes 
and cardiovascular mortality after coronary surgery, according to recent research.9,10 However, no studies have 
examined the relationship between NHR and cardiovascular risk or events in individuals without a history of CVD. 
One of the popular techniques for determining cardiovascular risk is the Chinese 10-year ischemic cardiovascular 
disease (ICVD) risk assessment tool, which evaluates a patient’s likelihood of experiencing their first fatal cardiovas-
cular event within the next 10 years based on six variables: age, body mass index (BMI), smoking, blood glucose, 
systolic blood pressure, and total cholesterol level. The relationship between NHR and the ICVD risk has not yet been 
studied and reported.11,12 Previous studies have shown that some novel biomarkers for predicting cardiovascular 
events, such as high-sensitivity C-reactive protein, fibrinogen, lipoprotein-associated phospholipase A2, matrix metal-
loproteinases, myeloperoxidase, and endothelin-1, are not yet widely used in clinical practice due to the complexity of 
the tests.13 NHR is more readily available than these indicators and better reflects the inflammatory status of the body, 
so it can be widely application.

The only device that can repeatedly show the structures inside the heart chambers, the heart’s pulse, and the flow of 
blood while causing no harm to the body is cardiac ultrasonography. Myocardial thickness and chamber volume can be 
directly measured, and myocardial mobility and heart function can be seen. Because cardiovascular disease is a chronic, 
progressive condition, there may be extended stretches during its early stages when there are no readily apparent clinical 
symptoms, delaying early diagnosis and treatment of the condition. Cardiac ultrasound is a very suitable method for early 
CVD screening in high-risk populations because it reflects the anatomy and function of the heart at an early stage. Due to 
its simplicity and accessibility, recent research have demonstrated that NHR can be utilized as a CVD prediction tool, 
however there have been no investigations on the relationship between NHR and heart anatomy and function.14 A better 
method for the early detection and prevention of CVD may therefore result from investigating the association between 
NHR and cardiac ultrasound parameters.

We investigated the relationship between NHR and cardiac ultrasound parameters, as well as NHR and cardiovascular 
risk predicted by the ICVD risk assessment tool, in an outpatient-based cross-sectional study that included a healthy 
physical examination population, in order to propose novel clinical concepts and strategies for the prevention and 
diagnosis of CVD.

Materials and Methods
Study Participants
Clinical records were obtained from all populations attending the Hebei General Hospital physical examination center 
from June 2022 to July 2022 and were evaluated retrospectively. The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the Institutional Ethics Committee (approval number: 2020–27).

The inclusion criteria for patients were as follows: (a) age ≥ 18 years; (b) consent to participate in the trial; (c) no 
previous history of chronic disease and medication use. Exclusion criteria were as follows: (a) coronary artery disease; 
(b) hypertension; (c) history of cardiac surgery or coronary stenting; (d) history of other diseases affecting the structure or 
function of the heart. Finally, a total of 3020 healthy individuals were recruited for this study.
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Information and Data Collection
All participants’ basic information was collected, including gender, age, height, weight, waist circumference, hip 
circumference, tobacco and alcohol use, and blood pressure. Blood samples were collected from all participants at 
least 8 hours of fasting and included triglycerides (TG), total cholesterol (TC), HDL-C, low-density lipoprotein 
cholesterol (LDL-C), alanine aminotransferase (ALT), aspartate aminotransferase (AST), uric acid (UA), fasting blood 
glucose (FBG), and blood count. All indicators were measured by professionals using a fully automated biochemical 
analyzer under the same experimental conditions.

The cardiac ultrasound (GE Vivid E9, USA) was performed by the same group of trained physicians according to the 
same criteria in all participants. Cardiac ultrasound indices included Aorta (AO), Left Atrium (LA), Right Atrium (RA), 
Right Ventricle (RV), End Systolic Diameter of Left Ventricle (ESD), End Diastolic Diameter of Left Ventricle (EDD), 
Main Pulmonary Artery (MPA), Right Ventricular Outflow Tract (RVOT), Interventricular Septum (IVS), Left 
Ventricular Posterior Wall (LVPW), Ejection Fraction (EF), Fractional Shortening (FS) and calculated E/A values.

Calculation of Parameters
BMI = weight (kg)/height (m)2. The formula for calculating NHR is the ratio of neutrophil count (×109/L) to HDL-C 
(mmol/L).

Assessment of Cardiovascular Risk
The Chinese 10-year ICVD risk assessment tool evaluates the risk of a first fatal cardiovascular event in the next 10 years 
based on six factors: age, smoking, BMI, systolic blood pressure (SBP), TC, and diabetes as independent variables. The 
system calculates risk for participants aged 35 to 60 years to predict future cardiovascular risk.

Statistical Analysis
All data were analyzed and visualized using GraphPad Prism 8.01 software. Data satisfying a normal distribution are 
expressed as mean ± standard deviation and vice versa as median (25th percentile, 75th percentile). Differences between 
groups were tested by independent samples t-test. If the data did not meet a normal distribution, Mann–Whitney U analysis 
was used to compare differences between groups. Spearman or Pearson correlation analysis was used to determine the 
correlation between variables. Differences between groups were considered statistically significant when P<0.05.

Results
Clinical Characteristics of All Participants
A total of 3020 healthy participants were included in the study according to the inclusion and exclusion criteria 
(Figure 1). In total, there were 1879 men and 1141 women with a average age of 59.23 years and a average BMI of 
24.45 kg/m2. The average NHR was 2.63, and all populations were divided into high and low NHR groups (n=1510/ 
group) based on the median.

Clinical Characteristics of Participants in High and Low NHR Groups
The high NHR group was older, had higher BMI, waist and hip circumference, and similarly had higher SBP and DBP 
compared to the low NHR group (Figure 2A-F). HDL-C and TC were higher in the low NHR group, while TG and LDL- 
C were higher in the high NHR group (Figure 2G-J). UA, blood cell count, FBG, and ALT were all higher in the high 
NHR group compared to the low NHR group, while AST was not significantly different (Figure 2K-R). Comparison of 
tobacco and alcohol use between the two groups showed that participants in the high NHR group had higher rates of 
tobacco and alcohol use (Figure 2S).

Comparison of Cardiac Ultrasound Parameters Between High and Low NHR Groups
Participants in the high NHR group had greater AO, LA, RA, RV, ESD, EDD, MPA, RVOT, IVS, and LVPW compared 
with those in the low NHR group (P<0.001) (Figure 3A-J). EF and FS were not significantly different between the two 
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groups (P>0.05) (Figure 3K and L). E/A reflects early diastolic impairment, and the results of this study showed that 
participants in the high NHR group had lower E/A values than those in the low NHR group (p<0.001) 
(Figure 3M and N).

Clinical Characteristics of Male and Female Participants
Compared to female participants, male individuals were older and had higher BMI, waist and hip circumference, and 
similarly, higher SBP and DBP (Figure 4A-F). HDL-C, LDL-C and TC were higher in women, while TG was higher in 
men (Figure 4G-J). Compared to females, males had higher UA, blood counts, FBG, AST, and ALT, except for platelet 
counts (Figure 4K-R). NHR was significantly higher in male participants than in females, and the same trend was 
observed for tobacco and alcohol use (Figure 4S and T).

Comparison of Cardiac Ultrasound Parameters Between Male and Female Participants
Male participants had greater AO, LA, RA, RV, ESD, EDD, MPA, RVOT, IVS, and LVPW compared with females 
(P<0.001) (Figure 5A-J), and similarly EF and FS between the two groups were greater in males than in female 
participants (P<0.01) (Figure 5K and L). However, E/A values were greater in female participants than in males 
(p<0.001) (Figure 5M and N).

Cardiovascular Risk Assessment
A total of 1670 participants were included in the ICVD risk assessment tool for scoring, including 1000 males and 670 
females. The average age was 48.61 years, average BMI was 24.82 kg/m2, and average NHR was 2.86. Other indicators 
such as blood pressure, FBG, lipids, UA, ALT and AST were within the median normal range (Table 1). Participants in 
the high NHR group and males had higher risk scores based on the ICVD risk assessment tool compared to those in the 
low NHR group and females (Figure 6A and B).

Figure 1 Flow chart of this cross-sectional study. 
Abbreviations: ICVD, ischemic cardiovascular disease; NHR, neutrophils count to high density lipoprotein ratio.
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Figure 2 Clinical characteristics of participants in high and low NHR groups. (A) Age. (B) BMI. (C) Waist Circumference. (D) Hip Circumference. (E) SBP. (F) DBP. (G) 
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Correlation Between NHR and Cardiac Ultrasound Parameters
In all participants, correlation analysis showed that NHR was significantly and positively correlated with AO, LA, RA, 
RV, ESD, EDD, MPA, RVOT, IVS, and LVPW, and NHR was also positively correlated with cardiovascular risk in 
participants (p<0.001). However, there was a significant negative correlation between NHR and E/A values (P<0.001).

In male participants, NHR was weakly correlated with LA (P=0.0043) and RVOT (P=0.0304), while NHR was 
significantly positively correlated with cardiovascular risk (P<0.001). Similarly, there was a significant negative 
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correlation between NHR and E/A values (P<0.001). Among female participants, there was a negative correlation 
between NHR and E/A values (P=0.0398), while there was no significant correlation between NHR and other cardiac 
ultrasound parameters and risk scores (P>0.05) (Table 2).

Discussion
In this cross-sectional investigation, we looked at the link between NHR and cardiac ultrasonography measures, as well 
as NHR and cardiovascular risk in a group of 3020 healthy people. Our study’s key findings were as follows: (1) There 
was a significant difference in cardiac ultrasound parameters between individuals with high and low NHR. (2) Male and 
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female cardiac ultrasound parameters differed significantly. (3) The NHR and cardiac ultrasound parameters showed 
a strong connection. (4) There was a significant correlation between NHR and cardiovascular risk, as determined by the 
ICVD risk assessment tool, in both males and all participants.

NHR is a new lipid biomarker capable of quantifying inflammation and lipid levels.15,16 As a result, a rise in NHR 
can indirectly reflect increasing levels of inflammation and lower anti-inflammatory capacity in the body. This study 
found that those with high NHR had greater BMI, waist circumference, hip circumference, BP, FBG, non-HDL-C, and 
UA levels than those with low NHR. Male participants had higher levels of these markers than females because they had 
higher NHR levels. These findings imply that an increase in NHR may indicate metabolic disruptions and elevated levels 
of inflammation in vivo, both of which are risk factors for CVD. As a result, the relationship between NHR and CVD is 
receiving increasing attention.

According to studies, neutrophils contribute to the development of atherosclerosis and are strongly correlated with the 
frequency of unfavorable cardiovascular events.17 Furthermore, in acute cardiovascular events, the high number of 
neutrophil aggregates allows for enhanced expression of local inflammatory mediators and cell adhesion molecules, 
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increasing inflammation and exacerbating the condition. HDL-C promotes endothelial function and blood viscosity while 
also being anti-atherosclerotic.17–19 Previous research has found that HDL-C and neutrophils can regulate each other’s 
functions.20 As a result, there is a significant correlation between NHR and cardiovascular risk when previous research 
are combined. In this study, the ICVD risk assessment tool was used to forecast the frequency of initial cardiovascular 
events during a 10-year period in a group that was generally healthy. Our study discovered a positive relationship 
between NHR and cardiovascular risk in healthy persons with high NHR. This relationship was also shown in the male 
population but not in the female population and may be associated with lower NHR, lower BMI, and lower cardiovas-
cular risk in non-menopausal women. Previous research has demonstrated that NHR can be used as a prognostic marker 
in patients with cardiovascular disease, and the findings of this study imply that NHR can also be used to predict 
cardiovascular risk in healthy people.

The risk of cardiovascular events is very closely linked to changes in heart shape and function. A substantial positive 
connection between a number of cardiac ultrasound parameters and cardiovascular risk was found in our prior work.21 

We aimed to investigate the association between NHR and cardiac ultrasound parameters in the current investigation. The 
findings suggested a link between high NHR and early structural alterations in the heart since the high NHR population 
had higher levels of AO, LA, RA, RV, ESD, EDD, MPA, RVOT, IVS, and LVPW than the low NHR population. E/A 
values were lower in the high NHR population compared to the low NHR population, and EF and FS did not change 
significantly between the two groups, suggesting that cardiac systolic function was not yet impaired, but diastolic 

Table 1 Clinical Characteristics of All 
Participants Who Were Scored by ICVD 
Risk Assessment Tool

Subjects (n=1670)

Gender (Male) 1000 (59.88%)

Smoking 405 (24.25%)
Drinking 656 (39.28%)

Age (y) 48.61±7.18

BMI (kg/m2) 24.82±3.46
Hip Circumference 95.72±7.05

Waist Circumference 84.91±10.59
SBP (mmHg) 119.7±15.67

DBP(mmHg) 79.5±11.25

ALT (U/L) 17.5 (13, 25.3)
AST (U/L) 20.8 (17.68, 24.9)

TC (mmol/L) 5.03± 0.9

TG (mmol/L) 1.76±0.12
LDL-C (mmol/L) 3.16±0.7

HDL-C (mmol/L) 1.33±0.2

FBG (mmol/L) 5.71±1.16
UA (mmol/L) 371±28.92

WBC (×109/L) 6.03±1.46

RBC (×1012/L) 4.79±0.47
PLT (×109/L) 248.5±55.19

NEUT (×109/L) 3.57± 0.9

NHR 2.86±1.2

Abbreviations: ICVD, ischemic cardiovascular disease; BMI, 
body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; TC, total cholesterol; TG, triglyceride; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high- 
density lipoprotein cholesterol; FBG, fasting blood glucose; 
UA, uric acid; WBC, white blood cell; RBC, red blood cell; 
PLT, platelet count; NEUT, neutrophil count; NHR, neutro-
phils count to high density lipoprotein ratio.

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S406102                                                                                                                                                                                                                       

DovePress                                                                                                                       
1861

Dovepress                                                                                                                                                              Pan et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


function may have decreased to some extent. The above results are consistent with the criteria for preclinical stage 
cardiac lesions, implying that increased NHR seems to be associated with early structural and functional cardiac damage. 
However, the mechanism by which NHR leads to structural changes and dysfunction of the heart is not clear. It may be 

Table 2 Correlation Between NHR and Cardiac Ultrasound Index

NHR

All Participants Male Female

AO r value 0.132 (0.085–0.179) 0.05 (−0.014–0.11) 0.025 (−0.051–0.1)

p value <0.0001* 0.1283 0.5275

LA r value 0.218 (0.172–0.263) 0.09 (0.028–0.152) 0.047 (−0.028–0.123)
p value <0.0001* 0.0043* 0.2197

RA r value 0.169 (0.122–0.215) 0.02 (−0.042–0.082) 0.001 (−0.074–0.077)

p value <0.0001* 0.5332 0.9709
RV r value 0.146 (0.099–0.193) −0.012 (−0.074–0.05) 0.024 (−0.052–0.1)

p value <0.0001 0.7145 0.5397

ESD r value 0.192 (0.145–0.237) 0.058 (−0.004–0.119) 0.032 (−0.044–0.107)
p value <0.0001* 0.069 0.4098

EDD r value 0.226 (0.18–0.276) 0.051 (−0.011–0.112) 0.053 (−0.023–0.128)

p value <0.0001* 0.1088 0.172
MPA r value 0.114 (0.066–0.161) 0.038 (−0.024–0.1) 0.04 (−0.036–0.115)

p value <0.0001* 0.2313 0.3056

RVOT r value 0.103 (0.055–0.15) 0.068 (0.006–0.13) −0.035 (−0.11–0.041)
p value <0.0001* 0.0304* 0.3645

EF r value 0.035 (−0.013–0.083) 0.008 (−0.054–0.07) 0.018 (−0.058–0.093)

p value 0.155 0.7967 0.6497
FS r value 0.036 (−0.012–0.084) −0.01 (−0.072–0.052) 0.014 (−0.06222–0.08924)

p value 0.1394 0.7521 0.7256

IVS r value 0.094 (0.047–0.141) −0.008 (−0.07–0.054) 0.021 (−0.055–0.097)
p value 0.0001* 0.8036 0.5847

LVPW r value 0.096 (0.048–0.143) 0.009 (−0.053–0.071) −0.009 (−0.084–0.067)
p value <0.0001* 0.7813 0.8234
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Figure 6 Cardiovascular risk assessment. (A) Comparison of cardiovascular risk scores between the low NHR and high NHR groups. (B) Comparison of cardiovascular risk 
scores in males and females.
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explained that NHR is an indicator of inflammation and that elevated NHR can cause abnormal cellular metabolism and 
oxidative stress thus triggering cardiomyocyte hypertrophy or even death.7,22,23 In addition, the aggregation of neutro-
phils and their secretion of cytokines, and the decrease in HDL-C, which diminishes the anti-inflammatory effect in vivo, 
together contribute to microvascular dysfunction.24,25 Cardiomyocyte death, hypertrophy and extracellular matrix 
remodeling, as well as microvascular dysfunction, ultimately affect cardiac structure and function. The correlation 
analysis showed that NHR was significantly positively correlated with AO, LA, RA, RV, ESD, EDD, MPA, RVOT, 
IVS, and LVPW, and negatively correlated with E/A values, further suggesting the correlation between NHR and 
structural and functional cardiac impairment. However, this correlation was significantly weaker in the gender subgroup 
analysis, which may be related to the higher NHR correlation in the male population compared to the female population 
and the lower cardiovascular risk in non-menopausal women. Meanwhile, in the gender subgroup analysis, males had 
higher AO, LA, RA, RV, ESD, EDD, MPA, RVOT, IVS, and LVPW, and lower E/A values than females, which may be 
associated with greater BMI and higher NHR in males. Therefore, the significant correlation between NHR and cardiac 
ultrasound parameters and cardiovascular risk based on healthy population provides a new idea for early diagnosis and 
intervention of CVD and improves the diagnosis and treatment system of CVD.

This study has several limitations. Firstly, the cross-sectional study limits the persuasiveness of our study and does not 
lead to causal conclusions. Secondly, this study is based on a single center, so multicenter and large-scale studies are 
needed to validate the findings of this study. And third, compared with the ICVD risk assessment tool, SCORE2 appears 
to be a better predictor of the total burden of cardiovascular disease, especially in younger adults, and thus warrants the 
next step of a study comparing the advantages and disadvantages of the two scoring systems. Finally, the ICVD risk 
assessment tool is only a predictive tool for cardiovascular risk and does not fully reflect the true incidence of 
cardiovascular events, so long-term follow-up is needed to validate this conclusion.

Conclusion
Increased NHR was linked to cardiac structural and functional impairment in healthy populations, but these correlations 
were noticeably weaker in the analysis of the gender subgroup. NHR and cardiovascular risk showed a significant 
positive correlation, which was also seen in the male participants but not the female ones.

Data Sharing Statement
Data supporting the results of this study are available upon reasonable request from the first author.

Ethics Approval and Consent to Participate
This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee of Hebei General Hospital (Date May 8, 2020/No. 202027).

Table 2 (Continued). 

NHR

All Participants Male Female

E/A value r value −0.17 (−0.217–0.124) −0.151 (−0.211–0.09) −0.079 (−0.154–0.004)

p value <0.0001* <0.0001* 0.0398*
Cardiovascular risk r value 0.224 (0.178–0.269) 0.145 (0.084–0.205) 0.055 (−0.021–0.13)

p value <0.0001* <0.0001* 0.1552

Note: *P<0.05. 
Abbreviations: NHR, Neutrophils Count to High Density Lipoprotein Ratio; AO, Aorta; LA, Left Atrium; RA, Right Atrium; RV, 
Right Ventricle; ESD, End Systolic Diameter of Left Ventricle; EDD, End Diastolic Diameter of Left Ventricle; MPA, Main Pulmonary 
Artery; RVOT, Right Ventricular Outflow Tract; EF, Ejection Fraction; FS, Fractional Shortening; IVS, Interventricular Septum; 
LVPW, Left Ventricular Posterior Wall.
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