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Background: This study aimed to determine the optimal cutoff values and evaluate the
associations of neutrophil to high-density lipoprotein cholesterol ratio (NHR) and lympho-
cyte to high-density lipoprotein cholesterol ratio (LHR) with metabolic syndrome (MetS),
stratified by sex.

Methods: A large-scale cross-sectional survey was conducted among 1401 adults from January
to April 2018 in six communities in Wanzhai Town, Zhuhai City, on the southern coast of China.
Receiver operating characteristics (ROC) analyses and logistic regression analysis were con-
ducted to assess the optimal cutoff and value of NHR and LHR for predicting MetS.

Results: Hematological parameters showed the correlation with the occurrence of MetS (red
blood cells, hemoglobin, and white blood cells and subtypes). Binomial logistic regression
analysis found that LHR (OR: 3.671; 95% CI: 2.385-5.651; p<0.001) and NHR (OR: 1.728;
95% CI: 1.353-2.207; p<0.001) can predict MetS in females, independent of confounding
factors. Although LHR (OR: 1.571; 95% CI: 1.001-2.468; p=0.05) and NHR (OR: 1.163;
95% CI: 0.909-1.48; p<0.01) were independent risk factors for MetS in males after adjust-
ment for age, current smoking, current alcohol use, physical activity, educational attainment,
waist circumference, systolic pressure, diastolic pressure and hypersensitive C-reactive
protein (hs-CRP), when further adjusted for fasting plasma glucose level, LHR and NHR,
both lost their independence. ROC curves showed that LHR had the highest AUC for
predicting MetS in females and NHR had the highest AUC in males. The cutoff points of
LHR and NHR were 1.36 and 2.31 in females, and 1.96 and 3.38 in males.

Conclusion: LHR and NHR may become valuable makers and have strong predictive power
for predicting MetS, especially in females.

Keywords: neutrophil to high-density lipoprotein cholesterol ratio, lymphocyte to high-
density lipoprotein cholesterol ratio, metabolic syndrome

Introduction

Metabolic syndrome (MetS), affecting a growing number of people, comprises
a group of serious global diseases that endanger human health and the main
cause of mortality worldwide.! MetS is a combination of metabolic disorders and
involves complicated components, including central obesity, systemic hypertension,
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insulin resistance, dyslipidemia and elevated fasting
glucose.” The underlying pathophysiology of MetS is not
clear; however, there are several widely accepted hypoth-
eses to explain the process of MetS, one of which involves
insulin resistance and chronic inflammation, which causes
proinflammation and a prothrombotic state, and acceler-
ates atherosclerosis.’

Several studies have found that hematological para-
meters, including white blood cell (WBC), red blood cell
(RBC) and platelet counts, platelet to lymphocyte ratio,
neutrophil to lymphocyte ratio (NLR), lymphocyte-to-
monocyte ratio (LMR), monocyte to high-density lipopro-
tein cholesterol (HDL-C) ratio (MHR) and lymphocyte to
high-density lipoprotein ratio (LHR), may be related to
MetS and the atherosclerotic process, as potential indica-
tors of prothrombotic and proinflammatory states.*™ As
known, HDL-C plays
inflammatory, antioxidant and antithrombotic progress,

an important role in anti-
and can inhibit cytokine-induced expression of endothelial
cell adhesion molecules.”' It was reported that the MHR
was independently associated with coronary atherosclero-
sis in patients with stable coronary artery disease;'' how-
ever, there is inconsistency in changes in the lymphocyte
count in MetS patients. Some studies reported that the
number of lymphocytes was decreased in MetS patients,
while other studies found that lymphocytes can take part in
the pathogenesis of MetS.'*'* Our previous study showed
that LHR may be a useful marker of inflammation to
assess the presence and severity of MetS.'

The prevalence of MetS has been growing both in
China and around the world, with a great number of
people suffering from diabetes and cardiovascular dis-
eases. Early diagnosis and prevention of MetS are essen-
tial. Hematological parameters can be easily measured
from peripheral blood and hematological indicators, as
discussed above, can be potential inflammatory makers
for predicting MetS. Thus, the objective of this study is
to investigate the relationship between NHR and LHR and
MetS, to figure out which hematological parameters have
higher value for predicting MetS, and to determine the
optimal cutoff points, stratified by sex, among adults in
southern China.

Methods
Study Population

This cross-sectional survey was conducted from January to
April 2018 in six communities in Wanzhai Town, Zhuhai

City, on the southern coast of China. The study was con-
ducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of the Third
Affiliated Hospital of Southern Medical University. All sub-
jects signed a written informed consent form. In total, 1862
residents were enrolled in the survey. Different criteria are
used to define MetS. In our study, according to the definition
of the International Diabetes Federation (IDF), MetS can be
diagnosed when central obesity (waist circumference >90 cm
for men or >80 cm for women) is accompanied by any two of
the following four factors: (1) an elevated blood pressure
(BP) of 130/85 mmHg or higher or receiving treatment
for previously diagnosed hypertension; (2) elevated trigly-
cerides (TG) of 1.7 mmol/L or higher or receiving drug
treatment for elevated triglycerides; (3) an HDL-C level
lower than 1.0 mmol/L. for men or lower than 1.3 mmol/L
for women or receiving drug treatment for reduced HDL-C,;
(4) a fasting blood glucose (FBG) of 5.6 mmol/L or higher or
with previously diagnosed type 2 diabetes. Patients with
diseases that can affect blood system were excluded, includ-
ing active infection, hepatic, renal or hemolytic disorders,
chronic inflammatory diseases, malignant tumor, heart dis-
ease, stroke history and current use of antiplatelet drugs.
After exclusion, 1401 residents were enrolled in this study.

Data Collection

Questionnaires were used to collect data on age, gender,
education, current smoking, current alcohol use, physical
activity, and so on. After resting for at least 5 min, the
blood pressure of each participant’s left arm was measured
with a mercury sphygmomanometer three times, and the
mean of the three readings was calculated. Waist circum-
ference was measured at the midpoint between the lower
rib edge at the midline and the top of the hip bone. All
blood samples were collected after at least 10 h of fasting
overnight. Blood samples collected in ethylenediaminete-
traacetic acid (EDTA) anticoagulation tubes were used to
analyze routine blood parameters, and blood samples col-
lected in tubes containing inert separation gels were used
to analyze the blood biochemistry. All blood samples were
transported to the central laboratory of the Third Affiliated
Hospital of Southern Medical University within 3 h for
FBG,
C-reactive protein (hs-CRP), serum total cholesterol

analysis. Serum creatinine, high-sensitivity
(TC), serum triglycerides TG) and serum HDL-C were
measured by colorimetry. Whole blood cell counts were
assessed using a Sysmex XN-1000 analyzer (Sysmex

Corporation, Kobe, Japan). The lymphocyte to HDL-C

submit your manuscript

598

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

ratio (LHR) and neutrophil to HDL-C ratio (NHR) were
calculated manually. We also defined the severity of
MetS based on the number of metabolic components.'*

Statistical Analysis

Data were analyzed using Stata (version 15). Continuous
variables were shown as mean + SD if they had a normal
distribution. Median and interquartile range were used to
show skewed distributed continuous variables. The catego-
rical variables were presented as absolute and relative (%)
values or proportions. A two-tailed p value <0.05 was con-
sidered significant. The independent-sample #-test was used
to compare the differences in the means between the groups,
while the Wilcoxon test was used to compare the differences
in the medians. The chi-squared (y%) test was used for com-
parison of categorical variables. Correlation analysis was
used to determine the association between MetS and vari-
ables (especially the hematological indicators). Binomial
logistic regression analysis was used to identify the indepen-
dent predictors of MetS, controlling for confounders.
A receiver operating characteristics (ROC) curve analysis,
which was quantified by the area under the ROC curve
(AUC), was used to assess the value of the novel indicator
NHR/LHR for predicting MetS. Youden’s index (sensitiv-
ity + specificity — 1) was used to determine the optimal cut-
off point of each index. Two-tailed p values <0.05 were
considered significant. Binomial logistic regression analysis
was used to estimate the association between each SD
increase of hematological indicators and MetS after adjusting
for confounders by sex. The adjusted odds ratios (ORs) are
presented with 95% confidence intervals (CIs).

Results

Baseline demographic characteristics and laboratory para-
meters of the population are shown in Table 1. HDL-C was
significantly higher in the MetS(—) group. Lymphocyte,
platelet and RBC counts, as well as LDL-C, serum creati-
nine, alcohol consumption, smoking, physical activity and
educational level, did not differ between the two male
MetS groups, but hypertension and diabetes history dif-
fered. Subjects in the MetS(+) group tended to be older
and had larger waist circumference and higher levels of
BP, fasting plasma glucose (FPG), TG, TC and hs-CRP. In
the female population, physical activity, smoking, alcohol
use, LDL-C and serum creatinine did not differ between the
two female MetS groups, but educational level, hyperten-
sion and diabetes history, hemoglobin, and RBC, WBC,
differed

platelet, neutrophil and lymphocyte counts

significantly. Individuals in the MetS(+) group also had
significantly older age, larger waist circumference and
higher levels of BP, FPG, TG, TC and hs-CRP. Females in
the MetS(—) group had higher levels of HDL-C.

We defined the severity of MetS based on the number of
metabolic components.'* In correlation analysis (Table 2),
except for lymphocyte count in males, all parameters were
significantly correlated with MetS severity. Among the cor-
relations in the male population, MetS severity and NHR/
LHR and hs-CRP presented the highest values, although
smaller than in the female population. In the female popula-
tion, there was a medium correlation between MetS severity
and LHR (R=0.401; p<0.001), NHR (R=0.325; p<0.001) and
hs-CRP (R=0.297; p<0.001).

To determine independent variables for the presence of
MetS, binomial logistic regression analysis was performed
in females (Table 3) and males (Table 4). Males with
higher NHR and LHR had a 1.36- and 1.45-fold increased
risk of MetS (p=0.003 and p=0.025), respectively. After
controlling for age, current smoking, current alcohol use,
physical activity, educational attainment, waist circumfer-
ence, systolic pressure, diastolic pressure and hs-CRP, the
results also showed that NHR and LHR were independent
predictors of MetS (Model 2). But NHR and LHR were no
longer independent predictors when further adjustment
was made for FPG level (Model 3).

Females also had increased risk, 3.87- and 1.37-fold
higher (both p<0.001), respectively, for developing MetS
than those with lower LHR and NHR. After adjustment for
age, current smoking, current alcohol use, physical activ-
ity, educational attainment, waist circumference, systolic
pressure, diastolic pressure and hs-CRP (Model 2) and
FPG level (Model 3), the NHR (OR=1.72, p<0.001;
OR=1.72, p<0.001, respectively) and LHR (OR=3.93,
p<0.001; OR=3.67, p<0.001, respectively) of females
were still associated with an increased risk of MetS.

The abilities of LHR and NHR to identify subjects with
MetS were compared (Table 5). The accuracy of LHR and
NHR, and their sensitivity and specificity in predicting
MetS, were different between genders. The accuracy of
LHR was higher for females than for males (AUC=0.752),
and the optimal cutoff value of LHR was 1.36 (Figure 1).
NHR with the higher AUC showed better accuracy in
predicting MetS for males (AUC=0.665), followed by
LHR (AUC=0.656), and the optimal cutoff value of
NHR was 3.38 (Figure 2). Furthermore, for the risk factors
assessed, the optimal cutoff value based on Youden's index
in predicting MetS was higher for males than females.
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Table | Basic Characteristics of the Study Subjects

Parameter Men (n=483) Women (n=918)

MetS(-) MetS(+) P MetS(-) MetS(+) P

(n=343) (n=140) (n=641) (n=277)
Age (years) 54.8+13.5 57.2%10.5 0.057 | 52.6 £12.7 60.7£10.0 <0.001
Education (high school or above), n (%) | 162 (47.2) 68 (48.6) 0.79 238 (37.1) 60 (21.7) <0.001
History of hypertension, n (%) 84 (24.5) 56 (40.0) <0.001 | 104 (16.2) 128 (46.2) <0.001
History of diabetes, n (%) 12 (3.5) 25 (17.9) <0.001 | 17 (2.7) 54 (19.5) <0.001
Physical activity, n (%) 216 (63.0) 92 (65.7) 0.57 392 (61.2) 184 (66.4) 0.13
Current smoking, n (%) 114 (33.2) 46 (32.9) 0.94 5(0.8) 3(1.1) 0.65
Current alcohol use, n (%) 167 (48.7) 66 (47.1) 0.76 77 (12.0) 25 (9.0) 0.19
Waist circumference (cm) 85.45+8.40 97.38+6.22 <0.001 | 79.58+8.46 89.77+6.88 <0.001
Systolic blood pressure (mmHg) 133.33x17.91 140.88+14.29 <0.001 | 128.22+18.64 144.73+18.47 <0.001
Diastolic blood pressure (mmHg) 83.71%£10.47 89.16+9.04 <0.001 | 79.38+9.89 85.52+9.15 <0.001
Red blood cell count (10'%/L) 5.12+0.62 5.20+0.43 0.20 4.64+0.48 4.78+0.53 <0.001
Hemoglobin (g/L) 150.70+13.76 155.32+9.47 <0.001 | 133.65«I1.15 137.21£11.54 <0.001
Platelet count, (10°/L) 242 (209-274) 246 (218-289) 0.21 261 (223-302) 268 (238-311) 0.023
White blood cell count (10%/L) 6.87+1.59 7.24+1.66 0.019 6.10£1.53 6.69+1.67 <0.001
Neutrophil count (10%/L) 3.45 (2.814.22) 3.66 (3.054.61) 0.015 4.64+0.48 4.78+0.53 <0.001
Lymphocyte count (10%/L) 2.33 (1.94-2.77) 241 (2.03-2.95) 0.20 2.14 (1.77-2.58) 2.34 (1.99-2.85) <0.001
Monocyte count (10%/L) 0.53 (0.42-0.67) 0.56 (0.46-0.72) 0.011 0.43 (0.34-0.53) 0.46 (0.36-0.54) 0.048
Total cholesterol (mmol/L) 5.25+0.93 5.51x1.10 0.008 5.50£1.07 5.80+1.18 <0.001
HDL-C (mmol/L) 1.41£0.31 1.20£0.25 <0.001 | 1.69+0.31 1.37£0.30 <0.001
LDL-C (mmol/L) 3.17+0.84 3.19£0.94 0.80 3.19 (2.64-3.80) 3.40 2.614.11) 0.12
Triglyceride(mmol/L) 1.26 (0.92-1.63) 2.10 (1.70-2.65) <0.001 [ I.10 (0.85-1.39) 2.02 (1.61-2.70) <0.001
Fasting plasma glucose (mmol/L) 4.86 (4.60-5.20) 5.58 (4.97-6.30) <0.001 | 4.86 (4.57-5.19) 5.63 (4.99-6.36) <0.001
Hypersensitive C-reactive protein 1.24 (0.54-2.44) 1.87 (1.24-3.03) <0.001 | 1.08 (0.00-1.93) 1.99 (1.23, 3.41) <0.001
(mmol/L)
Serum creatinine (umol/L) 89.86x11.37 88.35+11.36 0.184 66.4318.71 67.15+8.40 0.247

Discussion

In this population-based cross-sectional study, we investi-
gated the association between LHR/NHR and MetS in
Wanzhai Town, Zhuhai City, on the southern coast of

China. The main findings of this study were as follows.

Table 2 Correlation Analysis Between Metabolic Syndrome
Severity and LHR/NHR

Variable Male Female
R P R p

Red blood cell count 0.112 <0.05 0.155 | <0.001
Hemoglobin 0.179 <0.001 | 0.146 | <0.001
White blood cell count 0.109 <0.05 0.172 | <0.001
Neutrophil count 0.111 <0.05 0.130 | <0.001
Lymphocyte count 0.0578 | 0.205 0.174 | <0.001
Mononuclear count 0.116 <0.05 0.065 | <0.05
Lymphocyte to HDL-C ratio | 0.245 <0.001 | 0.401 | <0.001
Neutrophil to HDL-C ratio 0.260 <0.001 | 0.325 | <0.001
hs-CRP 0.207 <0.001 | 0.297 | <0.001

Abbreviation: hs-CRP, hypersensitive C-reactive protein.

(1) LHR/NHR was significantly associated with the pre-
valence of MetS. (2) Patients with high LHR and NHR
showed an increased risk of MetS, especially females,
after adjustment for age, smoking, drinking, activity,
waist circumference, systolic pressure, diastolic pressure
and FPG. The association was more profound for females
than for males. (3) The accuracy of LHR and NHR was
different between genders. ROC curve analysis showed
that LHR had stronger predictive value for MetS in
females, while NHR had higher predictive value in
males. To the best of our knowledge, this study was
the first to analyze LHR and NHR as novel makers and
their accuracy in predicting MetS stratified by gender. The
results indicated that both LHR and NHR may be related
to the chronic inflammation in the pathophysiology of
MetS.

A previous study has shown that fat tissue is an endocri-
nologically and metabolically active organ, which can secrete
cytokines and other messenger proteins called adipokines."
Adipokines are a group of signal proteins which play an
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Table 3 Binomial Logistic Regression Analysis Showing Independent Predictors of Metabolic Syndrome in Females
Variable Model | Model 2 Model 3
OR (95% CI) p OR (95% CI) p OR (95% CI) p
LHR 3.877 (2.779-5.408) <0.001 3.930 (2.767-5.583) <0.001 3.671 (2.385-5.651) <0.001
NHR 1.379 (1.145-1.660) 0.001 1.726 (1.403-2.125) <0.001 1.728 (1.353-2.207) <0.001
hs-CRP 1021 (0.989—1.054) 0.191 1,004 (0.969—1.041) 0.826 - -

Notes: Model | not adjusted; Model 2 adjusted for age, history, activity, smoking, drinking, waist circumference, systolic pressure, and diastolic pressure; Model 3 adjusted

for Model 2

and fasting blood glucose.

Abbreviations: LHR, lymphocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; hs-CRP, hypersensitive C-reactive protein.

Table 4 Binomial Logistic Regression Analysis Showing Independent Predictors of Metabolic Syndrome in Males

Variable Model | Model 2 Model 3

OR (95% CI) p OR (95% CI) p OR (95% CI) p
LHR 1.458 (1.049-2.027) 0.025 1.571 (1.001-2.468) 0.05 1.406 (0.886-2.231) 0.148
NHR 1.360 (1.110-1.665) 0.003 1.163 (0.909—1.488) 0.003 1.147 (0.894-1.470) 0.281
hs-CRP 1.012 (0.987-1.038) 0.361 - - - -

Notes: Model | not adjusted; Model 2 adjusted for age, history, activity, smoking, drinking, waist circumference, systolic pressure, and diastolic pressure; Model 3 adjusted

for Model 2 and fasting blood glucose.

Abbreviations: LHR, lymphocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; hs-CRP, hypersensitive C-reactive protein.

Table 5 Areas Under the ROC Curve (AUC), Sensitivity and
Specificity by the Optimized Cutoff Points for LHR and NHR in
Predicting Metabolic Syndrome

Risk AUC Cutoff Sensitivity Specificity
Factor | (95% CI) According to (%) (%)
Youden’s Index

Males (n=483)

LHR 0.656 1.96 58.6 67.1
(0.603-0.710)

NHR 0.665 3.38 50.0 73.6
(0.613-0.718)

Females (n=918)

LHR 0.752 1.36 80.9 56.5
(0.719-0.785)

NHR 0.704 231 59.9 71.8
(0.667-0.741)

Abbreviations: LHR, lymphocyte to high-density lipoprotein ratio; NHR, neutro-
phil to high-density lipoprotein ratio.

important role in inflammation, insulin resistance, lipid meta-
bolism and atherosclerosis.'® MetS is a combination of meta-
obesity,
dyslipidemia, impaired glucose tolerance and insulin resis-

bolic factors, involving central hypertension,
tance. Subclinical chronic inflammation is independently
associated with insulin resistance, and the role of chronic
inflammation has been emphasized in previous studies.
Subclinical chronic inflammation can be indirectly predicted

by blood parameters, which means that the alteration of blood

parameters has value for predicting chronic inflammation and
progression of MetS.">”

Several reports have indicated that hematological para-
meters are changed in patients with MetS.'*'®2? Some
studies showed that this alteration can be related to insulin
resistance and inflammation, because chronic inflamma-
tion can induce synthesis of several groups of cytokines
and proteolytic enzymes, and decrease the formation of
prostacyclin and nitric oxide, which can cause disruption
of endothelial integrity and functional impairment, leading
to an increase in WBCs and their subtypes, such as neu-
trophils. Elevated WBC counts, and counts of WBC sub-
types, affected by chronic inflammatory risk factors, are
more likely to be capable of vascular endothelium attach-
ment and adherence, which can cause capillary leukocy-
tosis and ultimately result in vasoconstriction and
hypertension.”*** Insulin and insulin growth factors can
influence metabolism and proliferation of blood cells,
when insulin resistance occurs through the development
of MetS.>>-¢

HDL-C is recognized as an important protective factor
in atherosclerosis and inflammation. HDL-C can counter-
act the migration of macrophages, remove oxidized LDL-
C and promote the export of cholesterol from these cells.
As an antiatherogenic lipoprotein, HDL-C can also inhibit
the endothelial expression of adhesion molecules and pre-
vent monocyte recruitment to the artery wall. So, HDL-C
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Figure | ROC curve analysis of the value of lymphocyte to high-density lipoprotein ratio (LHR), and neutrophil to high-density lipoprotein ratio (NHR) for predicting

metabolic syndrome in females.

can have anti-inflammatory, antioxidant and antithrombo-
tic effects.”"°

Previous studies have shown that hematological para-
meters have potential as surrogate and novel makers for
predicting inflammation, MetS, diabetes and atherosclerosis.

Two studies found that patients with MetS had a higher
NLR and the components of MetS can influence the NLR
level.*!*2 BMI and central obesity indicators such as waist
circumference showed positive correlations with NLR;*>°
moreover, elevated NLR is considered valuable for predict-
ing diabetes in obese subjects.*® But another study pointed
out that NLR was not a better indicator of inflammation than
CRP in obese individuals with MetS.>” In addition, the
western dietary pattern was revealed to be significantly
associated with increased odds ratios of high CRP and
NLR in both genders.*® Monocytes play an important role
in inflammation and atherosclerosis in MetS* and the pro-
duction of inflammation cytokines.*® The LMR has been
recognized as a potentially predictive and prognostic maker
for inflammation in distinct populations.”*' The LMR was

also found to be related to diabetic retinopathy and can be an

independent risk factor in vascular pathologies such as
coronary artery and peripheral vascular disease.***
Although the data on the MHR are limited, some studies
revealed that MHR was also an important and valuable
variable for cardiovascular events and MetS.**** In another
study, it was found that MetS can involve changes in blood
parameters, and the lymphocyte to HDL-C ratio may be
a useful marker of inflammation to assess the presence and
severity of MetS.'

In summary, in this study, two novel and independent
hematological parameters were found. NHR and LHR can
predict the progress and development of MetS, and they
are easy to access and evaluate in patients.

There are a number of limitations of this study. First,
since this is a retrospective single-center cross-sectional
study, the analysis of causative effects of LHR and NHR
on MetS is limited. Secondly, there was an absence of
other inflammatory biomarkers and cytokines in this
study. Thirdly, the sample size of this study was relatively
small and the sample size of males was smaller than that

of females. In addition, as the study involved Chinese
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Figure 2 ROC curve analysis of the value of lymphocyte to high-density lipoprotein ratio (LHR), and neutrophil to high-density lipoprotein ratio (NHR) for predicting

metabolic syndrome in males.

people, the particular LHR and, NHR cut-off points cannot
be used in other ethnic groups.
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