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ABSTRACT
Several leukocyte to high- density lipoprotein 
cholesterol (HDL- C) ratios, including monocyte to 
HDL- C ratio (MHR), neutrophil to HDL- C ratio (NHR) 
and lymphocyte to HDL- C ratio (LHR), have been 
proposed as novel inflammatory indicators. We 
performed a cross- sectional study to investigate 
the relationships between these leukocyte to 
HDL- C ratios and coronary artery disease (CAD) in 
patients with chest pain with controlled low- density 
lipoprotein cholesterol (LDL- C). A total of 3482 
patients with chest pain with LDL- C <1.8 mmol/L 
were enrolled. We evaluated the relationships 
between MHR, NHR, LHR and HDL- C and the 
occurrence of CAD as well as severe stenosis. We 
found that in patients with chest pain, higher MHR 
(adjusted OR=2.83, 95% CI 1.61 to 4.99, p<0.001) 
and NHR (adjusted OR=1.08, 95% CI 1.04 to 
1.13, p<0.001), as well as lower HDL- C (adjusted 
OR=0.53, 95% CI 0.36 to 0.78, p=0.001), but not 
higher LHR (adjusted OR=1.06, 95% CI 0.94 to 
1.20, p=0.341), had a stronger association with the 
occurrence of CAD. Moreover, unlike LHR (adjusted 
OR=1.02, 95% CI 0.93 to 1.13, p=0.654), higher 
MHR (adjusted OR=2.10, 95% CI 1.43 to 3.07, 
p<0.001) and NHR (adjusted OR=1.06, 95% CI 
1.04 to 1.09, p<0.001) and lower HDL- C (adjusted 
OR=0.38, 95% CI 0.26 to 0.56, p<0.001) were 
risk factors for severe stenosis. A receiver operating 
characteristic curve analysis exhibited comparable 
abilities between MHR and NHR in predicting the 
presence and severity of CAD. In conclusion, even 
though patients with chest pain have achieved 
LDL- C <1.8 mmol/L, the inflammatory indicators 
MHR and NHR maintained their predictive abilities 
and remained associated with the occurrence and 
severity of CAD.

INTRODUCTION
The morbidity and mortality of coronary 
artery disease (CAD) have increased markedly 
in the last few decades around the world.1 2 It 
is well documented that increased low- density 
lipoprotein cholesterol (LDL- C) level is a 
risk factor for progression of atherosclerosis 
lesion. Aggressive therapy using statins to 
reduce the LDL- C below 1.8 mmol/L has been 
recommended in recent years to prevent the 

progression and improve the prognosis of 
CAD.3 However, several studies have shown 
that adverse clinical outcomes still existed 
even if the LDL- C level of patients with CAD 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Elevated low- density lipoprotein cholesterol 
(LDL- C) level is a risk factor for progression 
of atherosclerosis, while a remnant risk 
for adverse prognosis remains even if the 
LDL- C level of patients with coronary artery 
disease (CAD) has been controlled after 
statin treatment.

 ⇒ Chronic inflammation is another risk 
factor that accelerates the development of 
atherosclerosis.

 ⇒ Monocyte to high- density lipoprotein 
cholesterol ratio (MHR), neutrophil to 
high- density lipoprotein cholesterol ratio 
(NHR) and lymphocyte to high- density 
lipoprotein cholesterol ratio (LHR) are novel 
inflammatory biomarkers.

 ⇒ Few studies have explored the relationships 
between MHR, NHR and LHR and the 
severity of coronary lesions in patients with 
controlled LDL- C and whether there are 
differences in the associations.

WHAT THIS STUDY ADDS
 ⇒ In our enrolled patients with chest pain 
with LDL- C <1.8mmol/L, Spearman 
correlation analysis found that MHR, NHR 
and high- density lipoprotein cholesterol 
(HDL- C), but not LHR, were all associated 
with Gensini score.

 ⇒ Logistic regression analysis showed that, 
except for LHR, higher MHR and NHR and 
lower HDL- C all had correlations with the 
occurrence of CAD and severe stenosis 
even though patients with chest pain had 
achieved LDL- C <1.8mmol/L.

 ⇒ Receiver operating characteristic curve 
analysis exhibited comparable abilities 
between MHR and NHR in predicting CAD 
and severe stenosis in patients with chest 
pain with LDL- C <1.8mmol/L.
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has been controlled.4–6 To further prevent the progres-
sion of coronary lesions, it is necessary to explore other 
risk factors that accelerate the development of athero-
sclerosis in patients with controlled LDL- C.

Chronic inflammation plays an important role in the 
occurrence and development of CAD.7 8 High- density 
lipoprotein cholesterol (HDL- C) plays important anti- 
inflammatory and antioxidant roles in protecting against 
atherosclerosis progression.9 Several studies have found 
that monocyte to HDL- C ratio (MHR), neutrophil to 
HDL- C ratio (NHR) and lymphocyte to HDL- C ratio 
(LHR) are novel indicators comprehensively reflecting 
inflammation and dyslipidemia in patients,10–12 and are 
more economical and available compared with other 
inflammatory cytokines and can be obtained from routine 
blood tests. Acikgoz et al13 found that elevated MHR 
could reflect impaired endothelial function and increased 
systemic inflammation, which are a crucial pathophysi-
ology for progression of atherosclerosis. Moreover, it has 
been found that MHR and NHR are risk factors for severe 
stenosis and poor prognosis in patients with CAD.11 14–18 
In addition, a general population from the USA showed 
that NHR is a predictor of all- cause and cardiovascular 
mortality.19 LHR was proposed by Chen et al12 as a novel 
inflammatory indicator. Consistent with the results from 
Chen et al,12 other studies have confirmed the role of 
LHR in predicting the presence and severity of meta-
bolic syndrome.20 21 Considering the close relationship 
between metabolic syndrome and atherosclerosis, it is 
reasonable to wonder on the effect of LHR on the devel-
opment of CAD. However, there is lack of data on the 
role of LHR in the CAD process. Moreover, there has 
been no previous study elucidating the impact of MHR, 
NHR and LHR on coronary lesions in patients with chest 
pain with controlled LDL- C. Furthermore, it is obscure 
whether there are differences in the associations between 
these leukocyte to HDL- C ratios and the severity of coro-
nary lesions in patients with controlled LDL- C. There-
fore, this study aimed to explore if MHR, NHR and LHR 
are related to coronary stenosis in patients with chest 
pain with controlled LDL- C and the differences in the 
associations.

MATERIALS AND METHODS
Study population
This is a single- center, cross- sectional study. The subjects 
are patients with suspected CAD with chest pain as 
their main symptom admitted for coronary angiography 
(CAG) at the Department of Cardiovascular Medicine 
of our hospital from March 2017 to March 2019. The 
exclusion criteria were as follows: age <18 years old, 

left ventricular ejection fraction <40%, pregnancy, 
tumor, severe liver function damage, severe renal func-
tion damage, history of autoimmune disease, rheumatic 
heart disease and blood system disease, current acute or 
chronic infection, missing LDL- C, monocyte, lympho-
cyte, neutrophil, leukocyte count or HDL- C test values, 
and LDL- C ≥1.8 mmol/L. A total of 3482 patients were 
enrolled in the present study (online supplemental figure 
1). All study subjects signed the informed consent form.

CAG and Gensini score
CAG was performed by at least two experienced cardio-
vascular physicians who were blinded to the MHR, NHR 
and LHR status of the patients. CAD was diagnosed 
when at least one major coronary artery stenosis was 
>50%. The Gensini score was calculated according to the 
segment and degree of stenosis: 1 for 1%–25% stenosis, 2 
for 26%–50%, 4 for 51%–75%, 8 for 76%–90%, 16 for 
91%–99% and 32 for complete occlusion. The score was 
then multiplied by the following coefficient according to 
the segment of the lesion: main left coronary artery ×5; 
proximal left anterior descending (LAD) and proximal 
left circumflex artery (LCX) ×2.5; mid- segment of 
LAD ×1.5; distal segment of LAD, distal segment of LCX, 
right coronary artery, D1 diagonal branch and posterior 
descending branch ×1; and D2 diagonal branch and 
other small branches ×0.5. The final score is the sum of 
the scores for all lesions.22 A Gensini score in the highest 
tertile was defined as a high Gensini score in all enrolled 
patients and indicated severe coronary stenosis.23 24

Laboratory measurements and left ventricular ejection 
fraction
All blood samples were collected from patients under an 
overnight fasting condition on the morning after admis-
sion. Baseline monocyte, lymphocyte, neutrophil and 
leukocyte count, total cholesterol, triglyceride (TG), 
HDL- C, LDL- C, albumin (ALB), glycated hemoglobin 
A1c (HbA1c), total bilirubin, alanine transaminase (ALT), 
aspartate aminotransferase, creatinine, uric acid, creatine 
kinase isoenzymes MB (CK- MB), and N- terminal prohor-
mone of brain natriuretic peptide (NT- proBNP) were 
measured by standard methods at the biochemical center 
of our hospital. MHR, NHR and LHR were calculated by 
monocyte count (×109/L)/HDL- C (mmol/L), neutrophil 
count (×109/L)/HDL- C (mmol/L) and lymphocyte count 
(×109/L)/HDL- C (mmol/L), respectively.

Statistical analysis
Categorical variables are presented as frequencies and 
percentages, and continuous variables are presented as 
median (with 25th and 75th percentiles). χ2 test was 
used for categorical variables and Mann- Whitney U test 
was used for continuous variables. Spearman correla-
tion was conducted to analyze the correlation between 
MHR, NHR, LHR, as well as HDL- C, and Gensini score. 
Logistic regression analysis was used to assess the associ-
ation between MHR, NHR, LHR, HDL- C and CAD, as 
well as severe stenosis, respectively. Multivariate logistic 
regression analysis adjusted for age, sex, smoking, hyper-
tension, ALT, HbA1c, TG, LDL- C, CK- MB and uric acid. 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE 
OR POLICY

 ⇒ The present study indicates that higher MHR and 
NHR are both promising predictors of the presence of 
CAD and severe stenosis in patients with chest pain 
with LDL- C <1.8mmol/L, which might help physicians 
optimize treatment therapy to some extent in clinical 
practice.
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Subgroup analyses were then performed based on sex, 
age (young age in men <55 years old and in women <65 
years old), smoking, hypertension and diabetes, adjusting 
for the same confounding factors in the overall multivar-
iate logistic model except for the stratified variable. We 
conducted area under the receiver operating characteristic 
(ROC) curve analysis to evaluate the abilities of different 
parameters in predicting the presence and severity of 
CAD. We used the non- parametric approach of DeLong 
et al25 (MedCalc) to evaluate for the differences between 
the different parameters on the ROC curves. All p values 
were two- sided and p<0.05 was considered significant. 
Statistical analyses were performed by SPSS V.20.0.

RESULTS
Baseline characteristics of the study population
The baseline characteristics of all patients are shown in 
table 1. There were 680 patients without CAD and 2802 
patients with CAD in the current study. Compared with 
patients without CAD, patients with CAD were older 
and had higher prevalence of hypertension, diabetes and 
smoking history. Patients with CAD also had higher ALT, 
creatinine, CK- MB, NT- proBNP, HbA1c and Gensini 
score, but lower ALB. In addition, patients with CAD had 
higher possibilities of getting aspirin, P2Y12 inhibitor and 
statin medications. With regard to hematological and lipid 

Table 1 Baseline characteristics of all enrolled patients

All
N=3482

Non- CAD
n=680

CAD
n=2802 P value

Male 2543 (73.0) 409 (60.1) 2135 (76.2) <0.001

Age, years 63 (56–70) 62 (55–69) 64 (56–70) 0.001

Hypertension 2087 (59.9) 366 (53.8) 1721 (61.4) <0.001

Diabetes 960 (27.6) 111 (16.3) 849 (30.3) <0.001

Smoking 1592 (45.7) 222 (32.6) 1370 (48.9) <0.001

ALT, U/L 23 (16–35) 22 (15–32) 24 (16–35) <0.001

AST, U/L 23 (19–31) 23 (19–28) 24 (19–32) 0.121

TBIL, μmol/L 12.75 (9.50–17.10) 12.80 (9.50–16.80) 12.70 (9.50–17.10) 0.732

ALB, g/L 39.3 (37.0–42.0) 39.6 (37.6–42.5) 39.2 (36.9–41.8) 0.023

Creatinine, μmol/L 64 (54–75) 61 (52–73) 64 (55–75) 0.007

Uric acid, μmol/L 319 (271–373) 311 (259–370) 321 (274–373) 0.068

CK- MB, U/L 12 (9–17) 11 (8–15) 12 (9–17) 0.001

Lg(NT- proBNP), pg/mL 2.21 (1.82–2.72) 2.00 (1.65–2.38) 2.27 (1.88–2.78) <0.001

HbA1c, % 5.7 (5.4–6.3) 5.6 (5.3–6.0) 5.8 (5.4–6.5) 0.001

Aspirin 3372 (96.8) 650 (95.6) 2722 (97.1) 0.037

P2Y12 inhibitors 3380 (97.1) 649 (95.4) 2731 (97.5) 0.005

Statins 3401 (97.7) 655 (96.3) 2746 (98.0) 0.009

Gensini score 29 (12–60) 5 (2–7) 40 (20–69) <0.001

Data are presented as number (percentage) for categorical variables and as median (with 25th and 75th percentiles) for continuous variables.
ALB, albumin; ALT, alanine transaminase; AST, aspartate aminotransferase; CAD, coronary artery disease; CK- MB, creatine kinase isoenzymes MB; HbA1c, glycated 
hemoglobin A1c; NT- proBNP, N- terminal prohormone of brain natriuretic peptide; TBIL, total bilirubin.

Table 2 Clinical characteristics of leukocyte counts and serum lipids in all enrolled patients

All
N=3482

Non- CAD
n=680

CAD
n=2802 P value

Leukocytes, ×109/L 6.19 (5.14–7.48) 5.90 (4.93–7.01) 6.25 (5.19–7.60) <0.001

Monocytes, ×109/L 0.34 (0.27–0.43) 0.31 (0.24–0.40) 0.34 (0.27–0.43) <0.001

Neutrophils, ×109/L 4.11 (3.28–5.21) 3.84 (3.09–4.86) 4.18 (3.34–5.32) <0.001

Lymphocytes, ×109/L 1.43 (1.11–1.82) 1.44 (1.12–1.84) 1.43 (1.10–1.81) 0.705

TC, mmol/L 2.93 (2.63–3.20) 2.95 (2.67–3.23) 2.93 (2.63–3.19) 0.558

TG, mmol/L 1.05 (0.79–1.42) 1.03 (0.78–1.41) 1.05 (0.80–1.43) 0.539

LDL- C, mmol/L 1.44 (1.22–1.63) 1.43 (1.21–1.60) 1.44 (1.22–1.63) 0.634

HDL- C, mmol/L 0.89 (0.76–1.05) 0.95 (0.80–1.12) 0.88 (0.76–1.03) <0.001

MHR 0.38 (0.27–0.51) 0.34 (0.24–0.45) 0.40 (0.29–0.53) <0.001

NHR 4.64 (3.41–6.33) 4.06 (3.05–5.36) 4.81 (3.53–6.50) <0.001

LHR 1.59 (1.16–2.15) 1.53 (1.12–2.08) 1.61 (1.17–2.17) 0.015

Data are presented as median (with 25th and 75th percentiles) for continuous variables.
CAD, coronary artery disease; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; LHR, lymphocyte to high- density lipoprotein 
cholesterol ratio; MHR, monocyte to high- density lipoprotein cholesterol ratio; NHR, neutrophil to high- density lipoprotein cholesterol ratio; TC, total cholesterol; TG, 
triglyceride.
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parameters, as shown in table 2, leukocyte, monocyte 
and neutrophil counts were higher in patients with CAD 
compared with those without. With regard to lipid metab-
olism, patients in the CAD group had lower HDL- C than 
those in the non- CAD group. Therefore, patients with CAD 
had higher MHR, NHR and LHR than patients without 
CAD.

Associations between different leukocyte to HDL-C ratios 
and the occurrence and severity of CAD in patients with 
controlled LDL-C
In order to explore the correlation between MHR, NHR, 
LHR and HDL- C and the severity of stenosis, respectively, 
we conducted Spearman correlation analysis. As shown in 
online supplemental table 1, except for LHR (r=0.032, 
p=0.103), MHR (r=0.210, p<0.001), NHR (r=0.208, 
p<0.001) and HDL- C (r=−0.152, p<0.001) were all 
significantly correlated with Gensini score. To further 
ascertain the relationships between leukocyte to HDL- C 
ratios and severity of coronary lesion, we conducted a 
logistic regression analysis. As shown in table 3, the univar-
iate logistic regression analysis showed that MHR, NHR, 
LHR and HDL- C were all associated with CAD and severe 
stenosis, respectively. After adjusting for age, sex, smoking, 
hypertension, ALT, HbA1c, TG, LDL- C, CK- MB and uric 
acid, except for LHR (adjusted OR=1.06, 95% CI 0.94 to 
1.20, p=0.341), MHR, NHR and HDL- C remained associ-
ated with the presence of CAD, with an adjusted OR of 2.83 
(95% CI 1.61 to 4.99, p<0.001), 1.08 (95% CI 1.04 to 
1.13, p<0.001) and 0.53 (95% CI 0.36 to 0.78, p=0.001). 
Moreover, rather than LHR (adjusted OR=1.02, 95% CI 
0.93 to 1.13, p=0.654), MHR (adjusted OR=2.10, 95% CI 
1.43 to 3.07, p<0.001), NHR (adjusted OR=1.06, 95% CI 
1.04 to 1.09, p<0.001) and HDL- C (adjusted OR=0.38, 
95% CI 0.26 to 0.56, p<0.001) also showed persistent rela-
tionship with severe stenosis. We also conducted a logistic 
regression analysis in patients diagnosed with CAD to 
further ascertain the relationships between these different 
leukocyte to HDL- C ratios and the severity of coronary 
lesion. As shown in online supplemental table 2, similar to 
the results found in all patients with chest pain, except for 
LHR, higher MHR and NHR and lower HDL- C were all 

associated with the presence of severe stenosis in patients 
diagnosed with CAD. These results indicate that MHR, 
NHR and HDL- C are associated with the occurrence and 
severity of CAD, rather than LHR, even if the LDL- C level 
of these patients with chest pain has been low.

Moreover, we conducted a subgroup analysis to evaluate 
the relationships between different leukocyte to HDL- C 
ratios and the presence and severity of CAD based on sex, 
age (young age in men <55 years old and in women <65 
years old), smoking, hypertension and diabetes. As shown 
in online supplemental figures 2- 6, sex and smoking history 
interacted with MHR and NHR in predicting severe 
stenosis. In addition, age and smoking history interacted 
with HDL- C in predicting severe stenosis.

MHR and NHR had predictive abilities in the occurrence 
and severity of CAD in patients with controlled LDL-C
In order to evaluate the predictive values of the different 
leukocyte to HDL- C ratios for the presence and severity 
of CAD, we conducted an ROC curve analysis. As shown 
in figure 1 and table 4, MHR and NHR had comparable 
predictive values for the presence of CAD (z=0.240, 
p=0.810), which was higher than LHR (MHR vs LHR, 
z=6.569, p<0.001; NHR vs LHR, z=5.583, p<0.001) and 
HDL- C (MHR vs HDL- C, z=2.183, p=0.029; NHR vs 
HDL- C, z=1.993, p=0.046). In addition, MHR (sensitivity 
54.3%, specificity 62.4%) and NHR (sensitivity 53.8%, 
specificity 62.8%) had similar sensitivities and specificities 
in predicting CAD. Moreover, significant and comparable 
predictive values for MHR, NHR and HDL- C were found 
in predicting severe stenosis in patients with chest pain with 
controlled LDL- C (MHR vs NHR, z=1.057, p=0.291; 
MHR vs HDL- C, z=0.859, p=0.390; NHR vs HDL- C, 
z=1.762, p=0.078). MHR (sensitivity 68.6%, specificity 
45.6%) and HDL- C (sensitivity 64.6%, specificity 48.2%) 
had better sensitivity while NHR (sensitivity 54.6%, spec-
ificity 61.0%) had better specificity in predicting severe 
stenosis. We further evaluated the predictive value of 
MHR, NHR and HDL- C after combining with traditional 
risk factors, including age, hypertension, HbA1c, TG and 
LDL- C, for the presence and severity of coronary stenosis. 
As shown in online supplemental table 3, combining MHR, 

Table 3 Logistic regression analysis of the relationship between different parameters and the presence and severity of CAD

CAD Severe stenosis

OR (95% CI) P value OR (95% CI) P value

Univariate analysis

  MHR 7.78 (4.66 to 13.01) <0.001 3.48 (2.46 to 4.90) <0.001

  NHR 1.18 (1.13 to 1.23) <0.001 1.10 (1.07 to 1.12) <0.001

  LHR 1.14 (1.02 to 1.27) 0.017 1.09 (1.01 to 1.19) 0.036

  HDL- C 0.34 (0.24 to 0.48) <0.001 0.31 (0.22 to 0.43) <0.001

Multivariate analysis

  MHR 2.83 (1.61 to 4.99) <0.001 2.10 (1.43 to 3.07) <0.001

  NHR 1.08 (1.04 to 1.13) <0.001 1.06 (1.04 to 1.09) <0.001

  LHR 1.06 (0.94 to 1.20) 0.341 1.02 (0.93 to 1.13) 0.654

  HDL- C 0.53 (0.36 to 0.78) 0.001 0.38 (0.26 to 0.56) <0.001

Adjusted for age, sex, smoking, hypertension, ALT, HbA1c, TG, LDL- C, CK- MB and uric acid.
ALT, alanine transaminase; CAD, coronary artery disease; CK- MB, creatine kinase isoenzymes MB; HbA1c, glycated hemoglobin A1c; HDL- C, high- density lipoprotein cholesterol; LDL- C, 
low- density lipoprotein cholesterol; LHR, lymphocyte to high- density lipoprotein cholesterol ratio; MHR, monocyte to high- density lipoprotein cholesterol ratio; NHR, neutrophil to 
high- density lipoprotein cholesterol ratio; TG, triglyceride.
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NHR and HDL- C with the traditional risk factors all 
improved the area under the curve of traditional risk factors 
for CAD and severe stenosis (all p values for z test <0.001). 
These results indicate that MHR, NHR and HDL- C have 
additional potential abilities to predict the presence and 
severity of CAD, as supplementary parameters to the tradi-
tional risk factors, even though these patients with chest 
pain had controlled LDL- C.

DISCUSSION
Control of cholesterol level is one of the most effective 
strategies to prevent cardiovascular disease.26 Reduction 
of LDL- C level plays a crucial role in preventing adverse 
clinical events in patients with cardiovascular disease. 
However, clinical studies have shown that a number of 
patients still have a residual risk for cardiovascular disease 
even after achieving the targeted cholesterol level.27 It has 

been documented that inflammation indicators play a domi-
nant role in the poor prognosis of CAD in patients with a 
targeted LDL- C level.28 29 Therefore, residual inflammatory 
risk has gained much interest in patients with controlled 
cholesterol.30 In the present cross- sectional study, we found 
that even if LDL- C was <1.8 mmol/L, the novel inflamma-
tory indicators MHR and NHR as well as HDL- C were still 
associated with the presence and severity of CAD, respec-
tively, in patients with chest pain.

Lowering the serum level of LDL- C plays a predominant 
role in slowing the progression of CAD. PCSK9 (proprotein 
convertase subtilisin- kexin type 9) inhibitors could further 
reduce the level of LDL- C on the basis of statins. However, 
even though PCSK9 inhibitors combined with statins could 
reduce LDL- C to a median of 0.78 mmol/L, it cannot be 
ignored that there were still respectable residual risks for 
adverse cardiovascular events in patients with extremely 
low levels of LDL- C.31 The SPIRE- 1 and SPIRE- 2 (Studies 
of PCSK9 Inhibition and the Reduction in Vascular Events) 
cardiovascular outcomes trials demonstrated that patients 
with low LDL- C but elevated high sensitivity C- reactive 
protein (hs-CRP) had a persistent risk of future cardio-
vascular events.32 The CANTOS trial (Canakinumab Anti- 
inflammatory Thrombosis Outcomes Study) confirmed 
that suppression of interleukin 1β in patients with cardio-
vascular disease with high hs- CRP levels could improve 
patients’ prognosis, and this benefit was independent of 
cholesterol control.33 These clinical trials indicated that 
control of inflammation was as important as control of 
cholesterol in the prevention and treatment of CAD. For 
patients whose cholesterol level has been controlled, addi-
tional anti- inflammatory therapy might provide additional 
benefits.30

Monocytes/macrophages play determinative roles in 
the development of atherosclerosis. Activated monocytes 
interact with damaged endothelial cells and induce the 
secretion of proinflammatory cytokines and adhesion mole-
cules.34 Macrophages engulf oxidized LDL- C, forming foam 
cells, and then facilitate inflammatory cascade reactions.35 36 
Neutrophils could be primed by hyperlipidemia and release 
superoxide, accelerating atherogenesis.37 HDL- C protects 

Figure 1 Receiver operating characteristic curve analysis of MHR, NHR, LHR and HDL- C in predicting coronary artery disease (A) and 
severe stenosis (B) in patients with chest pain with LDL- C <1.8 mmol/L. HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density 
lipoprotein cholesterol; LHR, lymphocyte to high- density lipoprotein cholesterol ratio; MHR, monocyte to high- density lipoprotein 
cholesterol ratio; NHR, neutrophil to high- density lipoprotein cholesterol ratio.

Table 4 Receiver operating characteristic curve analysis of the 
leukocyte to HDL- C ratio and their predictive value for coronary 
artery disease and severe stenosis in patients with chest pain 
with LDL- C <1.8 mmol/L

AUC (95% CI) P value
Sensitivity 
(%)

Specificity 
(%)

Coronary artery disease

  MHR 0.61 (0.58 to 0.63) <0.001 54.3 62.4

  NHR 0.61 (0.58 to 0.63) <0.001 53.8 62.8

  LHR 0.53 (0.51 to 0.56) 0.009 41.9 65.7

  HDL- C 0.58 (0.56 to 0.61) <0.001 53.7 60.9

Severe stenosis

  MHR 0.59 (0.57 to 0.61) <0.001 68.6 45.6

  NHR 0.60 (0.58 to 0.62) <0.001 54.6 61.0

  LHR 0.52 (0.50 to 0.54) 0.063 40.6 64.8

  HDL- C 0.58 (0.56 to 0.60) <0.001 64.6 48.2

AUC, area under the curve; HDL- C, high- density lipoprotein cholesterol; 
LDL- C, low- density lipoprotein cholesterol; LHR, lymphocyte to high- density 
lipoprotein cholesterol ratio; MHR, monocyte to high- density lipoprotein 
cholesterol ratio; NHR, neutrophil to high- density lipoprotein cholesterol 
ratio.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-002314 on 11 July 2022. D
ow

nloaded from
 



6 Liu M, et al. J Investig Med 2022;0:1–7. doi:10.1136/jim-2021-002314

Original research

against atherosclerosis via reverse transport of macro-
phage cholesterol, amelioration of endothelial dysfunction, 
suppression of expression of adhesion molecules and inhi-
bition of oxidation of LDL- C.38 In addition, HDL- C could 
regulate the activation of neutrophils and monocytes.18 37 39 
Moreover, myeloperoxidase secretion by neutrophils and 
monocytes impairs the ability of HDL- C in protecting 
against atherosclerosis progression.40 Previous studies have 
proposed that the novel indicators MHR and NHR, which 
comprehensively reflect inflammation and dyslipidemia 
status, are associated with worse clinical prognosis and 
more severe stenosis in patients with CAD.11 17 18 41 Our 
study further found that even though LDL- C was of low 
level, higher MHR and NHR and lower HDL- C in patients 
with chest pain were still associated with the presence and 
severity of CAD (table 3), although these were not found 
for LHR. In addition, the ROC curve analysis exhibited no 
difference in the predictive values of MHR and NHR for 
the presence and severity of CAD. Our study suggests that, 
compared with LHR, higher MHR and NHR are better 
indicators of the presence and severity of CAD in patients 
with controlled LDL- C. It indicates that patients with chest 
pain with higher MHR or NHR might need to be treated 
timely and aggressively to improve prognosis, even with 
LDL- C level below 1.8 mmol/L.

It has been found that LHR as a novel inflammatory 
indicator correlated with the presence and severity of 
metabolic syndrome, which is one of the risk factors for 
CAD.12 In addition, Zhao et al42 reported that decreased 
lymphocyte count was a risk factor for adverse prognosis 
in patients with CAD. However, data in our present study 
did not show a significant association between LHR and 
the presence and severity of CAD in patients with chest 
pain with controlled LDL- C. The baseline characteristics 
in our study showed that there was no significant differ-
ence in the lymphocyte count between the non- CAD and 
the CAD group. Moreover, the logistic regression analysis 
showed that decreased HDL- C level was a strong predictor 
of CAD and severe stenosis. Due to the anti- inflammatory 
role of both HDL- C and lymphocytes, it is possible that 
the effect of LHR in predicting CAD and severe stenosis in 
our data was eliminated by HDL- C to some extent. Second, 
we enrolled patients with LDL- C <1.8 mmol/L; thus, the 
remnant inflammation in these patients might be improved 
by the low LDL- C level and the statin treatment, which 
might further influence the relationships between LHR and 
the presence and severity of CAD. However, further studies 
are necessary to elucidate the role of LHR in the progres-
sion of CAD.

There were some limitations to the current study. First, 
this was a single- center, observational study. Majority of 
the subjects were from Northwest China and only patients 
with chest pain who were admitted for CAG were enrolled, 
which may cause some inevitable selection biases. Second, 
this was a cross- sectional study and we cannot make a 
conclusion on causal relationship. Third, our results lacked 
follow- up data to assess the impact of these leukocyte to 
HDL- C ratios on the prognosis of patients with chest pain 
with controlled LDL- C. Fourth, we did not collect data 
on obesity or body mass index, which might influence the 
relationships between MHR, NHR and LHR and the pres-
ence and severity of CAD. Future studies are necessary to 

collect these data and further evaluate the effects of obesity 
on our findings. Finally, we enrolled patients with baseline 
LDL- C <1.8 mmol/L regardless of their prehospital medica-
tion, and the MHR, NHR, LHR and HDL- C values might 
be influenced by prehospital treatment.

CONCLUSIONS
MHR, NHR and HDL- C, but not LHR, were independently 
associated with CAD and severe stenosis in patients with 
chest pain with controlled LDL- C. Moreover, the predic-
tive values between MHR and NHR for CAD and severe 
stenosis are comparable. Therefore, higher MHR and NHR 
and lower HDL- C might be promising indicators of the 
severity of coronary lesions.
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