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Abstract

Background Whether the monocyte to high-density lipoprotein ratio (MHR) is associated with the prognosis of
coronary artery disease (CAD) is inconclusive.

Methods Patients with CAD were enrolled and their data were collected. Blood was sampled within 24 h after
admission. Multivariate Cox regression analysis was performed to determine the relationship between the MHR and
all-cause mortality as well as complications during hospitalization.

Results We included 5371 patients in our cohort study. Among them, 114 (2.12%) patients died in hospital. MHR
was independently associated with all-cause mortality (hazard ratio [HR], 1.81; 95% confidence interval [CI] 1.35, 2.42),
cardiovascular mortality (1.69; 1.17, 2.45) and non-cardiovascular mortality (2.04; 1.27, 3.28). This association was only
observed in patients with hypertension (P for interaction =0.003). Patients with higher MHR levels also have a higher
risk of complications, including infection, pneumonia, electrolyte disturbance, gastrointestinal bleeding, multiple
organ dysfunction syndrome, and disturbance of consciousness. The receiver operating characteristic (ROC) analysis
showed that the MHR had higher prognostic values than monocytes and high-density lipoprotein.

Conclusion MHR was an independent predictor of all-cause mortality and in-hospital complications in patients with

CAD, especially in patients with hypertension.
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Introduction

Coronary artery disease (CAD) is the leading cause of
death worldwide [1]. In China, the prevalence and mor-
tality of CAD are continuously increasing [2]. In 2013,
the number of cardiovascular disease deaths reached
3.72 million [3]. In 2018, the mortality rate of Chinese
urban residents was 120.18/100,000, and that of rural
residents was 128.24/100,000 [4]. A study on the global
burden of disease suggested that CAD deaths in China
accounted for about 38.2% of the global increase in CAD
deaths from 1990 to 2017. Compared with other coun-
tries, China experienced the largest increase in deaths
during this period [5]. Considering that the outcomes of
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patients with CAD are still unsatisfactory, new markers
are needed to identify patients with a high risk of mortal-
ity in order to accurately optimize the administration of
management.

Recently, inflammation was reported to promote the
progression of coronary atherosclerosis. Inflammatory
biomarkers in response to the development of atheroscle-
rosis have sparked interest. Inflammation and lipid depo-
sition lead to vascular endothelial damage, and promote
the formation and rupture of atherosclerotic plaques,
which play important roles in the occurrence and devel-
opment of CAD [6]. Circulating inflammatory cells, such
as leukocytes and their subtypes, were associated with
unfavorable outcomes in patients with CAD [7]. Previ-
ous studies have shown the different roles of monocytes
and high-density lipoprotein (HDL) during this inflam-
matory process. For example, Nozawa et al. found that a
high monocyte count was closely associated with athero-
sclerotic plaque progression in patients with ST-segment
elevation myocardial infarction [8]. However, higher lev-
els of circulating HDL levels were associated with a lower
risk of major adverse cardiovascular events, all-cause
mortality, and cardiac death in patients with CAD [9].

Therefore, the monocyte to HDL ratio (MHR) calcu-
lated from monocytes with pro-inflammatory effects
and HDL with anti-inflammatory effects has emerged as
a novel indicator of inflammatory responses in vascular
diseases [10]. MHR indicates inflammatory and anti-
inflammatory effects, and is potentially involved in the
inflammatory process, atherosclerosis progression, oxi-
dative stress, and endothelial dysfunction [11]. Explor-
ing the role of the MHR may be beneficial for the risk
stratification and prognostic evaluation of patients with
CAD. High MHR was one of the independent predictors
of cardiovascular events in patients with chronic kidney
diseases [12]. Additionally, MHR was associated with dis-
ease severity and bare-metal stent restenosis in patients
with CAD [13, 14].

Previously, there were 2 studies about the role of MHR
in short-term mortality, but they only focused on patients
with ST-segment elevation myocardial infarction [15, 16].
Whether there exists a positive association in other types
of CAD is unknown. Moreover, an important limitation
of these 2 previous studies was that they did not com-
pare the prognostic values of MHR with monocytes and
HDL, and thus the insufficient information might weaken
their power to determine the value of using a composite
index (MHR) than sample single indexes (monocytes and
HDL). Based on the abovementioned pieces of evidence,
we aimed to investigate the association between MHR
and short-term outcomes in patients with CAD.
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Methods

The retrospective cohort study was based on consecu-
tively recruited patients with CAD in West China Hospi-
tal. The project was approved by the Scientific Research
Department and conformed to Declaration of Helsinki.
We included patients diagnosed with CAD who were
admitted from January 2016 to December 2020. CAD is
diagnosed as stenosis of more than 50% in at least one
coronary artery including the left main, left anterior
descending, left circumflex, right coronary, or their main
branches by coronary angiography [17, 18]. We included
patients aged more than 18 years and excluded patients
with insufficient data in laboratory tests, and patients
diagnosed with severe hematologic disease, infection,
tumor, severe liver and renal failure on admission.

Data collection

We recorded patients’ information by structured forms
including: demographic statistical data, vascular risk fac-
tors, laboratory tests, in-hospital complications, and in-
hospital mortality. Heart failure was diagnosed with an
impairment of ventricular filling and ejection dysfunc-
tion, with dyspnea, fatigue, edema, and limited physical
activity as the main clinical manifestations [19]. Chronic
kidney diseases were diagnosed as a glomerular filtra-
tion rate<90% with a structural or functional impair-
ment of the kidneys due to various causes that persists
for 3 months or more. Smoking was diagnosed with tak-
ing more than 10 cigarettes per day, for 6 months or more
[20]. Drinking was diagnosed with taking alcohol more
than 60 g per day, or >420 g per week, for 6 months or
more [20]. All patients were treated according to treat-
ment guidelines [21]. The decision of cardiac surgeries
such as percutaneous coronary intervention (PCI), coro-
nary artery bypass graft (CABG), valvular surgery, and
radiofrequency ablation were made at the discretion of
the cardiologists.

Blood samples were collected from a peripheral vein
using ethylene diamine tetraacetic acid (EDTA) tubes
within 24 h after admission and analyzed using a Sys-
mex automated hematology analyzer (Sysmex, Kobe,
Japan) and a fully automatic biochemical analyzer (Mind-
ary, BS-820, Shenzhen, China). MHR was calculated as
the absolute monocyte counts (10°/L) divided by HDL
(mmol/L) and reported as 10°/mmol.

The primary outcome was all-cause mortality, defined
as death due to any reason during hospitalization. The
secondary outcomes were cardiovascular mortality, non-
cardiovascular mortality, as well as in-hospital complica-
tions which were categorized based on medical records.
Cardiovascular mortality included death attributed
to cardiac arrest, cardiac rupture, cardiogenic shock,
and death due to life-threatening heart failure, arrhyth-
mia, aortic dissection, and myocardial infarction [22].
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Cardiogenic shock was diagnosed as reduced cardiac
output, end-organ hypoperfusion, and hypoxia caused
by the impairment of myocardial performance [23]. Non-
cardiovascular mortality included all other causes of
death such as respiratory failure, multiple organ dysfunc-
tion syndrome (MOD), infectious shock, and gastrointes-
tinal bleeding [24].

In-hospital complications included infection, pneu-
monia, electrolyte disturbance, MOD, disturbance of
consciousness, and gastrointestinal bleeding during
hospitalization. Infection was diagnosed as local tissue
or systemic inflammation caused by bacteria, viruses,
fungi, parasites and other pathogens [25]. Pneumonia
was defined as an acute infection of the lung caused by
different pathogens with symptoms including fever, dys-
pnea, cough and expectoration [26]. Electrolyte distur-
bance was defined as abnormal levels of electrolytes,
such as hypernatremia, hyponatremia, hyperkalemia,
and hypokalemia [27]. MOD was diagnosed as reversible
physiologic disorders involving 2 or more organ systems
[28]. Disturbance of consciousness was diagnosed as
somnolence, stupor, or coma during hospitalization [29].
Gastrointestinal bleeding was diagnosed as blood loss
originating from the gut manifested with hematemesis or
black stool [30].

Statistical analysis
We categorized patients into 3 groups according to
MHR levels. If data were normally distributed, they were
reported as the mean and standard deviation (SD); If data
were not normally distributed, they were presented as the
median and interquartile range (IQR). Categorical data
were expressed as counts and percentages. We compared
the differences in continuous data by one-way ANOVA
and Kruskal-Wallis H test, and compared the differences
in categorical variables by the x> test or Fisher exact tests.
We used a Cox proportional multivariate hazards
regression model to calculate hazard ratios (HRs) and
95% confidence intervals (CIs) of the MHR as continu-
ous data and the MHR as categorical data for the risk
of mortality. We first performed univariate analysis to
identify variables with a P-value<0.05. These variables
were regarded as potential confounding factors, and were
adjusted in multivariable analysis to identify the indepen-
dent association between MHR and mortality. In model
1, we adjusted for age and sex; in model 2, we further
adjusted for other confounders. The linear trend (P for
trend) was tested by entering the median MHR value in
each categorical group as a continuous variable in the
models. To determine the discriminative ability of mono-
cytes, HDL, and MHR, we generated a receiver operating
characteristic (ROC) curve and calculated the area under
the curve (AUC) for monocytes, HDL, and MHR values
to predict the risk of mortality.
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We used stratified Cox regression to perform subgroup
analyses by variables including age (>65 and <65), sex
(male and female), hypertension, diabetes, atrial fibrilla-
tion, or chronic kidney diseases. The difference between
subgroups was inspected by interaction analysis using
likelihood ratio tests and the significance of the interac-
tion (p-interaction) was tested. We performed statisti-
cal analyses by Stata Version 15.0 (College Station, TX,
USA). A two side P<0.05 was considered statistically
significant.

Results

Study participants and baseline characteristics

In total, 5371 patients were included (4035 men and 1336
women; mean age 66.131+12.77 years) (Fig. 1). The mean
MHR value was 0.51+0.37 (median/IQR: 0.42/0.28-0.62)
and the low, medium, and high tertile distributions were
0.01 to 0.33 (T,), 0.33 to 0.54 (T,), and 0.54 to 4.98 (Tj),
respectively. During hospitalization, 114 (2.12%) patients
died. Cardiovascular mortality accounted for 61.4% of all
mortality: 52 patients had cardiogenic shock, 9 patients
had cardiac rupture, 5 patients had heart failure, 3
patients had arrhythmia, 1 patient had aortic dissection.
Non-cardiovascular mortality accounted for 38.6% of all
mortality, with respiratory failure in 31 patients, MODs
in 7 patients, infectious shock in 4 patients, and gastroin-
testinal bleeding in 2 patients. The rate of all-cause mor-
tality increased in parallel from 1.95% in T; and 1.96%
in T, to 6.65% in T (p<0.001) with the increasing MHR
levels.

Patients with higher MHR were younger and had
higher levels of white blood cells, platelet counts, and
blood glucose and lipids. MHR was inversely correlated
with age (r= -0.123, p<0.001), and positively correlated
with white blood cells (r=0.479, p<0.001), platelet counts
(r=0.137, p<0.001), glucose (r=0.080, p<0.001), and tri-
glycerides (r=0.076, p<0.001). Patients in the higher
MHR groups had a lower prevalence of hypertension,
higher prevalence of ST-elevation myocardial infarction
(STEMI), cardiogenic shock, diabetes and chronic kidney
diseases (p<0.05, Table 1).

The relationship between MHR and all-cause mortality

When MHR was regarded as a continuous variable, uni-
variable and multivariable analysis showed that increased
MHR was associated with an enhanced rate of all-cause
mortality. MHR per 1 unit increment was associated with
a higher risk of all-cause mortality after adjusting for age
and sex (model 1, HR 2.51, 95% CI [1.96, 3.21], p<0.001,
Table 2). Furthermore, after adjusting for age, sex, hyper-
tension, diabetes, atrial fibrillation, renal failure, drink-
ing, and smoking, MHR was independently associated
with all-cause mortality (model 2, HR 1.81, 95% CI [1.35,
2.42], p<0.001, Table 2). When MHR was regarded as a
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13131 patients were reviewed from Department of
Cardiology of West China Hospital of Sichuan
University between January 2016 and December 2020

3581 patients were excluded

No blood monocyte data within 24 h after
admission (n=3368)

No blood lipoprotein data within 24 h after
admission (n=213)

i

9550 Available information on
monocyte and lipoprotein data

’ »1 Not coronary artery disease n=(4179)

v

5371 patients diagnosed with coronary artery disease were enrolled

Fig. 1 Flow chart

categorical variable, the adjusted HR (95% CI; P-value)
for the highest tertile (T;) versus the lowest tertile (T))
was 2.30 (1.40-3.85; <0.001), with a dose-response rela-
tionship (P for trend <0.001, Table 2).

In addition, the MHR was positively associated with
the risk of cardiovascular mortality and non-cardiovas-
cular mortality regardless of whether the data of MHR
were continuous or categorical (Table 2). Kaplan—Meier
survival analysis suggested that patients in the T; group
had a significantly increased risk of all-cause mortality,
cardiovascular mortality, and non-cardiovascular mortal-
ity compared with patients in the T, and T, groups (all
log rank P <0.001, Fig. 2). Based on the ROC curve, MHR
values for predicting all-cause mortality yielded an AUC
of 0.679 (95% CI, 0.637-0.722), which was higher than
the AUC of monocytes (0.647, 0.604—0.691) and HDL
(0.573, 0.526-0.620, Fig. 3). The optimal cutoff for pre-
dicting all-cause mortality was 0.53, with a sensitivity of
66% and specificity of 66%.

Hypertension affects the relationship between the MHR
and all-cause mortality

Moreover, subgroup analysis also showed a significant
interaction between MHR and hypertension (P for inter-
action=0.003, Fig. 4). The association between the MHR
and all-cause mortality was significant in patients with
hypertension after adjusting for confounders (HR 3.27,
95% CI 2.09-5.10). However, this association was no
longer significant in patients without hypertension (HR
1.33, 95% CI 0.91-1.95). For other stratified analyses, the
association between the MHR and all-cause mortality

was not altered by age, sex, diabetes, atrial fibrillation, or
chronic kidney disease.

A higher MHR was also associated with a higher risk
of in-hospital complications including infection, pneu-
monia, electrolyte disturbance, gastrointestinal bleeding,
MODs, and disturbance of consciousness (Table 3). Addi-
tionally, we also found that the MHR was independently
associated with all-cause mortality in patients receiving
PCI, patients with acute coronary syndrome, and patients
with different duration of CAD (onset to admission less
than 1 month) (Tables 4 and 5).

Discussion
In this study, the monocyte to high-density lipoprotein
ratio was an independent predictor of all-cause mortal-
ity and in-hospital complications in patients with CAD,
especially in patients with hypertension. Older age and
poor heart function were the main predictors of in-hos-
pital mortality [31], but whether other factors were also
crucial for the short-term prognosis following CAD was
unclear due to the complicated pathological mechanisms
after disease onset. To provide additional evidence, we
performed a cohort study with a relatively large sample
size. Interestingly, the MHR had better prognostic values
than monocytes and HDL as individual indicators. We
found that the MHR was an independent predictor of
mortality and complications in patients with CAD. More-
over, we also identified a positive interaction between the
MHR and hypertension in CAD patients.

In this study, the cutoff values of MHR tertiles were
0.33 and 0.53, which were consistent with previous
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Table 1 Baseline characteristics of included patients grouped by tertile of MHR

MHR tertile (%) T, (0.01-0.33) * T, (0.33-0.54) T5(0.54-4.98) P-value
N (%) 1793 (33.3) 1788 (33.3) 1790 (33.3) -

Age, years, mean+SD 68.00£11.60 66.23+12.64 64.14+13.7 <0.001
Male, n (%) 1157 (64.53) 1413 (79.03) 1465 (81.84) <0.001
SBP. mmHg, mean+SD 129.75+21.85 127542249 12245+24.32 <0.001
DBP, mmHg, mean+SD 7540+13.87 87.54+303.89 75.18+15.88 0.056
Breath, mean+SD 1991+£3.77 20.18+4.87 20.3+3.06 0.010
Hypertension, n (%) 864 (48.19) 835 (46.7) 768 (42.91) 0.005
Diabetes, n (%) 416 (23.2) 426 (23.83) 486 (27.15) 0.013
Hyperlipidemia, n (%) 1057 (58.95) 1088 (60.85) 1063 (59.39) 0479
Atrial fibrillation, n (%) 166 (9.26) 137 (7.66) 189 (10.56) 0.011
Valvular heart disease, n (%) 75 (4.18) 64 (3.58) 70(3.91) 0.646
Heart failure, n (%) 939 (52.37) 924 (51.68) 978 (54.64) 0.179
STEMI, n (%) 459 (25.60) 519 (29.03) 847 (47.32) <0.001
NSTEMI, n (%) 208 (11.60) 299 (16.72) 371(20.73) <0.001
Cardiogenic shock, n (%) 24 (1.34) 24 (1.34) 86 (4.80) <0.001
Stroke, n (%) 173 (9.65) 146 (8.17) 167 (9.33) 0.266
Tumor, n (%) 85 (4.74) 69 (3.86) 77 (4.3) 0429
Chronic kidney diseases, n (%) 121 (6.75) 166 (9.28) 250 (28.2) <0.001
COPD, n (%) 96 (5.35) 103 (5.76) 92 (5.14) 0.707
Current drinking, n (%) 539 (30.38) 646 (36.66) 707 (40.1) <0.001
Current smoking, n (%) 646 (36.31) 822 (46.36) 988 (55.38) <0.001
Heart surgery

PCl, n (%) 990 (55.21) 1065 (59.56) 1170 (65.36) <0.001
CABG, n (%) 369 (20.58) 354 (19.8) 160 (8.94) <0.001
Valvular surgery, n (%) 31(1.73) 18 (1.01) 11(061) 0.006
Radiofrequency ablation, n (%) 45 (2.51) 32(1.79) 19 (1.06) 0.005
Complications

Infection, n (%) 183 (10.21) 220(12.3) 438 (24.47) <0.001
Pneumonia, n (%) 171 (9.54) 203 (11.35) 448 (25.03) <0.001
Electrolyte disturbance, n (%) 62 (3.46) 76 (4.25) 155 (8.66) <0.001
MOD, n (%) 1(0.06) 2(0.11) 15(0.84) <0.001
Disturbance of consciousness, n (%) 29(1.62) 27 (1.51) 87 (4.86) <0.001
Gastrointestinal bleeding, n (%) 27 (1.51) 33(1.85) 71(3.97) <0.001
All-cause mortality, n (%) 35(1.95) 35 (1.96) 119 (6.65) <0.001
Cardiovascular mortality, n (%) 12 (067) 11(062) 47 (2.63) <0.001
Non-cardiovascular mortality, n (%) 9(0.50) 9(0.50) 26 (1.45) 0.001
Laboratory tests

Monocytes, 10%/L, mean+SD 0.30+0.10 048+0.13 0.78+0.31 <0.001
HDL, mmol/L, mean +SD 1.34+0.35 1.12+0.28 0.94+0.28 <0.001
MHR, 10%/mmol, mean +SD 0.23+0.07 0.43+0.06 0.87+042 <0.001
White blood cells, 10%/L, mean+SD 6.6+2.7 777+3.16 10.71+4.76 <0.001
Hemoglobin, g/L, mean+SD 129.53+20.22 133.02+21.14 131.92+23.20 <0.001
Platelet counts, 10%/L, mean+SD 163.77+61.89 176.10+76.78 191.96+83.90 <0.001
Glucose, mmol/L, mean+SD 7.68+4.26 7.59+3.73 8.27+429 <0.001
Total cholesterol, mmol/L, mean +SD 408+1.16 395+1.11 398+1.23 <0.001
LDL, mmol/L, mean +SD 2.29+1.02 2.27+097 236+1.03 0.024
Triglyceride, mmol/L, mean +SD 147+1.1 1.69+1.24 1.82+144 <0.001

Abbreviation: MHR, monocytes to HDL ratio, T, tertile, SBP, systaltic blood pressure, DBP, diastolic blood pressure, COPD, chronic obstructive pulmonary disease, PCl,
percutaneous coronary intervention, CABG, coronary artery bypass graft. MOD, multiple organ dysfunction syndrome, HDL, High-Density Lipoprotein, LDL, Low-
Density Lipoprotein, NSTEMI, no ST-elevation myocardial infarction, STEMI, ST-elevation myocardial infarction, SD, standard deviation. * The range of MHR and the
number of patients in each tertiles
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Table 2 Cox regression analysis for mortality

Univariate Multivariate analysis (HR, 95%Cl)
analysis Model 1 h (95%Cl), Model2h
HR (95%Cl), P-value (95%Cl),
P-value P-value

All-cause mortality

MHR 2.16 (1.68,2.76), 2.51(1.96,3.21),<0.001 1.81(1.35,
<0.001 242),<0.001

MHR tertile

T 1 1 1

T2 0.89(0.48,1.68), 1.00(0.53,1.89),0.990 0.77 (040,
0.727 1.50),0.448

T3 287 (1.76,469), 349 (2.12,575), 230 (140,
<0.001 <0.001 3.85),0.002

P for trend <0.001 <0.001 <0.001

Cardiovascular mortality

MHR 2.19(1.60,3.01), 244 (1.783.34),<0.001 1.69 (1.17,
<0.001 2.45),0.005

MHR tertile

T 1 1 1

T2 0.94(0.41,2.13), 0.99(044,2.26),0984 0.86(0.38,
0.882 1.96),0.719

T3 3.58(2.44,5.25), 3.48(1.81,6.69), 222(1.14,
<0.001 <0.001 432),0.019

P for trend <0.001 <0.001 0.006

Non-Cardiovascular mortality

MHR 210(1413.12),  264(1.783.91),<0.001 2.04(1.27,
<0.001 3.28),0.003

MHR tertile

T1 1 1 1

T2 0.83(0.31,2.24), 1.03(0.38,2.79),0.953 0.68 (0.22,
0.718 2.10),0.500

T3 257(1.20,549), 3.53(1.63,7.67),0001 246 (1.08,
0.015 5.59),0.032

P for trend 0.006 0.001 0.012

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, hypertension,
diabetes, atrial fibrillation, chronic kidney diseases, drinking, smoking.
Abbreviation: MHR, monocytes to HDL ratio, T, tertile, HR, hazard ratio, 95%Cl,
95% confidence interval

studies. They suggested that an MHR of 0.3 was the cut-
off value for predicting coronary artery stenosis [32, 33].
Furthermore, previous studies suggested that the cutoff
point of MHR was 0.53 for poor outcome, which was the
same as our study [15]. In addition, the prognostic values
in their study (AUC: 0.639; sensitivity: 60.5%; specificity:

A. Kaplan-Meier survival estimates of all-cause mortality

B. Kaplan—-Meier survival estimates of cardiovascular mortality

Page 6 of 11

65.6%) were similar to ours (AUC: 0.679; sensitivity: 66%;
specificity: 66%). Of note, the mortality rate in our cohort
(2.12%) was lower than the mortality rate (3 -14%) in
other studies [15]. One possible reason may be that we
included more male patients, who have lower mortality
than female patients according to previous studies [34].

Furthermore, we found that patients with hypertension
and elevated MHR may have a higher risk of all-cause
mortality. Patients with hypertension have a higher risk
of coronary stenosis, atherosclerosis, myocardial infarc-
tion, and cardiovascular mortality, indicating that hyper-
tension might influence the progression and development
of arteriosclerosis and coronary artery lesions [35]. High
blood pressure as a physical force causes excess inflam-
mation and endothelial impairment, which promote the
development of arteriosclerotic plaque, as well as micro-
vascular impairment [35, 36]. With chronic microvascu-
lar fragility, hypertension might account for earlier and
greater coronary damage in CAD patients. Therefore,
patients with a higher MHR and hypertension may have
severe microvascular damage and arteriosclerosis, and
thereby having a higher risk of all-cause mortality. In
addition, several reports have shown that MHR could
be used as a possible marker for plaque formation and
severity, especially in diabetic patients [37—-40]. However,
there was no study which investigated the association
between MHR and death in patients without diabetes.
In our study, there was a significant association between
MHR and mortality, in patients with diabetes (HR 2.81,
95%CI 1.44, 5.42) and in patients without diabetes (HR
1.60, 95%CI 1.14, 2.24). The interaction between MHR
and diabetes was insignificant (P for interaction=0.373).
A possible explanation for this might be the lack of a
more detailed data of plaque and coronary lesion severity
in CAD patients with and without DM. This is an impor-
tant issue for future research.

Monocytes are derived from myeloid progenitor cells
in the bone marrow. After abnormal vascular endothe-
lial function, activated monocytes interact with damaged
endothelial cells, migrate to the subendothelial mem-
brane and differentiate into macrophages. Macrophages
phagocytose oxidized low-density lipoprotein particles
to form foam cells [41, 42], and the foam cells with lipid

C. Kaplan—Meier survival estimates of non—cardiovascular mortality
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Fig. 2 Kaplan-Meier survival analysis for all-cause mortality, cardiovascular mortality, and non-cardiovascular mortality of three groups
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Fig. 3 An area under the curve of receiver operating characteristic for monocytes, HDL, and MHR predicting in-hospital death

streaks can secrete pro-inflammatory factors, thereby
stimulating the inflammatory response around the dam-
aged blood vessels, promoting the decomposition of the
elastic membrane in the blood vessels, participating in
chronic inflammation and the occurrence and develop-
ment of atherosclerosis and plaque rupture [43]. Excess
monocytes in peripheral blood impaired myocardial
function [44]. Thus, patients with elevated monocytes
may have poor outcomes.

Nevertheless, as a promoter to reverse cholesterol
transport from cells back to the liver, HDL was reported
to play a beneficial role after coronary heart diseases in
anti-inflammation and decreasing oxidative stress by
regulating cholesterol efflux and the function of mono-
cytes [45]. HDL inhibits the production of monocytes
by suppressing interleukin-23 and granulocyte-colony
stimulating factor, thereby achieving an anti-inflamma-
tory effect [46]. It can also regulate the activation, adhe-
sion and migration of monocytes, preventing monocyte
migration to the vascular subendothelial membrane [47].
HDL can neutralize the pro-inflammatory and pro-oxi-
dative effects of monocytes, thereby preventing mono-
cytes from adhering to the vessel wall, and protecting

endothelial cells from inflammatory responses and oxida-
tive stress damage [48]. Additionally, it has been reported
that HDL and its major protein component, apolipopro-
tein A-1, have anti-inflammatory effects on monocytes
by preventing CD11b activation [49]. The decrease in
HDL may contribute to the instability of atherosclerotic
plaque and disease deterioration [50].

It is still unknown why MHR is associated with short-
term outcomes in patients with CAD, but there are sev-
eral plausible explanations for the underlying biological
mechanisms. First, an elevated MHR increases the risk
of death, probably by increasing atherosclerosis progres-
sion, necrotic core rupture and thrombus formation [51].
Monocytes play an important role in the development of
atherosclerosis [52]. HDL acts as an anti-atherosclerotic
lipoprotein, preventing cholesterol transport to the arte-
rial wall, especially in lipid-laden macrophages [53, 54].
Therefore, monocytes and HDL are independent predic-
tors of atherosclerotic plaque regression [55, 56]. Besides,
the higher rate of complications during hospitalization
in patients with an increased MHR may be another rea-
son. We found that the MHR was positively correlated
with white blood cells. The elevated MHR may reflect
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Subgroup analysis

Hazard ratio (95% confidence interval)

p-value for interaction
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=65
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No

Diabetes

-
Hl—

Yes

No

Atrial fibrillation
Yes -
No

Chronic kidney diseases
Yes i
No

L
il
|
i
B
I._._.I

0.054
2.13 (1.51, 2.99).<0.001
1.25 (0.66, 2.34). 0.491

0.714
1.85 (1.31, 2.60).<0.001
1.60 (0.87, 2.93). 0.129

0.015
3.27 (2.09. 5.10).<<0.001
1.33 (0.91. 1.95). 0.136

0.373
2.80 (1.44. 5.42). 0.002
1.60 (1.14. 2.24). 0.007

0.434
1.44 (0.80, 2.58). 0.221
1.96 (1.41. 2.73). <0.001

0.071
1.35 (0.92, 1.98). 0.122
2.76 (1.84. 4.14). <0.001

Fig. 4 Stratified logistic regression analysis to identify variables that modify the correlation between (MHR) values and all-cause mortality. Adjusted
factors included age, sex, hypertension, diabetes, atrial fibrillation, chronic kidney diseases, drinking, and smoking. The model was not adjusted for the

stratification variable in each stratified analysis

Table 3 Cox regression analysis for complications
Complications HR (95%(Cl), P-value

Infection 1.61(1.43,1.82),
<0.001

Pneumonia 1.66 (1.48,1.87),
<0.001

Electrolyte disturbance 1.63(1.33,1.98),
<0.001

1.63(1.22,2.19),0.001
2.55(1.50, 4.35),0.001

2.33(1.86,2.93),

<0.001

Adjusted for age, sex, hypertension, diabetes, atrial fibrillation, chronic kidney
diseases, drinking, smoking. Abbreviation: MOD, multiple organ dysfunction
syndrome. HR, hazard ratio, 95%Cl, 95% confidence interval

Gastrointestinal bleeding
MOD
Disturbance of consciousness

the degree of inflammation. The high levels of inflam-
mation and oxidative stress may lead to a higher risk of
adverse events such as infection, MOD, gastrointestinal
bleeding, and disturbance of consciousness in patients
with CAD [10, 57, 58]. Thus, the MHR may be a helpful
indicator reflecting the severity of inflammation, and the

occurrence of complications to recognize patients with a
high risk of mortality.

Previous studies have revealed positive associations
between MHR and disease severity [7, 59], myocardial
bridge [60], in-hospital major adverse cardiovascular
events [61], and in-hospital and five-year mortality [16].
Our study was consistent with these studies, and we also
found that the MHR was associated with mortality not
only in patients with certain types of CAD. Specially, con-
sistent with previous study [62], this research found that
patients in the higher MHR groups had higher prevalence
of STEMI (T1, 25.60%; T2, 29.03%; T3, 47.32%; p<0.001)
(Table 1). To the best of our knowledge, no study has
explored the relationship between the MHR and non-
cardiovascular mortality as well as complications such as
infection and MODs. We provide new information about
the prognostic value of the MHR on non-cardiovascular
mortality and complications. In addition, our results
extended our knowledge regarding whether the MHR
index has a superior predictive value for all-cause mortal-
ity than monocytes or HDL as a single index alone. From
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Table 4 Cox regression analysis for all-cause mortality in patients
receiving PCl or patients with ACS
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Table 5 Cox regression analysis for all-cause mortality in patients

with different duration (less/more than 1 month)

Univariate Multivariate analysis (HR, 95%Cl)
analysis Model 1 h (95%Cl), Model2h
HR (95%Cl), P-value (95%Cl),
P-value P-value

PCI

MHR 1.85(1.26,2.72), 2.23(1.52,3.26), 1.81(1.18,
0.002 <0.001 2.77),0.007

MHR tertile

T 1 1 1

T2 1.08 (0.39, 2.99), 1.24(0.45,3.46),0673 1.15 (041,
0.879 3.22),0.795

T3 2.94(1.29,6.68), 3.77 (1.64,8.68),0.002 2.93(1.25,
0.010 6.88),0.014

P for trend 0.003 <0.001 0.004

ACS

MHR 2.00(1.47,2.72), 2.27(1.70,3.03), 1.69 (1.24,
<0.001 <0.001 2.34),0.001

MHR tertile

T 1 1 1

T 0.82(048,1.80),  103(053,201),0936 0.77(0.38
0.821 1.55),0458

T3 1.89(1.11,3.20), 2.36(1.38,4.05),0.002 1.84 (1.05,
0.018 3.22),0.033

Pfortrend  0.006 <0.001 0.008

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, hypertension,
diabetes, atrial fibrillation, chronic kidney diseases, drinking, smoking.
Abbreviation: MHR, monocytes to HDL ratio, PCl, percutaneous coronary
intervention, ACS, acute coronary syndrome, T, tertile, HR, hazard ratio, 95%Cl,
95% confidence interval

the perspective of clinical application, MHR may be use-
ful for clinicians to categorize patients with a high risk of
death and monitor disease severity as well as the inflam-
matory degree. Besides, future studies should determine
whether novel therapies targeting MHR, such as anti-
inflammatory drugs and statin medication decrease the
risk of poor outcomes in patients with CAD.

Although the present cohort study had the largest
sample size among previously published studies, some
limitations should be considered. We only collected the
baseline data of MHR, and data at multiple time points
may provide more dynamic information. In addition,
we only detected the count of total monocytes, and did
not distinguish the subtypes of monocytes. Different
subtypes of monocytes may play different roles in the
prognosis of CAD. Future research should subdivide the
different subtypes of monocytes to better explore the role
of monocytes [63].

In conclusion, this study shows that a high level of
MHR was an independent predictor of short-term prog-
nosis in CAD patients, was closely related to the degree
of atherosclerosis, and may serve as an important pre-
dictor of poor prognosis in CAD patients. MHR is a
relatively simple and convenient biomarker. Therefore,
monitoring MHR level may be of great significance to

Univariate analysis
HR (95%(Cl), P-value 95%(Cl)

Multivariate analysis (HR,

Model 1 h Model 2 h
(95%ClI), P-value  (95%Cl),
P-value

Onset to admission less than 1 month

MHR 2.06 (1.44, 2.96), 2.37(1.70,3.31), 2.05 (140,
<0.001 <0.001 2.99),

<0.001

MHR tertile

T1 1 1 1

T2 1.27(0.53,3.07), 1.46 (0.60, 3.58), 1.14 (043,
0.595 0.405 2.97),0.791

T3 249(1.20,5.16), 3.34(1.58,7.06), 2.89 (1.31,
0.014 0.002 6.35),0.008

P for trend 0.006 <0.001 0.002

Onset to admission more than 1 month

MHR 2.15(1.50, 3.09), 249 (1.71,3.63), 149 (0.94,
<0.001 <0.001 2.37),0.087

MHR tertile

T 1 1 1

T2 0.59(0.23,1.51), 0.65 (0.25, 1.65), 0.51(0.20,
0.274 0.364 1.32),0.166

T3 2.99(1.53,5.85), 3.39(1.72,6.70), 1.59(0.78,
0.001 <0.001 3.23),0.203

P for trend <0.001 <0.001 0.084

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, hypertension,
diabetes, atrial fibrillation, chronic kidney diseases, drinking, smoking.
Abbreviation: MHR, monocytes to HDL ratio, T, tertile, HR, hazard ratio, 95%Cl,
95% confidence interval

identify patients with high risk of short-term death, and
improve the survival rate. This new marker could serve
as an inexpensive and readily available risk stratification
tool. Further studies should be conducted to assess its
clinical utility in CAD patients.

Conclusion

MHR was an independent predictor of all-cause mortal-
ity and in-hospital complications in patients with CAD,
especially in patients with hypertension.

Acknowledgements
Not applicable.

Authors’ contributions

GP, LW and QW designed and wrote the manuscript. CF, RL and CH revised the
manuscript. GP and RL drew the figures. QW provided critical feedback and
helped to shape the manuscript. All authors listed have made a substantial
contribution to the work. The authors have no potential conflicts of interest
that are directly relevant to the content of this review.

Funding

The work was supported by the National Natural Science Foundation of
China (Grant No. 82172534, 82202793, and 82372574), the National Key R&D
Program of China (Grant No. 2020YFC2008500 and 2020YFC2008502), the
Natural Science Foundation Innovation Group of Sichuan Province (Grant No.
2023NSFSC1999), and the Natural Science Foundation of Sichuan Province
(Grant No. 2023NSFSC1495).



Pei et al. BMC Cardiovascular Disorders (2023) 23:451

Data Availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate

This research was in compliance with the Declaration of Helsinki and
approved by the Biomedical Research Ethics Committee of West China
Hospital, Sichuan University (Reference No.202224). The informed consent was
waived by the Biomedical Research Ethics Committee of West China Hospital,
Sichuan University due to retrospective nature of study. The authors are
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Consent for publication
Not Applicable.

Competing interests
The authors have no conflicts of interest to declare.

Received: 9 March 2023 / Accepted: 19 August 2023
Published online: 11 September 2023

References

1. Global regional. and National age-sex-specific mortality for 282 causes of
death in 195 countries and territories, 1980-2017: a systematic analysis
for the global burden of Disease Study 2017. Lancet (London, England).
2018,392(10159):1736-88.

2. Yang X, LiJ, Hu D, ChenJ, LiY,Huang J, et al. Predicting the 10-Year
risks of atherosclerotic Cardiovascular Disease in Chinese Population:
the China-PAR Project (Prediction for ASCVD Risk in China). Circulation.
2016;134(19):1430-40.

3. ZhouM,Wang H, Zhu J, Chen W,Wang L, Liu S et al. Cause-specific mortality
for 240 causes in China during 1990-2013: a systematic subnational analysis
for the global burden of Disease Study 2013. Lancet (London, England).
2016,387(10015):251-72.

4. China TWCotRoCHaDi. Key points of Report on Cardiovascular Health and
Diseases in China 2020. Chin J Cardiovasc Res. 2021;19(07):582-90.

5. DaiH, Much AA, Maor E, Asher E, Younis A, Xu Y, et al. Global, regional, and
national burden of ischaemic heart disease and its attributable risk factors,
1990-2017: results from the global burden of Disease Study 2017. Eur Heart J
Qual care Clin Outcomes. 2022;8(1):50-60.

6. Nakamura H, Kataoka Y, Nicholls SJ, Puri R, Kitahara S, Murai K et al. Elevated
lipoprotein(a) as a potential residual risk factor associated with lipid-rich coro-
nary atheroma in patients with type 2 diabetes and coronary artery disease
on statin treatment: insights from the REASSURE-NIRS registry. Atherosclero-
sis. 2022.

7. YuR, HouR,WangT,LiT,Han H, An J. Correlation between monocyte to high-
density lipoprotein ratio and major adverse cardiovascular events in patients
with acute coronary syndrome after percutaneous coronary intervention.
Pakistan J Med Sci. 2021,37(3):885-9.

8. Nozawa N, Hibi K, Endo M, Sugano T, Ebina T, Kosuge M, et al. Association
between circulating monocytes and coronary plaque progression in patients
with acute myocardial infarction. Circulation Journal: Official Journal of the
Japanese Circulation Society. 2010;74(7):1384-91.

9. Zhao X, Wang D, Qin L. Lipid profile and prognosis in patients with coronary
heart disease: a meta-analysis of prospective cohort studies. BMC Cardiovasc
Disord. 2021,21(1):69.

10.  Zhang, Li S, Guo YL, Wu NQ, Zhu CG, Gao Y, et al. Is monocyte to HDL ratio
superior to monocyte count in predicting the cardiovascular outcomes:
evidence from a large cohort of chinese patients undergoing coronary
angiography. Ann Med. 2016;48(5):305-12.

11, ZhouY,Wang L, Jia L, Lu B, Gu G, Bai L, et al. The monocyte to high-density
lipoprotein cholesterol ratio in the prediction for atherosclerosis: a retrospec-
tive study in adult chinese participants. Lipids. 2021,56(1):69-80.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 10 of 11

Kanbay M, Solak Y, Unal HU, Kurt YG, Gok M, Cetinkaya H, et al. Monocyte
count/HDL cholesterol ratio and cardiovascular events in patients with
chronic kidney disease. Int Urol Nephrol. 2014;46(8):1619-25.

Gagdas M, Karakoyun S, Yesin M, Renciizogullar I, Karabag Y, Uluganyan M,
et al. The Association between Monocyte HDL-C ratio and SYNTAX score
and SYNTAX score Il in STEMI Patients treated with primary PCl. Acta Cardiol
Sinica. 2018;34(1):23-30.

Avci ll, Sahin |, Gungor B, Karatas MB, Ozcan KS, Canga Y, et al. Associa-

tion of monocyte to high-density lipoprotein ratio with bare-metal stent
restenosis in STEMI patients treated with primary PCl. North Clin Istanbul.
2019;6(4):393-400.

Karatas MB, Canga Y, Ozcan KS, ipek G, Glingér B, Onuk T, et al. Monocyte to
high-density lipoprotein ratio as a new prognostic marker in patients with
STEMI undergoing primary percutaneous coronary intervention. Am J Emerg
Med. 2016;34(2):240-4.

Acikgdz SK, Acikgdz E, Sensoy B, Topal S, Aydogdu S. Monocyte to
high-density lipoprotein cholesterol ratio is predictive of in-hospital and
five-year mortality in ST-segment elevation myocardial infarction. Cardiol J.
2016;23(5):505-12.

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al. 2015
ESC Guidelines for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation: Task Force for the
management of Acute Coronary Syndromes in patients presenting without
Persistent ST-Segment Elevation of the European Society of Cardiology (ESC).
Eur Heart J. 2016;37(3):267-315.

Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP, et al. 2012
ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline for the diagnosis and
management of patients with stable ischemic heart disease: executive
summary: a report of the American College of Cardiology Foundation/
American Heart Association task force on practice guidelines, and the
American College of Physicians, American Association for thoracic surgery,
Preventive Cardiovascular Nurses Association, Society for Cardiovascular
Angiography and Interventions, and Society of thoracic surgeons. Circulation.
2012;126(25):3097-137.

Dargie HJ, McMurray JJ. Diagnosis and management of heart failure. BMJ
(Clinical Research ed). 1994:308(6924):321-8.

Lee T, Hsu W, Chen C, Chen S. Etiologic study of young ischemic stroke in
Taiwan. Stroke. 2002;33(8):1950-5.

Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016 ACC/
AHA Guideline focused update on duration of dual antiplatelet therapy in
patients with coronary artery disease: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guide-
lines. J Am Coll Cardiol. 2016;68(10):1082-115.

Boss HW, Kappelle LJ, Van Der Graaf Y, Kooistra M, Visseren FL, Geerlings MI.
Physical activity and vascular events and mortality in patients with vascular
disease. Med Sci Sports Exerc. 2015;47(11):2359-65.

Vahdatpour C, Collins D, Goldberg S. Cardiogenic shock. J Am Heart Associa-
tion. 2019;8(8):011991.

de Jager DJ, Grootendorst DC, Jager KJ, van Dijk PC, Tomas LMJ, Ansell D, et
al. Cardiovascular and Noncardiovascular Mortality among Patients starting
Dialysis. JAMA. 2009;302(16):1782-9.

Holland SM, Gallin JI. Evaluation of the patient with recurrent bacterial infec-
tions. Annu Rev Med. 1998;49:185-99.

Mackenzie G. The definition and classification of pneumonia. Pneumonia
(Nathan). 2016;8:14.

Kraft MD, Btaiche IF, Sacks GS, Kudsk KA. Treatment of electrolyte disorders in
adult patients in the intensive care unit. Am J health-system Pharmacy: AJHP
- Official J Am Soc Health-System Pharmacists. 2005,62(16):1663-82.

Ramirez M. Multiple organ dysfunction syndrome. Curr Probl Pediatr Adolesc
Health Care. 2013;43(10):273-7.

Tanitame K, Akagi C, Kamaki N. Disturbance of consciousness after postpar-
tum hemorrhage. Eur J Intern Med. 2020;82:114-5.

Kamboj AK, Hoversten P, Leggett CL. Upper gastrointestinal bleeding: etiolo-
gies and management. Mayo Clin Proc. 2019;94(4).697-703.

Caruntu F, Bordejevic DA, Buz B, Gheorghiu A, Tomescu MC. Independent
predictors of in-hospital and 1-year mortality rates in octogenarians with
acute myocardial infarction. Rev Cardiovasc Med. 2021;22(2):489-97.
Korkmaz A, Demir M, Unal S, Yildiz A, Ozyazgan B, Demirtas B, et al. Mono-
cyte-to-high density lipoprotein ratio (MHR) can predict the significance

of angiographically intermediate coronary lesions. Int J Cardiovasc Acad.
2017;3(1):16-20.



Pei et al. BMIC Cardiovascular Disorders

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

(2023) 23:451

SucatoV, Coppola G, Testa G, Amata F, Martello M, Siddique R, et al. Evalua-
tion of remnant cholesterol levels and monocyte-to-HDL-cholesterol ratio in
south asian patients with acute coronary syndrome. Nutrition, metabolism,
and cardiovascular diseases. NMCD. 2021;31(7):2144-50.

Rasoul S, Ottervanger JP, de Boer MJ, Dambrink JH, Hoorntje JC, Marcel
Gosselink AT, et al. Predictors of 30-day and 1-year mortality after primary
percutaneous coronary intervention for ST-elevation myocardial infarction.
Coron Artery Dis. 2009;20(6):415-21.

Natali A, Vichi S, Landi P, Toschi E, Severi S, LAbbate A, et al. Coronary artery
disease and arterial hypertension: clinical, angiographic and follow-up data. J
Intern Med. 2000;247(2):219-30.

WeberT, Lang |, Zweiker R, Horn S, Wenzel RR, Watschinger B, et al. Hyperten-
sion and coronary artery disease: epidemiology, physiology, effects of treat-
ment, and recommendations: a joint scientific statement from the Austrian
Society of Cardiology and the Austrian Society of Hypertension. Wiener
Klinische Wochenschrift. 2016;128(13-14):467-79.

XiJ,Men S,Nan J,Yang Q, Dong J. The blood monocyte to high density lipo-
protein cholesterol ratio (MHR) is a possible marker of carotid artery plaque.
Lipids Health Dis. 2022;21(1):130.

Amouzegar A, Mirzaasgari Z, Mehrabi A, Malek M, Alaei-Shahmiri F, Najafi

L, et al. Association of monocyte/high-density lipoprotein cholesterol ratio
and the carotid intima-media thickness in diabetic patients. BMC Endocr
Disorders. 2022;22(1):323.

Mayasari DS, Taufig N, Hariawan H. Association of monocyte-to-high density
lipoprotein ratio with arterial stiffness in patients with diabetes. BMC Cardio-
vasc Disord. 2021;21(1):362.

Ya G, Qiu Z, Tianrong P. Relation of Monocyte/High-Density lipoprotein
cholesterol ratio with coronary artery disease in type 2 diabetes Mellitus. Clin
Lab. 2018;64(6):901-6.

Ancuta P, Wang J, Gabuzda D. CD16 + monocytes produce IL-6, CCL2, and
matrix metalloproteinase-9 upon interaction with CX3CL1-expressing endo-
thelial cells. J Leukoc Biol. 2006;80(5):1156-64.

Ghattas A, Griffiths HR, Devitt A, Lip GY, Shantsila E. Monocytes in coronary
artery disease and atherosclerosis: where are we now? J Am Coll Cardiol.
2013,62(17):1541-51.

Steinberg D, Witztum JL. Is the oxidative modification hypothesis relevant to
human atherosclerosis? Do the antioxidant trials conducted to date refute
the hypothesis? Circulation. 2002;105(17):2107-11.

van der Laan AM, Hirsch A, Robbers LFHJ, Nijveldt R, Lommerse |, Delewi R,
et al. A proinflammatory monocyte response is associated with myocardial
injury and impaired functional outcome in patients with ST-segment eleva-
tion myocardial infarction: Monocytes and myocardial infarction. Am Heart J.
2012;163(1):57-65€e2.

Magnoni M, Andreini D, Pirillo A, Uboldi P, Latini R, Catapano AL, et al.
Predictive value of HDL function in patients with coronary artery disease:
relationship with coronary plaque characteristics and clinical events. Ann
Med. 2022;54(1):1036-46.

Westerterp M, Gourion-Arsiquaud S, Murphy AJ, Shih A, Cremers S, Levine RL,
et al. Regulation of hematopoietic stem and progenitor cell mobilization by
cholesterol efflux pathways. Cell Stem Cell. 2012;11(2):195-206.

Murphy AJ, Woollard KJ. High-density lipoprotein: a potent inhibitor of
inflammation. Clin Exp Pharmacol Physiol. 2010,37(7):710-8.

LGscher TF, Landmesser U, von Eckardstein A, Fogelman AM. High-density
lipoprotein: vascular protective effects, dysfunction, and potential as thera-
peutic target. Circul Res. 2014;114(1):171-82.

Murphy AJ, Woollard KJ, Hoang A, Mukhamedova N, Stirzaker RA, McCormick
SP, et al. High-density lipoprotein reduces the human monocyte inflamma-
tory response. Arterioscler Thromb Vasc Biol. 2008;28(11):2071-7.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 11 of 11

Sorokin AV, Patel N, Abdelrahman KM, Ling C, Reimund M, Graziano G et

al. Complex association of apolipoprotein E-containing HDL with coronary
artery disease burden in cardiovascular disease. JCl Insight. 2022.

Villanueva DLE, Tiongson MD, Ramos JD, Llanes EJ. Monocyte to high-
density lipoprotein ratio (MHR) as a predictor of mortality and major adverse
Cardiovascular events (MACE) among ST Elevation myocardial infarction
(STEMI) patients undergoing primary percutaneous coronary intervention: a
meta-analysis. Lipids Health Dis. 2020;19(1):55.

Lambert JM, Lopez EF, Lindsey ML. Macrophage roles following myocardial
infarction. Int J Cardiol. 2008;130(2):147-58.

Murphy AJ, Chin-Dusting JP, Sviridov D, Woollard KJ. The anti inflammatory
effects of high density lipoproteins. Curr Med Chem. 2009;16(6):667-75.
Canpolat U, Aytemir K, Yorgun H, Sahiner L, Kaya EB, Cay S et al. The role of
preprocedural monocyte-to-high-density lipoprotein ratio in prediction

of atrial fibrillation recurrence after cryoballoon-based catheter ablation.
Europace: european pacing, arrhythmias, and cardiac electrophysiol-

ogy : journal of the working groups on cardiac pacing, arrhythmias, and
cardiac cellular electrophysiology of the European Society of Cardiology.
2015;17(12):1807-15.

Zhang TY, Zhao Q, Liu ZS, Zhang CY, Yang J, Meng K. Relationship between
monocyte/lymphocyte ratio and non-culprit plaque vulnerability in patients
with acute coronary syndrome: an optical coherence tomography study.
Medicine. 2020;99(41):e21562.

Tani S, Matsumoto M, Anazawa T, Kawamata H, Furuya S, Takahashi H, et al.
Development of a model for prediction of coronary atherosclerotic regres-
sion: evaluation of high-density lipoprotein cholesterol level and peripheral
blood monocyte count. Heart Vessels. 2012;27(2):143-50.

Brescia AA, Rankin JS, Cyr DD, Jacobs JP, Prager RL, Zhang M, et al. Determi-
nants of variation in Pneumonia Rates after coronary artery bypass grafting.
AnnThorac Surg. 2018;105(2):513-20.

Harrison MJ. Neurologic complications of coronary artery bypass grafting:
diffuse or focal ischemia? Ann Thorac Surg. 1995;59(5):1356-8.
LiY,LiS,MaY,LiJ Lin M, Wan J. Relationship between non-high-density
lipoprotein cholesterol/apolipoprotein A-l and monocyte/high-density
lipoprotein cholesterol ratio and coronary heart disease. Coron Artery Dis.
2020;31(7):623-7.

Enhos A, Cosansu K, Huyut MA, Turna F, Karacop E, Bakshaliyev N, et al. Assess-
ment of the relationship between monocyte to high-density lipoprotein ratio
and myocardial bridge. Arquivos brasileiros de cardiologia. 2019;112(1):12-7.
Sun M, Zhao D, Zhang Y, ZhaiY, Ye M, Wang X, et al. Prognostic utility of
monocyte to high-density lipoprotein ratio in patients with Acute Coronary
Syndrome: a Meta-analysis. Am J Med Sci. 2020;359(5):281-6.

Askin L, Getin M, Turkmen S, Tasolar H, Aktirk E. The relationship between
monocyte/high-density lipoprotein ratio and selvester QRS score in patients
with STEMI. Turk Kardiyoloji Dernegi arsivi: Turk Kardiyoloji Derneginin yayin
organidir. 2018;46(4):260-7.

Kim E, Yang J, Beltran CD, Cho S. Role of spleen-derived monocytes/macro-
phages in acute ischemic brain injury. J Cereb Blood flow Metabolism: Official
JInt Soc Cereb Blood Flow Metabolism. 2014;34(8):1411-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Monocyte to high-density lipoprotein ratio is associated with mortality in patients with coronary artery diseases
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Study participants and baseline characteristics
	﻿The relationship between MHR and all-cause mortality
	﻿Hypertension affects the relationship between the MHR and all-cause mortality

	﻿Discussion
	﻿Conclusion
	﻿References


