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Monocyte to High-Density Lipoprotein
Ratio Is Associated With Carotid Plague:
A Retrospective Cohort Study
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BACKGROUND: The level of monocyte to high-density lipoprotein ratio (MHR) is associated with cardiovascular diseases. Carotid
plaque (CP) is an independent risk factor for cardiovascular diseases. However, evidence for association of MHR with risk of
CP is scarce.

METHODS AND RESULTS: This study involved 5260 participants aged >18years old from the Dalian health management cohort in
2014 to 2022. The subjects were stratified into 4 groups based on the quartile of the MHR at baseline. Multivariable-adjusted
Cox regression models were used to calculate the MHR-associated risk of incident CP. The mean age of the population was
46.14years and 58.8% (n=3093) of the participants were male. Seven hundred fifty-nine (14.4%) of participants developed
new-onset CP. During the follow-up of 9725 person-years, the MHR at quartile 4 group experienced a significantly higher inci-
dence of CP than the MHR at quartile 1 group (56.9 versus 101.5 per 1000 person-years; log-rank P <0.001). Compared with
the MHR at quartile 1 group, the MHR at quartile 4 group had the highest CP risk (hazard ratio. 1.389 [95% ClI, 1.059-1.823])
and 10-year cardiovascular risk (China-PAR Project score: odds ratio, 1.975 [95% CI, 1441-2.708 in men]; odds ratio, 6.015
[95% ClI, 1.949-18.564 in women) (P <0.001). Meanwhile, similar results were observed in multiple sensitivity analyses.

CONCLUSIONS: Elevated MHR was associated with the risk of CP. The assessment and management of MHR is helpful for the
early detection of patients with CP and the primary prevention of cardiovascular diseases.
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atherosclerosis, is associated with increased in-

cidence of stroke, coronary heart disease, and
myocardial infarction.? A recent multicenter study
across 31 provinces in China suggests that nearly
one-quarter of Chinese adults have increased carotid
intima-media thickness (CIMT) or CP.2 The large num-
ber of people living with CP or carotid stenosis might
be indicative of a future considerable burden of cardio-
vascular diseases and is a major public health concern
worldwide.*

Carotid plaque (CP), as a manifestation of carotid

Inflammation and lipid accumulation are recognized
as fundamental to the pathophysiology and progres-
sion of atherosclerosis.? The composite inflammatory
indicator, monocyte to high-density lipoprotein ratio
(MHR), is a novel type of parameter based on the tradi-
tional peripheral blood cell count,® and is considered a
characterization of low-grade metabolic inflammation.”
Recent studies have established that the MHR has
emerged as a novel inflammatory biomarker of athero-
sclerotic cardiovascular disease (CVD).8 CP is an im-
portant risk factor for CVD. It has been found that MHR
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CLINICAL PERSPECTIVE
What Is New?

e |n this cohort study, we found that a new in-
flammatory marker, monocyte to high-density
lipoprotein ratio, is associated with the onset
of carotid plaque and increased cardiovascular
risk over 10years.

What Are the Clinical Implications?

e Compared with carotid color ultrasonography,
monocyte to high-density lipoprotein ratio, a
biomarker calculated by blood index, is more
convenient and saves time and money.

e The discovery and application of a new marker,
monocyte to high-density lipoprotein ratio, con-
tributes to the early diagnosis and prevention of
carotid plaque and cardiovascular disease, re-
ducing the cost and time consumption; it has
important application value and development
potential.

Nonstandard Abbreviations and Acronyms

CIMT carotid intima-media thickness

CP carotid plaque

MHR monocyte to high-density lipoprotein
ratio

may be related to CP formation;2'° however, the data
of these studies are limited and mostly cross-sectional,
making it difficult to make causal inference.

Therefore, this study aimed to explore the associ-
ation of MHR with the risk of CP and CVD through a
cohort design.

METHODS

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request (dllengsong@163.com). In addition,
dummy R/Stata code for some methods in this study
is accessible in Data S1.

Study Population

We used data from the Dalian health management
cohort, which is a large ongoing prospective real-life
cohort study started in 2014 in Dalian, North China.
It was initially designed to collect information from
physical examinations from a population from the
Second Affiliated Hospital of Dalian Medical University
and evaluate the health status of people to con-
duct health management (trial registration number:
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ChiCTR2300073363). This current investigation was
a subset analysis of the Dalian health management
cohort, and it was approved by the Ethics Committee
of the Second Affiliated Hospital of Dalian Medical
University (2023/146), which waived the requirement
for patient informed consent.

We retrospectively recruited 10116 participants,
aged 18 to 92 years, who participated in 2 or more ca-
rotid ultrasound examinations from 2014 to 2022. We
excluded 55 people with a history of CVD (including
stroke, coronary heart disease, heart failure, myocar-
dial infarction, and atrial fibrillation), and 49 participants
with a history of malignant tumors, severe liver or kid-
ney diseases at baseline. We also excluded 2387 par-
ticipants in whom CP was detected at baseline. We
further excluded 451 subjects with acute inflammation
response or too low white blood cell (WBC) counts
(defined as WBC counts >10x10%L, or WBC counts
<4x10%L) to avoid the effects of the acute phase of
infection on the inflammatory status. We also excluded
those with incomplete data on monocyte counts or
high-density lipoprotein cholesterol (HDL-C) at base-
line (n=1914). Finally, a total of 5260 participants were
included in the final analysis (Figure 1). The earliest
physical examination data of every participant were re-
corded as the baseline. The primary end point of this
study was the incidence of CP. The follow-up ended at
the date of CP onset, death, or the last follow-up be-
fore December 31, 2022, whichever came first.

Baseline Data Collection

Demographic characteristics (including age and sex),
previous history (including family history, smoking his-
tory, drinking history, and diseases history), bilateral
carotid ultrasound information, and laboratory indica-
tors data were acquired through the electronic infor-
mation system. Body mass index (BMI) was calculated
as body weight (kg) divided by the square of body
height (m?). Systolic blood pressure and diastolic blood
pressure were calculated as the mean of 2 measure-
ments on the brachial artery in the right upper arm
using a sphygmomanometer after resting quietly for at
least 5minutes. Laboratory tests used blood samples
from those who had been fasting for at least 8hours
including assays for routine blood tests (including
WBC, platelet, neutrophil, lymphocyte, and monocyte
counts, and hemoglobin), fasting blood glucose, total
cholesterol, triglycerides, HDL-C, and low-density lipo-
protein cholesterol. All laboratory tests accomplished
the standardization.

Exposure

The exposure factor in this study was MHR, which was
calculated by the following: MHR=monocyte count
(10%/L)/HDL-C (mmol/L).6
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Patients who underwent more than two carotid ultra-
sound examinations between 2014 and 2022
(n=10116)

Exclusion criteria:

(1) History of severe cardiovascular disease
such as stroke, coronary heart discase, or
myocardial infarction at baseline(n=55)

A

Participants included in the study (n=7174)

P> (2)Patients had a history of malignant tumor,
severe liver or Kidney disease(n=49)

(3) Carotid plaque was detected at bascline
(n=2387)

(4) Acute infection occurred recently(n=451)

Participants who lacked monocyte or HDL

4

Participants were eventually included in the study
with complete data (n=5260)

y g

patients without
event (n=4501)

patients with event
(n=759)

cholesterol data(n=1914)

Figure 1. Flow diagram of study population.
HDL indicates high-density lipoprotein.

Ascertainment of Outcome
The outcome of this study was CP measured by
Doppler color ultrasound. The unified trained ultra-
sound specialist examined 3 carotid artery areas with
carotid ultrasonography on the subjects (internal ca-
rotid artery, bifurcating carotid artery, and common
carotid artery). CPs were defined as IMT >1.5mm or
focal structures encroaching into the arterial lumen of
at least 0.5mm or 50% of the surrounding IMT value.
An increased CIMT was defined as IMT >1.0mm in
either the right or the left carotid artery."" Participants
with increased CIMT or plaques were defined as having
carotid atherosclerosis.'®

We evaluated the 10-year risk of cardiovascular
events to analyze the association between MHR and
cardiovascular risk. We used the Framingham Heart
Study score'?> and the China-PAR Project score'®
to assess the relationship between MHR levels and
10-year cardiovascular risk. The Framingham Heart
Study score including age, sex, total cholesterol, HDL-
C, diastolic blood pressure, blood pressure lowering
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medication use, diabetes status, and smoking status in
the primary model for individuals from 30 to 74 years of
age and without cardiovascular disease history. Also,
the China-PAR Project score was constructed in a
large Chinese cohort study.

Covariates

A smoker was defined as smoking continuously or cu-
mulatively for >1year and smoking at least 1 cigarette
perday." An alcohol drinker was defined as drinking for
>1yearanddrinksonaverage =100 mL/d."* Hypertension
was defined if a person had systolic blood pressure
>140mmHg or diastolic blood pressure >90mmHg or
a self-declared history of hypertension.'® Diabetes was
defined as fasting blood glucose levels >7.0mmol/L or
any self-declared history of diabetes or current drug
use for diabetes.'® Dyslipidemia was defined as those
taking oral antidyslipidemic drugs, having any self-
declared history, or any one of the following outcomes:
triglycerides levels >1.70 mmol/L, total cholesterol levels
>5.18mmol/L, low-density lipoprotein cholesterol levels
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>3.37mmol/L, or HDL-C level <1.04mmol/L."" Other
complex inflammatory indicators were the following:
neutrophil to high-density lipoprotein ratio=neutrophil
count (10%/L)/HDL-C (mmol/L)'8; systemic inflammation
response index=neutrophil count (10%L)xmonocyte
count (10%L)/lymphocyte count (10%/L).°

Statistical Analysis

The population was, respectively, divided into 4 groups
Q1, Q2, Q8, Q4) according to their baseline MHR lev-
els. Missing values of potential covariates were im-
puted by multivariate chained imputation (Figure S1).
For baseline descriptions, continuous variables were
represented by the median and interquartile range for
skew distribution, and were compared among groups
with the Kruskal-Wallis test. Categorical variables were
described as percentage (%) and were compared
using the x? test.

The incidence rates of CP were -calculated.
Kaplan—Meier plots were generated with the log-rank
test to compare the relationship between MHR quar-
tile and cumulative incidence of CP. After confirming
that the proportional hazards assumption was satis-
fied (Figure S2), Cox proportional hazard regression
models were used to compare the hazard ratios (HR)
with 95% CI for CP across the MHR subgroups. We
screened confounding factors and adjusted by map-
ping causal pathways through Directed Acyclic Graph
(Table S1; Figure S3). Three Cox models using robust
SEs were applied: Model 1 was adjusted for age and
sex; Model 2 adjusted the variables in Model 1 plus
increased CIMT. Model 3 was adjusted for covari-
ates in Model 2 plus BMI, platelet, hemoglobin, neu-
trophil, lymphocyte, smoking, drinking, family history
of hypertension, family history of diabetes, diabetes,
hyperlipidemia, hypertension, taking hypoglycemic
drugs, and taking anti-hypertension drugs. We further
used the restricted cubic spline regression model,
with 4 knots, to more thoroughly assess the dose-re-
sponse relationship between the MHR and new-onset
CP. Subgroup analyses were also utilized to examine
the robustness of the MHR’s relationship to CP. The
interactions between the MHR and hypertension, di-
abetes, dyslipidemia, family history of hypertension,
and obesity statuses were tested by the likelihood
test with the fully adjusted Cox proportional hazard
regression model.

In addition, to examine the robustness of our find-
ings, after excluding some potentially problematic
participants, we performed other subgroup analyses
based on Model 3. First, the study end points recorded
at the first years of follow-up visit were excluded in
order to address potential reverse causation (n=5018).
Second, to minimize the influence of increased CIMT,
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participants with preexisting increased CIMT were ex-
cluded (n=4677). Third, to reduce the difference be-
tween all quartile groups, we conducted propensity
score matching (n=3915). Finally, maximally selected
rank statistics, facilitated by the “maxstat” package,
were used to discern the optimal cutoff point for MHR,
which segregated participants into lower and higher
MHR groups.

Finally, the logistic regression was used to assess
the relationship between MHR levels and 10-year car-
diovascular risk.

Statistical analysis was carried out using R ver-
sion 4.3.0 software, Stata 15.1 software, and DAGitty
(nttp://www.dagitty.net/development/dags.html). All P
values were taken bilaterally for statistical inference,
and P <0.05 was considered a statistically significant
difference.

RESULTS

Baseline Characteristics

Table 1 shows the baseline characteristics of the partic-
ipants. A total of 5260 participants were included in the
final analysis, and 58.8% (n=3093) of them were male.
The mean age was 46.14+9.85years. After 9725.5
person-years of follow-up, 759 subjects (571 men and
188 women) were detected with newly formed CP.
Participants with an elevated MHR were more prone to
be male, have diabetes, hypertension, increased CIMT,
and a family history of hypertension and dyslipidemia.
Participants in higher MHR quartiles had the high level
of BMI, systolic blood pressure, diastolic blood pres-
sure, fasting blood glucose, total cholesterol, triglycer-
ides, low-density lipoprotein cholesterol, WBC, platelet,
neutrophil, lymphocyte, and monocyte counts, hemo-
globin, neutrophil to high-density lipoprotein ratio, and
systemic inflammation response index. In contrast, the
HDL-C level was significantly lower than those with a
lower MHR (P <0.05). People who developed plaque
after follow-up had a high level of MHR compared with
people who did not develop plaque (Table S2). Baseline
information for participants grouped according to dif-
ferent blood glucose, blood pressure, and lipid profiles
is presented in Tables S3 through S5.

Incidence Density of CP

The incidence density of CP was 78.04 per 1000
person-years, and in the quartile were 56.93, 77.47,
78.84, and 101.52 per 1000 person-years, respectively.
In addition, older male subjects were more vulnerable
to acquiring CP, and stratified analyses disclosed that
subjects had a significantly higher probability of devel-
oping CP if they had diabetes, hypertension, dyslipi-
demia, increased CIMT, and obesity (Table S6).
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Table 1. Baseline Characteristics of the Participants
MHR Quartile

Variables Overall (n=5260) Quartile 1 (n=1323) | Quartile 2 (n=1325) | Quartile 3 (n=1307) | Quartile 4 (=1305) | P value
Male, n (%) 3093 (58.8) 442 (33.4) 737 (55.6) 850 (65.0) 1064 (81.5) <0.001*
Age, y 47 (38-53) 47 (38-53) 47 (38-52) 47 (38-52) 46 (38-53) 0.922
BMI, kg/m? 24.61(22.34-27.08) | 23.05 (21.10-25.18) | 24.34 (21.95-26.73) | 24.86 (22.92-27.20) | 26.17 (24.01-28.41) | <0.001*
Diabetes, n (%) 406 (7.7) 55 (4.2) 86 (6.5) 102 (7.8) 163 (12.5) <0.001*
Hypertension, n (%) 1244 (23.7) 226 (17.1) 317 (23.9) 319 (24.4) 382 (29.3) <0.001*
Dyslipidemia, n (%) 3397 (64.6) 703 (53.1) 768 (58.0) 872 (66.7) 1054 (80.8) <0.001*
Taking hypoglycemic drugs, | 110 (27.1) 15 (27.2) 20 (28.9) 19 (18.6) 56 (34.4) <0.001*
n (%)
Taking antinypertension 368 (29.6) 43 (19.0) 87 (27.4) 95 (29.7) 143 (37.4) <0.001*
drugs, n (%)
Increased CIMT, n (%) 583 (11.1) 111 (8.4) 154 (11.6) 148 (11.3) 170 (13.0) 0.002*
Smoking history, n (%) 116 (2.2) 21 (1.6) 28 (2.1) 27 (2.1) 40 (3.1) 0.072
Drinking history, n (%) 117 (2.2) 22 (1.7) 28 (2.1) 27 (2.1) 40 (3.1) 0.094
Family history of diabetes, | 51 (1.0) 11 (0.8) 10(0.8) 12 (0.9) 18 (1.4) 0.359
n (%)
Family history of 237 (4.5) 40 (3.0) 63 (4.8) 64 (4.9) 70 (5.4) 0.022*
hypertension, n (%)
SBP, mmHg 126 (115-136) 122 (112-134) 126.0 (115-136) 126 (116-136) 128 (118-137) <0.001*
DBP, mmHg 78 (70-85) 75 (68-83) 77 (70-85) 78 (71-86) 80 (73-87) <0.001*
TC, mmol/L 4.93 (4.38-5.57) 5.02 (4.44-5.70) 4.99 (4.40-5.57) 4.91 (4.35-5.51) 4.85 (4.32-5.45) <0.001*
TG, mmol/L 1.55 (1.12-2.13) 1.23 (0.91-1.65) 1.46 (1.08-1.94) 1.65 (1.21-2.21) 1.97 (1.41-2.76) <0.001*
HDL-C, mmol/L 1.28 (1.09-1.51) 1.57 (1.37-1.77) 1.33 (1.18-1.52) 1.22 (1.08-1.38) 1.06 (0.93-1.19) <0.001*
LDL-C, mmol/L 2.69 (2.23-3.19) 2.62 (216-3.15) 2.68 (2.26-3.18) 2.73 (2.28-3.23) 2.70 (2.23-3.20) 0.008*
FBG, mmol/L 5.53 (5.23-5.92) 5.42 (6.15-5.79) 5.51 (5.23-5.86) 5.53 (5.22-5.92) 5.65 (56.35-6.13) <0.001*
Leukocytes, 10%/L 5.19 (5.06-6.81) 5.12 (4.58-5.86) 5.63 (4.99-6.33) 6.06 (5.36-6.84) 6.83 (6.00-7.77) <0.001*
Neutrophils, 10%/L 3.41 (2.84-4.14) 2.98 (2.57-3.58) 3.26 (2.77-3.83) 3.51 (2.97-4.20) 4.02 (3.31-4.77) <0.001*
Lymphocytes, 10%/L 1.94 (1.63-2.29) 1.77 (1.51-2.10) 1.89 (1.60-2.22) 1.99 (1.69-2.33) 211 (1.79-2.49) <0.001*
Monocytes, 10%/L 0.30 (0.24-0.38) 0.21 (0.18-0.25) 0.27 (0.24-0.31) 0.33 (0.29-0.38) 0.43 (0.38-0.50) <0.001*
Platelets, 10%/L 233 (201-269) 230 (198-263) 230 (199-267) 236 (200-274) 236 (206-275) <0.001*
Hemoglobin, g/L 149 (136-159) 138 (130-150) 147 (136-157) 151 (139-160) 156 (146-164) <0.001*
MHR 0.24 (0.17-0.32) 0.14 (0.12-0.16) 0.21 (0.19-0.22) 0.27 (0.25-0.29) 0.40 (0.35-0.47) <0.001*
NHR 2.67 (2.03-3.51) 1.94 (1.58-2.42) 2.44 (2.00-3.09) 2.88 (2.35-3.53) 3.83 (3.00-4.78) <0.001*
SIRI 0.53 (0.38-0.75) 0.35 (0.27-0.47) 0.47 (0.36-0.62) 0.59 (0.46-0.77) 0.80 (0.61-1.09) <0.001*

BMI indicates body mass index; CIMT, carotid intima-media thickness; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein
cholesterol ratio; SBP, systolic blood pressure; SIRI, systemic inflammation response index; TC, total cholesterol; and TG, triglyceride.

*P<0.05, the difference was statistically significant.

Association Between MHR and Risk of CP

Kaplan—Meier curves showed that the cumulative inci-
dence of CP was consistently higher in the Q4 group than
that in the Q1 group (Figure 2). A significant difference
was observed among groups (log-rank test: P <0.001).
The results of Cox proportional hazard regression mod-
els after multivariate adjustment were shown that com-
pared with Q1, subjects with MHR at Q4 groups had HR
(95% CI) of 1.389 (1.059-1.823) (P <0.05). Similar find-
ings were shown when MHR was used as a continuous
variable (Table 2). The incidence of CPs was increasing
with the elevated level of MHR. Restricted cubic spline
results showed a nonlinear relationship between MHR

and CP risk. When the baseline MHR level was <0.4,
the risk of CP gradually increased with the increase of
MHR, but when the MHR level was >0.4, the risk of CP
slowly decreased (Figure S4). In addition, we found that
higher MHR levels were associated with an increased
risk of carotid intima-media thickening and carotid ath-
erosclerosis (Table S7).

Stratified Analysis

Sex, age, BMI, diabetes, and dyslipidemia had no sig-
nificant interaction in the association between MHR
and CP (P >0.05). Notably, a significant interaction be-
tween hypertension and MHR was observed and was
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Figure 2. Comparison on cumulative incidence of carotid plaque between different MHR

status groups.

CP indicates carotid plaque; MHR, monocyte to high-density lipoprotein ratio.

associated with incident CP (P-interaction=0.006).
Although the CP incidence rates tended to consistently
increase with increases in blood pressure, the MHR-
associated CP risks attenuated greatly with elevation in
blood pressure levels, with adjusted HRs (95% Cls) of
0.582 (0.203-1.670) and 2.985 (1.492-5.971), respec-
tively, for those with and without hypertension (Table 3;
Table S8).

Effect of MHR on 10-Year Cardiovascular
Risk

We calculated the 10-year cardiovascular risk for 5007
individuals between 30 and 74 years old without CVD
history by the Framingham Heart Study score. The cal-
culations were repeated for all participants using the
China-PAR Project score. The highest cardiovascular
risk was found in the subjects with MHR at quartile 4,
and the odds ratio was 6.661 (95% ClI, 4.453-9.964)
in the Framingham Heart Study and 4.782 (95% ClI,
3.570-6.404) in the China-PAR Project. Of note, men
with MHR in quartile 2 and 3 groups were also both

J Am Heart Assoc. 2025;14:e037210. DOI: 10.1161/JAHA.124.037210

associated with an increased 10-year cardiovascular
risk, regardless of which cardiovascular risk score was
used (Table 4).

Other Subgroup Analysis

Four other subgroup analyses were performed, and
the results were consistent. First, after excluding par-
ticipants who developed CP within the first year of the
follow-up, the highest MHR quartile had a significant
risk of CP (HR=1.501 [95% Cl, 1.072-2.102]) (Table S9).
Moreover, excluding the participants who were diag-
nosed with increased CIMT at the baseline did not
lead to substantial changes in the results. MHR was
independent potential risk factors of CP (HR=1.464
[95% CI, 1.069-2.006]) (Table S9). Also, using data
disposed by propensity score matching, similar re-
sults were obtained (HR=1.270 [95% CI, 1.079-1.493])
(Figure S5; Table S10). After using the “maxstat” pack-
age to identify the optimal cutoff point of the MHR, we
found that individuals in the higher MHR group had a
1.25 times (HR=1.251 [95% CI, 1.049-1.491]) greater
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Table 2. Risk of Carotid Plaque According to Baseline
MHR Categories

Model 3, HR (95% Cl) P value

MHR quartile

Quartile 1 Reference

Quartile 2 1175 (0.925-1.492) 0.186

Quartile 3 1.220 (0.947-1.572) 0.125

Quartile 4 1.389 (1.059-1.823) 0.017*
Continuous MHR 1.666 (0.941-2951) 0.080
P for trend 0.020*

Model 3 was adjusted for age, sex, increased CIMT, BMI, platelets,
hemoglobin, neutrophils, lymphocytes, smoking, drinking, family history
of hypertension, family history of diabetes, hyperlipidemia, hypertension,
diabetes, take hypoglycemic drugs, take antihypertension drugs. BMI
indicates body mass index; CIMT, carotid intima-media thickness; HR,
hazard ratio; and MHR, monocyte to high-density lipoprotein ratio.

*P<0.05, the difference was statistically significant.

risk of developing CP than those with low MHR levels
(Figure S6; Table S11).

DISCUSSION

Our study showed that population high MHR levels
are significantly associated with the increased risk of

Table 3. Subgroup Analysis of MHR as a Continuous
Variable

Variables Model 3 HR (95% ClI) ::tf::action

Sex 0.907
Female 6.080 (1.082-34.181)
Male 1.410 (0.748-2.659)

Age, y 0.573
<45 3.459 (0.638-18.768)
>45 1.535 (0.825—-2.854)

Body mass index 0.223
<24 2.776 (1.225-6.291)
>24 1.178 (0.509-2.724)

Diabetes 0.075
Yes 1.424 (0.351-5.774)
No 2.004 (1.034-3.884)

Hypertension 0.006*
Yes 0.582 (0.203-1.670)
No 2.985 (1.492-5.971)

Dyslipidemia 0.541
Yes 1.635 (0.879-3.044)
No 2.871(0.489-16.453)

Model 3 was adjusted for age, sex, increased CIMT, BMI, platelets,
hemoglobin, neutrophils, lymphocytes, smoking, drinking, family history
of hypertension, family history of diabetes, hyperlipidemia, hypertension,
diabetes, take hypoglycemic drugs, take antihypertension drugs. BMI
indicates body mass index; CIMT, carotid intima-media thickness; HR,
hazard ratio; and MHR, monocyte to high-density lipoprotein ratio.

*P<0.05, the difference was statistically significant.

J Am Heart Assoc. 2025;14:e037210. DOI: 10.1161/JAHA.124.037210

MHR Is Associated With Carotid Plaque

CP and 10-year increased cardiovascular risk. The
restricted cubic spline regression model showed a
nonlinear relationship between MHR and CP, with
the greatest risk of future CP occurring when base-
line MHR levels reached 0.4. Our study also found a
higher incidence of CP in men, older people, people
with diabetes, hypertension, a family history of hyper-
tension, dyslipidemia, and obesity, which further vali-
dates the influence of these traditional risk factors on
CP. In addition, MHR interacted with hypertension on
CP. Collectively, our findings illustrated the significance
of evaluating the value of MHR in the primary preven-
tion of CP and even CVD.

A convincing body of experimental and clinical data
now indicates that inflammation participates funda-
mentally in atherogenesis and in the pathophysiology
of ischemic events.!® The pathogenesis of CP has been
associated with inflammation.?® Moreover, blood counts
are more frequently used to reflect inflammatory states
in clinical or large population screening than inflamma-
tory factors commonly used in molecular studies such
as interleukin-1/6 and tumor necrosis factor a. In ad-
dition, studies have shown that MHR is an important
marker for predicting ischemic stroke.?! Approximately
18% to 25% of all ischemic strokes are attributable to
thromboembolism caused by carotid atherosclerotic
disease.’ A cross-sectional study showed that the
MHR could be used as a possible marker for plaque
formation and severity.® Another study found that MHR
is a convenient and effective indicator for predicting the
presence and progression of subclinical carotid ath-
erosclerosis.?? Our findings are consistent with those of
the previous studies, and once again confirm the role
of MHR in new-onset CP. Furthermore, we also found
a nonlinear relationship between MHR and CP through
restricted cubic spline regression model, although the
risk of CP decreased slowly when MHR level exceeded
0.4 in our study. This may be related to drug use and
should be verified in subsequent studies. The previ-
ous research results showed that monocytes play a
key role in the atherosclerosis-associated inflammatory
response, involved in all stages of atherosclerosis.? In
addition, other studies have shown that monocytes
are associated with CIMT, carotid artery stenosis, and
neovascularization of CP192425 These principles all
explain that changes in MHR induce the occurrence
of CP. On the other hand, monocyte-dominated leu-
kocytes pass through endothelial cells and are acti-
vated in the intima, mediating endothelial damage and
atherosclerosis.?® HDL-C exhibits anti-atherosclerotic
effects by neutralizing the proinflammatory and pro-
oxidant effects of monocyte via inhibiting the migration
of macrophages and low-density lipoprotein oxida-
tion in addition to the efflux of cholesterol from these
cells.?” Monocytosis and specific HDL deficiency can
exacerbate the deterioration of the inflammatory state.
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Total Men Women
MHR quartile OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
China-PAR Project score
Quartile 1 Reference Reference Reference
Quartile 2 2.503 (1.836-3.413) <0.001* 1.518 (1.083-2.127) 0.015* 2.725 (0.860-8.637) 0.088
Quartile 3 3.031 (2.236-4.107) <0.001* 1.598 (1.150-2.221) 0.005* 3.301 (1.031-8.916) 0.044
Quartile 4 4.782 (3.570-6.404) <0.001* 1.975 (1.441-2.708) <0.001* 6.015 (1.949-18.564) 0.002*
Framingham score
Quartile 1 Reference Reference Reference
Quartile 2 2.848 (1.846-4.395) <0.001* 1.954 (1.199-3.185) 0.007* 2.262 (0.801-6.392) 0.123
Quartile 3 2.924 (1.897-4.505) <0.001* 1.732 (1.067-2.811) 0.026* 2.243 (0.749-6.715) 0.149
Quartile 4 6.661 (4.453-9.964) <0.001* 3.253 (2.068-5.118) <0.001* 5.045 (1.732-14.694) 0.003*

The general cardiovascular risk is calculated using the Framingham Heart Study 10-year risk score. The score includes age, sex, total cholesterol, HDL
cholesterol, systolic blood pressure, blood pressure lowering medication use, diabetes status, and smoking status in the primary model. HDL indicates high-
density lipoprotein; MHR, monocyte to high-density lipoprotein ratio; and OR, odds ratio.

*P<0.05, the difference was statistically significant.

Therefore, higher MHR, which indicates an enhanced
inflammation and oxidative stress, was significant.?®
The critical role of monocytes in atherogenesis, and
the beneficial anti-inflammatory and anti-atherogenic
properties of HDL-C, both explain the greater risk of
developing CP in people with high levels of MHR found
in this study. Therefore, MHR, as an inexpensive and
readily available biomarker, has practical value in pre-
dicting the occurrence of CP.

CVD has become an important public health prob-
lem as a disease that seriously endangers people’s
health. With rapid urbanization and population aging,
it is expected that CVD morbidity and mortality will
keep rising in the next decade in China.?® Given that
prevention and remission of CVD represent unmet,
high-priority targets to alleviate the health and eco-
nomic burden, it is essential to identify potential risk
factors and promote primary, even primordial preven-
tion against its occurrence. There is some compelling
evidence that MHR is significantly associated with all-
cause mortality and CVD mortality, and it can be used
as a risk stratification tool.%° Furthermore, studies have
found that reducing mononucleosis can improve CVD
outcomes, highlighting the compelling benefits of con-
trolling MHR levels.®" In addition, inflammatory markers
can predict the risk of CVD in a wide range of individ-
uals with or without manifest CVD independently of all
traditional risk factors.3 Our study showed that high
MHR levels in the population are significantly associ-
ated with 10-year increased cardiovascular risk, espe-
cially in men. This result further illustrates the value of
MHR in the primary prevention of CVD.

We also observed the strength of the association
of MHR and CP risk in the stratified analysis. Although
the results of the interaction test showed that sex, age,
BMI, diabetes, and dyslipidemia had no significant in-
teraction with MHR (P >0.05), this does not mean that
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these indicators do not influence the association be-
tween MHR and CP. Possible reasons for this result
are the smaller number of people in the subgroup, lipid-
lowering medication, or lifestyle effects that we failed
to adjust. There is no doubt that older people, men,
those with thickened carotid intima-media at baseline,
and those with diabetes, hypertension, dyslipidemia,
and obesity have a higher incidence of CP accumu-
lation. Currently, many studies have shown that in-
flammatory response is closely related to traditional
risk factors leading to atherosclerosis. For example,
a large amount of evidence shows that inflammation
is related to hypertension, diabetes, obesity and other
metabolic diseases.®*-%6 These studies further illustrate
the importance of the effects of inflammation on CP.
However, the complex association between these tra-
ditional risk factors and inflammation and CP needs
to be further explored in future studies. In this study,
we also observed a significant epidemiological interac-
tion between the MHR with hypertension. This finding
may provide directions for further in-depth exploration
to disentangle the intertwined association of monocyte
proliferation, HDL-C, and blood pressure in chronic
metabolic inflammatory diseases.

The dual advantages of wide availability and cost-
effectiveness of MHR in clinical settings warrant further
attention to the potential use of MHR for determining
the inflammatory risk for CP. Our findings suggested
that the MHR may be used as a tool for early diagnosis
of CPs and even CVD conditions. We can further pre-
vent CP and CVD by reducing MHR through moderate
exercise, adequate sleep, and proper diet.

Strengths and Limitations
This prospective study extended the investigation to
determine the time sequence between the MHR and



Liu et al

the probability of CP. Moreover, the follow-up proce-
dures for incident CP were accurate, the information
was obtained with advanced diagnostic techniques,
and the population-based sample size was relatively
large. We also avoided a large amount of possible bias
through a series of inclusion—exclusion criteria and
performed multiple sensitivity analyses to verify the ro-
bustness of the results.

However, several limitations in the current study
also need to be considered. First, we only assessed
the presence or absence of plaque components, not
CP stability. The stability of CP can be further explored
in the future. Second, although the influence of major
confounders such as sex, age, blood pressure, lipids,
and blood glucose was controlled, there are still un-
known confounding components that may have in-
fluenced the results. Third, even though we excluded
patients with stroke, coronary artery disease, or CP at
baseline, we may have underestimated the effect of
MHR on CP due to our lack of detailed information on
lipid-lowering drugs. Finally, due to our lack of mortal-
ity data to analyze the competing risk of death for CP,
and our data from the physical examination population
rather than the general population, we may have un-
derestimated the incidence of CP.

CONCLUSIONS

To summarize, our research revealed that a higher
MHR was associated with an elevated onset risk of CP
and 10-year CVD in the Chinese population. It provides
longitudinal epidemiological insights into the associa-
tion between MHR and developing CP. Thus, MHR
could be used as a possible marker for plagque forma-
tion. Focusing on MHR levels during a health checkup
is a promising way to prevent CP and CVD.
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