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Abstract 

Background The monocytes to high-density lipoprotein cholesterol ratio (MHR) has been identified as a poten-
tial biomarker for cardiovascular and cerebrovascular diseases. In this population-based cross-sectional study, we 
explored the relationships among carotid artery disease (CAD), including the presence of carotid atherosclerotic 
plaque (CAP) and carotid artery intima-media thickness (CIMT), the MHR, and related parameter changes.

Methods This cross-sectional study, Conducted from April to June 2019 in a rural area of Tianjin, involved middle-
aged and elderly participants. Based on carotid ultrasound examinations, participants were divided into CAP and non-
CAP groups. Logistic regression and Receiver Operating Characteristic (ROC) curve analyses were utilized to assess 
MHR’s predictive value for CAP. Gender-specific analyses were also performed to examine predictive variations. The 
relationship between CIMT and MHR was evaluated using linear regression.

Results Of the 2109 participants meeting the inclusion criteria, 51.6% were identified with CAP. Multivariate analysis 
revealed a significant association between MHR and CAP prevalence, (OR, 9.670; 95% CI, 2.359–39.631; P = 0.002), par-
ticularly in females (OR, 5.921; 95% CI, 1.823–19.231; P = 0.003), after adjusting for covariates. However, no significant 
correlation was found between CIMT and MHR when adjusted for other factors. The ROC analysis showed the area 
under the curve for MHR and CAP to be 0.569 (95% CI: 0.544–0.593; P < 0.001).

Conclusions These findings suggested that it is crucial to enhance early screening and intervention for CAD, specifi-
cally focusing on the prevention and progression of CAP, to address the unique health challenges faced by low-
income groups in rural settings. Emphasizing these preventive measures could significantly contribute to improving 
cardiovascular health outcomes in this vulnerable population.
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Background
Atherosclerosis is firmly established as the cause of clini-
cal cardio-cerebrovascular disease (CCVD), a generalized 
term for all vascular heart and brain diseases [1]. CCVD 
is common, poses a serious threat to human health, and 
is the leading cause of death worldwide [2, 3]. Within this 
class of disease, cardiovascular diseases are the main cause 
of death in developed Western countries and in China [4]. 
The mortality associated with cardiovascular diseases 
in rural areas of China has exceeded that in urban areas 
since 2009, accounting for 46.74% and 44.26% of deaths in 
rural and urban areas, respectively [5]. The examination 
of atherosclerotic plaques is crucial for identifying and 
preventing cardio-cerebrovascular events. However, tra-
ditional ultrasound examinations are under the influences 
of subjective factors and anatomical variations. Thus, hav-
ing a reliable and convenient laboratory marker to assess 
CAPs is important for clinical laboratories.

Increasing evidence indicates that the inflammatory 
process is closely associated with atherosclerosis [6]. 
The ratio of monocytes to the high-density lipoprotein 
cholesterol level (MHR) is a novelly proposed inflam-
matory and oxidative stress index that can be identified 
by using routine blood tests [7]. In previous studies, the 
MHR has been reported to be closely associated with 
hypertension [8], atrial fibrillation [9], coronary heart 
disease [10] and cerebrovascular accidents [11]. A direct 
relationship between carotid artery disease (CAD) and 
MHR has been reported in only a few populations. One 
retrospective study suggested that the MHR could be a 
marker for assessing carotid artery intima-media thick-
ness (CIMT) in patients with systemic lupus erythema-
tosus (SLE) [12]. In addition, a study involving 209 adult 
patients with acute ischemic stroke (AIS) confirmed 
that the MHR was an independent predictor of CAD in 
this population [13]. Another study suggested that the 
MHR is superior to traditional lipid variables for iden-
tifying CIMT increases and is an independent predictor 
of CIMT progression in patients with type II diabetes 
(T2DM) [14]. However, little is known regarding the 
role of the MHR in evaluating CAP and CIMT in low-
income individuals living in rural China.

In this population-based cross-sectional study 
involving individuals who underwent ultrasound 
carotid wall examinations, we investigated the rela-
tionships among CAD (including CAP incidence and 
CIMT), MHRs, and related parameter changes, and 
further performed gender subgroup analysis.

Methods
Participants
This population-based, cross-sectional survey was imple-
mented from April 2019 to June 2019 among middle-
age and older residents of rural Tianjin, China. This 
population-based cross-sectional study was derived 
from an ongoing longitudinal cohort study program in 
Tianjin Brain Study. Briefly, the Tianjin Brain Study is a 
population-based stroke surveillance project including 
14,251 participants from 18 administrative villages in the 
Yangjinzhuang township of Ji country in Tianjin, China 
[15]. This is a low income, low education level, and high 
incidence of stroke. The 95% local residents were farmers 
with relatively low levels of income. The main source of 
income was grain production, and the residents had an 
annual per capita income of <$100 in 1991 and <$1000 
in 2010 [16]. According to traditional risk assessments, 
clinical signs and symptoms, and correlation detec-
tion, patients with the following diseases or status were 
excluded: cerebrovascular diseases, serious liver and 
kidney diseases, blood diseases, malignant tumors, and 
autoimmune diseases. Inclusion of population underwent 
ultrasonographic carotid wall examinations and were cor-
respondingly divided into two groups according to the 
results: the carotid arterial atherosclerotic plaque group 
and the non-carotid arterial atherosclerosis plaque group.

This study was approved by the Ethics Committee of 
the Tianjin Medical University General Hospital and 
complies with the Declaration of Helsinki. All partici-
pants provided written informed consent.

Clinical data and laboratory tests
The collected epidemiological and clinical character-
istic data included participant sex; age; average annual 
income, lifestyle (cigarette smoking, alcohol consump-
tion); and history of diabetes, hypertension and post-
menopause. These data were collected by formally 
trained epidemiology investigators using a form of face-
to-face interview through a predesigned, standardized 
questionnaire. The participants were categorized into 
four age groups (< 50, 50–59, 60–69 and ≥ 70 years). 
Annual per capita income was categorized into five 
groups: <2000 RMB, 2000–3999 RMB, 4000–5999 RMB, 
4000–5999 RMB, or ≥ 8000 RMB. Lifestyle information 
included smoking status (non-smokers, occasional smok-
ers, current smokers, and former smokers [those who 
had stopped smoking for at least one year]) and drinking 
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status (non-drinkers, occasional drinkers, current drink-
ers, and former drinkers [those who had practiced tem-
perance for ≥ 1 year). Cigarette smoking was defined as 
smoking > 1 cigarette per day for ≥ 1 year. Alcohol con-
sumption was interpreted as drinking > 30 mL of alco-
hol per week for ≥ 1 year. Hypertension was defined as 
SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, or as the existence 
of the requirement of medications for hypertension [17]. 
DM was defined as FPG level ≥ 7.0 mmol/L, a prior his-
tory of diagnosed diabetes, or requirement of insulin or 
oral antidiabetic drugs in the patient [18]. Post-meno-
pause, defined by either no menstrual period in the past 
12 months.

Each participant underwent a conventional physical 
examination, including measurement of weight, height, 
waistline, heart rate (HR) and blood pressure (BP). Body 
mass index (BMI) was computed as weight (kg) divided by 
the square of the height in meters  (m2). Participants were 
divided into four parts according to the Chinese-specific 
criteria [19], including underweight (BMI < 18.50  kg/
m2), normal (18.50  kg/m2 ≤ BMI < 24.00  kg/m2), over-
weight (24.00  kg/m2 ≤ BMI < 28.00  kg/m2), or obese 
(BMI ≥ 28.00 kg/m2). BP and heart rate (HR) were meas-
ured by medical professionals while the participant was 
in the seated position; each recorded value was the aver-
age of two measurements, collected 1  min apart, after 
5 min of rest.

For routine blood and biochemical tests were drawn 
from all patients. Fasted venous blood samples were 
obtained in the morning after the participants had fasted 
for at least 12  h. Serum was obtained by centrifuging 
the sample at 3000 RPM for 10 min and then taking the 
supernatant. The laboratory tests included the numbers 
of monocytes and levels of fasting blood glucose (FBG), 
hemoglobin A1c (HbA1c), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), total cholesterol (TC), triglyceride (TG) and 
hypersensitive C-reactive protein (hsCRP), which were 
analyzed at Guangzhou KingMed clinical laboratory in 
China. White blood cell measurement was performed 
with an automated hematology analyser XE-1200 (King-
Med, Guangzhou, China). The MHR was calculated as 
the monocyte count  (109/L) divided by HDL-C concen-
tration (mmol/L). The MHR is divided into four groups 
by quartile, including Q1, Q2, Q3, and Q4.

Carotid ultrasonography was performed to evaluate 
CIMT and the CAP. All ultrasound examinations and 
measurements of participants were implemented by 
two trained technicians ignorant of other participant 
information. The participants were tested while they 
were in the supine position using B-mode ultrasonogra-
phy instrument (t3000; Terason, Burlington, MA, USA) 
with a 5–12 MHz linear array transducer. The presence 

of a CAP was defined as an intima-media thickness 
greater than 1.5 mm [20, 21]. The bilateral, extracranial 
carotid artery systems (including the common carotid 
artery, carotid sinus, and internal and external carotid 
arteries) were screened for plaque; the size, number, 
shape, and location were recorded. The CIMTs of the 
near and far walls of the common carotid artery were 
bilaterally measured. The maximum, minimum, and 
average CIMT values on each side were recorded. The 
average CIMT was calculated as the mean of the sum of 
the bilateral CIMTs.

Statistical analysis
Continuous variables (age, Waistline, BMI, HR, sys-
tolic BP [SBP], diastolic BP [DBP], HbA1c, FBG, TC, 
TG, HDL-C, LDL-C, monocyte numbers, MHR, hsCRP 
and CIMT) are presented as means (standard devia-
tions) or medians (interquartile ranges). Between-
group comparisons were performed using Student’s 
t-test, the Mann–Whitney test, or the Kruskal–Wal-
lis test, as appropriate. Categorical variables (sex, age 
group, history of menopause, BMI group, smoking sta-
tus, drinking status, annual per capita income, hyper-
tension and diabetes) are presented as numbers and 
frequencies. Fisher’s exact test was used to compare 
categorical variables. Univariate and multivariate logis-
tic regression analyses were applied to determine the 
association between CAPs and MHR, the results are 
presented as 95% confidence intervals (CIs); univariate 
and multivariate liner regression analyses were applied 
to determine the association between CIMT and MHR, 
the results are presented as β-coefficients; P < 0.05 was 
considered statistically significant. ROC curves were 
applied to calculate the area under the curve (AUC) of 
MHR and MHR quartile group. All statistical analyses 
were performed using the SPSS software Version 22.0 
(SPSS, Chicago, IL, USA).

Results
Total 2132 individuals underwent the initial testing. 2120 
eligible individuals enrolled in this study. Finally, 2109 
participants were included in this study after excluding 
11 residents with missing data, with the response rate of 
98.9% (Fig. 1).

Baseline characteristics
Two thousand, one hundred thirty-two individuals 
underwent the initial testing. Based on the inclusion 
and exclusion criteria, 2120 eligible individuals enrolled 
in this study. Finally, 2109 participants were included in 
this study after excluding 11 residents with missing data, 
with the response rate of 98.9%. Of the 2109 participants, 
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51.6% were diagnosed with CAPs. Most of the partici-
pants were between the ages of 50 and 70 years. More 
than 60% of the participants had an annual per capita 
income of less than 2000 RMB in 2019. According to 
the quartile of MHR, the proportion of CAPs increased 
with the grade of MHR, the average value of CIMT in the 
highest MHR quartile group was the highest, which was 
0.72 mm (Table 1).

Relationship between risk factors and the CAP (univariate 
analysis)
Supplemental Table 1 shows the results of the univariate 
logistic regression analysis used to estimate the relation-
ship between related factors and CAPs. The prevalence 
of CAPs was statistical associated with both MHR and 
MHR quartile group (all P < 0.001) (Supplemental 
Table  1). Further, Supplemental Tables  2a and 2b detail 
the results from the univariate linear regression analysis, 
which explored the relationship between the same fac-
tors and carotid intima-media thickness (CIMT). These 
results indicated that CIMT has a statistically significant 
association with  MHR (p = 0.005).

Relationship between risk factors and the CAPs 
(multivariate analysis)
Table  2 illustrates after adjustments for gender, age, 
smoking status, alcohol consumption, waistline, systolic 
blood pressure (SBP), low-density lipoprotein cholesterol 
(LDL-C), fasting blood glucose (FBG), carotid intima-
media thickness (CIMT), monocyte count (MONO#), 
and maximum heart rate (MHR), it was observed that 
the prevalence of CAPs is significantly associated with 
factors such as advanced age, smoking habits, alcohol 
consumption, SBP, LDL-C, CIMT, and MHR. A positive 
association was found between MHR and the incidence 
of CAPs, with an odds ratio (OR) of 9.670 and a 95% 
confidence interval (CI) ranging from 2.359 to 39.631 
(p = 0.002). Supplemental Table  3 indicates no statisti-
cally significant association between CIMT and MHR 
after adjusting for variables including gender, age, smok-
ing status, drinking status, waistline, SBP, LDL-C, total 
cholesterol (TC), FBG, and MHR.

ROC curve analysis
In the ROC curve analysis assessing the diagnostic abil-
ity of MHR for CAP, the area under the curve (AUC) was 

Fig. 1 Flowchart of object selection. Of the 2132 residents who underwent the initial testing, 2120 eligible individuals enrolled in this study. Finally, 
2109 participants were included in this study after excluding 11 residents with missing data, with the response rate of 98.9%
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Table 1 Characteristics of study participants by MHR quartile

Characteristics MHR Quartile Group Total

Q1 Q2 Q3 Q4

Casesa 522 (24.8) 531 (25.2) 517 (24.5) 536 (24.5) 2111 (100.0)

Ageb, years 61.66 (8.87) 62.18 (8.82) 62.93 (8.80) 62.61 (8.69) 62.34 (8.80)

Age  groupa:

 < 50 years 30 (5.7) 35 (6.6) 23 (4.4) 25 (4.7) 113 (5.4)

 50-59 years 186 (35.6) 154 (29.0) 146 (28.2) 156 (29.1) 644 (30.5)

 60-69 years 213 (40.8) 244 (46.0) 240 (46.4) 244 (45.5) 943 (44.7)

 ≥70 years 93 (17.8) 98 (18.5) 108 (20.9) 111 (20.7) 411 (19.5)

Genderb:

 Men 182 (34.9) 216 (40.7) 284 (54.9) 331(61.8) 1013(48.1)

 Women 340 (65.1) 315 (59.3) 233 (45.1) 205 (38.2) 1093 (51.9)

Average annual income  groupa:

 < 2000 RMB 302 (58.1) 323 (61.4) 313 (62.0) 321 (60.7) 1259 (60.5)

 2000-3999 RMB 147 (28.3) 145 (27.6) 144 (27.2) 144 (27.2) 572 (27.5)

 4000-5999 RMB 48 (9.2) 41 (7.8) 44 (8.3) 44 (8.3) 171 (8.2)

 6000-7999 RMB 7 (1.3) 9 (1.7) 12 (2.3) 12 (2.3) 33 (1.6)

 ≥8000 RMB 16 (3.1) 8 (1.5) 8 (1.5) 8 (1.5) 45 (2.2)

Smokinga:

 Never smoking 370 (72.8) 341 (66.2) 263 (52.2) 249 (47.2) 1226 (59.5)

 Occasional smoking 3 (0.6) 3 (0.6) 10 (2.0) 13 (2.5) 29 (1.4)

 To give up smoking 38 (7.5) 60 (11.7) 72 (14.3) 92 (17.4) 262 (12.7)

 Be smoking 97 (19.1) 111 (21.6) 159 (31.5) 174 (33.0) 543 (26.4)

Drink  alcohola:

 Never 304 (66.5) 294 (61.4) 282 (58.3) 265 (51.3) 1149 (59.2)

 Occasional drink 38 (8.3) 52 (10.9) 60 (12.4) 85 (16.4) 236 (12.2)

 To give up drink 16 (3.5) 19 (4.0) 37 (7.6) 55 (10.6) 127 (6.5)

 Be drink 99 (21.7) 114 (23.8) 105 (21.7) 112 (21.7) 430 (22.1)

  HRb, bpm 73.29 (10.96) 72.12 (11.08) 73.88 (11.92) 75.41 (13.29) 73.96 (11.90)

  SBPb, mmHg 149.17 (20.09) 149.84 (20.02) 148.85 (20.61) 150.89 (20.42) 149.68 (20.28)

  DBPb, mmHg 84.72 (10.78) 85.42 (11.03) 85.44 (11.30) 87.33 (11.22) 85.74 (11.12)

Hypertensiona:

 Yes 213 (55.0) 255 (56.9) 259 (57.0) 310 (64.3) 1041 (58.6)

 No 174 (45.0) 193 (43.1) 195 (43.0) 172 (35.7) 735 (41.4)

  HbA1cb, % 6.33 (1.26) 6.59 (1.55) 6.46 (1.28) 6.39 (1.21) 6.45 (1.33)

  FBGb, mmol/L 5.69 (1.36) 5.96 (1.81) 65.96 (1.60) 6.16 (1.79) 5.94 (1.66)

Diabetesa:

 Yes 47 (15.3) 64 (17.3) 73 (18.7) 83 (19.1) 267 (17.7)

 No 260 (84.7) 305 (82.7) 318 (81.3) 351 (80.9) 1238 (82.3)

  Waistlineb, cm 83.62 (9.36) 86.52 (9.27) 88.05 (9.73) 90.94 (9.51) 87.30 (9.83)

  BMIb, Kg/m2 24.96 (3.85) 25.92 (4.10) 25.98 (3.64) 27.25 (3.64) 26.03 (3.89)

BMI  groupa:

 Thin 14 (12.7) 3 (0.6) 5 (1.0) 0 (0.0) 22 (1.1)

 Normal 216 (41.9) 159 (30.6) 142 (28.1) 88 (16.9) 606 (29.3)

 Overweight 180 (35.0) 235 (45.3) 228 (45.1) 235 (45.0) 881 (42.6)

 Obesity 105 (20.4) 122 (23.5) 131 (25.9) 199 (38.1) 558 (27.0)

  TCb, mmol/L 5.18 (0.83) 5.18 (0.88) 5.10 (0.95) 5.00 (1.10) 5.12 (0.95)

  TGb, mmol/L 1.21 (0.68) 1.43 (0.79) 1.64 (1.06) 2.24 (2.27) 1.63 (1.42)

 HDL-Cb, mmol/L 1.64 (0.36) 1.42 (0.30) 1.28 (0.27) 1.08 (0.24) 1.35 (0.36)

 LDL-Cb, mmol/L 3.11 (0.80) 3.22 (0.82) 3.16 (0.86) 3.02 (0.98) 3.13 (0.87)
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modest at 0.569, with a 95% confidence interval (CI) of 
0.544 to 0.593 (P < 0.001). Detailed analysis determined 
the optimal MHR threshold to be 0.285, yielding a sen-
sitivity of 0.409 and a specificity of 0.708, with a Youden’s 
index of 0.117 (Fig. 2). Additionally, the ROC curve anal-
ysis for the MHR quartile group revealed a similar AUC 
of 0.564 (95% CI: 0.540–0.588; P < 0.001) (Table 3).

Relationship between MHR and the CAPs by gender
Univariate logistic regression analysis showed that 
MHR was associated with the occurrence of plaque 
in the female subgroup, but not in the male subgroup 
(Supplemental Table  4). In multivariate analysis, age, 

SBP, post-menopause, and MHR were significantly asso-
ciated with CAP presence in the female subgroup, after 
adjusting for age, post-menopause, SBP, FBG, waistline, 
TC, LDL-C. The OR (95% CI) was 5.921 (1.823, 19.231; 
P = 0.003) for MHR, 1.059 (1.039, 1.080; P < 0.001) for 
age, 1.017 (1.010, 1.025; P < 0.001) for SBP, and 3.573 
(1.558, 8.194; P = 0.003) for post-menopause (Supple-
mental Table 5).

Discussion
In the present study, we discovered a high prevalence 
(51.6%) of CAPs among low-income residents in one 
northern region of China. The prevalence of CAP was 
found to be associated with advanced age, give up smok-
ing, give up alcohol, SBP, LDL-C, CIMT, and MHR, after 
adjusting for other covariates. Individuals with CAPs 
tended to have increased MHR than were non-CAP indi-
viduals. Specially, after adjusting for other covariates, 
MHR were significantly associated with CAP incidence in 
female, but not in male. Furthermore, although the AUC 
from ROC analysis for MHR was statistically significant 
(0.569, p < 0.001), it indicated a modest predictive value 
for CAP presence. This observation was consistent across 
MHR quartiles, which demonstrated a similar AUC of 
0.564 (p < 0.001). These findings shed new light on the 
interplay between CAPs and MHR, particularly in popu-
lations from economically disadvantaged rural areas.

In China, cardiovascular diseases are the most signifi-
cant cause of death and represent a grave public health 
problem; morbidity and mortality rates are expected to 
continue to rise over the next decade [22, 23]. Athero-
sclerosis, a systemic disease featuring to the accumula-
tion of lipids and fibrous elements in the large arteries, 
is an important cause of cardiovascular disease, world-
wide. A generalized review and meta-regression analy-
sis indicated that CAPs are highly prevalent in China, 
especially in rural areas, and their prevalence increases 
with advancing age [24]. In this population-based cross-
sectional study, the prevalence of CAPs was 51.6% among 

Table 1 (continued)

Characteristics MHR Quartile Group Total

Q1 Q2 Q3 Q4

 MONO#b, 10^9/L 0.22 (0.06) 0.29 (0.06) 0.35 (0.08) 0.47 (0.21) 0.33 (0.15)

  hsCRPb, mg/L 1.36 (3.69) 1.76 (4.43) 2.35 (4.39) 3.28 (8.34) 2.19 (5.59)

  CIMTb, mm 0.69 (0.15) 0.69 (0.14) 0.69 (0.14) 0.72 (0.15) 0.70 (0.15)

CAPa:

 Yes 231 (44.3) 263 (49.6) 264 (51.1) 326 (60.8) 1088 (51.6)

 No 290 (55.7) 267 (50.4) 253 (48.9) 210 (39.2) 1021 (48.4)
a Presented as n (%)
b Presented as mean (SD)

Table 2 Associated factors of having carotid plaque in multivariate 
analysis

Factors References OR (95%CI) P

MHR — 9.670 (2.359, 39.631) 0.002

Gender — 0.745 (0.521, 1.065) 0.106

Age group: < 50 years

50-59 years 4.112 (1.987, 8.512) <0.001

60-69 years 7.071 (3.438, 14.541) <0.001

≥70 years 9.064 (4.276, 19.213) <0.001

Smoking group: Never smoking

Occasional smoking 0.830 (0.335, 2.055) 0.687

To give up smoking 1.547 (1.001, 2.391) 0.049

Be smoking 1.136 (0.792, 1.628) 0.488

Drink alcohol group: Never drink

Occasional drink 0.748 (0.506, 1.104) 0.144

To give up drink 1.878 (1.084, 3.254) 0.025

Be drinking 1.382 (0.958, 1.994) 0.084

Waistline — 0.999 (0.988, 1.010) 0.835

SBP — 1.012 (1.006, 1.017) <0.001

LDL-C — 1.261 (1.116, 1.425) <0.001

FBG — 1.044 (0.978, 1.115) 0.195

CIMT — 35.42 (15.25, 82.269) <0.001

MONO# — 0.296 (0.069, 1.261) 0.100
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middle-age and older participants. Further, in line with a 
lot of previous studies, our study confirms that CAPs are 
closely age related [25].

Atherosclerosis is an inflammatory process caused by 
lipid accumulation in the arterial walls [26]. During the 
atherosclerotic process, monocytes change into foam 
cells and simultaneously release pro-oxidant cytokines 
and pro-inflammatory, leading to the collection of 
more monocytes and the accumulation of cholesterol 
ester-laden plaques. HDL-C hinders LDL-C oxidation 
and monocyte entry into the vascular wall, leading to 
endothelial or vascular protection from inflammation 
and oxidative stress [27]. It also inhibits the expression 
of monocyte tissue factors by inhibiting p38 activation 

and inositol phosphate kinase activity [28]. Thus, 
although monocytes play an active role due to their 
pro-oxidant and pro-inflammatory effects, HDL-C 
serves as a neutralizer in the process of atherosclero-
sis. Therefore, the relative abundance of monocytes and 
HDL-C (the MHR) provides an innovative indicator for 
assessing atherosclerosis risk by examining the associa-
tion between inflammation and dyslipidemia [29].

Previous investigations have shown that MHR is an 
inflammatory marker in various diseases. One study 
suggested the association between MHR and ischemic 
stroke and found a linear relationship between MHR and 
ischemic stroke through a large cohort [29]. Some inves-
tigations have shown the function of MHR for predict-
ing cardiovascular outcomes in metabolic syndrome and 
correlative atherosclerotic diseases [30–32]. However, 
the direct relationship between carotid artery disease 
and MHR has only been studied in a few populations, 
including patients with SLE, AIS, and T2DM. Our results 
showed that the MHR increased with an increase in the 
prevalence of carotid plaque. These results suggest that 
the MHR may indicate carotid plaque formation. How-
ever, more studies are needed to explore the relationship 

Fig. 2 ROC curve of monocyte to high-density lipoprotein cholesterol ratio (MHR) for carotid atherosclerosis. The area under the curve was 0.569 
(95% CI: 0.544-0.593; P < 0.001); the best threshold value is 0.285; the sensitivity is 0.409, the specificity is 0.708, and the Youden’ index is 0.117

Table 3 ROC curve of diagnostic indexes of CAP

Having carotid plaque as dependent variable

Group AUC (95%CI) P-value

MHR 0.569 (0.544-0.593) <0.001

MHR quartile group 0.564 (0.540-0.588) <0.001
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between the MHR and the occurrence and progression of 
carotid plaques. The MHR is an objective measurement 
that makes use of routine blood tests, without additional 
costs, providing convenience and objectivity because 
ultrasound examinations are significantly affected by 
subjective factors and anatomical variations. Thus, MHR 
determinations may improve the ability to diagnose 
CAPs. This observation is vital for the early recognition 
and prevention of atherosclerosis progression as well as 
for more detailed management policies in individuals.

The CIMT represents the measured distance between 
the lumen-intima interface and the media-adventitia 
interface of the carotid artery wall and has been sug-
gested to be independently associated with CCVDs [33, 
34]. Noninvasive ultrasonographic assessment of CIMT 
is applied to evaluate the early burden of atherosclero-
sis and predict future disease risks. In population-based 
studies as well as in clinical practice, the CIMT has been 
widely adopted as an alternative indicator for the pres-
ence of carotid atherosclerosis plaques [35]. In univari-
ate linear regression analyses, there was a significant 
correlation between the MHR and CIMT in the present 
study. However, adjusted with other covariates, there is 
no statistical significance between CIMT and MHR. The 
further large size cohort study would be required for 
exploring the association of MHR with CIMT.

In this study, Individuals with CAPs tended to have 
increased MHR than were non-CAPs individuals, sug-
gesting abnormal inflammation in people with CAPs. In 
the female subgroup, MHR was significantly associated 
with plaque incidence, but not in the male subgroup. 
The possible biological mechanism for the sex difference 
in the association of MHR with the incidence of CAPs is 
not well known. Female anatomy and specific hormone 
levels may be an intermediate medium to link the rela-
tionship between MHR and CAPs in female. Therefore, 
further research is needed to better determine the sex-
differential mechanism of MHR’s association with CAP 
occurrence.

Our findings showed that CAP was associated with 
post-menopause in female. There was higher CAP preva-
lence in post-menopause women than that in non-men-
opause women. We hypothesized that it may be related 
to the following reasons, the hormone level changes in 
postmenopausal women, and the lack of estrogen pro-
tection can accelerate the progression of atherosclerosis 
[36]. What’s more, post-menopause is associated with a 
significantly higher risk of metabolic syndrome [37, 38], 
it includes the elevation of blood pressure, blood glucose, 
LDL-C and obesity [39], and the metabolic syndrome has 
been shown to be associated with CAPs [40].

Smoking and alcohol consumption are a major risk 
factor for carotid stenosis and amplifies disease severity 

[41, 42]. Similar to these findings, our study also showed 
that quitting smoking or drinking state were associated 
with the presence of CAPs. In this study, the prevalence 
of carotid plaques was correlated with SBP and LDL-C, 
suggesting that there were metabolism abnormalities in 
participants with CAPs.

Limitations
Our study has some limitations. First, the cross-sec-
tional design of the study prevented the observation of 
time-dependent changes in MHR and CAP prevalence. 
Second, due to the smaller sample size and regional limi-
tations of the study, the results may not totally reflect 
the actual variance of the analyzed factors. Third, we 
did not analyze the impact of drugs used for related dis-
eases on this result, because lower drugs’ using rate in 
this low-income population. Fourth, we did not enroll 
symptomatic patients. Finally, this study was not a clini-
cal long-term follow-up study. Therefore, we could not 
objectively assess causal relationships between MHR and 
the development and/or progression of CAPs.

Conclusion
Our study revealed a significant association between 
CAD and the MHR in low-income, middle-aged, and 
elderly populations in rural China, with this relationship 
being particularly pronounced among women. These 
findings suggested that it is crucial to enhance early 
screening and intervention for CAD, specifically focus-
ing on the prevention and progression of CAP, to address 
the unique health challenges faced by low-income groups 
in rural settings. Emphasizing these preventive measures 
could significantly contribute to improving cardiovascu-
lar health outcomes in this vulnerable population.

Abbreviations
CCVD  Clinical cardio-cerebrovascular disease
MHR  High-density lipoprotein cholesterol level
CAD  Carotid artery disease
CAP  Carotid Atherosclerotic Plaque
CIMT  Carotid artery intima-media thickness
SLE  Systemic lupus erythematosus
AIS  Acute ischemic stroke
T2DM  Type II diabetes
BP  Blood pressure
BMI  Body mass index
HR  Heart rate
FBG  Fasting blood glucose
HbA1c  Hemoglobin A1c
HDL-C  High-density lipoprotein cholesterol
LDL-C  Low-density lipoprotein cholesterol
TC  Total cholesterol
TG  Triglyceride
hsCRP  Hypersensitive C-reactive protein
ARIC  Atherosclerosis Risk in Communities



Page 9 of 10Zhang et al. BMC Public Health         (2023) 23:2541  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 023- 17447-0.

Additional file 1: Supplemental Table 1. Associated factors of having 
carotid plaque in univariate analysis. Supplemental Table 2a. Associated 
categorical variables of CIMT in univariate liner regression analysis. Sup-
plemental Table 2b. Associated continuous variables of CIMT in univari-
ate liner regression analysis. Supplemental Table 3. Associated factors 
of CIMT in multivariate liner regression analysis. Supplemental Table 4. 
Gender difference in univariate logistic regression analysis of CAP influenc-
ing factors. Supplemental Table 5. Gender difference in multivariate 
analysis of CAP influencing factors.

Acknowledgements
We thank all participants of the Tianjin Brain Study, and local medical care 
professionals for their valuable contributions.

Authors’ contributions
JW, WZ were involved in conception and design, and data interpretation for 
this article. ZZ, YG, ZL, BL, SG, JS, JT were involved in data collection, case diag-
nosis and confirmation for this article. ZZ, YG, ZL were involved in manuscript 
drafting. XN was involved in data analysis for this article. JW, WZ were involved 
critical review in for this article.

Funding
This study was sponsored by Tianjin Science and Technology Bureau central 
guide local science and technology development projects (22ZYCGSY00970), 
Tianjin Education Commission scientific research project (No. 2022KJ277) and 
Tianjin Health Research Project (No. TJWJ2022ZD012).

Availability of data and materials
The datasets used and/or analysed during the current study are provided by 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the ethics committee of Tianjin Medical University 
General Hospital and conformed with the Declaration of Helsinki regarding 
the use of human subjects. Written informed consent was obtained from each 
individual during recruitment.

Consent for publication
N/A.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Cardiology, Tianjin Medical University General Hospital, 
154 Anshan Road, Heping District, Tianjin 300052, China. 2 School of Basic 
Medical Sciences, Guangxi Medical University, Nanning, Guangxi Province 
530000, China. 3 Laboratory of Epidemiology, Tianjin Neurological Institute, 
Tianjin 300052, China. 4 Key Laboratory of Post-Neuroinjury Neuro-repair 
and Regeneration in Central Nervous System, Tianjin Neurological Institute, 
Ministry of Education and Tianjin City, 154 Anshan Road, Tianjin, Heping 
District 300052, China. 5 Institute of Clinical Epidemiology & Evidence-Based 
Medicine, Tianjin Jizhou People’s Hospital, 18 Nanhuan Road, Jizhou District, 
Tianjin 301900, China. 

Received: 26 July 2023   Accepted: 9 December 2023

References
 1. Benjamin EJ, Virani SS, Callaway CW, et al. Heart Disease and Stroke 

Statistics-2018 update: a Report from the American Heart Association. 
Circulation. 2018;137(12):e67–492.

 2. Dalen JE, Alpert JS, Goldberg RJ, Weinstein RS. The epidemic of the 20(th) 
century: coronary Heart Disease. Am J Med. 2014;127(9):807–12.

 3. Reddy KS, Hunter DJ. Noncommunicable Diseases. N Engl J Med. 
2013;369(26):2563.

 4. Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart Disease and Stroke Statis-
tics-2017 update: a Report from the American Heart Association. Circula-
tion. 2017;135(10):e146–603.

 5. Report on Cardiovascular Health and Diseases in China 2021. An updated 
Summary. Biomed Environ Sci. 2022;35(7):573–603.

 6. Zhu Y, Xian X, Wang Z, et al. Research Progress on the relationship 
between Atherosclerosis and inflammation. Biomolecules. 2018;8(3):80.

 7. Yılmaz M, Kayançiçek H. A new inflammatory marker: elevated mono-
cyte to HDL Cholesterol Ratio Associated with Smoking. J Clin Med. 
2018;7(4):76.

 8. Aydin E, Ates I, Fettah Arikan M, Yilmaz N, Dede F. The ratio of monocyte 
frequency to HDL cholesterol level as a predictor of asymptomatic 
organ damage in patients with primary Hypertension. Hypertens Res. 
2017;40(8):758–64.

 9. Canpolat U, Aytemir K, Yorgun H, et al. The role of preprocedural 
monocyte-to-high-density lipoprotein ratio in prediction of atrial fibril-
lation recurrence after cryoballoon-based catheter ablation. Europace. 
2015;17(12):1807–15.

 10. Kundi H, Kiziltunc E, Cetin M, et al. Association of monocyte/HDL-C ratio 
with SYNTAX scores in patients with stable coronary artery Disease. Herz. 
2016;41(6):523–9.

 11. You S, Zhong C, Zheng D, et al. Monocyte to HDL cholesterol ratio is 
associated with discharge and 3-month outcome in patients with acute 
intracerebral Hemorrhage. J Neurol Sci. 2017;372:157–61.

 12. Wang Q, Meng Y, Cao W, et al. Association of monocyte to high-density 
lipoprotein cholesterol ratio with carotid artery intima-media thick-
ness in patients with systemic Lupus Erythematosus. Biomark Med. 
2018;12(4):359–64.

 13. Omar T, Karakayalı M, Yesin M, Alaydın HC, Karabağ Y, Gümüşdağ A. 
Monocyte to high-density lipoprotein cholesterol ratio is associated with 
the presence of carotid artery Disease in acute ischemic Stroke. Biomark 
Med. 2021;15(7):489–95.

 14. Chen JW, Li C, Liu ZH, et al. The role of monocyte to High-Density 
Lipoprotein Cholesterol Ratio in prediction of Carotid Intima-Media 
thickness in patients with type 2 Diabetes. Front Endocrinol (Lausanne). 
2019;10:191.

 15. Ren L, Shi M, Wu Y, et al. Correlation between Hypertension and common 
carotid artery intima-media thickness in rural China: a population-based 
study. J Hum Hypertens. 2018;32(8–9):548–54.

 16. Statistical bulletin on healthcare security. 2018. http:// www. nhsa. gov. cn/ 
art/ 2019/.

 17. Wang Z, Chen Z, Zhang L, et al. Status of Hypertension in China: 
results from the China Hypertension Survey, 2012–2015. Circulation. 
2018;137(22):2344–56.

 18. Harreiter J, Roden M. Diabetes mellitus-Definition, classification, diag-
nosis, screening and prevention (update 2019). Wien Klin Wochenschr. 
2019;131(Suppl 1):6–15.

 19. Chen C, Lu FC. The guidelines for prevention and control of overweight 
and obesity in Chinese adults. Biomed Environ Sci. 2004;17(Suppl):1–36.

 20. Touboul PJ, Hennerici MG, Meairs S, et al. Mannheim carotid intima-media 
thickness and plaque consensus (2004–2006-2011). An update on behalf 
of the advisory board of the 3rd, 4th and 5th watching the risk symposia, 
at the 13th, 15th and 20th European Stroke Conferences, Mannheim, 
Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011. 
Cerebrovasc Dis. 2012;34(4):290–6.

 21. Borhani NO, Mercuri M, Borhani PA, et al. Final outcome results of the 
Multicenter Isradipine Diuretic Atherosclerosis Study (MIDAS). A rand-
omized controlled trial. JAMA. 1996;276(10):785–91.

 22. Weiwei C, Runlin G, Lisheng L, et al. Outline of the report on Cardiovascu-
lar Diseases in China, 2014. Eur Heart J Suppl. 2016;18(Suppl F):F2–11.

 23. Chen WW, Gao RL, Liu LS, et al. China Cardiovascular Diseases report 
2015: a summary. J Geriatr Cardiol. 2017;14(1):1–10.

https://doi.org/10.1186/s12889-023-17447-0
https://doi.org/10.1186/s12889-023-17447-0
http://www.nhsa.gov.cn/art/2019/
http://www.nhsa.gov.cn/art/2019/


Page 10 of 10Zhang et al. BMC Public Health         (2023) 23:2541 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 24. Song P, Xia W, Zhu Y, et al. Prevalence of carotid Atherosclerosis and 
carotid plaque in Chinese adults: a systematic review and meta-regres-
sion analysis. Atherosclerosis. 2018;276:67–73.

 25. de Weerd M, Greving JP, de Jong AW, Buskens E, Bots ML. Prevalence of 
asymptomatic carotid artery stenosis according to age and sex: system-
atic review and metaregression analysis. Stroke. 2009;40(4):1105–13.

 26. Sakakura K, Nakano M, Otsuka F, Ladich E, Kolodgie FD, Virmani R. 
Pathophysiology of Atherosclerosis plaque progression. Heart Lung Circ. 
2013;22(6):399–411.

 27. Ganjali S, Gotto AM Jr, Ruscica M, et al. Monocyte-to-HDL-cholesterol 
ratio as a prognostic marker in Cardiovascular Diseases. J Cell Physiol. 
2018;233(12):9237–46.

 28. Ossoli A, Remaley AT, Vaisman B, Calabresi L, Gomaraschi M. Plasma-
derived and synthetic high-density lipoprotein inhibit tissue factor in 
endothelial cells and monocytes. Biochem J. 2016;473(2):211–9.

 29. Wang HY, Shi WR, Yi X, Zhou YP, Wang ZQ, Sun YX. Assessing the per-
formance of monocyte to high-density lipoprotein ratio for predicting 
ischemic Stroke: insights from a population-based Chinese cohort. Lipids 
Health Dis. 2019;18(1):127.

 30. Vahit D, Akboga MK, Samet Y, Hüseyin E. Assessment of monocyte to high 
density lipoprotein cholesterol ratio and lymphocyte-to-monocyte ratio 
in patients with metabolic syndrome. Biomark Med. 2017;11(7):535–40.

 31. Yilmaz S, Akboga MK, Sen F, et al. Usefulness of the monocyte-to-high-
density lipoprotein cholesterol ratio to predict bare metal stent resteno-
sis. Biomark Med. 2016;10(9):959–66.

 32. Cetin MS, Ozcan Cetin EH, Kalender E, et al. Monocyte to HDL cholesterol 
ratio predicts coronary artery Disease Severity and Future Major Cardio-
vascular adverse events in Acute Coronary Syndrome. Heart Lung Circ. 
2016;25(11):1077–86.

 33. Kitamura A, Iso H, Imano H, et al. Carotid intima-media thickness and 
plaque characteristics as a risk factor for Stroke in Japanese elderly men. 
Stroke. 2004;35(12):2788–94.

 34. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical 
cardiovascular events with carotid intima-media thickness: a systematic 
review and meta-analysis. Circulation. 2007;115(4):459–67.

 35. Lorenz MW, von Kegler S, Steinmetz H, Markus HS, Sitzer M. Carotid 
intima-media thickening indicates a higher vascular risk across a wide 
age range: prospective data from the Carotid Atherosclerosis Progression 
Study (CAPS). Stroke. 2006;37(1):87–92.

 36. Hodis HN, Mack WJ, Lobo RA, et al. Estrogen in the prevention of Ath-
erosclerosis. A randomized, double-blind, placebo-controlled trial. Ann 
Intern Med. 2001;135(11):939–53.

 37. Ou YJ, Lee JI, Huang SP, Chen SC, Geng JH, Su CH. Association between 
Menopause, postmenopausal hormone therapy and metabolic syn-
drome. J Clin Med. 2023;12(13):4435.

 38. Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR, Heymsfield SB. 
The metabolic syndrome: prevalence and associated risk factor findings 
in the US population from the Third National Health and Nutrition Exami-
nation Survey, 1988–1994. Arch Intern Med. 2003;163(4):427–36.

 39. Pu D, Tan R, Yu Q, Wu J. Metabolic syndrome in menopause and associ-
ated factors: a meta-analysis. Climacteric. 2017;20(6):583–91.

 40. Panayiotou AG, Griffin M, Kouis P, et al. Association between presence of 
the metabolic syndrome and its components with carotid intima-media 
thickness and carotid and femoral plaque area: a population study. 
Diabetol Metab Syndr. 2013;5: 44.

 41. Ji R, Pan Y, Yan H, et al. Current Smoking is associated with extracranial 
carotid atherosclerotic stenosis but not with intracranial large artery 
Disease. BMC Neurol. 2017;17(1):120.

 42. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of 
Alcohol Consumption with selected Cardiovascular Disease outcomes: a 
systematic review and meta-analysis. BMJ. 2011;342: d671.

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


	Association of carotid atherosclerotic plaque and intima-media thickness with the monocyte to high-density lipoprotein cholesterol ratio among low-income residents of rural China: a population-based cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Participants
	Clinical data and laboratory tests
	Statistical analysis

	Results
	Baseline characteristics
	Relationship between risk factors and the CAP (univariate analysis)
	Relationship between risk factors and the CAPs (multivariate analysis)
	ROC curve analysis
	Relationship between MHR and the CAPs by gender

	Discussion
	Limitations

	Conclusion
	Anchor 21
	Acknowledgements
	References


