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Abstract
Background
Monocyte to high-density lipoprotein cholesterol ratio (MHR) is a novel inflammatory marker of
inflammation and oxidative stress and has been used to predict multiple inflammation-related diseases,
but data relative to diabetes mellitus are lacking. Hence, our study aimed to explore the impact of MHR on
diabetes and its value to improve the risk stratification and prevention of diabetes in a large cohort of
general Chinese population.
Method
This study selected 8142 (males: 45.76%) participants who participated in the rural cardiovascular health
research in Northeast China between 2012 and 2013. MHR was defined as blood monocyte count ratio to
high-density lipoprotein cholesterol concentration
Results
The prevalence of diabetes is 10.7%. By correcting for potential confounding factors, per SD increase of
MHR caused a 11.2% additional risk for diabetes, in addition, the top quartile of MHR increased the risk of
diabetes by 33.1% over the bottom quartile.
Furthermore, smooth curve fitting showed a linear and strong correlation between MHR and diabetes.
Finally, Category-free net reclassification improvement (0.085, 95% CI: 8 0.016-0.155, P = 0.016) and
integrated discrimination improvement (0.001, 95% CI: 0.000-0.0024, P = 0.018) also demonstrated
significant improvements
Conclusions
Our study revealed an independent and robust correlation between MHR and prevalent diabetes mellitus
in general population. Furthermore, our results suggest the importance of simultaneous inflammation
and lipids control in the prevention of diabetes mellitus, highlighting the value of MHR to optimize the risk
stratification and prevention of diabetes mellitus. These findings have implications for the prevention of
diabetes and its adverse outcomes.

Introduction
Diabetes is a group of metabolic diseases, which are caused by long-term hyperglycemia due to impaired
insulin secretion or its biological effects, and the coexistence of both. Diabetes can affect multiple
tissues and organs, especially chronic damage to the eyes, kidneys, heart, blood vessels, and nerves, and
dysfunction[1, 2]. China has one of the fastest rising rates of diabetes. Latest epidemiological studies
show that about 11% of the population has diabetes[3], and only about 30% of them were treated[4].
However, in remote areas of China, the incidence of many diabetes is often neglected, leading to a large
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proportion of complications caused by diabetes and deaths due to diabetes[5]. To begin to determine the
early diagnosis of diabetes in remote areas of China, early treatment is particularly important. According
to the existing literature, the risk factors of diabetes mainly include: sex, age, family history of diabetes,
less than college education, overweight, obesity, central obesity, raised SBP [6–8].
High-density lipoprotein (HDL) is mainly secreted by the liver and small intestine and plays an important
role in the reverse transport of cholesterol (RCT)[9]. HDL has anti-inflammatory and anti-atherosclerotic
effects[10, 11], It is a "lipid scavenger" in blood vessels. In the cardiovascular system, low-level highdensity lipoprotein, cholesterol (HDL-C) dyslipidemia is strongly negatively correlated with the risk of
cardiovascular disease[12], it is one of the important indicators to predict the incidence of cardiovascular
disease. It has also been reported that high-density lipoprotein can promote glucose-stimulated insulin
secretion and exert an anti-diabetic effect. At the same time, HDL have also been found to stimulate
insulin-dependent and insulin-independent glucose uptake into skeletal muscle, adipose tissue, and
liver[13]. Increasing incidence of microvascular and macrovascular complications in diabetic patients,
related to dyslipidemia, endothelium-dependent vasodilatation, atherosclerosis, and inflammation[14–
16]. In recent years, many HDL analogues have been used in the treatment of diabete[17].
Monocytes are mononuclear myeloid cells that develop in the bone marrow and circulate within the
bloodstream[18]. It is currently considered to be a precursor to macrophages and dendritic cells[19, 20].
The main function of monocytes is to provide innate immune defense and prevent infection and damage.
They are an important part of the body's defense system, but they are also involved in many central
nervous system (CNS) diseases[21]. When inflammation occurs, a large number of monocytes are quickly
mobilized to the site of inflammation throughout the body, where they act as a special "emergency team"
[22]. It has been reported that monocytes are related to the angiogenesis of atherosclerosis[23]. In type 2
diabetes, the number of monocytes is up-regulated, and the imbalance of proinflammatory cytokines and
anti-inflammatory cytokines affects the function of the immune system, which may be the cause and
result of type 2 diabetes[24]. Long-term functional reprogramming of monocytes and macrophages
induced by hyperglycemia plays an important role in the occurrence of cardiovascular complications in
patients with diabetes[25].
From these observations, a model constructed using these two indices, that is, the emerging monocyte-toHDL-C ratio (MHR), has been put forward as a simple surrogate of IR inflammation. Additionally, previous
studies have found that MHR has the capacity to predict a variety of inflammation-related diseases. The
association between MHR and diabetes remains unknown. Hence, our present study aimed to investigate
the effect of MHR on the prevalent diabetes and assess the value of MHR to optimize the risk
stratification and prevention of diabetes based on a general population.

Materials And Methods

Study population
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This study is based on a large population-based epidemiological cross-sectional study named Northeast
China Rural Cardiovascular Health Study (NCRCHS), which was performed between January and August
2013, data of 11,956 permanent residents (age ≥ 35 years) in rural areas of the northeastern China were
collected. Subjects with pregnancy, malignancy or mental disorders were excluded from the study. The
full details of the research design and theoretical basis of this part are extensively described
elsewhere[26–28]. In the present study, 3814 participants were excluded for missing biochemical and
clinical data. Finally, the study cohort was composed of 8142 subjects (Fig. 1). Our research plan
approved by The Ethics Committee of China and China Medical University. Each participant has
completed relevant informed consent.

Data Collection & Measurements
Our previous research has reported on the process of data collection and measurement as they
participated in the same surveys as this study[26–28]. We conducted the necessary professional training
for cardiologists and nurses before the study began and passed the relevant tests.
Information about demographic data, health-related behaviors, anthropometric parameters, family annual
income level, education level, current smoking, current drinking, and family history of diabetes was
collected through a questionnaire survey by trained medical staff. Quality control was conducted by a
central steering committee with a subcommittee. Race was divided into 2 groups: Han and others. Family
history of DM was defined as anyone of the participant’s family members (including father, mother,
siblings and children) had diabetes. Education level was regarded as three ordinal groups: primary school
or below, middle school, high school or above. Three ordinal groups (≤ 5000 CNY,5000–20,000 CNY,>
20,000 CNY) were utilized to represent the family annual income level. Collect information on current
smoking and drinking conditions through a series of questions about participants' smoking and drinking
history.
After the subjects had sat and relaxed for at least 5 minutes, blood pressure was measured by 2
randomly selected trained medical staff, recording 3 consecutive readings of each subject and
calculating the average value for statistical analysis.
As for the measurement of anthropometric indicators, participants were asked to wear light clothes
without shoes. The calibrated digital scale is used to quantify the standard weight to the nearest 0.1 kg.
The calibrated tachymeter was used to quantify the standard height to the nearest 0.1 cm, and the
subjects remained standing.
Our previous research report described the storage process and laboratory measurement methods[26–
28]. In general, We collected blood samples by fasting (12 hours) through venipuncture using an EDTA
tubes. Plasma is separated and stored at -20 ° C. The whole process is completed in 1 hour. The samples
were analyzed biochemically using an Olympus AU640 automatic analyzer (Olympus, Kobe, Japan). The
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samples were analyzed biochemically using an Olympus AU640 automatic analyzer (Olympus, Kobe,
Japan).

Definitions
Body mass index (BMI) was calculated as mean weight divided by mean height squared (kg/m2)[29].
MHR was defined as blood monocyte count ratio to high-density lipoprotein cholesterol concentration[30].
Hypertension is defined as systolic blood pressure (SBP) ≥ 140 mmHg and /or diastolic blood pressure
(DBP) ≥ 90 mmHg [31]. At the same time if the subject self-reports that the subject's previous medical
history was diagnosed as high blood pressure, or is currently taking antihypertensive drugs were also
considered to be hypertensive.
The determination of diabetes wsa based on fasting plasma glucose (FPG) ≥ 7.0 mmol/L and/or
subjects had been previously diagnosed with diabetes in subject self-report[32]. In addition, subjects who
received hypoglycemic treatment at baseline were also considered to be diabetic.

Statistical Analyses
Each gender was analyzed separately. If the continuous variable has a normal distribution, it is expressed
as the mean ± standard deviation (SD), and if it does not have a normal distribution, it is expressed as the
median (interquartile range). Categorical variables are expressed by frequency (percentage). Prior to
inference analysis, MHR values were log. The Student's t test (normal distribution) or Mann-Whitney test
(non-normal distribution) were used to compare the diabetic group with the non-diabetic group to show
the difference in continuous variables. Chi-square test was employed to compare categorical variables
between groups. Besides, in order to compare ordinal categorical variables (education level, annual
household income, and physical activity) between groups, a rank sum test was presented to use ordinal
information. A multivariate logistic regression model was performed to correct potential confounding
covariates to determine the adjusted odds ratio (ORS) and 95% confidence interval (CIS) of the
independent association between MHR and diabetes. The confounding variables variables for
adjustment include age, sex, education level, family annual income level, physical activity, current
smoking, current drinking, family history of diabetes, BMI and SBP. The analysis was performed with
MHR as a continuous variable (increase per SD), and then classified into quartiles. The results are shown
as odds ratios (ORs) and 95% confidence intervals (95% CI). A generalized additive model function with
spline smoothing is used to examine MHR and the risk of diabetes. We also utilized receiver operating
characteristic (ROC) curve, integrated discrimination improvement (IDI) and category-free net reclas
sification improvement (NRI) to estimate the potential of MHR to enhance the risk of diabetes. All data
analyzed by SPSS 25.0 software (IBP corp), Empower Stats (http://www.empowerstats.com, X&Y
Solutions, Inc., Boston, MA) and statistical software packages R (http://www.R-project.org, The R
Foundation). A two-tailed P value of less than 0.05 was considered significant.
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Results
After excluding subjects with missing data, a total of 8142 participants participated in this analysis.
Table 1 summarizes the data of 8142 eligible subjects (males: 45.76%). In this study population, the
prevalence of diabetes was 10.7%. Based on demographic data, Subjects with diabetes had lower
education levels than normal subjects. Unexpectedly, middle-income population has more subjects with
diabetes than low- and high-income populations and moderately physical active subjects had a higher
rate of diabetes. In addition, diabetes subjects are not significantly related to current smoking and current
drinking. The anthropometric characteristics indicate greater BMI in the diabetic group. Concordantly,
Many subjects had diabetes and hypertension at the same time, their SBP and DBP increased
significantly. As expected, subjects with diabetes have a family history of diabetes. Through blood
biochemical examination we found that the levels of TC, TG, and LDL-C in patients with diabetes were
significantly higher than those in the control group, while the HDL-C level was greatly reduced in diabetes.
Correspondingly, the white blood cell count, neutrophil and monocyte counts increased in diabetic
patients. Finally, the MHR level of diabetic patients was higher than that of the control group.
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Table 1
Characteristics of subjects stratified by diabetes
Variables

Diabetes(N = 872)

Non-diabetes(N = 7270)

P value

Age (years)

57.99 ± 9.67

53.66 ± 10.48

< 0.001

Male (%)

382(43.8%)

3344(46%)

0.22

Education level (%)

< 0.001

Primary school or below

544(62.4%)

3765(51.8%)

Middle school

256(29.4%)

2875((39.5%)

High school or above

72((8.3%)

702(8.7%)

Income (CNY) (%)

0.238

≤5000

102(11.7%)

752(10.3%)

5000–20,000

467(53.6%)

3810(52.4%)

>20,000

303(34.7%)

2708(37.2)

Physical activity (%)

< 0.001

Low

350(40.1%)

2184(30.0%)

Middle

459(52.6%)

4631(63.7%)

High

63(7.2%)

455(6.3%)

Family history of diabetes

190(21.8%)

557(7.7%)

< 0.001

Hypertension (%)

632(72.5%)

3176(43.7%)

< 0.001

Current smoking (%)

263(30.2%)

2773(34.5%)

0.1

Current drinking (%)

182(20.9%)

1562(21.5%)

0.676

BMI (kg/m2)

25.94 ± 3.62

24.37 ± 3.57

< 0.001

Data are expressed as mean ± standard deviation (SD) or median (interquartile range) and numbers
(percentage) as appropriate
Abbreviations: CNY Chinese currency (1CNY = 0.15 USD), BMI body mass index, SBP systolic blood
pressure, DBP diastolic blood
pressure, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C lowdensity lipoprotein cholesterol,
WBC white Blood. MHR monocyte count to high-density lipoprotein ratio.
Comparisons of category variables between groups were tested by chi-square test or rank-sum test
(ordinal category variables) were tested by Student’s t or Mann-Whitney test.
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Variables

Diabetes(N = 872)

Non-diabetes(N = 7270)

P value

Mean SBP (mmHg)

150.69 ± 23.24

137.23 ± 21.34

< 0.001

Mean DBP (mmHg)

85.52 ± 12.56

81.43 ± 11.44

< 0.001

TC (mmol/L)

5.74 ± 1.28

5.27 ± 1.07

< 0.001

TG (mmol/L)

2.52 ± 2.43

1.58 ± 1.28

< 0.001

HDL-C (mmol/L)

1.28 ± 0.31

1.35 ± 0.32

< 0.001

LDL-C (mmol/L)

3.16 ± 0,92

2.86 ± 0.78

< 0.001

Neutrophil count (109/L)

4.28 ± 4.28

3.69 ± 2.56

< 0.001

Lymphocyte count (109/L)

2.56 ± 3.85

2.18 ± 2.53

< 0.001

Monocyte count (109/L)

0.52 ± 0.32

0.48 ± 0.28

< 0.001

MHR

0.43 ± 0.28

0.38 ± 0.24

< 0.001

Data are expressed as mean ± standard deviation (SD) or median (interquartile range) and numbers
(percentage) as appropriate
Abbreviations: CNY Chinese currency (1CNY = 0.15 USD), BMI body mass index, SBP systolic blood
pressure, DBP diastolic blood
pressure, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C lowdensity lipoprotein cholesterol,
WBC white Blood. MHR monocyte count to high-density lipoprotein ratio.
Comparisons of category variables between groups were tested by chi-square test or rank-sum test
(ordinal category variables) were tested by Student’s t or Mann-Whitney test.
Multivariate logistic regression model demonstrated the association between MHR and diabetes
(Table 2). We first adjusted age and gender, each SD increment of MHR could cast additional 17.5% risk
of diabetes on subjects. Then, We had made corresponding adjustments to education level, family annual
income level, physical activity, current smoking, current drinking, family history of diabetes, BMI and SBP,
each SD increment of MHR could cast additional 11.2% risk of subjects with diabetes. When we divide
MHR into quartiles, we observed a 33.1% increase of the risk for diabetes when comparing top quartile
with bottom category in the adjusted model. Furthermore, the risk of diabetes displayed an increasing
trend across the quartiles (P for trend༜0.001). To further explore the dose-response relationship between
MHR and the risk of diabetes, We applied smooth curve fitting with full adjustment of all covariates
(Fig. 2). The curve demonstrated a linear correlation between normalized MHR and the risk of diabetes.
This result was consistent with the quartile analysis of logistic regression.
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Table 2
Evaluation of the impact of MHR on diabetes by multivariate logistic regression models
Variables

Odds Ratio
(95% CI)

MHR (Per 1 SD
increase)

Crude

P
value

Model 1

P
value

Model 2

P
value

1.178(1.108,
1.253)

༜0.001

1.175 (1.104,
1.251)

<
0.001

1.112 (1.042,
1.187)

0.001

Quartiles of MHR
Quartile 1

1.000
(reference)

Quartile 2

1.130 (0.912,
1.400)

0.263

1.095 (0.883,
1.359)

0.409

1.062 (0.850,
1.326)

0.596

Quartile 3

1.308 (1.062,
1.611)

0.011

1.295 (1.049,
1.597)

0.016

1.174 (0.944,
1.459)

0.149

Quartile 4

1.681 (1.376,
2.053)

༜0.001

1.647 (1.345,
2.016)

<
0.001

1.331 (1.076,
1.646)

0.008

P for trend

༜0.001

<
0.001

༜0.001

Abbreviations: MHR monocyte count to high-density lipoprotein cholesterol ratio, OR odds ratio; 95%
CI: 95% confidence interval, SD standard deviation. Other abbreviations as in Table 1
Crude: no adjustment;
Model 1: adjusted for age, sex;
Model 2: adjusted for age, sex, education level, family annual income level, physical activity, current
smoking, current drinking, family history of diabetes, body mass index and systolic blood pressure.
Quartile 1: MHR < 0.229; Quartile 2: 0.229 ≤ MHR < 0.341; Quartile 3: 0.341 ≤ MHR < 0.485; Quartile 4:
MHR ≥ 0.485
Table 3
Comparison of the risk stratifying ability of MHR in addition to clinical risk factors
Model

NRI (category free)

P value

IDI

P value

Clinical risk factorsa

Reference

Reference

Reference

Reference

Clinical risk factors + MHR

0.085 (0.016, 0.155)

0.016

0.001 (0.000, 0.0024)

0.018

C-Statistic, net reclassification improvement (NRI) and integrated discrimination improvement (IDI)
were compared between models. The reference model included risk factors only, including age, sex,
physical activity, current smoking, current drinking, body mass index and systolic blood pressure.
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Finally, we performed ROC analysis and reclassification analysis to explore the value of MHR to improve
the risk stratification of diabetes. When adding MHR into established clinical risk factors (including age,
sex, education level, family annual income level, physical activity, current smoking, current drinking,
family history of diabetes, BMI and SBP), we failed to find a significant improvement in the AUC. However,
both category free NRI (0.085, 95% CI: 0.016–0.155, P = 0.016) and IDI (0.001, 95% CI: 0.000–0.024, P =
0.018) showed a significant advancement to stratify the risk of diabetes when adding MHR into clinical
risk factors.

Discussion
Based on the population in Northeast China's rural areas, we for the first time discovered the significant
association between MHR and the risk of diabetes in a general population. Furthermore, our work
demonstrated the association was linear in the whole range of MHR, suggesting the linearity of MHR to
indicate the presence of diabetes mellitus. Additionally, our results implicate the potential usefulness of
MHR to refine the risk stratification of diabetes when introducing MHR into several established clinical
risk factors. Our work also provides clinical evidence for the value of simultaneous inflammation and
lipid control to prevent diabetes. More importantly, these findings implicate the value of MHR to optimize
the risk stratification and prevention of diabetes mellitus.
MHR as a new circulating biomarker, is used to predict indicators of inflammation and dyslipidemia. At
the same time, MHR has also been reported as a new prognostic indicator of cardiovascular disease.
Epidemiological evidence suggests that high concentrations of plasma HDL have a protective effect on
the cardiovascular system. HDL can prevent and reverse the activation of monocytes, which is of great
significance for the treatment of many inflammatory diseases [33]. HDL can also protect endothelial cells
from the adverse effects of LDL and prevent LDL oxidation [34, 35]. Existing evidence suggests that HDL
conversion appears to be accelerated in patients with diabetes, and low concentrations of HDL
cholesterol in plasma are the result of increased conversion rates. The higher the plasma insulin level in
these patients, the lower the plasma HDL cholesterol concentration [36].
The immune response is a complex system composed of cells and humoral components. They have the
ability to detect non-self structures and resist invasion of pathogens [37]. Dendritic cells initiate and
regulate a highly pathogen-specific adaptive immune response and are essential for the development of
immune memory and tolerance [38]. Dendritic cells recognize pathogens and deliver antigens to initiate
antigen-specific adaptive immune responses, thereby connecting the innate and adaptive immune
systems [39]. Monocytes and macrophages are phagocytic cells, they belong to myeloid cell lineage and
play a key role in the innate immune response to pathogens [40]. Under various inflammatory conditions,
monocytes circulate through the blood, recruit and extravasate into inflamed tissues. involving rolling,
adhesion, and transmigration. Whether it is infection or aseptic injury, monocyte recruitment is a key
feature [41].
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Obesity is considered a low-level systemic inflammatory state, in adipose tissue, monocytes migrate to
adipose tissue and become macrophages, and macrophage aggregation is an obvious feature of obesity
[42, 43]. In obesity, adipocytes release pro-inflammatory cytokines and fatty acids to induce typical
activation of macrophages [44]. In addition to proinflammatory cytokines, which promote adipoinflammation and lead to insulin resistance, macrophages can also release an adipokine that causes
insulin resistance [45]. The increase of HDL level can prevent the formation of bone marrow, monocyte
and neutrophil induced by diabetes, and reduce the cardiovascular risk of diabetic patients [46]. More and
more evidences show that the increase of monocytes caused by diabetes aggravates the process of
cardiovascular disease, especially atherosclerosis [47–49]. Whether monocyte and macrophage changes
are caused by altered glucose levels, insulin deficiency or insulin resistance, lipid abnormalities, or a
combination of these factors is still debated.
It is generally known that atherosclerosis is a chronic, non-resolving, low-grade sterile inflammation of the
arterial wall, macrophages have been considered a major factor in atherosclerosis and its thrombotic
complications for the past two decades [50]. The first step in the formation of atherosclerosis is the
exposure of vascular cells to excess lipid (LDL), accompanied by activation / dysfunction of endothelial
cells and internalization and deposition of intimal lipids. LDL enhances a series of pro-inflammatory
responses that enable the activation, recruitment, and migration of different immune cells (monocytes,
neutrophils, natural killer cells, and dendritic cells), most important is the contribution of circulating
monocytes [51, 52]. Macrophage inflammation leads to increased oxidative stress and increased
secretion of cytokines / chemokines, more LDL oxidation, endothelial cell activation and monocyte
recruitment, which further engulf oxidized LDL-C to form foam cells [53]. In the late stages, matrixdegraded proteases and cytokines secreted by macrophages cause thinning of the fibrous caps that
prevent blood from contacting the prethrombotic material in the plaque. Eventually, the cap will
disintegrate, and subsequent plaque fragments will release tissue factors into the blood. Thrombosis can
cause acute arterial stenosis, such as coronary syndrome, myocardial infarction, and stroke [54, 55].
We observe that whether MHR is a continuous or categorical variable, there is a positive correlation
between MHR and the incidence of diabetes, which is consistent with our hypothesis. In the multivariate
adjusted model, higher MHR levels were significantly associated with the incidence of diabetes. We
further demonstrated that the linear association of MHR with diabetes through smooth curve fitting
analysis. When using MHR as an indicator of the risk of diabetes, a higher MHR value means a higher risk
of diabetes, and there is no threshold or saturation effect for this association. A recent study shows that
MHR levels are linked to smoking [56], There are also reports in the literature that smoking is linked to
diabetes [57]. However, in our data, the strong correlation between elevated MHR and diabetes was
independent current smoking status. This finding confirms the stability of MHR on stratification of
diabetes risk. In addition, this association persisted in the stratified analysis of gender, age, SBP, and BMI,
suggesting that the risk stratification ability of MHR is applicable to a wide range of subjects.
We applied ROC and reclassification analysis to evaluate the risk stratification ability of MHR for
diabetes. We added clinical risk factors (including gender, age, current smoking and drinking status, SBP,
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and BMI) to the model and significantly improved stroke recognition. In order to more accurately confirm
the ability of MHR to optimize the stratification of diabetes risk, we conducted a reclassification analysis
including IDI and NRI [58]. When MHR was introduced into the established risk factor model, the results of
category-free NRI and IDI both significantly improved the stratification of diabetes risk. In summary, our
results suggest that MHR has the ability to optimize the risk stratification of diabetes (Table 2).
We acknowledge that our research has certain limitations, first, due to the cross-sectional design of our
study, we can only suggest a correlation between MHR and diabetes, and we cannot draw any causal
conclusions about the temporal relationship of MHR with diabetes. Secondly, This study represents the
general population in rural areas of Northeast China, but its applicability to the general population in
China is still worth more research to assess. Third, We adjusted as much confounding variables as
possible, but the presence of unmeasured confounding variables may affect the results. Finally, residual
confounding caused by uncollected or unknown risk factors can introduce bias into our results.

Conclusions
In summary, MHR is independently associated with diabetes in rual Chinese population, and shows
incremental predictive value relative to traditional clinical risk factors. In addition, our results suggest the
necessity of simultaneous inflammation and lipids control in the prevention of diabetes. Most
importantly, our results also suggest that MHR is of great value in optimizing the risk stratification of
diabetes. pointing out a simple and cost-effective solution to alleviate the burden of diabetes.

Abbreviations
BMI: Body mass index; CI: Confidence interval; CNY: Chinese yuan, 1CNY = 0.15USD; DBP: Diastolic blood
pressure; FPG: Fasting plasma glucose; HDL-C: High-density lipoprotein cholesterol; IDI: Integrated
discrimination improvement; LDL-C: Low-density lipoprotein cholesterol; MHR: Monocyte count to
highdensity lipoprotein cholesterol ratio; NCRCHS: Northeast China Rural Cardiovascular Health Study;
NRI: Net reclassification improvement; OR: Odds ratio; ROC: Receiver operating characteristic curve; SBP:
Systolic blood.
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Figure 2
Flowchart describing the selection process and derivation of the study population
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Figure 4
Smooth curve fitting was performed using generalized additive model to explore the association between
MHR and the risk of diabetes after adjusting for age, sex, education level, family annual income level,
physical activity, current smoking, current drinking, family history of diabetes, body mass index and
systolic blood pressure. In this figure, the solid line indicates the estimated risk of diabetes while the
dotted lines serve as pointwise 95% confidence intervals
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