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Objective: Type 2 diabetes mellitus (T2DM) is a prevalent chronic condition often
associated with low-grade inflammation. Previous studies have indicated that
the monocyte-to-high-density lipoprotein cholesterol ratio (MHR) may serve
as a novel inflammatory biomarker with potential predictive value for various
metabolic diseases. This study aims to investigate the association between the
MHR and the prevalence of T2DM in a general population, using data from the
National Health and Nutrition Examination Survey (NHANES).

Methods: We conducted a cross-sectional study analyzing data from five
NHANES cycles spanning 2007-2016. We excluded individuals aged under
20 years, those with missing data on monocytes, HDL-C, diabetes status,
or other key covariates, and extreme MHR outliers. Statistical analyses were
performed using SPSS 26.0, EmpowerStats 4.1, Stata 16, and DecisionLinncl.0.
We employed weighted logistic regression models, subgroup analyses, restricted
cubic splines (RCS), and threshold analyses were used to assess the MHR-T2DM
association.

Results: A total of 10,066 participants met the inclusion criteria, of whom
1,792 were diagnosed with T2DM. The MHR levels in the T2DM group were
significantly higher than those in the non-T2DM group. After adjusting for
potential confounders, elevated MHR levels were significantly associated with
an increased prevalence of T2DM (p < 0.001, OR = 2.80, 95% Cl: 1.823-4.287).
Subgroup analyses revealed a significant interaction between MHR and T2DM
with respect to gender (P for interaction < 0.05), with a stronger association
in women. No significant interactions were observed for age, race, education
level, poverty income ratio (PIR), body mass index (BMI), smoking status, physical
activity, alcohol consumption, or hypertension (P for interaction > 0.05). RCS
analysis indicated a significant nonlinear relationship between MHR and T2DM,
with a threshold point for MHR identified at 0.51. Above this threshold, the risk
of T2DM increased significantly.

Conclusion: Our findings suggest that elevated MHR levels, particularly above
the threshold of 0.51, are significantly associated with an increased prevalence
of T2DM. The gender-specific interaction further highlights that women may
be more susceptible to the impact of elevated MHR on T2DM risk. These findings
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suggest MHR as a potential biomarker for early T2DM screening and highlight
gender-specific risk factors.
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1 Introduction

According to the International Diabetes Federation (IDF) data
from 2021, approximately 537 million individuals worldwide are
living with diabetes, with 90% of these cases classified as type 2
diabetes mellitus (T2DM) (1). T2DM is a major global health
challenge, significantly impairing patients’ quality of life and imposing
substantial health and economic burdens. It is a leading cause of
cardiovascular diseases, chronic kidney disease, neuropathy, and
retinopathy, contributing to increased morbidity and mortality
worldwide (2, 3). Therefore, a comprehensive understanding of its
pathophysiology and the early identification of risk factors are
essential for developing effective prevention and treatment strategies.

Recent studies have increasingly highlighted the critical role of
inflammation in the pathogenesis of T2DM (4, 5). Monocytes, as vital
components of the immune system, undergo activation and functional
changes during chronic low-grade inflammation, which are closely
linked to insulin resistance (6). Dysregulation of monocyte function
can lead to the release of various pro-inflammatory cytokines,
promoting a systemic inflammatory state that adversely affects insulin
secretion from the pancreas and insulin sensitivity in peripheral
tissues (7, 8). Animal model studies have provided substantial
evidence of monocyte activation in diabetes. For instance, in diabetes
models such as the streptozotocin (STZ)-induced diabetic mouse
model, an increase in monocyte numbers and their activation is
observed, accompanied by elevated levels of pro-inflammatory
cytokines like TNF-o and IL-6 (9). These findings suggest that
monocyte activation is a central feature of the inflammatory process
in T2DM. In this context, high-density lipoprotein cholesterol
(HDL-C) is recognized for its protective properties, playing a pivotal
role in regulating lipid metabolism, exerting anti-inflammatory
effects, and safeguarding cardiovascular health (10). Beyond its
cholesterol-clearing capacity, HDL-C modulates monocyte function,
thereby inhibiting their transition to an inflammatory phenotype (11,
12). Consequently, the monocyte to HDL-C ratio (MHR) emerges as
a composite biomarker that may more accurately reflect an individual’s
balance between inflammatory response and metabolic status.

The utility of MHR as a biomarker has been increasingly
recognized in various metabolic and inflammatory conditions. For
example, elevated MHR has been associated with prediabetes, a
precursor state to T2DM, suggesting its potential role in early
metabolic dysregulation (13). In patients with metabolic syndrome,
MHR levels are significantly higher, further supporting its link to
insulin resistance and systemic inflammation (14). Additionally, MHR
has been implicated in the pathogenesis of non-alcoholic fatty liver
disease (NAFLD), a condition often coexisting with T2DM, where it
correlates with disease severity and hepatic inflammation (15, 16).
Beyond metabolic disorders, MHR has also been linked to
cardiovascular diseases, such as atherosclerosis, where it serves as a
predictor of plaque vulnerability and adverse cardiovascular events
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(17). These findings underscore the dual role of MHR in both
inflammation and metabolic regulation, making it a promising
candidate for assessing T2DM risk. Existing studies have primarily
explored MHR in the context of diabetic complications, such as
vascular diseases (18). However, its potential as a biomarker for T2DM
itself has not been thoroughly investigated, and this gap in knowledge
warrants further research. This gap in knowledge highlights the need
for further research to elucidate the relationship between MHR and
T2DM, particularly in a general population setting.

Based on the existing evidence, we hypothesize that elevated
MHR is independently associated with an increased prevalence of
T2DM, reflecting the interplay between chronic inflammation and
metabolic dysregulation. To test this hypothesis, we conducted a
cross-sectional study utilizing data from the National Health and
Nutrition Examination Survey (NHANES). Our study aims to
systematically explore the association between MHR and T2DM
prevalence while adjusting for traditional risk factors such as age, sex,
body mass index (BMI), and lipid profiles. By doing so, we aim to
provide new insights into the potential role of MHR as a biomarker
for T2DM, offering a novel perspective on its pathogenesis and
clinical implications.

2 Methods
2.1 Research population

The NHANES, conducted by the National Center for Health
Statistics (NCHS), is a comprehensive cross-sectional study designed
to ensure the representativeness of the U.S. population through a multi-
stage, complex random sampling methodology. Informed consent was
obtained from all participants, and the study protocol was approved by
the NCHS Research Ethics Review Board." This analysis included data
from five survey cycles conducted between 2007 and 2016,
encompassing a total of 50,588 participants. The exclusion criteria were
rigorously applied to enhance the integrity of the study: individuals
aged under 20 years (n=21,387); participants missing data on
monocytes and HDL-C (n = 2,874); those lacking diabetes status
information (n = 13,660); and individuals without complete data on
education level, poverty-income ratio (PIR), alcohol consumption,
smoking status, physical activity, hypertension, body mass index (BMI),
total cholesterol (TCHO), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and serum uric acid (SUA) (n=2,591).
Additionally, extreme outliers with an MHR exceeding 2 were excluded
(n = 10). After applying these exclusion criteria, a final sample of 10,066
eligible participants was retained for analysis, as illustrated in Figure 1.

1 https://www.cdc.gov/nchs/nhanes/about/erb.html#print
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2.2 Exposure and outcome

Blood sample collection and processing were conducted by
trained laboratory or medical technicians at NHANES. HDL-C levels
were determined using either direct immunoassay or the precipitation
method. The MHR was calculated by taking the ratio of the monocyte
count (in 10* cells/pL) to the HDL-C level (in mmol/L) (15, 19).
Diagnosis of T2DM was established based on: self-report of T2DM;
fasting blood glucose > 7.0 mmol/L; presence of T2DM symptoms
with random blood glucose > 11.1 mmol/L; glycosylated hemoglobin
Alc (HbALc) > 6.5% (20).

2.3 Covariates

Covariates included demographic information, standardized
questionnaires, anthropometric measurements, and laboratory
assessments. The specific covariates were as follows: age groups
(20-39 years, 40-59 years, and >60 years), sex (male and female), racial
categories (Mexican American, other Hispanic, non-Hispanic white,
non-Hispanic black, and other races), education level (less than high
school, high school, and above high school), and BM], classified into
three categories: normal, overweight, and obese (<25 kg/m?, 25-29.9 kg/
m?, and >30 kg/m?*). Smoking status was categorized as never, former,
or current. Participants were asked whether they had ever smoked 100
cigarettes in their lifetime and if they currently smoke, in order to
distinguish between current and former smokers. Those who reported
smoking fewer than 100 cigarettes in their lifetime were classified as
never smokers. Participants who were not current smokers but had
previously smoked 100 cigarettes were classified as former smokers.
Drinkers were defined as individuals who consumed at least 12
alcoholic beverages per year. Moreover, based on the Physical Activity

NHANES 2007-2016
N=50588

Excluded age <20 years
N=21387

[ N=29201 ]

Excluded Monocyte and
HDL-C with missing
value N =2874

—

[ N=26327 ]
Excluded incomplete
- data of diabetes
N=13660
[ N=12667 ]
Excluded incomplete
data of other covariates
N=2601

[ N=10066 ]

FIGURE 1
Participants and flowcharts.
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Guidelines recommending >75 min/week of vigorous or >150 min/
week of moderate physical activity, participants were classified into
three groups: active (meeting or exceeding the recommended activity
level), less active (below the recommended activity level), and inactive
(no physical activity). Additionally, we included hypertension, PIR,
TCHO, ALT, AST, serum creatinine (Scr), and SUA as covariates. All
covariates were obtained from the NHANES database.

2.4 Statistical examination

Statistical analyses were performed using SPSS 26.0, EmpowerStats
4.1, Stata 16 and DecisionLinnc1.0 (21). The examinations were adjusted
using weights as outlined in the NHANES guidelines, taking into
consideration the 10-year data period and primary focus on blood
samples. To create a weighted estimate, we referred to the “WTMEC2YR”
weight variable and sampled 1-fifth of the 2-year weights from 2007 to
2016 for each individual. Categorical variables are presented as
percentages, while continuous variables underwent normality testing.
Data that followed a normal distribution are expressed as mean +
standard deviation, whereas data that did not conform to a normal
distribution are reported as median and interquartile range to represent
central tendency and dispersion. Weighted logistic regression was
employed across three different models to investigate the relationship
between MHR and T2DM. Model 1 was unadjusted for covariates. In
Model 2, adjustments were made for age, sex, race, education level, and
the PIR. Model 3 included adjustments for sex, age, race, education level,
PIR, BMI, smoking status, physical activity, alcohol consumption,
hypertension, TCHO, ALT, AST, Scr, and SUA. Subgroup analyses were
also performed. Additionally, restricted cubic splines (RCS) were
utilized to explore potential nonlinear relationships between MHR and
T2DM risk. A p-value of <0.05 was considered statistically significant.

3 Results
3.1 Initial characteristics

A total of 10,066 participants with complete data were included in
this analysis (Figure 1). Compared to the Non-T2DM group, the
T2DM group was older, had a higher level of education, a greater
prevalence of alcohol consumption, and reported lower levels of
physical activity. Additionally, this group exhibited higher levels of Scr,
SUA, MHR, and BMI. Furthermore, the T2DM group demonstrated
significantly worse lipid metabolism profiles, including higher levels
of TCHO and triglycerides, as well as lower levels of HDL-C. They also
had elevated monocyte counts compared to the Non-T2DM group.
Detailed information is provided in Table 1.

3.2 The correlation between T2DM and
MHR

As shown in Table 2, a significant correlation was identified
between MHR and T2DM. In Model 1, no covariates were adjusted;
Model 2 adjusted for demographic factors such as age, gender, race,
education level, and PIR; while Model 3 included adjustments for all
covariates. Overall, the analysis demonstrated a positive association
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TABLE 1 Baseline characteristics of the study participants.

Parameters Non-T2DM
N 10,066 8,274 1,792
Age (%)
20-39 3,303 (32.81) 3,196 (38.30) 134 (7.48) <0.001
40-59 3,345 (33.23) 2,753 (33.27) 592 (33.04)
>60 3,418 (33.96) 2,352 (28.43) 1,066 (59.49)
Sex (%)
Male 4,924 (48.92) 3,963 (47.90) 961 (53.63) <0.001
Female 5,142 (51.08) 4,311 (52.10) 831 (46.37)
Race (%)
Mexican American 1,496 (14.86) 1,188 (14.36) 308 (17.19) <0.001
Other Hispanic 1,050 (10.43) 844 (10.20) 206 (11.50)
Non-Hispanic White 4,597 (45.67) 3,892 (47.04) 705 (39.34)
Non-Hispanic Black 1,923 (19.10) 1,490 (18.01) 433 (24.16)
Other Race 1,000 (9.93) 860 (10.39) 140 (7.81)
Education level (%)
<High school 2,421 (24.05) 1,820 (22.00) 601 (33.54) <0.001
High school 2,272 (22.57) 1,832 (22.14) 440 (24.55)
>High school 5,373 (53.38) 4,622 (55.86) 751 (41.91)
PIR (%)
<1.5 3,794 (37.69) 3,061 (37.00) 733 (40.90) <0.001
1.5-3.5 3,222 (32.01) 2,594 (31.35) 628 (35.04)
>1.5 3,050 (30.30) 2,619 (31.65) 431 (24.05)
BMI (%)
<25 2,967 (29.48) 2,718 (32.85) 249 (13.90) <0.001
25-30 3,380 (33.58) 2,858 (34.54) 522 (29.13)
>30 3,719 (36.95) 2,698 (32.61) 1,021 (56.98)
Smoking status (%)
Never 5,521 (54.85) 4,622 (55.86) 899 (50.17) <0.001
Former 2,511 (24.95) 1,912 (23.11) 599 (33.43)
Current 2,034 (20.21) 1,740 (21.03) 294 (16.41)
Alcohol drinker (%)
Yes 7,269 (72.21) 6,103 (73.76) 1,166 (65.07) <0.001
No 2,797 (27.79) 2,171 (26.24) 626 (34.93)
Physical activity (%)
Active 3,401 (33.79) 2,928 (35.39) 473 (26.40) <0.001
Less active 758 (7.53) 627 (7.58) 131 (7.31)
Inactive 5,907 (58.68) 4,719 (57.03) 1,188 (66.29)
Hypertension (%)
Yes 3,710 (36.86) 2,550 (30.82) 1,160 (64.73) <0.001
No 6,356 (63.14) 5,724 (69.18) 632 (35.27)
HDL-Cholesterol (mmol/L) 1.40 £ 0.41 1.43 £ 042 1.28 +0.38 <0.001
LDL-Cholesterol (mmol/L) 2.94+0.92 2.99 £0.90 2.74£0.97 <0.001
Monocyte number (1,000 cells/uL) 0.53 +0.18 0.53 +0.18 0.55+0.19 <0.001
Triglyceride (mmol/L) 1.34£0.74 1.28 £0.71 1.59 £ 0.81 <0.001
(Continued)
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Parameters Total Non-T2DM T2DM P

ALT (U/L) 25.24 + 18.20 24.84+18.29 27.08 + 17.65 <0.001
AST (U/L) 25.86 +20.31 25.59 +19.41 27.12 £23.97 0.006
TCHO (mmol/L) 4.96 +1.05 5,00+ 1.03 474+ 1.11 <0.001
Scr (pmol/L) 79.08 + 43.31 76.85 + 34.66 89.40 + 69.72 <0.001
SUA (pmol/L) 327.44 + 83.98 322.65 + 81.78 349.56 + 90.26 <0.001
MHR 0.42 +0.20 0.40 % 0.20 0.47 +0.22 <0.001

Results are expressed as mean =+ standardized differences or as counts and percentages. PIR, ratio of family income to poverty; BMI, body mass index; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; TCHO, total cholesterol; Scr, serum creatinine; SUA, serum uric acid; MHR, monocyte-to-high-density lipoprotein cholesterol ratio.

TABLE 2 Association between MHR quartiles and the T2DM in participants.

Model 1: OR (95% Cl)

p value

Model 2: OR (95% Cl)

p value

Model 3: OR (95% Cl)

MHR 5.57 (4.06-7.63) 6.72 (4.54-9.94) 2.80 (1.82-4.29)
<0.001 <0.001 <0.001
MHR (Quartile)
Q1 (0.04-0.27) Reference Reference Reference

Q2 (0.27-0.38)

1.38 (1.11-1.73)
0.004

1.48 (1.17-1.87)
0.001

1.17 (0.92-1.48)
0.21

Q3 (0.38-0.52)

1.84 (1.49-2.29)
<0.001

1.98 (1.57-2.51)
<0.001

1.26 (0.98-1.62)
0.069

Q4 (0.52-2.00)

2.65 (2.15-3.26)
<0.001

3.06 (2.40-3.90)
<0.001

1.73 (1.33-2.24)
<0.001

P for trend

<0.001

<0.001

<0.001

95% CI: 95% confidence interval; Model 1: no covariates were adjusted; Model 2: adjusted for age, sex, race, education level, PIR; Model 3: adjusted for age, sex, race, education level, PIR, BMI,

smoking status, alcohol drinker, physical activity, hypertension, ALT, AST, TCHO, Scr, SUA.

between MHR and T2DM in Model 3 (OR: 2.80, 95% CI: 1.82-4.29,
P <0.001). Subsequent quartile analyses of MHR revealed that all
models, except for the second and third quartiles in Model 3, showed
statistically significant positive associations with T2DM (p < 0.05). In
Model 3, as MHR levels increased from 0.52 to 2.00, the prevalence
of T2DM correspondingly increased. Furthermore, a significant
linear trend was observed in the prevalence of T2DM across MHR
quartiles (P for trend < 0.001).

3.3 Subgroup analysis

To ascertain the robustness of the association between MHR and
T2DM across various population subgroups, subgroup analyses were
conducted following Model 3. As shown in Table 3, the interaction
between MHR and T2DM was statistically significant with respect to
gender (p<0.05). In contrast, no significant interactions were
observed concerning age, race, education level, PIR, BMI, smoking
status, physical activity and alcohol drinker, or hypertension (p > 0.05).

3.4 Nonlinear association between MHR
and T2DM

To further elucidate the relationship between MHR and T2DM,
we conducted RCS analysis, which revealed a strong nonlinear
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association between MHR and T2DM across all three models (p < 0.05
for all; Figure 2). Additionally, we performed threshold effect analysis
in Model 3 (Table 4). After adjusting for covariates, the identified
inflection point for MHR was 0.51. Observations indicated that when
MHR is below this threshold, the risk of developing T2DM is lower
(OR: 141, 95% CI: 0.88-2.27, p = 0.158). However, when MHR
exceeds the inflection point, the prevalence of T2DM increases rapidly
(OR: 4.47, 95% CI: 2.43-8.20, p < 0.001).

4 Discussion
4.1 Summary of results

In this cross-sectional study, we analyzed data from 10,066 adult
participants in the NHANES database to investigate the relationship
between MHR and the prevalence of T2DM. Our findings indicate
that MHR levels are significantly higher in T2DM patients compared
to non-T2DM individuals, and a significant positive correlation exists
between MHR and T2DM risk, even after adjusting for multiple
confounding factors. RCS analysis revealed a significant nonlinear
relationship between MHR and T2DM, with a threshold identified at
an MHR level of 0.51. This threshold may serve as a cutoff for clinical
risk stratification. Subgroup analysis further demonstrated a
significant interaction between MHR and T2DM with respect to
gender (P for interaction < 0.05). Specifically, with increasing MHR
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TABLE 3 Subgroup analysis of the association between MHR and T2DM.

Character OR (95%Cl) P value P for interaction
Age 0.305
20-39 4.51(1.77-11.51) 0.002
40-59 5.81 (2.87-11.75) <0.001
>60 1.18 (0.63-2.20) 0.601
Sex 0.002
Male 1.96 (1.13-3.39) 0.017
Female 4.96 (2.67-9.25) <0.001
Race 0.761
Mexican American 2.73 (1.11-6.68) 0.028
Other Hispanic 3.35(1.15-9.82) 0.027
Non-Hispanic White 3.09 (1.74-5.48) <0.001
Non-Hispanic Black 2.53(1.25-5.14) 0.01
Other Race 1.34 (0.26-7.02) 0.727
Education level 0.056
<High school 1.90 (0.88-4.07) 0.101
High school 3.18 (1.50-6.78) 0.003
>High school 3.11 (1.61-6.00) 0.001
PIR 0.704
<15 2.66 (1.50-4.71) 0.001
1.5-3.5 3.76 (1.89-7.45) <0.001
>1.5 2.27 (0.90-5.72) 0.083
BMI (kg/m?) 0.724
<25 1.31 (0.55-3.14) 0.539
25-30 2.41 (1.13-5.15) 0.023
>30 3.42(1.92-6.11) <0.001
Smoking status 0.469
Never 2.87 (1.48-5.57) 0.002
Former 2.51 (1.14-5.52) 0.022
Current 2.84 (1.32-6.13) 0.008
Alcohol drinker 0.154
Yes 3.33(1.99-5.59) <0.001
No 1.51 (0.70-3.26) 0.296
Physical activity 0.248
Active 5.72 (2.60-12.59) <0.001
Less active 0.68 (0.15-3.14) 0.626
Inactive 2.67 (1.57-4.53) <0.001
Hypertension 0.365
Yes 2.15(1.25-3.73) 0.006
No 3.99 (2.15-7.39) <0.001

Subgroup analysis of the association between MHR and T2DM. Subgroup analysis was conducted using weighted multivariable logistic regression. BMI, body mass index; PIR, ratio of family
income to poverty.

levels, women were at a greater risk of developing T2DM compared to  significant interactions were found concerning age, race, education
men. This finding extends previous research by linking the gender  level, BMI, smoking status, alcohol consumption, physical activity, or
difference in T2DM risk specifically to MHR. In contrast, no  hypertension (P for interaction > 0.05).
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FIGURE 2

The association between MHR and T2DM. RCS shows a non-linear relationship between MHR and T2DM. The fitted regression line is a solid brown
line; the black dashed line indicates the position where the OR is equal to 1; the shaded area indicates the 95% CI; MHR, monocyte-to-high-density

lipoprotein cholesterol ratio.

TABLE 4 Analysis results of the threshold relationship between MHR and
T2DM.

Model 3 OR (95% CI) P value
Inflection point (K) 0.51
MHR <£0.51 1.41 (0.88-2.27) 0.158
MHR>0.51 4.47 (2.43-8.17) <0.001
Log-likelihood ratio 0.011

Age, sex, race, education level, PIR, BMI, smoking status, alcohol drinker, physical activity,
hypertension, ALT, AST, TCHO, Scr, SUA were considered in the adjustments.

4.2 The correlation between MHR and the
increased likelihood of T2DM

Our research indicates that the MHR may be a contributing
factor in the development of T2DM, aligning with previous
findings. A prospective cohort study conducted in China identified
the cumulative monocyte-to-high-density lipoprotein ratio
(CumMHR) as an independent and stable predictor of T2DM risk
(22). This study suggests that targeted assessment and management
of CumMHR in low-risk populations could be a promising
approach to reduce the incidence of T2DM (22). Additionally, a
cross-sectional study from China demonstrated a nonlinear
positive correlation between MHR and the incidence of prediabetes,
further corroborating the relationship between elevated MHR
levels and increased risk of prediabetes (13). The potential
mechanisms linking MHR to T2DM are multifaceted, involving
both monocyte-mediated inflammation and HDL-C dysfunction.
Monocytes, as key mediators of the innate immune response, play
a critical role in the pathogenesis of T2DM. Under conditions of
chronic low-grade inflammation, monocytes are activated and
release pro-inflammatory cytokines, which contribute to insulin
resistance by impairing insulin signaling pathways in peripheral
tissues (23-25). Experimental studies have shown that T2DM
patients exhibit a fivefold increase in TLR4 expression in monocytes
compared to non-diabetic controls, suggesting that enhanced
inflammatory signaling in monocytes may exacerbate diabetes
progression (26, 27). Animal models further support this,
demonstrating that high-fat diet (HFD)-fed mice exhibit

Frontiers in Medicine

07

upregulated CD36 expression on monocytes, a marker of monocyte
activation, which is associated with impaired glucose tolerance
(28). Importantly, interventions such as low-dose aspirin (LDA)
and metformin can downregulate CD36 expression and improve
glucose metabolism, highlighting the therapeutic potential of
targeting monocyte activation in T2DM (28). On the other hand,
monocyte levels are highly dynamic and largely influenced by
cholesterol metabolism disorders. One of the primary functions of
HDL-C is reverse cholesterol transport, effectively clearing excess
cholesterol from the body (29). Recent studies have shown that low
levels of HDL-C lead to cholesterol accumulation within
monocytes, enhancing the activation of inflammatory signaling
pathways and resulting in more severe inflammatory responses
from monocytes (30, 31). Furthermore, LDL-C has been shown to
promote monocyte proliferation, while HDL-C can counteract this
effect (32, 33). The relationship between T2DM and dyslipidemia
is equally significant. A retrospective observational study conducted
in Japan found a U-shaped relationship between HDL-C levels and
clinical outcomes of T2DM, indicating that the clinical importance
of HDL-C increases as glycemic status deteriorates (34). Another
epidemiological study reported that for each 1 mg/dL increase in
HDL-C, the prevalence of T2DM decreases by approximately 4%
(35). A cohort study from the Netherlands involving 6,820
non-diabetic participants demonstrated that higher HDL-C levels
are independently associated with a lower incidence of T2DM (36).
Collectively, these findings reinforce the evidence linking MHR to
T2DM, emphasizing its importance as a predictive factor and its
potential role in the assessment and management of T2DM.

4.3 Analyzing the outcomes of subgroup
and interaction effects

Our subgroup and interaction analyses reveal a significant finding:
the likelihood of developing T2DM increases with elevated MHR
levels, and this trend is more pronounced in women than in men.
Previous studies support this result. A clinical study conducted in
Japan found that women with dyslipidemia have a higher incidence of
T2DM compared to men (37). Similarly, a cohort study in China
reported a more pronounced linear increase in T2DM risk among
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women with dyslipidemia relative to their male counterparts (38).
Notably, this gender disparity extends beyond Asian populations. A
study of Italian adults demonstrated that overweight/obese women
with metabolic disorders faced a disproportionately higher diabetes
risk, further underscoring the potential role of sex-specific metabolic
pathways (14). However, the underlying mechanisms remain unclear
and are believed to involve several key factors. Firstly, women of
reproductive age typically exhibit better insulin sensitivity due to the
protective effects of estrogen (39). However, as they age and estrogen
levels decline, the risk of developing T2DM increases (40, 41).
Moreover, estrogen is linked to lipid metabolism and is associated
with monocyte levels, whose fluctuations may induce changes in
MHR (42, 43). Secondly, there are gender differences in insulin
resistance within adipose tissue. Research indicates that visceral
abdominal fat is more strongly correlated with insulin resistance in
women than in men, suggesting that excess visceral fat in women is
more closely associated with diabetes risk (44, 45).

In other subgroup analyses, we found that the association
between MHR and T2DM was not influenced by age, race,
education level, PIR, BMI, smoking status, physical activity,
alcohol consumption, or hypertension. This suggests that MHR
may serve as a reliable predictor of T2DM risk across
diverse populations.

4.4 Strengths and limitations

This study utilizes data from the NHANES, which includes a
substantial sample size of 10,066 participants, thereby enhancing the
representativeness and reliability of the findings. Such a large-scale
epidemiological study effectively captures the potential association
between T2DM and the MHR within the population. MHR, which is
derived from routine blood tests including monocyte count and
HDL-C levels, is a simple and cost-effective biomarker that can
be easily integrated into clinical practice. The identification of a specific
threshold (MHR =0.51) further enhances its utility for risk
stratification, particularly in resource-limited settings. Moreover, the
gender-specific association suggests that MHR could be valuable for
targeted screening in women, who may benefit from early interventions
to reduce T2DM risk. However, this cross-sectional study has several
limitations. Some data rely on self-reported diagnoses rather than
those confirmed by healthcare professionals, which may introduce bias.
Although we controlled for multiple confounding factors, the influence
of unknown confounders remains possible. Lastly, this study cannot
establish causality between MHR and T2DM, highlighting the need for
further research.

5 Conclusion

Our findings indicate a significant positive association between
elevated MHR levels and the prevalence of T2DM. Future research
should focus on longitudinal cohort studies to confirm the causal
relationship between MHR and T2DM, as well as interventions
targeting MHR (such as lifestyle modifications or pharmacological
approaches) to prevent T2DM. Additionally, high-quality studies are
needed to validate our findings and further explore the
underlying mechanisms.

Frontiers in Medicine

10.3389/fmed.2025.1521342

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by all participants
provided informed consent, and the NHANES protocol was approved
by the Institutional Review Board (IRB) of the National Center for
Health Statistics (NCHS). The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable images
or data included in this article.

Author contributions

HY: Writing - original draft, Writing - review & editing. CY:
Writing - review & editing, Writing - original draft. JL: Writing -
review & editing, Data curation. YZ: Data curation, Writing - review
& editing. GW: Writing - review & editing, Resources. XW:
Supervision, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work received financial
support from the Jilin Province Science and Technology Development
Plan Project (Grants No. 20210101224]C).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1521342
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yu et al.

References

1. Patel S, Yan Z, Remedi MS. Intermittent fasting protects p-cell identity and function
in a type-2 diabetes model. Metab Clin Exp. (2024) 153:155813. doi:
10.1016/j.metabol.2024.155813

2. Ritchie RH, Abel ED. Basic mechanisms of diabetic heart disease. Circ Res. (2020)
126:1501-25. doi: 10.1161/CIRCRESAHA.120.315913

3.Yang T, Qi E Guo E Shao M, Song Y, Ren G, et al. An update on chronic
complications of diabetes mellitus: from molecular mechanisms to therapeutic strategies
with a focus on metabolic memory. Mol Med (Cambridge, Mass). (2024) 30:71. doi:
10.1186/s10020-024-00824-9

4. Tsalamandris S, Antonopoulos AS, Oikonomou E, Papamikroulis GA, Vogiatzi G,
Papaioannou S, et al. The role of inflammation in diabetes: current concepts and future
perspectives. Eur Cardiol. (2019) 14:50-9. doi: 10.15420/ecr.2018.33.1

5. Prasad M, Chen EW, Toh SA, Gascoigne NRJ. Autoimmune responses and
inflammation in type 2 diabetes. J Leukoc Biol. (2020) 107:739-48. doi:
10.1002/JLB.3MR0220-243R

6. Reddy P, Lent-Schochet D, Ramakrishnan N, McLaughlin M, Jialal I. Metabolic
syndrome is an inflammatory disorder: a conspiracy between adipose tissue and
phagocytes. Clin Chim. (2019) 496:35-44. doi: 10.1016/j.cca.2019.06.019

7. Guo J, Fu W. Immune regulation of islet homeostasis and adaptation. ] Mol Cell Biol.
(2020) 12:764-74. doi: 10.1093/jmcb/mjaa009

8. Stoian A, Muntean C, Baba DF, Manea A, Dénes L, Simon-Szab6 Z, et al. Update
on biomarkers of chronic inflammatory processes underlying diabetic neuropathy. Int
Mol Sci. (2024) 25:10395. doi: 10.3390/ijms251910395

9.Lee YS, Eun HS, Kim SY, Jeong JM, Seo W, Byun JS, et al. Hepatic
immunophenotyping for streptozotocin-induced hyperglycemia in mice. Sci Rep. (2016)
6:30656. doi: 10.1038/srep30656

10. Linton ME, Yancey PG, Tao H, Davies SS. HDL function and atherosclerosis:
reactive Dicarbonyls as promising targets of therapy. Circ Res. (2023) 132:1521-45. doi:
10.1161/CIRCRESAHA.123.321563

11. Thacker SG, Zarzour A, Chen Y, Alcicek MS, Freeman LA, Sviridov DO, et al.
High-density lipoprotein reduces inflammation from cholesterol crystals by inhibiting
inflammasome activation. Immunology. (2016) 149:306-19. doi: 10.1111/imm.12638

12. Nazir S, Jankowski V, Bender G, Zewinger S, Rye KA, van der Vorst EPC. Interaction
between high-density lipoproteins and inflammation: function matters more than
concentration! Adv Drug Deliv Rev. (2020) 159:94-119. doi: 10.1016/j.addr.2020.10.006

13.Ruan G, Li Y, Ran Z, Liu G, Li W, Zhang X, et al. Association between monocyte-
to-high-density lipoprotein ratio and prediabetes: a cross-sectional study in Chinese
population.  Diabetes ~ Metab ~ Syndr ~ Obes. (2024)  17:1093-103.  doi:
10.2147/DMS0O.5451189

14. Battaglia S, Scialpi N, Berardi E, Antonica G, Suppressa P, Diella FA, et al. Gender,
BMI and fasting hyperglycaemia influence monocyte to-HDL ratio (MHR) index in
metabolic subjects. PLoS One. (2020) 15:¢0231927. doi: 10.1371/journal.pone.0231927

15. Wang L, Dong ], Xu M, Li L, Yang N, Qian G. Association between monocyte to
high-density lipoprotein cholesterol ratio and risk of non-alcoholic fatty liver disease: a
cross-sectional study. Front Med. (2022) 9:898931. doi: 10.3389/fmed.2022.898931

16. Tanase DM, Gosav EM, Costea CF, Ciocoiu M, Lacatusu CM, Maranduca MA,
et al. The intricate relationship between type 2 diabetes mellitus (T2DM), insulin
resistance (IR), and nonalcoholic fatty liver disease (NAFLD). J Diabetes Res. (2020)
2020:3920196. doi: 10.1155/2020/3920196

17. Zhao S, Tang ], Yu S, Maimaitiaili R, Teliewubai ], Xu C, et al. Monocyte to high-
density lipoprotein ratio presents a linear association with atherosclerosis and nonlinear
association with arteriosclerosis in elderly Chinese population: the northern Shanghai
study. Nutr Metab Cardiovasc Dis. (2023) 33:577-83. doi: 10.1016/j.numecd.2022.12.002

18. Chen JW, Li C, Liu ZH, Shen Y, Ding FH, Shu XY, 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. (2019) 10:191. doi:
10.3389/fendo0.2019.00191

19. Bucholz EM, Rodday AM, Kolor K, Khoury MJ, de Ferranti SD. Prevalence and
predictors of cholesterol screening, awareness, and statin treatment among US adults
with familial hypercholesterolemia or other forms of severe dyslipidemia (1999-2014).
Circulation. (2018) 137:2218-30. doi: 10.1161/CIRCULATIONAHA.117.032321

20. Wu K, Chen L, Kong Y, Zhuo JE, Sun Q, Chang J. The association between serum
copper concentration and prevalence of diabetes among US adults with hypertension
(NHANES 2011-2016). J Cell Mol Med. (2024) 28:¢18270. doi: 10.1111/jcmm.18270

21. DecisionLinnc Core Team. (2023). DecisionLinnc 1.0. Available online at: https://
www.statsape.com/.

22.Wu D, Lan Y, Xu Y, Xu S, Huang Y, Balmer L, et al. Association of cumulative
monocyte to high-density lipoprotein ratio with the risk of type 2 diabetes: a prospective
cohort study. Cardiovasc Diabetol. (2022) 21:268. doi: 10.1186/s12933-022-01701-7

23.Donath MY, Dinarello CA, Mandrup-Poulsen T. Targeting innate immune
mediators in type 1 and type 2 diabetes. Nat Rev Immunol. (2019) 19:734-46. doi:
10.1038/s41577-019-0213-9

Frontiers in Medicine

10.3389/fmed.2025.1521342

24. Olefsky M, Glass CK. Macrophages, inflammation, and insulin resistance. Annu
Rev Physiol. (2010) 72:219-46. doi: 10.1146/annurev-physiol-021909-135846

25.Ehses JA, Perren A, Eppler E, Ribaux P, Pospisilik JA, Maor-Cahn R, et al.
Increased number of islet-associated macrophages in type 2 diabetes. Diabetes. (2007)
56:2356-70. doi: 10.2337/db06-1650

26.Chong ZZ, Menkes DL, Souayah N. Targeting neuroinflammation in distal
symmetrical polyneuropathy in diabetes. Drug Discov Today. (2024) 29:104087. doi:
10.1016/j.drudis.2024.104087

27.Sepehri Z, Kiani Z, Nasiri AA, Mashhadi MA, Javadian F, Haghighi A, et al.
Human toll like receptor 4 gene expression of PBMCs in diabetes mellitus type 2
patients. Cell Mol Biol (Noisy-le-Grand, France). (2015) 61:92-5.

28. Mokgalaboni K, Dludla PV, Mkandla Z, Mutize T, Nyambuya TM, Mxinwa V, et al.
Differential expression of glycoprotein IV on monocyte subsets following high-fat diet
feeding and the impact of short-term low-dose aspirin treatment. Metab Open. (2020)
7:100047. doi: 10.1016/j.metop.2020.100047

29. Bonacina F, Pirillo A, Catapano AL, Norata GD. HDL in immune-inflammatory
responses: implications beyond cardiovascular diseases. Cells. (2021) 10:1061. doi:
10.3390/cells10051061

30. Natali A, Baldi S, Bonnet E Petrie ], Trifird S, Trico D, et al. Plasma HDL-
cholesterol and triglycerides, but not LDL-cholesterol, are associated with insulin
secretion in non-diabetic subjects. Metab Clin Exp. (2017) 69:33-42. doi:
10.1016/j.metabol.2017.01.001

31. Harslof M, Pedersen KM, Nordestgaard BG, Afzal S. Low high-density lipoprotein
cholesterol and high white blood cell counts: a Mendelian randomization study.
Arterioscler Thromb Vasc Biol. (2021) 41:976-87. doi: 10.1161/ATVBAHA.120.314983

32. Dragoljevic D, Kraakman MJ, Nagareddy PR, Ngo D, Shihata W, Kammoun HL,
et al. Defective cholesterol metabolism in haematopoietic stem cells promotes monocyte-
driven atherosclerosis in rheumatoid arthritis. Eur Heart J. (2018) 39:2158-67. doi:
10.1093/eurheartj/ehy119

33. Stiekema LCA, Willemsen L, Kaiser Y, Prange KHM, Wareham NJ, Boekholdt SM,
et al. Impact of cholesterol on proinflammatory monocyte production by the bone
marrow. Eur Heart ]. (2021) 42:4309-20. doi: 10.1093/eurheartj/ehab465

34. Ishibashi T, Kaneko H, Matsuoka S, Suzuki Y, Ueno K, Ohno R, et al. HDL
cholesterol and clinical outcomes in diabetes mellitus. Eur J Prev Cardiol. (2023)
30:646-53. doi: 10.1093/eurjpc/zwad029

35. Wilson PW, Meigs JB, Sullivan L, Fox CS, Nathan DM, D'Agostino RB Sr.
Prediction of incident diabetes mellitus in middle-aged adults: the Framingham
offspring study. Arch Intern Med. (2007) 167:1068-74. doi: 10.1001/archinte.167.10.1068

36. Abbasi A, Corpeleijn E, Gansevoort RT, Gans RO, Hillege HL, Stolk RP, et al. Role
of HDL cholesterol and estimates of HDL particle composition in future development
of type 2 diabetes in the general population: the PREVEND study. J Clin Endocrinol
Metab. (2013) 98:E1352-9. doi: 10.1210/jc.2013-1680

37. Yuge H, Okada H, Hamaguchi M, Kurogi K, Murata H, Ito M, et al. Triglycerides/
HDL cholesterol ratio and type 2 diabetes incidence: Panasonic cohort study 10.
Cardiovasc Diabetol. (2023) 22:308. doi: 10.1186/s12933-023-02046-5

38.Cheng C, Liu Y, Sun X, Yin Z, Li H, Zhang M, et al. Dose-response association
between the triglycerides: high-density lipoprotein cholesterol ratio and type 2 diabetes
mellitus risk: the rural Chinese cohort study and meta-analysis. ] Diabetes. (2019)
11:183-92. doi: 10.1111/1753-0407.12836

39. Mauvais-Jarvis F, Clegg DJ, Hevener AL. The role of estrogens in control of energy
balance and glucose homeostasis. Endocr Rev. (2013) 34:309-38. doi:
10.1210/er.2012-1055

40. De Paoli M, Zakharia A, Werstuck GH. The role of estrogen in insulin resistance:
a review of clinical and preclinical data. Am ] Pathol. (2021) 191:1490-8. doi:
10.1016/j.ajpath.2021.05.011

41. Bracht JR, Vieira-Potter V], De Souza SR, Oz OK, Palmer BE, Clegg DJ. The role
of estrogens in the adipose tissue milieu. Ann N 'Y Acad Sci. (2020) 1461:127-43. doi:
10.1111/nyas.14281

42. Richard E, von Muhlen D, Barrett-Connor E, Alcaraz J, Davis R, McCarthy JJ.
Modification of the effects of estrogen therapy on HDL cholesterol levels by
polymorphisms of the HDL-C receptor, SR-BI: the rancho Bernardo study.
Atherosclerosis. (2005) 180:255-62. doi: 10.1016/j.atherosclerosis.2004.12.013

43. Harkénen PL, Védnanen HK. Monocyte-macrophage system as a target for
estrogen and selective estrogen receptor modulators. Ann N Y Acad Sci. (2006)
1089:218-27. doi: 10.1196/annals.1386.045

44. Ritter R, de Jong M, Vos RC, van der Kallen CJH, Sep SJS, Woodward M, et al. Sex
differences in the risk of vascular disease associated with diabetes. Biol Sex Differ. (2020)
11:1. doi: 10.1186/s13293-019-0277-z

45. Mutsert R, Gast K, Widya R, de Koning E, Jazet I, Lamb H, et al. Associations of
abdominal subcutaneous and visceral fat with insulin resistance and secretion differ
between men and women: the Netherlands epidemiology of obesity study. Metab Syndr
Relat Disord. (2018) 16:54-63. doi: 10.1089/met.2017.0128

frontiersin.org


https://doi.org/10.3389/fmed.2025.1521342
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.metabol.2024.155813
https://doi.org/10.1161/CIRCRESAHA.120.315913
https://doi.org/10.1186/s10020-024-00824-9
https://doi.org/10.15420/ecr.2018.33.1
https://doi.org/10.1002/JLB.3MR0220-243R
https://doi.org/10.1016/j.cca.2019.06.019
https://doi.org/10.1093/jmcb/mjaa009
https://doi.org/10.3390/ijms251910395
https://doi.org/10.1038/srep30656
https://doi.org/10.1161/CIRCRESAHA.123.321563
https://doi.org/10.1111/imm.12638
https://doi.org/10.1016/j.addr.2020.10.006
https://doi.org/10.2147/DMSO.S451189
https://doi.org/10.1371/journal.pone.0231927
https://doi.org/10.3389/fmed.2022.898931
https://doi.org/10.1155/2020/3920196
https://doi.org/10.1016/j.numecd.2022.12.002
https://doi.org/10.3389/fendo.2019.00191
https://doi.org/10.1161/CIRCULATIONAHA.117.032321
https://doi.org/10.1111/jcmm.18270
https://www.statsape.com/
https://www.statsape.com/
https://doi.org/10.1186/s12933-022-01701-7
https://doi.org/10.1038/s41577-019-0213-9
https://doi.org/10.1146/annurev-physiol-021909-135846
https://doi.org/10.2337/db06-1650
https://doi.org/10.1016/j.drudis.2024.104087
https://doi.org/10.1016/j.metop.2020.100047
https://doi.org/10.3390/cells10051061
https://doi.org/10.1016/j.metabol.2017.01.001
https://doi.org/10.1161/ATVBAHA.120.314983
https://doi.org/10.1093/eurheartj/ehy119
https://doi.org/10.1093/eurheartj/ehab465
https://doi.org/10.1093/eurjpc/zwad029
https://doi.org/10.1001/archinte.167.10.1068
https://doi.org/10.1210/jc.2013-1680
https://doi.org/10.1186/s12933-023-02046-5
https://doi.org/10.1111/1753-0407.12836
https://doi.org/10.1210/er.2012-1055
https://doi.org/10.1016/j.ajpath.2021.05.011
https://doi.org/10.1111/nyas.14281
https://doi.org/10.1016/j.atherosclerosis.2004.12.013
https://doi.org/10.1196/annals.1386.045
https://doi.org/10.1186/s13293-019-0277-z
https://doi.org/10.1089/met.2017.0128

	The association between monocyte-to-high-density lipoprotein cholesterol ratio and type 2 diabetes mellitus: a cross-sectional study
	1 Introduction
	2 Methods
	2.1 Research population
	2.2 Exposure and outcome
	2.3 Covariates
	2.4 Statistical examination

	3 Results
	3.1 Initial characteristics
	3.2 The correlation between T2DM and MHR
	3.3 Subgroup analysis
	3.4 Nonlinear association between MHR and T2DM

	4 Discussion
	4.1 Summary of results
	4.2 The correlation between MHR and the increased likelihood of T2DM
	4.3 Analyzing the outcomes of subgroup and interaction effects
	4.4 Strengths and limitations

	5 Conclusion

	References

