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Background: The monocyte to high-density lipoprotein—cholesterol ratio (MHR) has been significantly associated with inflammation.
However, there is a paucity of research exploring the association between MHR and the susceptibility to chronic obstructive
pulmonary disease (COPD).

Methods: The study cohort comprised participants from ten cycles of the National Health and Nutrition Examination Survey,
covering the period from 1999 to 2018. COPD was identified through self-reported diagnoses. Mobile Examination Center weights
were applied in accordance with guidelines from National Center for Health Statistics. The multivariate logistic regression analysis
was conducted to determine the association between MHR and COPD. Restricted cubic spline curves were employed to investigate the
potential dose—response relationship between COPD and MHR. Subgroup analyses and interaction tests were finally performed.
Results: The study included a total of 39,646 participants, including 2,876 COPD participants. After controlling for all potential
covariates, weighted logistic regression analysis demonstrated a significant association between MHR and COPD. When MHR was
treated as a categorical variable, the risk of COPD increased significantly after adjusting for all potential covariates. The dose—response
curve suggested a non-linear relationship between MHR and COPD risk. Subgroup analysis revealed significant interactive effects
between MHR and COPD among individuals with varying BMI, marital status and smoking status.

Conclusion: MHR was significantly associated with COPD among US adults. There is a need for further longitudinal cohort studies
to explore the relationship between MHR and COPD.

Keywords: chronic obstructive pulmonary disease, monocyte-to-high density lipoprotein—cholesterol ratio, NHANES, inflammation,
monocytes, HDL-C

Introduction
Chronic obstructive pulmonary disease (COPD) is a prevalent chronic respiratory disease characterized by irreversible
and progressive airflow limitation. Despite advancements in medical technology and treatment strategies for COPD, the
incidence and mortality rates remain significantly high.' As awareness of the importance of disease prevention grows,
early intervention is recognized as crucial for enhancing the prognosis of individuals with COPD. In 2022, the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) introduced the concept of “pre-chronic obstructive pulmonary
disease”, underscoring the necessity for early detection of COPD in clinical practice.” Nevertheless, there is a notable
absence of effective and convenient tools for assessing the risk of COPD development, highlighting an urgent need to
identify and address the risk factors associated with COPD to advance public health outcomes.

Inflammatory biomarkers may be among the most promising candidates to address this gap. The inflammatory response is
integral to the pathogenesis and progression of COPD, particularly through mechanisms involving oxidative stress® ’ and the
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Graphical Abstract

Association between Monocyte-to-High Density Lipoprotein-Cholesterol Ratio and

COPD among US adults: Findings from the NHANES 1999-2018
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aberrant activation of the immune system induced by inflammation.® These processes contribute significantly to both the

onset and exacerbation of COPD. Traditional biomarkers,” such as C-reactive protein (CRP),'® fibrinogen'' and white blood

cell counts,'? are frequently linked to the inflammatory response in COPD."* However, these markers often lack adequate
sensitivity and specificity, limiting their utility in the early detection of the population with high risk of COPD. Recently,

14716 the Triglyceride—Glucose ratio'” and

novel inflammation-related biomarkers, including the Dietary Inflammatory Index,
the ratio of non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol,'> have been extensively
investigated. These biomarkers are significantly associated with various diseases and potential for risk stratification.” The
monocyte to high-density lipoprotein cholesterol ratio (MHR) is an emerging composite inflammatory marker that holds
unique promise. It simultaneously reflects pro-inflammatory and anti-inflammatory pathways and offers the practical
advantages of being cost-effective and readily obtainable from routine blood tests. Previous research have indicated that

MHR is associated with cardiovascular diseases,'® 2 gallstones,?' kidney stone** and metabolic syndrome.>* However, there
has been limited research investigating the association between MHR and COPD. Therefore, this study aims to further
investigate this association utilizing nationally representative data from the National Health and Nutrition Examination

Survey (NHANES) covering the period from 1999 to 2018, to provide more valuable evidence.

International Journal of Chronic Obstructive Pulmonary Disease 2026:21

2 https:



Li et al

Materials and Methods

Study Design and Data Source

This population-based study analyzed publicly available data from the 1999-2018 two-year cycles of NHANES.
NHANES is conducted by the National Center for Health Statistics (NCHS), a branch of the Centers for Disease
Control and Prevention (CDC) in the United States. The survey aims to assess the health and nutritional status of adults
and children nationwide. Utilizing a complex, multistage probability sampling design, NHANES collects and analyzes
data representative of the US civilian, non-institutionalized population. The data is accessible for research purposes, with
usage permission granted by NCHS. Participants complete household interviews and are invited to visit a Mobile
Examination Center (MEC) for comprehensive examinations, which include physical assessments, specialized measure-
ments, and laboratory tests. Additional information about NHANES can be found at https://www.cdc.gov/nchs/nhanes/?
CDC_AAref Val=https://www.cdc.gov/nchs/nhanes/index.htm.

Study Population Selection

We extracted NHANES data from ten consecutive cycles with a sample size of 101,316. The selection of the age range
was referenced to the previous study.* Data were progressively excluded based on the following criteria: 1) age < 20 or
> 80 years; 2) missing information on diagnosis of COPD; and 3) missing information on blood monocyte counts or
high-density lipoprotein cholesterol (HDL-C). Detailed information is shown in Figure 1.

Cohort with Available Study Data from NHANES 1999-2018
n=101,316

Exclusions (n = 50,492)
Adult <20 or > 80 years old (n=50,492)

Adult 20~79 years old
n = 50,824

Exclusions (n = 5,300)
Missing Data of HDL Cholesterol
Missing Data of Monocyte Count

Participants with Available Data of HDL Cholesterol and
Monocyte Count
n = 45524

Exclusions (n =5)
Missing Data of COPD diagnosis (n = 5)

Participants with Available Data for COPD Diagnosis

n = 45,519
Exclusions (n = 5,873)
Missing Data and abnormal value of Covariate
COPD Group Non-COPD Group
n=2,876 n = 36,770

Figure | The flowchart of population selection.
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Definition of COPD Diagnosis

This study diagnosed COPD through a self-reported questionnaire, asking participants whether they had ever been
diagnosed with COPD, emphysema, or chronic bronchitis by doctors or healthcare professional. To be specific, COPD
was identified based on participants’ responses to three specific self-reported questions from the NHANES questionnaire,
which were designed and quality-controlled by NHANES personnel. The questions were: (1) Ever told you that you had
emphysema? (2) Ever told you that you had chronic bronchitis? (3) Ever told you that you had COPD? Participants who
responded “Yes” to any of these questions were classified as having a self-reported physician diagnosis of COPD and
were assigned to the COPD group. Those who answered “No” to all three questions were categorized into the Non-

COPD group. The self-reported method has been widely adopted in the national and large-scale studies.?>*

Measurement of MHR

Monocyte counts and HDL-C levels were measured according to the protocols specified in the NHANES Laboratory/
Medical Technologist Procedures Manual. The complete blood count parameters were derived using the Beckman
Coulter method of counting and sizing. White blood cell differentials were determined using Volume, Conductivity,
and Scatter technology.

HDL-C levels are measured through a selective chemical reaction. After non-HDL cholesterol is removed, HDL-C
reacts with specific enzymes to produce a colored compound, the intensity of which is measured at 600 nm to determine
concentration. To extract the level of HDL-C, a magnesium/dextran sulfate solution is first added to the specimen to form
water-soluble complexes with non-HDL-C fractions. With addition of some reagents, HDL-C are converted by PEG-
cholesterol esterase. The HDL-C is acted upon by PEG-cholesterol oxidase, and the chemical products under the action
of peroxidase form a purple/blue pigment that is measured photometrically at 600 nm. Detailed descriptions are available
on the NHANES website. Subsequently, we calculated the MHR based on the extracted data and stratified all MHR level
into four quantiles (the first quantile (Q1), the second quantile (Q2), the third quantile (Q3), the fourth quantile (Q4))
according to their quartile boundaries. The formula for the calculation of MHR is as follows:

MHR = Monocyte counts/HDL — C

Covariates

The following additional baseline risk factor data were collected: (1) demographic characteristics: age, gender, race,
education, marital status, and poverty income ratio (PIR); (2) physical examinations parameters: body mass index (BMI);
(3) Presence of diabetes, hypertension, cancer and asthma; (4) laboratory findings: monocyte counts and HDL-C levels;
(5) The PIR was calculated by dividing the family’s income by the federal poverty threshold appropriate for the family
size and composition. Based on PIR values, participants were classified into three income groups based on previous
studies:*’ low-income (PIR < 2), middle-income (PIR = 2-4), and high-income (PIR > 4). BMI was determined by the
formula weight (kg) divided by height squared (m?) and categorized into “Underweight” (BMI < 18 kg/m?), “Normal
weight” (BMI = 18-24.9 kg/m?), “Overweight” (BMI= 25-29.9 kg/m?), and “Obesity” (BMI > 30 kg/m?). Education was
dichotomized into “Less than high school” and “High school and above”. Age was stratified into three groups: “20-39
years”, “40-59 years”, and “60-79 years”. Marital status was classified into two categories “Married or Living with
partner” and “living alone” (“Widowed”/“Divorce”/“Separated”/“Never married”). Race was composed by “Mexican
American”, “Other Hispanic”, “Non-Hispanic White”, “Non-Hispanic Black” and “Other Race”. According to the
participants’ response to the question “Have you smoked at least 100 cigarettes in your entire life?”, smoking status
was, respectively, classified as “Yes” and “No”. Individuals were inquired about whether a doctor or other healthcare
professional has ever diagnosed them with chronic comorbidities including diabetes, asthma, cancer, hypertension. If the
response was affirmative, it was determined that the person had the comorbidity mentioned above.

Statistical Analysis
To account for the complex sampling design of NHANES, which includes weighting, clustering, and stratification,
appropriate survey methodologies were employed. MEC weights were applied in accordance with guidelines from
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NCHS. Continuous variables with a normal distribution were expressed as mean + standard deviation and analyzed using
the #-test. Non-normally distributed continuous variables were presented as median with interquartile ranges (25th, 75th
percentiles) and assessed using the Kruskal-Wallis H-test. Categorical variables were reported as counts (n) and
percentages (%) and analyzed using the chi-square test.

To investigate the association between MHR levels and the prevalence of COPD, the multivariate logistic regression
analyses were performed while adjusting for potential confounders. Model I was adjusted for age, gender, race, marital
status, education, PIR, Model II was adjusted for all variables in Model I, BMI and smoking, and Model III was adjusted
for all variables in Model II, diabetes, hypertension, asthma and cancer.

To account for potential nonlinear dose—response relationships between COPD and MHR, we employed restricted
cubic spline (RCS) modeling using model III. We set the candidate knots ranging from 3 to 8, and performed 5-fold
cross-validation to train the model under each knot’s configuration, followed by prediction and Area Under the Curve
(AUC) calculation. Finally, the knots demonstrating the highest average AUC value was selected, and an RCS plot was
drawn in Figure 2.

Subgroup analyses were conducted to explore potential differences among the different populations in model III and
to assess the potential modifying effects by testing the corresponding multiplicative interaction terms. Finally, forest plots
(Figure 3) were used to show the result of the subgroup analyses.

All statistical analyses were performed using R software version 4.4.0 (http://www.r-project.org), Zstats 1.0 (www.zstats.net)
and SPSS 26.0 software, and double-sided P < 0.05 was defined as statistical significance.

Result

Baseline Characteristics of Participants

As shown in Table 1, 39,646 participants were enrolled in the present study from the NHANES database between 1999
and 2018. The weighted prevalence of COPD was 7.25%, with 2,876 individuals with COPD. When participants were
categorized into quartiles based on MHR levels (Q1: < 0.293; Q2: 0.293-0.404; Q3: 0.404—0.550; Q4: > 0.550), a clear
trend of increasing MHR was observed across quartiles in the COPD group, while levels remained relatively stable in the
non-COPD group. In Table 2, participants with COPD had higher MHR levels than those without COPD. Tables 1 and 2
demonstrate statistically significant differences for most covariates across groups, with the exception of asthma and
cancer in Table 2. (P > 0.05).

P-overall <.0001
P for nonlinear <.0001

0 1 2 3
MHR

Figure 2 The Non-Linear Association Between MHR and COPD by RCS.
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Variables n (%) OR (95%CI) P P for interaction
All patients 39646 (100.00) 1.43 (1.21 ~1.68) ; = <.001
Age ; 0.531
40-59 13634 (34.39) 1.57 (1.15~2.16) | 0.005
20-39 14904 (37.59) 1.77 (1.25 ~2.52) P 0.001
60-79 11108 (28.02) 1.28 (1.05 ~1.55) = 0.016
Gender i 0.736
Male 19145 (48.29) 1.31 (1.08 ~1.59) H—f 0.006
Female 20501 (51.71) 1.61 (1.24 ~2.09) D —— <.001
Race i 0.283
Non-Hispanic White 17381 (43.84) 1.35(1.12 ~ 1.64) L] 0.002
Mexican American 7097 (17.90) 1.95 (1.07 ~ 3.56) EI—-—> 0.030
Non-Hispanic Black 8167 (20.60) 1.02 (0.65 ~ 1.61) ] 0.924
Other Hispanic 3257 (8.22) 2.00 (1.02 ~ 3.90) ;I—-—> 0.043
Other Race 3744 (9.44) 1.72 (0.91 ~ 3.27) F——=——— 0.096
Maritalstatus E 0.041
Married or Living with partner 24700 (62.30) 1.27 (1.05 ~ 1.53) = 0.012
Living alone 14946 (37.70) 1.77 (1.37 ~2.29) b <.001
Education | 0.412
High school grad or above 29703 (74.92) 1.38 (1.15~1.67) D <.001
Less than high school 9943 (25.08) 1.46 (1.07 ~2.01) —— 0.018
PIR i 0.560
>4 10548 (26.61) 1.73 (1.17 ~ 2.56) D 0.006
2 18452 (46.54) 1.35(1.11 ~1.64) ] 0.003
2-4 10646 (26.85) 1.41 (0.98 ~2.03) ——y 0.066
BMI 0.045
Overweight 13246 (33.41) 1.99 (1.46 ~2.70) N e S <.001
Obesity 14702 (37.08) 1.18 (0.97 ~1.42) = 0.093
Normal weight 11071 (27.92) 1.68 (1.12 ~2.52) P 0.012
Underweight 627 (1.58) 2.09 (0.49 ~ 8.91) : 0.319
Diabetes ; 0.353
No 35051 (88.41) 1.43(1.19~1.72) e <.001
Yes 4595 (11.59) 1.43 (0.99 ~2.07) 0.057
Smoking : <.001
Yes 18130 (45.73) 1.76 (1.45 ~2.14) —— <.001
No 21516 (54.27) 1.03 (0.77 ~ 1.40) ——| 0.827
Cancer : 0.451
No 36647 (92.44) 1.39 (1.17 ~ 1.66) i = <.001
Yes 2999 (7.56) 1.60 (1.06 ~2.41) i 0.026
Asthma : 0.224
No 34164 (86.17) 1.46 (1.20 ~1.77) D <.001
Yes 5482 (13.83) 1.37 (1.01 ~ 1.85) —— 0.042
Hypertension i 0.067
Yes 12679 (31.98) 1.24 (1.03 ~ 1.49) = 0.025
No 26967 (68.02) 1.77 (1.39 ~ 2.25) R <.001
[ |
1 3

low risk high risk

Figure 3 The forest plot for subgroup analysis under adjusting for all covariates.

Multivariable Logistic Regression Analysis of the Association Between MHR and COPD
The independent association between MHR and COPD was analyzed via three weighted logistic regression models, as
shown in Table 3. After adjusting for potential covariates across three models, the continuous MHR showed a significant
positive correlation with risk of COPD in all models. Notably, in the fully adjusted model (Model III), participants in the
highest MHR quartile (Q4) had a 36% greater risk of COPD compared to those in the lowest quartile (Q1) (OR: 1.36,
95% CI: 1.19-1.54, p < 0.001).
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Table | Baseline Characteristic, Classified by COPD, for the Association Between COPD
and MHR Among US Population with Age 20-79 Years, NHANES 1999-2018

Characteristic No. (Weighted/Mean (SD)) p value
COPD* Non-COPD
(n = 2876) (n =36770)

Gender < 0.001
Male 1171 (37.9%) | 17,974 (49.3%)
Female 1705 (62.1%) | 18,796 (50.7%)

Age (years) < 0.001
20-39 591 (22.4%) 14,313 (40.5%)
40-59 1013 (40.9%) | 12,621 (39.8%)
60-79 1272 (36.7%) | 9836 (19.6%)

Race < 0.001
Mexican American 248 (3.1%) 6849 (8.5%)
Other Hispanic 196 (4.0%) 3061 (5.5%)
Non-Hispanic White 1715 (77.8%) 15,666 (68.3%)
Non-Hispanic Black 531 (9.0%) 7636 (10.7%)
Other Race 186 (6.1%) 3558 (6.9%)

Education < 0.001
Less than high school 831 (21.5%) 9112 (15.3%)
High school and above 2045 (78.5%) | 27,658 (84.7%)

PIR < 0.001
<2 1721 (47.9%) | 16,731 (32.6%)
2-4 676 (27.5%) 9970 (28.9%)
>4 479 (24.6%) 10,069 (38.5%)

Marital < 0.001
Married or living with partner 1524 (58.5%) | 23,176 (66.2%)
Living alone 1352 (41.5%) 13,594 (33.8%)

BMI#* (kg/m?) <0.00!
Underweight 74 (2.8%) 553 (1.5%)
Normal weight 639 (22.3%) 10,432 (29.8%)
Overweight 785 (27.4%) 12,461 (33.7%)
Obesity 1378 (47.4%) | 13,324 (35.1%)

Smoking < 0.001
Yes 2009 (69.2%) | 16,121 (44.5%)
No 867 (30.8%) 20,649 (55.5%)

Hypertension < 0.001
Yes 1466 (45.9%) | 11,213 (27.2%)
No 1410 (54.1%) | 25,557 (72.8%)

Cancer < 0.001
Yes 445 (17.3%) 2554 (7.5%)
No 2431 (82.7%) | 34,216 (92.5%)

Diabetes < 0.001
Yes 633 (17.8%) 3962 (7.7%)
No 2243 (82.2%) | 32,808 (92.3%)

Asthma < 0.001
Yes 1274 (43.6%) | 4208 (12.0%)
No 1602 (56.4%) | 32,562 (88.0%)

MHR* < 0.001
Ql 592 (20.0%) 9471 (24.8%)
Q2 632 (22.2%) 9256 (25.3%)
Q3 742 (25.9%) 9163 (25.2%)
Q4 910 (32.0%) 8880 (24.7%)

Notes: *Chronic Obstructive Pulmonary Disease. **Body Mass Index. *Monocyte-to-High-Density Lipoprotein—
Cholesterol Ratio. TPoverty—Income Ratio.
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Table 2 Baseline Characteristic, Classified by MHR, for the Association Between COPD and MHR Among US
Population with Age 20-79 Years, NHANES 1999-2018

Characteristic MHR¥ (Weighted/Mean (SD)) p value
Ql Q2 Q3 Q4
(n=10063) | (n=9888) | (n=9905) | (n=9790)

Gender < 0.001
Male 2936 (26.8%) | 4163 (41.7%) | 5402 (55.9%) | 6644 (68.7%)
Female 7127 (73.2%) | 5725 (58.3%) | 4503 (44.1%) | 3146 (31.3%)

Age (years) < 0.001
20-39 3601 (35.5%) | 3880 (40.9%) | 3722 (39.2%) | 3701 (41.1%)
40-59 3676 (42.8%) | 3315 (38.6%) | 3398 (40.3%) | 3245 (38.0%)
60-79 2786 (21.7%) | 2693 (20.4%) | 2785 (20.5%) | 2844 (20.9%)

Race < 0.001
Mexican American 1471 (6.5%) 1859 (8.5%) 1959 (8.9%) 1808 (8.7%)
Other Hispanic 715 (4.3%) 780 (5.1%) 877 (6.0%) 885 (6.2%)
Non-Hispanic White 3882 (66.1%) | 4153 (68.6%) | 4489 (70.0%) | 4857 (71.4%)
Non-Hispanic Black 2799 (14.8%) | 2201 (11.5%) | 1760 (9.1%) 1407 (7.2%)
Other Race 1196 (8.3%) | 895 (6.3%) 820 (6.1%) 833 (6.6%)

Education < 0.001
Less than high school 2088 (12.1%) | 2510 (15.6%) | 2590 (16.6%) | 2755 (18.8%)
High school and above 7975 (87.9%) | 7378 (84.4%) | 7315 (83.4%) | 7035 (81.2%)

PIRY < 0.001
<2 4155 (28.5%) | 4582 (33.3%) | 4708 (34.5%) | 5007 (38.2%)
2-4 2732 (27.7%) | 2628 (28.4%) | 2645 (28.9%) | 2641 (30.1%)
>4 3176 (43.8%) | 2678 (38.3%) | 2552 (36.6%) | 2142 (31.7%)

Marital 0.032
Married or living with partner | 6031 (66.3%) | 6166 (64.7%) | 6245 (65.9%) | 6258 (65.6%)
Living alone 3909 (33.7%) | 3845 (35.3%) | 3660 (34.1%) | 3532 (34.4%)

BMI#* (kg/m?) <0.001
Underweight 288 (2.8%) 167 (1.8%) 108 (1.2%) 64 (0.6%)
Normal weight 4176 (45.0%) | 2926 (31.8%) | 2351 (24.7%) | 1618 (16.1%)
Overweight 3123 (30.7%) | 3405 (34.7%) | 3430 (34.5%) | 3288 (33.0%)
Obesity 2476 (21.5%) | 3390 (31.9%) | 4016 (39.6%) | 4820 (50.3%)

Smoking < 0.001
Yes 3772 (38.1%) | 4208 (42.5%) | 4729 (48.5%) | 5471 (55.6%)
No 6341 (61.9%) | 5680 (57.5%) | 5176 (51.5%) | 4319 (44.4%)

Hypertension < 0.001
Yes 2772 (23.2%) | 2974 (26.4%) | 3207 (29.5%) | 3726 (34.9%)
No 7291 (76.8%) | 6914 (73.6%) | 6698 (70.5%) | 6064 (65.1%)

Diabetes < 0.001
Yes 761 (4.9%) 1009 (6.9%) 1259 (9.3%) 1566 (12.6%)
No 9302 (95.1%) | 8879 (93.1%) | 8646 (90.7%) | 8224 (87.4%)

Cancer 0.172
Yes 774 (8.8%) 698 (7.7%) 775 (8.6%) 752 (7.9%)
No 9289 (91.2%) | 9190 (92.3%) | 9130 (91.4%) | 9038 (92.1%)

Asthma 0.153
Yes 1332 (13.4%) | 1355 (14.2%) | 1408 (14.7%) | 1387 (14.8%)
No 8731 (86.6%) | 8533 (85.8%) | 8497 (85.3%) | 8403 (85.2%)

COPD* < 0.001
Yes 592 (5.9%) 632 (6.4%) 742 (7.4%) 910 (9.2%)
No 9471 (94.1%) | 9256 (93.6%) | 9163 (92.6%) | 8880 (90.8%)

Notes: *Chronic Obstructive Pulmonary Disease. **Body Mass Index. *Monocyte-to-High-Density Lipoprotein—Cholesterol Ratio. TPoverty—
Income Ratio.
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Table 3 Multivariate Logistic Regression Models for the Association Between MHR Level and COPD
Prevalence, NHANES 1999-2018

Variable Model | Model Il Model Il
OR (95% CI) P OR (95% CI) P OR (95% CI) P
MHRY Continuous | 1.99 (1.70 ~ 2.31) | <0.001 | 1.53 (1.30 ~ 1.79) | <0.001 | 1.43 (1.21 ~ 1.68) | <0.001
Ql reference reference reference
Q2 1.15 (1.02 ~ 1.29) | 0.022 1.07 (0.95 ~ 1.20) | 0.287 1.04 (0.92 ~ 1.18) | 0.569
Q3 1.39 (1.24 ~ 1.56) | <0.001 | .23 (1.09 ~ 1.38) | <0.001 | I.15(1.02 ~1.31) | 0.025
Q4 1.76 (1.56 ~ 1.97) | <0.001 | 1.45(1.28 ~ 1.64) | <0.001 | 1.36 (I.19 ~ 1.54) | <0.001

Notes: Model I: Age, Gender, Race, Marital, Education, PIR. Model II: Adjusted for all variables in Model |, BMI and smoking. Model Ill: Adjusted
for all variables in Model Il, Diabetes, Hypertension, Asthma and Cancer. TMonocyte—to—High—Densi':y Lipoprotein—Cholesterol Ratio.

The Non-Linear Association Between MHR and COPD

The study utilized RCS plots to visualize the dose—response relationship between MHR and COPD, revealing a nonlinear
association. The curve demonstrated a positive correlation between MHR and COPD prevalence odds beyond a certain
cutoff point, after which the relationship remained positive but stabilized. The difference in the curve before and after this
threshold was statistically significant (Figure 2).

Subgroup Analysis

To further evaluate the robustness of the association between MHR and the risk of COPD, the multi-subgroup analyses
and interaction tests were conducted across various covariates. Figure 3 shows the forest plot for subgroup analysis under
adjusting for all covariates we included in the study. Our subgroup analyses demonstrated stability in the positive
association between MHR and COPD risk, as evidenced by non-significant interaction terms across most subgroups. This
robustness suggests the observed relationship is consistent across diverse demographic (age, gender, race, education,
PIR) and comorbidities (diabetes, hypertension, asthma and cancer). In addition, the relationship between MHR and
COPD was significantly different in the subgroups stratified by BMI, marital status and smoking status, indicating that
the association between elevated MHR and higher COPD risk was more pronounced among overweight individuals (p
for interaction = 0.045, OR: 1.99, 95% CI: 1.46-2.70, p < 0.001), those living alone (p for interaction = 0.041, OR: 1.77,
95% CI: 1.37-2.29, p < 0.001) and the smoking subgroup (p for interaction < 0.001, OR: 1.76, 95% CI: 1.45-2.14, p <
0.001). Detailed data can be found in Figure 3.

Discussion

This study utilized data from ten cycles of NHANES (1999-2018) to investigate the association between MHR and
COPD. Our findings indicate that after adjusting for potential covariates, there is a positive association between MHR
and COPD risk. Individuals with higher MHR levels had 36% higher odds of COPD prevalence compared to those with
lower levels. Furthermore, when analyzed as a continuous variable, each unit increase in MHR was associated with
a 43% elevation in COPD odds. Subgroup interaction analysis results revealed consistent interaction results across all
subgroups, except for BMI, marital status and smoking status, where significant interactions were observed. Therefore,
the potential mechanisms underlying the relationship between MHR and COPD in “overweight”, “living alone” and
“smoking” subgroups warrant further in-depth research and exploration.

In this study, COPD patients were predominantly characterized as female, elderly (> 60 years), obese, low-income (PIR <2),
and with smoking history, aligning with established research.”®*** Gender differences in COPD susceptibility are particularly
pronounced among non-smokers, with females showing higher vulnerability to disease onset and progression.***' Aging
synergistically amplifies COPD risk through cumulative exposure to smoking, environmental pollutants, and socioeconomic
challenges compounded by comorbidities.*> This underscores the compounded impact of sociodemographic and clinical risk

factors on COPD burden, highlighting the need for multidimensional management strategies.
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Recent advances have highlighted the clinical relevance of novel biomarkers in disease prediction and management. As
a composite inflammatory metabolic marker, the MHR uniquely integrates peripheral monocyte counts and HDL-C levels,
providing a multidimensional perspective on the interplay between inflammation and lipid metabolism. Compared to individual
parameters, MHR shows enhanced predictive capacity for clinical outcomes.>>** Evidence demonstrates its association with
renal function decline,*® cardiovascular mortality risk,>* the occurrence of cardio-renal syndrome and deep vein thrombosis*>~*¢
as well as diabetes-related metabolic inflammation, particularly when combined with hs-CRP assessment for systemic inflam-
mation evaluation.>” These findings support the role of an elevated MHR as a marker of monocyte-mediated inflammation and
HDL-C dysfunction, which aligns with the association we observed between MHR and the risk of COPD.

In addition, our RCS analysis showed a significant nonlinear relationship between MHR and COPD (overall P-value <0.001,
nonlinear P-value < 0.001), suggesting a dose—response relationship between MHR and COPD risk. However, the mechanisms

are not fully elucidated. Monocytes, constituting about 10% of peripheral leukocytes,”®*°

are recruited to the lungs and drive
COPD pathology.*' Clinically, elevated circulating monocytes (especially non-classical*?) correlate with disease severity* and
exacerbations.** HDL-C, typically an anti-inflammatory regulator of monocytes,* displays paradoxical effects in COPD. Some
studies report reduced HDL-C levels linked to impaired lung function,*® whereas others describe elevated but dysfunctional
HDL-C with compromised protective effects.*”** This HDL-C paradox suggests context-dependent anti-/pro-inflammatory roles
in COPD progression.*> We propose that the MHR quantifies a critical immunometabolic balance. Its disruption likely triggers
the persistent inflammatory cascade central to COPD pathogenesis.

As shown in Figure 3, the positive association between increased MHR and increased COPD risk was more pronounced in
“overweight”, “living alone” and “smoking” subgroup. Smoking is a well-established risk factor that promotes COPD
progression by triggering systemic inflammation, dyslipidemia, and accelerated emphysema development. It is acknowledged
that high BMI is a key factor in the development of various chronic diseases. However, the “obesity paradox” suggests that the
risk of developing COPD and its acute exacerbations may not increase but instead decrease in these patients. A large
retrospective study of US veterans found that overweight and obese patients are more likely to be misdiagnosed with COPD,
consequently receiving inappropriate treatments and having other more critical etiologies overlooked.*” In this context, MHR,
as a biomarker, may help refine risk stratification for this population. Although direct evidence linking living alone to COPD is
lacking, studies suggest that living alone is often associated with psychosocial factors, such as stress or limited social support,
poorer dietary and nutritional status, which may indirectly exacerbate disease risk.’® Therefore, integrating our findings with
previous evidence indicates that the association between MHR and COPD is stronger in the overweight, living-alone, and
smoking subgroups. Collectively, these subgroup findings suggest that MHR may have particular utility for risk stratification
and targeted prevention efforts in these specific, high-risk populations.

This study has several notable strengths. First, the analysis of a large, nationally representative cohort from NHANES
(n = 39,646) enhances the generalizability and robustness of our findings. Second, we employed advanced statistical
methodologies, including RCS, to identify non-linear thresholds in the MHR-COPD relationship and conducted com-
prehensive multivariable adjustments to control for a wide range of potential confounders. Finally, our subgroup analyses
provided valuable insights by identifying specific populations where the association is most pronounced.

This study has several limitations. First, the use of self-reported COPD diagnoses, though previously validated,” is
susceptible to recall bias. Second, the cross-sectional design precludes causal inference, and reverse causality remains possible
whereby COPD status may influence MHR levels. Third, despite adjusting for key covariates, residual confounding from
unmeasured or imprecisely measured factors such as diet, physical activity, and medication use, cannot be ruled out.
Additionally, the analysis of data spanning 1999-2018 may not fully reflect contemporary epidemiological patterns.
Finally, the predominantly U.S.-based sample limits generalizability to other populations or healthcare settings.

Conclusions

In conclusion, this study revealed a positive correlation between MHR and COPD risk. Individuals with higher MHR
may warrant prioritized attention regarding COPD risk. Our findings provide some insight into the role of MHR in the
pathogenesis of COPD and firstly establish MHR as a statistically significant independent risk factor for COPD, albeit
with a modest effect. Additionally, there is a need for further longitudinal cohort studies to explore the deeper
mechanisms and potential applications of the relationship between MHR and COPD.
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