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Background: Chronic Obstructive Pulmonary Disease (COPD) represents a leading cause of mortality worldwide, with systemic
inflammation being a key pathological feature. The association between the emerging inflammatory marker monocyte to high-density
lipoprotein cholesterol ratio (MHR) and the risk of all-cause mortality in COPD patients remains unclear.

Methods: Data from COPD patients in the 19992018 NHANES database were analyzed using Cox regression models to assess the
association between MHR and all-cause mortality risk. Restricted cubic spline (RCS) modeling was used to explore nonlinear
associations and identify inflection points. Time-dependent ROC curves were utilized to evaluate the predictive accuracy of MHR.
Subgroup and sensitivity analyses were performed to ensure the robustness of the results.

Results: This study included 1768 COPD patients and observed 606 all-cause deaths during a mean follow-up of 92 months. After
adjusting for confounding factors, MHR level was significantly and positively associated with all-cause mortality risk (HR = 2.10,
95% CI: 1.53-2.89). RCS analysis revealed a nonlinear relationship between MHR and all-cause mortality risk (non-linear P = 0.004).
A turning point analysis indicated a threshold effect of MHR at 0.29: mortality risk increased significantly above this value (HR =
2.52, P < 0.001) and decreased significantly below it (HR = 0.02, P = 0.006). Sex-stratified analysis showed that the association
between MHR and mortality risk tended to be linear in men, while it was nonlinear in women. Time-dependent ROC analysis showed
AUC values for MHR at 12, 36, 72, and 120 months were 0.73, 0.79, 0.78, and 0.81, respectively.

Conclusion: Elevated MHR serves as an important risk marker for all-cause mortality in COPD patients. This association exhibits
nonlinear characteristics with threshold effects, suggesting that MHR has potential value in prognostic assessment of COPD patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a respiratory condition characterized by persistent airflow limitation. It
is a prevalent condition worldwide, with an estimated 10.3% of the adult population affected, and also represents the
third leading cause of mortality globally, exerting significant pressure on healthcare systems.'” Given the highly
heterogeneous nature of the disease course and clinical manifestations, precise assessment of patients’ long-term
mortality risk is crucial for guiding clinical decision-making and improving individualized prognosis.* Therefore,
identifying biomarkers that reflect key pathophysiological processes (particularly systemic inflammation and metabolic
imbalance) and are easily applicable in clinical settings to facilitate effective risk stratification® has become a research
focus in this field.

In this context, the monocyte-to-high-density lipoprotein cholesterol ratio (MHR), an indicator integrating inflam-
matory and lipid metabolic status that can be measured through routine blood tests, has attracted researchers’ interest.®
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Biologically, monocytes are important innate immune cells whose counts in peripheral blood often reflect systemic
inflammation levels, and their infiltration and activation play a key pro-inflammatory role in the pathophysiology of
various chronic inflammatory diseases, such as COPD.””

On the other hand, high-density lipoprotein cholesterol (HDL-C) not only mediates reverse cholesterol transport
but also exerts important anti-inflammatory, antioxidant, and endothelial protective effects.”*'® Therefore, MHR is
considered to comprehensively reflect the imbalance between pro-inflammatory drivers (represented by increased
monocytes) and anti-inflammatory/protective mechanisms (represented by decreased HDL-C levels) in the body, an
imbalance closely associated with adverse clinical outcomes.®’ Previous research has extensively confirmed the
prognostic value of MHR: in the field of cardiovascular disease, elevated MHR has been demonstrated to be an
independent predictor of coronary artery disease severity, major adverse cardiovascular events (MACE), heart
failure, and stroke risk.'"'? Moreover, the prognostic significance of MHR in chronic respiratory diseases has
increasingly attracted attention. A recent cohort study conducted among asthma patients in the United States
confirmed that elevated MHR is independently associated with increased risk of all-cause mortality."’
Additionally, studies on COPD patients suggest that there may be a possible link between MHR and the risk of
cardiovascular comorbidities among these individuals.'* These findings in different respiratory diseases further
highlight the broad potential of MHR, as a comprehensive indicator reflecting inflammatory-metabolic imbalance, in
chronic disease risk assessment.

Despite the demonstrated prognostic potential of MHR in cardiovascular diseases''"'?

and other respiratory
diseases,"? direct evidence for its role as an independent predictor of long-term all-cause mortality risk in COPD patients
remains insufficient. Currently, large-scale cohort studies specifically addressing the association between MHR and long-
term survival outcomes in COPD populations are still scarce. Given this evidence, the present study leverages the large,
nationally representative prospective cohort data from NHANES to systematically assess the independent relationship
between baseline MHR levels and long-term all-cause mortality risk in diagnosed COPD patients, and to explore the
manifestation of this association across different subgroups. The results of this study are expected to provide a new,
clinically applicable biomarker perspective for precise risk stratification in COPD, complementing existing assessment

tools.

Methods

Data Source and Participant Selection
The data for this study were derived from NHANES 1999-2018, a major health survey program conducted by the
National Center for Health Statistics (NCHS) under the Centers for Disease Control and Prevention (CDC). NHANES
employs a complex, multistage probability sampling design to obtain representative information on the health and
nutritional status of the non-institutionalized US population, with data collection methods including standardized
questionnaire interviews, physical examinations, and laboratory tests. This study was reported in accordance with the
STROBE statement guidelines.'® Following approval by the NCHS Ethics Review Board, all NHANES participants
provided written informed consent for the research protocols. Given that this research constitutes a secondary analysis
of publicly available anonymized data, no additional ethical review approval was required as per relevant
regulations.'®

The participant selection process for this study was based on 101,316 initial records from the aforementioned
NHANES 1999-2018 cycles. First, individuals who were pregnant or under 20 years of age were excluded
(N=43,776). Next, participants who were not diagnosed with COPD or had missing relevant data were excluded
(N=54,968). Finally, 804 individuals were excluded due to missing data for the key variable MHR, other covariates,
or outcome follow-up data (mortality status/follow-up records). After this series of screening steps, a total of 1,768
participants meeting all inclusion criteria were included in the final analysis. As shown in Figure 1, these 1,768 final
participants were divided into three groups (tertiles) based on MHR levels: Group T1 (N=591), Group T2 (N=584), and
Group T3 (N=593).
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Figure | Flow chart of the study participants.

Ascertainment of COPD Status and MHR Calculation
To accurately identify COPD patients within the NHANES database for this study, a validated multi-criteria diagnostic
strategy was employed.'”"'? Participants were included in the COPD case group if they met any of the following three criteria:

1) Pulmonary function tests showing a forced expiratory volume in the first second (FEV,) divided by the forced
vital capacity (FVC) of less than 0.7 after bronchodilator administration, aligning with recommendations from the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines;”

2) Self-reported physician diagnosis of COPD;

3) Age of 40 years or older, currently using COPD-specific treatment medications, and meeting at least one or more
of the subsequent criteria: a cumulative smoking history exceeding 100 pack-years, a physician’s diagnosis of
either emphysema or chronic bronchitis, or active symptoms indicative of chronic bronchitis. This comprehensive
diagnostic approach was adopted to enhance the accuracy of case definition in epidemiological surveys.

In this study, MHR was evaluated as the primary exposure variable. It was calculated as the ratio of monocyte count in blood
(unit: x10*/uL) to HDL-C concentration (unit: mg/dL). These indicators were obtained through laboratory testing of
participants’ blood samples. The testing process strictly followed NHANES standardized operating procedures, using
validated blood analysis techniques to ensure the accuracy and reproducibility of monocyte counts and HDL-C measurements.

Ascertainment of Mortality and Follow-Up Duration

This study determined participants’ survival status and cause of death information by probabilistically matching NHANES
participant data with the National Death Index (NDI).*° The follow-up observation period extended until December 31, 2019.
The primary outcome event was defined as all-cause mortality, ie, death from any cause. The specific cause of death was
determined according to the International Classification of Diseases, Tenth Revision (ICD-10).%" The follow-up time for each
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participant was calculated from the date of completing the NHANES baseline examination until the earliest of the following
dates: date of death, date of loss to follow-up, or the study’s designated follow-up end date.

Description of Covariates

To control for potential confounding factors in the analysis, this study included a series of covariates with data derived
from NHANES questionnaires, physical examinations, and laboratory test results. Specifically, these covariates encom-
passed sociodemographic characteristics (such as age, gender, race, marital status, educational level, and family poverty-
income ratio [PIR]), lifestyle factors (involving smoking and drinking status), anthropometric indicators (body mass
index [BMI]), clinical comorbidities (including hypertension, diabetes, atherosclerotic cardiovascular disease [ASCVD],
and cancer), as well as laboratory test values (including blood eosinophil count). For detailed operational definitions and
classification criteria of each covariate, please refer to the Supplementary Methods section of this study.

Statistical Analysis

This study utilized NHANES data from 1999-2018 for statistical analysis, strictly following official guidelines and
considering the survey’s complex multi-stage stratified cluster sampling and oversampling design, with appropriate
sample weights applied.”? Continuous variables were described using weighted means + standard deviations or
medians (interquartile ranges), with between-group comparisons conducted using weighted one-way analysis of
variance (ANOVA) or Kruskal-Wallis tests. Categorical variables were presented as frequencies and weighted
proportions, with comparisons among groups performed using weighted Rao-Scott y’-tests, or Fisher’s exact test
when expected counts were low. Variable missingness is detailed in Table S1. Primary analyses were conducted
using complete case data. Additionally, we performed multiple imputation using chained equations (MICE) to

generate five imputed datasets>***

to perform sensitivity analyses.
Schoenfeld residual tests confirmed the proportional hazards assumption for Cox regression”> (P for global test

> (0.05; see Table S2 and Figure S1). Survival curves were plotted using the Kaplan-Meier method (comparing

different MHR tertile groups via Log rank test) to visually demonstrate survival differences before constructing
three progressively adjusted Cox models. Model 1 was unadjusted, Model 2 included adjustments for demographic
and lifestyle factors, and Model 3 further accounted for clinical comorbidities and laboratory indicators based on
Model 2. In these models, MHR was primarily incorporated as a continuous variable, while also being evaluated
by tertile grouping. Furthermore, to investigate potential non-linear associations and threshold effects, RCS were
employed to fit the association between MHR and mortality risk. All association results are presented as hazard
ratios (HRs) with corresponding 95% confidence intervals (CIs).

To further explore the predictive value of MHR, time-dependent receiver operating characteristic (ROC) curve
analysis was utilized to comprehensively evaluate the predictive performance of this index for all-cause mortality
in COPD patients. Specifically, we calculated the area under the curve (AUC) for MHR at several key follow-up
time points: 12 months, 36 months, 60 months, and 120 months, to quantify its predictive discrimination ability.

To ensure the reliability of results, missing data were first handled using multiple imputation by chained equations
(MICE, with five iterations), then extreme outliers of MHR (defined as exceeding the mean+3 standard deviations) were
excluded. Additionally, subgroup analyses based on key clinical and demographic characteristics were conducted to evaluate
the consistency and potential heterogeneity of the association between MHR and mortality risk across different populations.

Data analysis was performed using R software (version 4.3.3, including the survey package) and Free Statistics
software (version 2.1.1).%° All statistical tests were two-sided, with P values less than 0.05 considered as the threshold for
statistical significance.

Results

Baseline Characteristics of the Participants
Table | details the baseline characteristics of the 1,768 participants in this study, stratified by tertiles of MHR [T1
(0.03-0.36), T2 (0.36-0.55), T3 (0.55-6.15)]. Overall, the mean age of participants was 60.45 years (standard error
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Table | Baseline Characteristics Stratified by MHR Tertiles

Variable MHR P value
Total TI (0.03-0.36) | T2 (0.36-0.55) | T3 (0.55-6.15)

N 1768 591 584 593

Gender, n (%) < 0.001
Male 977 (49.27) 229 (31.15) 338 (51.48) 410 (66.24)

Female 791 (50.73) 362 (68.85) 246 (48.52) 183 (33.76)

Age(years) 60.45 (12.72) | 60.72 (12.64) 59.12 (12.67) 61.52 (12.77) 0.022
Race, n (%) 0.008
Non-Hispanic White 1182 (83.39) | 365 (82.89) 393 (83.08) 424 (84.23)

Non-Hispanic Black 286 (6.66) 132 (9.58) 90 (5.98) 64 (4.27)
Mexican American 90 (1.46) 31 (1.22) 30 (1.75) 29 (1.42)
Other 210 (8.49) 63 (6.31) 71 (9.18) 76 (10.08)

Education level, n (%) 0.287
Below high school 218 (7.24) 70 (7.45) 60 (5.63) 88 (8.66)

High school 795 (43.83) 255 (42.90) 274 (42.42) 266 (46.27)
Above high school 755 (48.93) 266 (49.65) 250 (51.95) 239 (45.07)

Marital Status, n (%) 0.461
Married or living with partners | 981 (62.02) 325 (60.04) 316 (61.70) 340 (64.44)

Living alone 787 (37.98) 266 (39.96) 268 (38.30) 253 (35.56)

Smoking status, n (%) 0.022
Current 278 (16.39) 118 (19.78) 95 (18.11) 65 (11.02)

Former 841 (45.69) 272 (44.84) 286 (44.10) 283 (48.23)
Never 649 (37.92) 201 (35.38) 203 (37.80) 245 (40.75)

Drinking status, n (%) 0.291
No 342 (18.09) 116 (20.51) 122 (17.47) 104 (16.17)

Yes 1426 (81.91) | 475 (79.49) 462 (82.53) 489 (83.83)

Hypertension, n (%) 0.118
No 891 (54.72) 317 (58.55) 297 (54.60) 277 (50.77)

Yes 877 (45.28) 274 (41.45) 287 (45.40) 316 (49.23)

Diabetes, n (%) < 0.001
No 1182 (71.75) | 471 (83.95) 367 (69.09) 344 (61.52)

Yes 586 (28.25) 120 (16.05) 217 (30.91) 249 (38.48)

Cancer, n (%) 0.026
No 1402 (76.79) | 481 (79.26) 478 (78.65) 443 (72.26)

Yes 366 (23.21) 110 (20.74) 106 (21.35) 150 (27.74)

ASCVD, n (%) < 0.001
No 1236 (73.24) | 457 (81.34) 417 (76.54) 362 (61.27)

Yes 532 (26.76) 134 (18.66) 167 (23.46) 231 (38.73)

PIR 2.68(1.63) 2.74(1.65) 2.78(1.63) 2.53 (1.60) 0.113

BMI, (kg/m?) 29.48 (7.58) 26.77 (6.50) 30.11 (7.83) 3171 (7.54) < 0.001

Eosinophils, x10°/L 0.25(0.22) 0.21(0.17) 0.24(0.17) 0.31 (0.28) < 0.001

MHR 0.50(0.28) 0.27(0.07) 0.46(0.06) 0.79(0.30) < 0.001

All-cause Mortality 0.039
Alive 1162 (72.64) | 396 (71.75) 398 (76.93) 368 (69.19)

Death 606 (27.36) 195 (28.25) 186 (23.07) 225 (30.81)
Follow up time 92.14 (56.13) | 100.08(55.59) 94.22(57.21) 81.57(53.99) 0.003

Notes: Data representation is unweighted numbers (weighted percentages) for categorical data and means (standard errors) for continuous data.
Abbreviations: MHR, monocyte-high-density lipoprotein cholesterol ratio; COPD, chronic obstructive pulmonary disease; PIR, poverty-

income ratio; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index.
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12.72), with a weighted male proportion of 49.27%. The mean follow-up time was 92.14 months (standard error 56.13).
During the follow-up period, a total of 606 all-cause deaths (unweighted count, weighted mortality rate 27.36%).

As shown in Table 1, multiple baseline characteristics exhibited significant differences across MHR tertiles (P<0.05).
Relative to the lowest MHR tertile (T1), individuals in the highest tertile (T3) showed higher age, a greater proportion of
males, and a higher percentage of non-Hispanic whites. Regarding clinical indicators, T3 participants not only had higher
BMI and eosinophil counts but also exhibited lower current smoking rates. However, this group also had significantly higher
risks of diabetes, cancer, and ASCVD. On the other hand, the study cohort showed no statistically significant differences in
education level, marital status, drinking status, hypertension prevalence, or PIR across different MHR levels.

Associations Between MHR and Mortality
As presented in Table 2, after full adjustment for covariates (Model 3), continuous MHR levels were significantly
associated with an increased risk of all-cause mortality (HR=2.10, 95% CI: 1.53-2.89, P<0.001). When analyzed by
MHR tertiles, participants in the highest tertile (T3) exhibited a 34% higher risk of all-cause mortality compared to those
in the lowest tertile (T1) in the fully adjusted model (HR=1.34, 95% CI: 1.03—1.75, P=0.028). No significant difference in
mortality risk was observed between the middle tertile group (T2) and the lowest tertile after adjustment.
Correspondingly, the linear trend test across MHR tertiles indicated a statistically significant trend for all-cause mortality
risk (Model 3, P for trend = 0.032).

Kaplan—Meier survival curves (Figure 2) visually demonstrated differences in all-cause mortality among MHR tertile
groups, with the highest tertile showing the lowest survival probability. The Log rank test indicated a statistically
significant difference among the three groups (p = 0.002).

Detection of Nonlinear Relationships
To thoroughly investigate the specific association pattern between MHR and mortality risk, we employed RCS regression
to develop both unadjusted and multivariable-adjusted models. As shown in Figure 3A, the RCS curve from the
unadjusted model revealed a significant nonlinear association between MHR and all-cause mortality risk, which remained
significant after multivariable adjustment (Figure 3B; P for nonlinearity = 0.004). Further threshold effect analysis
(Table 3) identified a turning point at an MHR of 0.29: below this value, mortality risk was significantly decreased
(adjusted HR = 0.02, 95% CI: 0.00-0.32, P = 0.006); above this threshold, the risk increased markedly (adjusted HR =
2.52, 95% CI: 1.93-3.29, P < 0.001). Likelihood ratio tests yielded P values less than 0.001, indicating that segmented
threshold models better capture the complex nonlinear relationship between MHR and mortality risk than simple linear
models.

Sex-stratified analyses (Figure 3) revealed significant differences in the association patterns between MHR and
mortality risk among males and females. In the male group, the RCS curve did not demonstrate a significant nonlinear

Table 2 Association of MHR with All-Cause Mortality in COPD Patients: Weighted Multivariate Analysis

Model
Events Model | Model 2 Model 3
HR, 95% CI p-value HR, 95% CI p-value HR, 95% CI p-value

MHR 606(34.3) 2.11(1.47-3.02) <0.001 1.95(1.45-2.65) <0.001 2.10(1.53-2.89) <0.001
MHR tertile

T1 (0.03-0.36) 195(33.0) References References References

T2 (0.36-0.55) 186(31.8) 0.86(0.67—1.11) 0.256 0.90(0.72—1.12) 0.351 0.91(0.71-1.17) 0.462
T3 (0.55-6.15) 225(37.9) 1.36(1.05—-1.75) 0.018 1.25(1.00-1.55) 0.048 1.34(1.03-1.75) 0.028

P for trend 0.024 0.045 0.032

Notes: Models were adjusted as follows: Model I: Unadjusted; Model 2: Adjusted for gender, age, race, education level, marital status, PIR, BMI, smoking
status, and drinking status; Model 3: Adjusted for model 2+ ASCVD, hypertension, diabetes, cancer, eosinophils.

Abbreviations: MHR, monocyte-high-density lipoprotein cholesterol ratio; PIR, poverty-income ratio; ASCVD, atherosclerotic cardiovascular disease; BMI,
body mass index.
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Figure 2 Kaplan—Meier survival curves for all-cause mortality by tertiles of MHR (T1-T3). Group differences were tested using the Log rank test.

relationship (nonlinearity test P = 0.573), suggesting that the association between MHR and mortality risk is more likely
to be linear (Figure 3C). In contrast, the female group exhibited a significant nonlinear association (nonlinearity test P <
0.001), indicating a complex nonlinear dose-response relationship between MHR and all-cause mortality risk
(Figure 3D). These results suggest that the impact of MHR on mortality risk may differ by sex, with the dynamics

being more complex for females. This highlights the need for further attention to sex-specific risk management strategies.

Time-Dependent Predictive Performance of MHR for All-Cause Mortality in COPD

Patients
To assess the predictive value of MHR for all-cause mortality risk over time in COPD patients, we conducted time-
dependent ROC analyses. The results demonstrated that the time-dependent AUC values at 12, 36, 60, and 120 months
were 0.73 (0.67-0.78), 0.79 (0.75-0.82), 0.78 (0.76—0.81), and 0.81 (0.79-0.84), respectively (Figure 4A and B). These
findings indicate that MHR has strong discriminative power for short-term (12-month) mortality risk, with predictive
performance showing a notable improvement as the follow-up period extends.

Overall, MHR exhibits substantial prognostic value, particularly during longer follow-up periods, maintaining
significant utility and strong discriminative capacity across all time points.
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Figure 3 Restricted cubic spline visualization of weighted MHR associations with all-cause mortality among COPD patients. (A) Unadjusted mo (B) Fully adjusted model
including gender, age, race, education level, marital status, PIR, BMI, smoking and drinking status, ASCVD, hypertension, diabetes, cancer, and eosinophils; (C) Male; (D)
Female. The solid line represents the smooth fitted curve, with the shaded area indicating the 95% confidence interval.

Sensitivity Analysis and Subgroup Analysis

To assess the robustness of the main findings, two sensitivity analyses were conducted. First, we used MICE multiple
imputation to handle missing covariates (generating 5 datasets, analysis including N=2303), with results (Table S3)
largely consistent with the association estimates in the main analysis (Table 2). Second, after excluding extreme outliers
of MHR (> mean+3SD, analysis including N=1750), the re-analyzed results (Table S4) similarly showed that the
direction and statistical significance of the association between MHR and mortality risk were consistent with the main
analysis results. Additionally, subgroup analyses based on baseline demographic and clinical characteristics (Figure 5)
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Table 3 Threshold Effect Analysis of MHR on All-Cause
Mortality in Participants with COPD

Adjusted HR (95% CI) | p-value

Inflection point 0.29

MHR<0.29 0.02 (0.00-0.32) 0.006
MHR20.29 2.52 (1.93-3.29) <0.001
Likelihood Ratio test <0.001

Notes: Adjusted for gender, age, race, education level, marital status, PIR,
BMI, smoking status, drinking status, ASCVD, hypertension, diabetes,
cancer, eosinophils.

Abbreviations: MHR, monocyte-high-density lipoprotein cholesterol
ratio; PIR, poverty-income ratio; ASCVD, atherosclerotic cardiovascular
disease; BMI, body mass index.

aimed to explore potential heterogeneity of this association across different populations. Interaction tests showed that no
stratification variable exhibited significant effect modification on the association between MHR and the risk of all-cause
mortality (all P for interaction > 0.05).

Discussion

This study utilized data from 1,768 nationally representative participants to investigate the relationship between MHR
and all-cause mortality risk in patients with COPD. The results indicated a significant positive correlation between MHR
levels and mortality risk, demonstrating a nonlinear relationship: specifically, when MHR exceeded 0.29, the risk of
death increased significantly, while levels below this threshold were associated with a negative correlation to mortality
risk. Time-dependent ROC analysis showed that MHR has good predictive ability in the short term, with its predictive
performance enhancing as follow-up time increases. Additionally, subgroup analysis suggested that the association
between MHR and mortality risk may be influenced by gender, highlighting the need to consider this difference in
risk management strategies. Overall, these findings indicate that MHR could be a useful and readily accessible biomarker
for prognostic evaluation in patients with COPD.
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Figure 4 ROC Curves and Time-dependent AUCs of MHR for Mortality Risk Assessment in COPD Patients.
Notes: (A) show ROC curves of MHR for all-cause mortality at 12, 36, 60, and 120 months, with corresponding AUC values and 95% confidence intervals. (B) present
time-dependent AUCs throughout follow-up, with shaded areas representing 95% confidence intervals.
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Figure 5 Forest plot for subgroup analysis of the weighted association between MHR and all-cause mortality in participants with COPD. Except for the stratification factor
itself, subgroup analyses were adjusted for all relevant covariates. Weighted multivariate Cox proportional hazards models were used to estimate hazard ratios (HRs), with

interaction p-values reported for each subgroup.
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The study revealed that elevated MHR levels were significantly linked to increased all-cause mortality risk in COPD
patients, a finding that echoes the prognostic value demonstrated by MHR in other clinical fields.**2"*® For instance,
studies on patients with acute myocardial infarction have shown that MHR at admission can serve as an independent
indicator for predicting long-term survival rates, with higher MHR indicating worse prognosis.”’° Notably, the direction
of association between MHR and mortality risk observed in our study is consistent with the recent findings by Zhang et al
(2025) in an asthma population using the same NHANES dataset, who similarly reported that higher MHR was
associated with increased mortality risk.'> Additionally, considering the components of MHR, our results also align
with previous understanding of COPD: higher peripheral blood monocyte counts are often viewed as markers of
intensified systemic inflammation and associated with poor prognosis,”>' while lower HDL-C levels have also been
confirmed to be related to poor survival status in COPD patients.>*>> Other inflammatory markers, such as C-reactive
protein (CRP), have also been linked to mortality in COPD, even in mild to moderate cases,** further supporting the role
of systemic inflammation and the potential value of MHR as an integrative prognostic indicator.

However, a key distinction in our study lies in the pattern of association between MHR and mortality risk. While
Zhang et al (2025) reported a positive linear relationship between MHR and mortality in the asthma cohort,'? the present
analysis identified a distinct non-linear association characteristic in the COPD population: when MHR exceeds a certain
specific threshold, mortality risk shows an accelerated upward trend. This difference suggests that even within the same
large population database, the manner in which MHR affects long-term survival may differ depending on the type of
chronic respiratory disease.

MHR, as an integrative indicator, derives its core significance from reflecting the balance between pro-inflammatory
forces and protective mechanisms in the body.'*'*~*> Specifically, increased circulating monocytes are not only markers
of systemic inflammation but also key drivers of atherosclerosis progression, promoting plaque formation by infiltrating
the vascular wall, differentiating into macrophages, and releasing inflammatory mediators.”>*” On the other hand,
decreased HDL-C levels, as the denominator of MHR, signify a decline in its multiple protective functions, including
reduced efficiency of reverse cholesterol transport and weakened key roles in anti-inflammation, antioxidation, and
maintenance of endothelial health.”*'® Therefore, elevated MHR essentially integrates these two unfavorable pathophy-
siological changes, jointly pointing to an internal environment with increased inflammatory burden and insufficient
vascular protection, providing a biological basis for understanding its association with adverse clinical outcomes.

Previous population-based studies have also reported that MHR is associated with all-cause mortality independent of
conventional risk factors. ®*'* In this context, our findings further highlight the specific relevance of MHR in the COPD
population, where chronic inflammation and lipid metabolism abnormalities coexist and may amplify its prognostic
significance. The association between high MHR and increased mortality risk in COPD patients observed in this study
highly aligns with the above biological mechanisms. Against the backdrop of inherent chronic inflammation in COPD
patients,’ the pro-inflammatory/protective imbalance indicated by elevated MHR*® may exacerbate systemic inflamma-
tion and accelerate the development of complications such as atherosclerosis,®® thereby explaining the observed
increased risk, which is consistent with the prognostic value of MHR in other chronic inflammation-related
diseases.”"'*~*> Particularly noteworthy is the finding of a significant non-linear relationship between MHR and mortality
risk, suggesting that its impact may not be a simple dose accumulation, but rather involves a critical threshold or turning
point. After MHR exceeds this threshold, mortality risk accelerates, perhaps reflecting the failure of bodily compensatory
mechanisms, depletion or qualitative changes in protective pathways (such as HDL function),'®** or inflammatory
cascade reactions entering an uncontrolled amplification state.>°>® The identification of this non-linear characteristic
deepens our understanding of the complex role of MHR in COPD and emphasizes that in clinical risk assessment,
attention to specific MHR levels and whether they exceed certain thresholds may be more valuable for guidance than
simple categorization. Future research needs to focus on elucidating the precise molecular mechanisms behind this
nonlinear pattern.

This study revealed a significant association between MHR and all-cause mortality risk in COPD. Overall analysis
demonstrated a nonlinear relationship between MHR and mortality risk. Notably, subgroup analysis by sex indicated that,
in males, the association between MHR and mortality risk was more linear, with no significant non-linear relationship
observed (P = 0.573), suggesting a more direct relationship between increasing MHR and elevated mortality risk in the

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 https: 4015



Tian et al

progression of COPD."? In contrast, the non-linear association between MHR and all-cause mortality risk was more
pronounced in females (P < 0.001), indicating that the relationship may be influenced by additional factors, potentially
related to the effects of sex hormones such as estrogen, which play a complex role in modulating inflammation and
immune responses,”” ' leading to more complex changes in mortality risk at similar MHR levels in female COPD
patients.*>* Therefore, risk management strategies for COPD patients should consider the non-linear relationship
between MHR and mortality risk, and further research is warranted to validate the impact of sex differences. By
integrating MHR levels with relevant clinical characteristics, we can potentially predict all-cause mortality risk in
COPD patients more accurately, thus providing a stronger basis for personalized treatment approaches.

The core strength of this study lies in its reliance on NHANES, a large, nationally representative population cohort
resource, and its integration of reliable long-term mortality outcome data, thereby systematically examining the
previously less-explored non-linear association pattern between MHR and COPD mortality risk. However, interpreta-
tion of the study results still requires careful consideration of its inherent limitations. First, the observational design of
the study inherently limits causal inference; the observed association between increased MHR and elevated mortality
risk does not necessarily equate to a direct pathophysiological driving effect. Second, our analysis is based on baseline
MHR levels at a single time point, failing to capture the dynamic trajectory of this indicator over time and its
cumulative impact on long-term prognosis. Third, despite adjustments for multiple covariates, the risk of residual
confounding remains, such as lifestyle factors, specific therapeutic interventions, or fine clinical phenotypes of COPD
that are either unmeasured or typically lack detail in NHANES data, all of which may potentially interfere with the
observed associations.

Conclusion

This study, based on analysis of the nationally representative NHANES data, demonstrates that MHR is significantly
associated with all-cause mortality risk in COPD patients. Importantly, this association exhibits a nonlinear pattern,
with mortality risk accelerating after MHR levels exceed specific thresholds. This finding suggests that MHR may be
a valuable, easily accessible indicator for COPD prognostic assessment, particularly in identifying high-risk indivi-
duals, though its clinical application value still awaits further validation and mechanistic elucidation by future
research.
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