Analysis of the Mediating Role of Inflammatory Markers in the Association between COPD and Frailty

Supplement Table1 Comparison of baseline characteristics between COPD and non-COPD patients (Hospital data)
	Variable
	category
	total
(n=8813)
	Non-COPD
(n=7374)
	COPD
(n=1439)
	P value

	Age(years)
	
	64 (58,70)
	63 (58,70)
	68 (62,73)
	<0.001

	BMI(kg/m²)
	
	23.51 (21.16,26.02)
	23.62 (21.34,26.12)
	22.96 (20.2,25.6)
	<0.001

	BSA(m²)
	
	2.37 (2.25,2.49)
	2.36 (2.25,2.48)
	2.4 (2.28,2.49)
	<0.001

	WBC count (×10⁹/L)
	
	5.7 (4.8,6.9)
	5.7 (4.7,6.9)
	5.9 (4.8,7.2)
	<0.001

	Neutrophil count(×10⁹/L)
	
	3.5 (2.8,4.4)
	3.4 (2.8,4.4)
	3.6 (2.8,4.7)
	0.006

	Lymphocyte count (×10⁹/L)
	
	1.5 (1.2,1.9)
	1.5 (1.2,1.9)
	1.4 (1.1,1.9)
	<0.001

	NLR
	
	2.29 (1.75,3.12)
	2.26 (1.74,3.08)
	2.42 (1.78,3.55)
	<0.001

	PLR
	
	128.57 (100.71,167.5)
	128.33 (101.18,165.46)
	130 (98.38,180)
	0.097

	MLR
	
	0.3 (0.23,0.4)
	0.3 (0.23,0.38)
	0.33 (0.25,0.46)
	<0.001

	SII
	
	437.06 (316.2,643.62)
	434.4 (317.11,630.86)
	463.73 (312.96,728)
	0.005

	SIRI
	
	1.04 (0.72,1.56)
	1.01 (0.71,1.5)
	1.2 (0.77,1.84)
	<0.001

	PIV
	
	198.24 (129.29,326.47)
	194.31 (128.25,316.55)
	219.3 (135.15,396.12)
	<0.001

	FI-Lab
	
	0.24(0.2,0.31)
	0.3(0.23,0.38)
	0.33(0.25,0.46)
	<0.001

	Gender
	Male
	4962 (56.3%)
	3849 (52.2%)
	1113 (77.3%)
	<0.001

	Ethnic
	Han Chinese
	8576 (97.3%)
	7178 (97.3%)
	1398 (97.2%)
	0.748

	Marital status
	Married
	8184 (92.9%)
	6837 (92.7%)
	1347 (93.6%)
	0.253

	Smoking status
	No
	6093 (69.1%)
	5438 (73.7%)
	655 (45.5%)
	<0.001

	Drinking status
	No
	7006 (79.5%)
	6019 (81.6%)
	987 (68.6%)
	<0.001

	Coronary heart disease
	Yes
	1851 (21%)
	1458 (19.8%)
	393 (27.3%)
	<0.001

	Hypertension
	Yes
	5391 (61.2%)
	4529 (61.4%)
	862 (59.9%)
	0.294

	Diabetes
	Yes
	1824 (20.7%)
	1559 (21.1%)
	265 (18.4%)
	0.021

	Chronic kidney disease
	Yes
	906 (10.3%)
	738 (10%)
	168 (11.7%)
	0.063

	Osteoporosis
	Yes
	387 (4.4%)
	310 (4.2%)
	77 (5.4%)
	0.061

	Connective tissue disease
	Yes
	1350 (15.3%)
	977 (13.2%)
	373 (25.9%)
	<0.001

	Asthma
	Yes
	88 (1%)
	51 (0.7%)
	37 (2.6%)
	<0.001

	Hyperlipidemia
	Yes
	3880 (44%)
	3333 (45.2%)
	547 (38%)
	<0.001

	Heart failure
	No
	545 (6.2%)
	441 (6%)
	104 (7.2%)
	0.083

	Tumor
	Yes
	2579 (29.3%)
	2085 (28.3%)
	494 (34.3%)
	<0.001


Note：
1. Continuous variables：Normal distribution is expressed as mean±standard deviation, and group comparison is performed by T-test; non-normal distribution is expressed as median (interquartile range), and group comparison is performed by Wilcoxon rank-sum test.
2. Categorical variables are expressed as frequency (percentage, %), and group comparison is performed by chi-square test or Fisher exact test.
3. P value: <0.001 is presented as <0.001, otherwise specific value is displayed.


Supplement Table 2 Correlation analysis between COPD and inflammation in NHANES database
	Inflammatory marker
	Model 1 (crude model)
	Model2 (+demography)
	Model 3(+lifestyle)
	Model4 (+clinical comorbidities)

	
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value

	MLR
	0.192 (0.110,0.274)
	<0.001***
	0.065 (-0.011,0.142)
	0.093
	0.088 (0.011,0.165)
	0.025*
	0.053 (-0.024,0.130)
	0.175

	NLR
	0.277 (0.195,0.359)
	<0.001***
	0.204 (0.124,0.284)
	<0.001***
	0.189 (0.108,0.270)
	<0.001***
	0.155 (0.074,0.237)
	<0.001***

	PIV
	0.238 (0.156,0.320)
	<0.001***
	0.188 (0.106,0.270)
	<0.001***
	0.168 (0.086,0.251)
	<0.001***
	0.156 (0.073,0.239)
	<0.001***

	PLR
	0.112 (0.031,0.194)
	0.007**
	0.062 (-0.020,0.144)
	0.139
	0.101 (0.018,0.183)
	0.016*
	0.097 (0.014,0.180)
	0.022*

	SII
	0.228 (0.147,0.310)
	<0.001***
	0.192 (0.110,0.274)
	<0.001***
	0.177 (0.094,0.259)
	<0.001***
	0.166 (0.082,0.249)
	<0.001***

	SIRI
	0.325 (0.243,0.406)
	<0.001***
	0.230 (0.152,0.309)
	<0.001***
	0.203 (0.123,0.282)
	<0.001***
	0.171 (0.091,0.250)
	<0.001***


Note：
1. β is presented as coefficient with 95% confidence interval in parenthesis.
2. All inflammatory markers were converted to standardized values (Z-scores).
3. Model 1 is crude model containing only COPD variables. Model 2 adjusted demographic factors (age, gender, ethnic and marital status). Model 3 further adjusted lifestyle (BMI, smoking status, drinking status) based on model2. Model 4 further adjusted clinical variables (hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease) based on model.




Supplement Table 3 Correlation analysis between COPD and inflammatory markers in hospital database 
	Inflammatory marker
	Model1 (crude model)
	Model2 (+demography)
	Model3 (+lifestyle)
	Model4 (+clinical comorbidities)

	
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value

	MLR
	0.438 (0.382,0.493)
	<0.001***
	0.291 (0.235,0.347)
	<0.001***
	0.267 (0.210,0.323)
	<0.001***
	0.253 (0.197,0.309)
	<0.001***

	NLR
	0.330 (0.274,0.386)
	<0.001***
	0.256 (0.199,0.314)
	<0.001***
	0.242 (0.184,0.300)
	<0.001***
	0.240 (0.181,0.298)
	<0.001***

	PIV
	0.361 (0.305,0.417)
	<0.001***
	0.310 (0.252,0.367)
	<0.001***
	0.288 (0.230,0.346)
	<0.001***
	0.293 (0.234,0.351)
	<0.001***

	PLR
	0.213 (0.157,0.269)
	<0.001***
	0.210 (0.152,0.268)
	<0.001***
	0.188 (0.130,0.246)
	<0.001***
	0.180 (0.122,0.238)
	<0.001***

	SII
	0.311 (0.255,0.367)
	<0.001***
	0.280 (0.222,0.338)
	<0.001***
	0.260 (0.201,0.318)
	<0.001***
	0.263 (0.204,0.322)
	<0.001***

	SIRI
	0.396 (0.341,0.452)
	<0.001***
	0.307 (0.250,0.364)
	<0.001***
	0.288 (0.230,0.345)
	<0.001***
	0.289 (0.231,0.347)
	<0.001***


Note：
1. β is presented as coefficient with 95% confidence interval in parenthesis.
2. All inflammatory markers were converted to standardized values (Z-scores).
3. Model 1 is crude model containing only COPD variables. Model 2 adjusted demographic factors (age, gender, ethnic and marital status). Model 3 further adjusted lifestyle (BMI, smoking status, drinking status) based on model2. Model 4 further adjusted clinical variables (hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease) based on model.





Supplementary Table 4 Correlation between inflammatory and FI-Lab in NHANES database
	Inflammatory marker
	Model1 (crude model)
	Model2 (+demography)
	Model3 (+lifestyle)
	Model4 (+clinical comorbidities)

	
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value

	MLR
	0.009 (0.007,0.011)
	<0.001***
	0.005 (0.003,0.007)
	<0.001***
	0.006 (0.004,0.008)
	<0.001***
	0.007 (0.005,0.008)
	<0.001***

	NLR
	0.012 (0.010,0.014)
	<0.001***
	0.012 (0.010,0.014)
	<0.001***
	0.012 (0.010,0.013)
	<0.001***
	0.010 (0.008,0.012)
	<0.001***

	PIV
	0.011 (0.009,0.013)
	<0.001***
	0.011 (0.009,0.013)
	<0.001***
	0.011 (0.009,0.012)
	<0.001***
	0.009 (0.008,0.011)
	<0.001***

	PLR
	0.000 (-0.002,0.002)
	0.996
	0.000 (-0.002,0.002)
	0.946
	0.002 (-0.000,0.004)
	0.059
	0.004 (0.002,0.005)
	<0.001***

	SII
	0.010 (0.008,0.012)
	<0.001***
	0.011 (0.009,0.013)
	<0.001***
	0.011 (0.009,0.012)
	<0.001***
	0.010 (0.008,0.011)
	<0.001***

	SIRI
	0.015 (0.013,0.017)
	<0.001***
	0.014 (0.012,0.016)
	<0.001***
	0.013 (0.011,0.015)
	<0.001***
	0.011 (0.009,0.013)
	<0.001***


Note：
1. β is presented as coefficient with 95% confidence interval in parenthesis.
2. All inflammatory markers were converted to standardized values (Z-scores).
3. Model 1 is crude model containing only inflammatory markers. Model 2 adjusted demographic factors (age, gender, ethnic and marital status). Model 3 further adjusted lifestyle (BMI, smoking status, drinking status) based on model2. Model 4 further adjusted clinical variables (hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease) based on model.




Supplementary Table 5 Correlation between inflammatory markers and FI-Lab in hospital database
	Inflammatory marker
	Model1 (crude model)
	Model2 (+demography)
	Model3 (+lifestyle)
	Model4 (+clinical comorbidities)

	
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value
	β (95% CI)
	P value

	MLR
	0.030 (0.028,0.031)
	<0.001***
	0.029 (0.028,0.031)
	<0.001***
	0.029 (0.027,0.030)
	<0.001***
	0.027 (0.025,0.028)
	<0.001***

	NLR
	0.022 (0.020,0.023)
	<0.001***
	0.021 (0.019,0.023)
	<0.001***
	0.020 (0.019,0.022)
	<0.001***
	0.018 (0.017,0.020)
	<0.001***

	PIV
	0.021 (0.020,0.023)
	<0.001***
	0.021 (0.019,0.022)
	<0.001***
	0.020 (0.019,0.022)
	<0.001***
	0.019 (0.018,0.021)
	<0.001***

	PLR
	0.021 (0.019,0.022)
	<0.001***
	0.021 (0.019,0.022)
	<0.001***
	0.020 (0.018,0.022)
	<0.001***
	0.018 (0.017,0.020)
	<0.001***

	SII
	0.020 (0.019,0.022)
	<0.001***
	0.020 (0.018,0.021)
	<0.001***
	0.019 (0.018,0.021)
	<0.001***
	0.018 (0.016,0.019)
	<0.001***

	SIRI
	0.023 (0.022,0.025)
	<0.001***
	0.023 (0.021,0.024)
	<0.001***
	0.022 (0.020,0.024)
	<0.001***
	0.020 (0.019,0.022)
	<0.001***


Note：
1. β is presented as coefficient with 95% confidence interval in parenthesis.
2. All inflammatory markers were converted to standardized values (Z-scores).
3. Model 1 is crude model containing only inflammatory markers. Model 2 adjusted demographic factors (age, gender, ethnic and marital status). Model 3 further adjusted lifestyle (BMI, smoking status, drinking status) based on model2. Model 4 further adjusted clinical variables (hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease) based on model.


Supplementary Table 6. Comparison of Mediation Effect Estimates and Statistical Indicators Based on the Mediation Package and Lavaan Package
	
	NHANES database
	Hospital database

	Inflammatory markers
	Mediation package
	Lavaan package
	Mediation package
	Lavaan package

	
	ACME
	ADE
	TE
	ACME
	ADE
	TE
	ACME
	ADE
	TE
	ACME
	ADE
	TE

	MLR
	0.0003
	0.0154***
	0.0158***
	0.0038
	0.1688***
	0.1726***
	0.0066***
	0.0132***
	0.0198***
	0.0799***
	0.1589***
	0.2388***

	NLR
	0.0016***
	0.0142***
	0.0158***
	0.0170**
	0.1556***
	0.1726***
	0.0042***
	0.0156***
	0.0198***
	0.0510***
	0.1878***
	0.2388***

	PIV
	0.0014***
	0.0143*
	0.0158***
	0.0157*
	0.1569***
	0.1726***
	0.0054***
	0.0144***
	0.0198***
	0.0655**
	0.1734***
	0.2388***

	PLR
	0.0003
	0.0154***
	0.0158***
	0.0037
	0.1689***
	0.1726***
	0.0032***
	0.0166***
	0.0198***
	0.0391***
	0.1997***
	0.2388***

	SII
	0.0015***
	0.0142***
	0.0158***
	0.0169**
	0.1557**
	0.1726***
	0.0045***
	0.0153***
	0.0198***
	0.0544***
	0.1844***
	0.2388***

	SIRI
	0.0018***
	0.0139***
	0.0158***
	0.0201**
	0.1525***
	0.1726***
	0.0057***
	0.0141***
	0.0198***
	0.0692**
	0.1697***
	0.2388***


Note:
1. ACEM = Average Causal Mediation Effect (indirect effect); ADE = Average Direct Effect; TE = Total Effect (sum of direct and indirect effects); PM = Proportion Mediation (ACME / TE); Bootstrap confidence intervals are based on 5000 resamples.
2. The mediation package used raw values of inflammatory markers for analysis, while the Lavaan package used standardized values.
3. Effect values already contain significance markers (***P<0.001, **P<0.01, *P<0.05), with specific P-values in the parentheses.
4. Adjusted for covariates: age, gender, ethnic, marital status, BMI, smoking status, drinking status, hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease.

Supplementary Table 7. Mediation Analysis Using the Modified FI-Lab Indicator in NHANES Data
	
	Main mediation analysis
	Sensitive analysis

	Inflammatory marker
	ACME
	ADE
	TE
	PM
	ACME
	ADE
	TE
	PM

	NLR
	0.0016***
	0.0142***
	0.0158***
	9.8%
	0.0016***
	0.0143***
	0.0159
	10.1%

	SII
	0.0015***
	0.0142***
	0.0158***
	9.8%
	0.0015***
	0.0143***
	0.0159
	10.0%

	PLR
	0.0003
	0.0154***
	0.0158***
	2.1%
	0.0004***
	0.0155***
	0.0159
	2.7%

	MLR
	0.0003
	0.0154***
	0.0158***
	2.2%
	0.0003
	0.0155***
	0.0159
	2.4%

	SIRI
	0.0018***
	0.0139***
	0.0158***
	11.6%
	0.0020***
	0.0140***
	0.0159
	12.4%

	PIV
	0.0014***
	0.0143***
	0.0158***
	9.1%
	0.0015***
	0.0144***
	0.0159
	9.4%


Note:
1 Modified FI-Lab: Items overlapping with inflammatory markers were removed;
2 ACEM = Average Causal Mediation Effect (indirect effect); ADE = Average Direct Effect; TE = Total Effect (sum of direct and indirect effects); PM = Proportion Mediation (ACME / TE); Bootstrap confidence intervals are based on 5000 resamples.
3 Effect values already contain significance markers (***P<0.001, **P<0.01, *P<0.05), with specific P-values in the parentheses.
4 Adjusted for covariates: age, gender, ethnic, marital status, BMI, smoking status, drinking status, hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease.


Supplementary Table 8. Mediation Analysis Using the Modified FI-Lab Indicator in Hospital data
	
	Main mediation analysis
	Sensitive analysis

	Inflammatory marker
	ACME
	ADE
	TE
	PM
	ACME
	ADE
	TE
	PM

	NLR
	0.0042***
	0.0156***
	0.0198***
	21.4%
	0.0029***
	0.0132***
	0.0161***
	18.2%

	SII
	0.0045***
	0.0153***
	0.0198***
	22.8%
	0.0031***
	0.0130***
	0.0161***
	19.3%

	PLR
	0.0032***
	0.0166***
	0.0198***
	16.4%
	0.0024***
	0.0137***
	0.0161***
	14.9%

	MLR
	0.0066***
	0.0132***
	0.0198***
	33.5%
	0.0046***
	0.0115***
	0.0161***
	28.6%

	SIRI
	0.0057***
	0.0141***
	0.0198***
	29%
	0.0038***
	0.0123***
	0.0161***
	23.6%

	PIV
	0.0054***
	0.0144***
	0.0198***
	27.4%
	0.0036***
	0.0126***
	0.0166***
	22.1%


Note:
1. Modified FI-Lab: Items overlapping with inflammatory markers were removed;
2. ACEM = Average Causal Mediation Effect (indirect effect); ADE = Average Direct Effect; TE = Total Effect (sum of direct and indirect effects); PM = Proportion Mediation (ACME / TE); Bootstrap confidence intervals are based on 5000 resamples.
3. Effect values already contain significance markers (***P<0.001, **P<0.01, *P<0.05), with specific P-values in the parentheses.
4. Adjusted for covariates: age, gender, ethnic, marital status, BMI, smoking status, drinking status, hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease.



Supplementary Table 9. Sensitivity Analysis Using Data with 10% Winsorization in NHANES database
	Inflammatory markers
	Main mediation analysis
	Winsorization analysis

	
	ACME
	P value
	PM
	ACME
	P value
	PM

	NLR
	0.0016
	<0.001***
	9.8%
	0.0016
	<0.001***
	9.8%

	SII
	0.0015
	<0.001***
	9.8%
	0.0015
	<0.001***
	9.8%

	PLR
	0.0003
	<0.001***
	2.1%
	0.0003
	<0.001***
	2.1%

	MLR
	0.0003
	<0.001***
	2.2%
	0.0003
	<0.001***
	2.2%

	SIRI
	0.0018
	<0.001***
	11.6%
	0.0018
	<0.001***
	11.6%

	PIV
	0.0014
	<0.001***
	9.1%
	0.0014
	<0.001***
	9.1%


Note:
1. Winsorization: Values below the 10th percentile and above the 90th percentile for each inflammatory marker were replaced with the 10th and 90th percentile values, respectively.
2. ACEM = Average Causal Mediation Effect (indirect effect); ADE = Average Direct Effect; TE = Total Effect (sum of direct and indirect effects); PM = Proportion Mediation (ACME / TE); Bootstrap confidence intervals are based on 5000 resamples.
3. Effect values already contain significance markers (***P<0.001, **P<0.01, *P<0.05), with specific P-values in the parentheses.
4. Adjusted for covariates: age, gender, ethnic, marital status, BMI, smoking status, drinking status, hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease.


Supplementary Table 10. Sensitivity Analysis Using Data with 10% Winsorization in NHANES database
	Inflammatory marker
	
	Main analysis
	
	Winsorization analysis

	
	ACME
	P value
	PM
	ACME
	P value
	PM

	NLR
	0.0042
	<0.001***
	21.4%
	0.0029
	<0.001***
	18.2%

	SII
	0.0045
	<0.001***
	22.8%
	0.0031
	<0.001***
	19.3%

	PLR
	0.0032
	<0.001***
	16.4%
	0.0024
	<0.001***
	14.9%

	MLR
	0.0066
	<0.001***
	33.5%
	0.0046
	<0.001***
	28.6%

	SIRI
	0.0057
	<0.001***
	29%
	0.0038
	<0.001***
	23.6%

	PIV
	0.0054
	<0.001***
	27.4%
	0.0036
	<0.001***
	22.1%


Note:
1. Winsorization: Values below the 10th percentile and above the 90th percentile for each inflammatory marker were replaced with the 10th and 90th percentile values, respectively.
2. ACEM = Average Causal Mediation Effect (indirect effect); ADE = Average Direct Effect; TE = Total Effect (sum of direct and indirect effects); PM = Proportion Mediation (ACME / TE); Bootstrap confidence intervals are based on 5000 resamples.
3. Effect values already contain significance markers (***P<0.001, **P<0.01, *P<0.05), with specific P-values in the parentheses.
4. Adjusted for covariates: age, gender, ethnic, marital status, BMI, smoking status, drinking status, hypertension, chronic kidney disease, osteoporosis, hyperlipidemia, coronary heart disease.




