	Additional Table 1 Model variables and source

	Stratification variable
	Source

	GOLD Stage (1-4)
	DMP documentation (estimated with the GLI Macro)

	Predictor variables
	

	Age
	Claims data

	Gender
	Claims data

	BMI
	DMP documentation (weight an height)

	Smoke status
	DMP documentation

	FEV1 percent predicted
	DMP documentation

	Severe exacerbations
	Survey data (hospital visit due to exacerbation)

	Medium exacerbations
	Survey data (doctor visit due to exacerbation)

	Daily defined doses of corticosteroids
	Claims data

	Hospital days irrespective of cause
	Claims data

	Income in the year before survey
	Claims data

	Elixhauser index
	Claims data

	Emphysema
	Claims data 

	Outcome variables
	

	EQ-5D-5L VAS
	Survey data

	CAT score
	Survey data
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	Underweight (N=195, 1,8%)
	Normal (N=2705, 24,7%)
	Overweight (N=3950, 36,0%)
	Class1 (N=2550, 23,2%)
	Class2 (N=1053, 9,6%)
	Class3 (N=517, 4,7%)
	Total (N=10970)

	Age
	66.9 (10.0)
	68.9 (10.4)
	70.4 (10.0)
	70.1 (9.7)
	67.8 (9.5)
	65.3 (9.8)
	69.4 (10.0)

	Gender
	
	
	
	
	
	
	

	   F
	117 (60.0%)
	1273 (47.1%)
	1410 (35.7%)
	942 (36.9%)
	445 (42.3%)
	256 (49.5%)
	4443 (40.5%)

	   M
	78 (40.0%)
	1432 (52.9%)
	2540 (64.3%)
	1608 (63.1%)
	608 (57.7%)
	261 (50.5%)
	6527 (59.5%)

	BMI
	17.3 (1.1)
	22.7 (1.7)
	27.5 (1.4)
	32.2 (1.4)
	37.1 (1.4)
	44.3 (3.8)
	28.9 (6.0)

	Smoking status
	
	
	
	
	
	
	

	   Active smoker
	22 (11.3%)
	292 (10.8%)
	309 (7.8%)
	198 (7.8%)
	77 (7.3%)
	27 (5.2%)
	925 (8.4%)

	   Ex-smoker
	21 (10.8%)
	270 (10.0%)
	362 (9.2%)
	248 (9.7%)
	110 (10.4%)
	48 (9.3%)
	1059 (9.7%)

	   Never smoker
	152 (77.9%)
	2143 (79.2%)
	3279 (83.0%)
	2104 (82.5%)
	866 (82.2%)
	442 (85.5%)
	8986 (81.9%)

	Income
	10469.7 (10806.8)
	14727.6 (113854.3)
	13074.4 (12057.5)
	12514.4 (11232.6)
	12233.5 (10808.2)
	11863.3 (11088.8)
	13167.8 (57421.3)

	Elixhauser index
	4.4 (2.5)
	4.5 (2.7)
	5.1 (2.8)
	6.0 (3.0)
	6.8 (3.0)
	6.9 (3.0)
	5.4 (3.0)

	Hospital days
	10.8 (22.0)
	6.9 (15.3)
	6.0 (14.6)
	6.6 (18.5)
	6.9 (16.0)
	7.2 (16.5)
	6.6 (16.1)

	FEV1% predicted
	46.0 (21.7)
	57.5 (21.3)
	63.2 (20.3)
	64.7 (19.8)
	64.5 (18.8)
	63.7 (18.4)
	62.0 (20.5)

	GOLD stage
	
	
	
	
	
	
	

	   1
	22 (11.3%)
	481 (17.8%)
	916 (23.2%)
	648 (25.4%)
	232 (22.0%)
	112 (21.7%)
	2411 (22.0%)

	   2
	52 (26.7%)
	1133 (41.9%)
	1901 (48.1%)
	1274 (50.0%)
	564 (53.6%)
	274 (53.0%)
	5198 (47.4%)

	   3
	68 (34.9%)
	825 (30.5%)
	923 (23.4%)
	516 (20.2%)
	223 (21.2%)
	113 (21.9%)
	2668 (24.3%)

	   4
	53 (27.2%)
	266 (9.8%)
	210 (5.3%)
	112 (4.4%)
	34 (3.2%)
	18 (3.5%)
	693 (6.3%)

	Medium exacerbations
	1.2 (2.3)
	0.6 (1.8)
	0.6 (1.9)
	0.6 (1.9)
	0.6 (1.8)
	0.9 (2.3)
	0.7 (1.9)

	Severe exacerbations
	0.6 (1.7)
	0.3 (1.3)
	0.2 (1.1)
	0.3 (1.2)
	0.3 (1.2)
	0.2 (1.0)
	0.3 (1.2)

	Emphysema
	
	
	
	
	
	
	

	   No
	110 (56.4%)
	1952 (72.2%)
	3289 (83.3%)
	2226 (87.3%)
	949 (90.1%)
	481 (93.0%)
	9007 (82.1%)

	   Yes
	85 (43.6%)
	753 (27.8%)
	661 (16.7%)
	324 (12.7%)
	104 (9.9%)
	36 (7.0%)
	1963 (17.9%)

	DDD of corticosteroids
	84.3 (152.6)
	48.0 (119.4)
	33.8 (90.6)
	33.6 (94.6)
	31.2 (97.5)
	31.9 (103.1)
	37.8 (102.3)

	EQ_5DL_1
	2.7 (1.1)
	2.3 (1.1)
	2.3 (1.1)
	2.6 (1.1)
	2.8 (1.1)
	2.9 (1.1)
	2.5 (1.1)

	EQ_5DL_2
	2.1 (1.3)
	1.7 (1.1)
	1.6 (1.0)
	1.7 (1.0)
	1.9 (1.1)
	2.0 (1.2)
	1.7 (1.1)

	EQ_5DL_3
	2.8 (1.2)
	2.3 (1.2)
	2.3 (1.1)
	2.4 (1.1)
	2.6 (1.1)
	2.7 (1.2)
	2.4 (1.1)

	EQ_5DL_4
	2.7 (1.1)
	2.5 (1.0)
	2.5 (1.0)
	2.7 (1.0)
	2.8 (1.0)
	3.0 (1.1)
	2.6 (1.0)

	EQ_5DL_5
	2.4 (1.2)
	2.0 (1.1)
	1.9 (1.0)
	2.0 (1.0)
	2.1 (1.1)
	2.2 (1.1)
	2.0 (1.1)

	EQ-5D-5L VAS
	47.5 (21.9)
	56.7 (21.7)
	57.6 (20.9)
	55.5 (20.5)
	52.4 (20.5)
	50.6 (20.3)
	55.9 (21.1)

	CAT
	22.7 (9.1)
	19.5 (8.5)
	19.2 (8.3)
	20.3 (8.1)
	21.2 (8.1)
	21.6 (8.3)
	19.9 (8.4)

	Problem score
	12.8 (4.8)
	10.8 (4.5)
	10.6 (4.3)
	11.3 (4.4)
	12.1 (4.4)
	12.9 (4.6)
	11.1 (4.5)

	Note: Corresponding BMI ranges from underweight to obesity class 3: < 18.5, 18.5 to 24.9, 25 to 29.9, 30 to 34.9, 35 to 39.9, greater than 40. 




Collider bias
[bookmark: __Fieldmark__568_3942247590][bookmark: __Fieldmark__548_3876245040][bookmark: __Fieldmark__578_3942247590][bookmark: __Fieldmark__586_3942247590][bookmark: __Fieldmark__593_3942247590][bookmark: __Fieldmark__600_3942247590][bookmark: __Fieldmark__607_3942247590][bookmark: __Fieldmark__614_3942247590][bookmark: __Fieldmark__621_3942247590][bookmark: __Fieldmark__591_3876245040][bookmark: __Fieldmark__631_3942247590][bookmark: __Fieldmark__639_3942247590]Collider bias is a form of selection bias, where exposure and outcome cause a third variable (1). Colliders should be removed from models, since they distort estimations. Some studies state that the collider bias is responsible for and invalidates the obesity paradox (2). However, research suggests that collider bias for the obesity paradox – mortality and not HRQoL were evaluated – is small compared with the causal relationships between the variables (3). While collider bias is often possible, it may not be plausible and other explanations need to be found (4). Moreover, based on our findings, it is questionable why collider bias would only reverse the association of BMI and HRQoL in GOLD severity grade 4 but not in grades 1 to 3. For sensitivity analysis, we also ran the unadjusted model that only included BMI as exposure and HRQoL as outcome (S1). This model suffers from possible confounding but does not control for possible colliders. The result did not change the overall findings in any relevant form. Proponents of collider bias recommend directed acyclic graphs (DAGs), a graphical representation of causal relationships between variables (5), as solution to identify colliders and reduce bias. However, there are several reasons that make DAGs extremely impractical for this study context. First of all, DAGs in literature are extremely simplistic when assigning causality to variables (6). The association between depression and obesity illustrates this issue. Does depression cause obesity (7) or does obesity cause depression (8) or is the association bi-directional (9)? Different causal relationships can exist for different patients. This is not only a source for significantly increased uncertainty but also for possible bias, since it becomes very difficult for scientists to find objective approaches to select and assign causal evidence that is not influenced by reductive and incomplete decision-making. Moreover, DAGs make no assumptions about the strength of respective associations and they allow creative proponents to identify possible collider bias in nearly any evaluation (6). 
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