Supplementary Material
Short-Term Sulfur Dioxide Exposure, rs2516049, and Lung Function Phenotypes in Childhood Asthma
Table S1. Collinearity diagnostics for the SO2, rs2516049, and joint-group models.
	Variable
	SO2
Model 1
	rs2516049
Model 1
	SO2 /
rs2516049
Model 2
	SO2 /
rs2516049
Model 3
	Joint groups
Main
	Joint groups
Sensitivity

	SO2 ma0–1
	2.263
	—
	2.269
	2.281
	—
	—

	rs2516049 C-carrier status
	—
	1.051
	1.054
	1.056
	—
	—

	Joint SO2–genotype groupsᵃ
	—
	—
	—
	—
	1.133
	1.135

	Age
	3.418
	3.446
	3.470
	3.508
	3.493
	3.533

	Sex
	1.044
	1.039
	1.049
	1.068
	1.074
	1.090

	Height
	7.137
	7.147
	7.158
	7.272
	7.280
	7.413

	Weight
	4.910
	4.875
	4.920
	4.958
	4.953
	4.999

	Seasonᵃ
	1.305
	1.262
	1.307
	1.311
	1.335
	1.338

	Temperature ma0–1
	3.095
	3.056
	3.095
	3.140
	3.236
	3.280

	Relative humidity ma0–1
	2.464
	1.621
	2.471
	2.495
	2.113
	2.153

	Allergen-positive count
	—
	—
	—
	1.081
	—
	1.081


Values are VIFs, except entries marked ᵃ, which report GVIF^(1/(2 × df)) for three-degree-of-freedom terms. These measures use different scales. —, not included. 







Table S2. Allergen sensitization profile among children in the analytic cohort
	Sensitization status
	Summary statistics

	Seasonal aeroallergens, n (%) with a positive test
	

	  Tree mix
	36 (18.1)

	  Ragweed
	12 (6.0)

	  Mugwort
	7 (3.5)

	  Humulus scandens
	15 (7.5)

	  Weed pollen mix
	18 (9.0)

	  Maple/plane-tree pollen
	23 (11.6)

	Perennial aeroallergens, n (%) with a positive test
	

	  House dust mite
	113 (56.8)

	  House dust
	9 (4.5)

	  Cat
	26 (13.1)

	  Dog
	23 (11.6)

	  Cockroach
	7 (3.5)

	  Mold mix
	59 (29.6)

	Food allergens, n (%) with a positive test
	

	  Egg white
	64 (32.2)

	  Milk
	23 (11.6)

	  Wheat
	9 (4.5)

	  Peanut
	10 (5.0)

	  Soybean
	7 (3.5)

	  Sesame
	2 (1.0)

	  Beef
	4 (2.0)

	  Mutton
	6 (3.0)

	  Fish/lobster/scallop
	6 (3.0)

	  Shrimp
	3 (1.5)

	  Crab
	3 (1.5)

	  Nut mix
	2 (1.0)


Note: Percentages use the 199 children in the complete analytic cohort as the denominator. When clinically related allergens appeared in different assay panels, positivity was defined as any positive result within the corresponding allergen group. Specific-IgE items were considered positive at >=0.35 kUA/L; semi-quantitative class or score items were considered positive when above zero.









Table S3. rs2516049 genotype distribution and HWE
	Item
	Result

	Analytic cohort
	Main complete analytic cohort, N=199

	T/T genotype
	115 (57.8)

	T/C genotype
	76 (38.2)

	C/C genotype
	8 (4.0)

	C allele frequency
	0.231

	HWE exact P value
	0.423

	HWE chi-square P value
	0.294


Note: Results are restricted to the 199 children in the complete analytic cohort. HWE, Hardy-Weinberg equilibrium.
























Table S4. Sensitivity analyses using single-day SO2 exposure windows.
	SO2 window
	Model
	Pulmonary-function phenotype
	Standardized adjusted β (95% CI)
	P value

	Lag 0
	Model 1
	FVC
	0.002 (-0.090, 0.093)
	0.972

	
	
	FEV1
	-0.009 (-0.113, 0.095)
	0.862

	
	
	FEV1/FVC
	-0.048 (-0.218, 0.123)
	0.576

	
	
	MEF50
	-0.055 (-0.167, 0.058)
	0.333

	
	
	MEF25
	-0.061 (-0.181, 0.060)
	0.316

	
	
	FEV1 reversibility
	-0.057 (-0.265, 0.151)
	0.584

	
	Model 2
	FVC
	0.002 (-0.089, 0.092)
	0.970

	
	
	FEV1
	-0.009 (-0.116, 0.098)
	0.860

	
	
	FEV1/FVC
	-0.051 (-0.220, 0.119)
	0.550

	
	
	MEF50
	-0.056 (-0.173, 0.061)
	0.343

	
	
	MEF25
	-0.062 (-0.187, 0.063)
	0.320

	
	
	FEV1 reversibility
	-0.056 (-0.269, 0.156)
	0.596

	
	Model 3
	FVC
	0.000 (-0.091, 0.091)
	1.000

	
	
	FEV1
	-0.010 (-0.118, 0.099)
	0.859

	
	
	FEV1/FVC
	-0.041 (-0.210, 0.127)
	0.624

	
	
	MEF50
	-0.054 (-0.172, 0.065)
	0.364

	
	
	MEF25
	-0.057 (-0.184, 0.069)
	0.366

	
	
	FEV1 reversibility
	-0.053 (-0.273, 0.167)
	0.628

	Lag 1
	Model 1
	FVC
	-0.014 (-0.081, 0.053)
	0.683

	
	
	FEV1
	-0.060 (-0.125, 0.004)
	0.067

	
	
	FEV1/FVC
	-0.251 (-0.453, -0.050)
	0.016

	
	
	MEF50
	-0.169 (-0.270, -0.069)
	0.001

	
	
	MEF25
	-0.214 (-0.357, -0.071)
	0.004

	
	
	FEV1 reversibility
	0.052 (-0.108, 0.212)
	0.513

	
	Model 2
	FVC
	-0.013 (-0.080, 0.054)
	0.700

	
	
	FEV1
	-0.063 (-0.130, 0.003)
	0.062

	
	
	FEV1/FVC
	-0.274 (-0.453, -0.096)
	0.003

	
	
	MEF50
	-0.179 (-0.283, -0.076)
	0.001

	
	
	MEF25
	-0.226 (-0.374, -0.079)
	0.003

	
	
	FEV1 reversibility
	0.057 (-0.110, 0.224)
	0.493

	
	Model 3
	FVC
	-0.013 (-0.079, 0.053)
	0.693

	
	
	FEV1
	-0.063 (-0.131, 0.004)
	0.063

	
	
	FEV1/FVC
	-0.273 (-0.439, -0.107)
	0.002

	
	
	MEF50
	-0.179 (-0.281, -0.077)
	<0.001

	
	
	MEF25
	-0.226 (-0.371, -0.080)
	0.003

	
	
	FEV1 reversibility
	0.058 (-0.110, 0.225)
	0.492


Note: Values are standardized adjusted β coefficients (95% CI); Lag 0 denotes the testing day and lag 1 the preceding day. Model 1 included age, sex, height, weight, season, temperature ma0–1, and relative humidity ma0–1; Model 2 additionally included rs2516049 C-carrier status; Model 3 additionally included allergen-positive count. All models included 199 children.

Table S5. SO2 associations after separate co-pollutant adjustment.
	Co-pollutant
	Pulmonary-function phenotype
	Model 1
	Model 2
	Model 3

	PM2.5
	FVC
	-0.003 (-0.091, 0.084)
	-0.003 (-0.091, 0.085)
	-0.005 (-0.093, 0.084)

	
	FEV1
	-0.052 (-0.154, 0.050)
	-0.054 (-0.158, 0.050)
	-0.054 (-0.159, 0.051)

	
	FEV1/FVC
	-0.251 (-0.451, -0.051)*
	-0.264 (-0.453, -0.074)**
	-0.255 (-0.440, -0.070)**

	
	MEF50
	-0.172 (-0.309, -0.035)*
	-0.178 (-0.318, -0.038)*
	-0.176 (-0.315, -0.037)*

	
	MEF25
	-0.223 (-0.387, -0.060)**
	-0.230 (-0.398, -0.063)**
	-0.226 (-0.395, -0.057)*

	
	FEV1 reversibility
	-0.004 (-0.302, 0.294)
	-0.001 (-0.305, 0.303)
	0.003 (-0.312, 0.317)

	PM10
	FVC
	-0.001 (-0.091, 0.089)
	-0.001 (-0.091, 0.090)
	-0.003 (-0.094, 0.088)

	
	FEV1
	-0.048 (-0.153, 0.057)
	-0.049 (-0.157, 0.058)
	-0.050 (-0.158, 0.059)

	
	FEV1/FVC
	-0.241 (-0.451, -0.030)*
	-0.250 (-0.449, -0.051)*
	-0.241 (-0.436, -0.047)*

	
	MEF50
	-0.159 (-0.313, -0.005)*
	-0.164 (-0.321, -0.006)*
	-0.162 (-0.318, -0.006)*

	
	MEF25
	-0.222 (-0.397, -0.047)*
	-0.227 (-0.407, -0.047)*
	-0.223 (-0.403, -0.042)*

	
	FEV1 reversibility
	-0.010 (-0.321, 0.300)
	-0.008 (-0.324, 0.307)
	-0.005 (-0.331, 0.322)

	NO2
	FVC
	0.005 (-0.092, 0.103)
	0.005 (-0.092, 0.102)
	0.003 (-0.094, 0.100)

	
	FEV1
	-0.057 (-0.171, 0.056)
	-0.055 (-0.169, 0.058)
	-0.056 (-0.170, 0.059)

	
	FEV1/FVC
	-0.327 (-0.533, -0.121)**
	-0.312 (-0.504, -0.120)**
	-0.302 (-0.488, -0.117)**

	
	MEF50
	-0.217 (-0.381, -0.054)*
	-0.211 (-0.374, -0.048)*
	-0.209 (-0.370, -0.048)*

	
	MEF25
	-0.270 (-0.455, -0.086)**
	-0.262 (-0.445, -0.079)**
	-0.257 (-0.442, -0.072)**

	
	FEV1 reversibility
	0.021 (-0.301, 0.342)
	0.018 (-0.303, 0.338)
	0.022 (-0.309, 0.353)

	O3
	FVC
	-0.009 (-0.096, 0.078)
	-0.008 (-0.096, 0.079)
	-0.010 (-0.098, 0.077)

	
	FEV1
	-0.064 (-0.163, 0.035)
	-0.066 (-0.167, 0.036)
	-0.066 (-0.169, 0.037)

	
	FEV1/FVC
	-0.280 (-0.481, -0.079)**
	-0.291 (-0.481, -0.102)**
	-0.283 (-0.468, -0.097)**

	
	MEF50
	-0.196 (-0.331, -0.060)**
	-0.201 (-0.339, -0.062)**
	-0.199 (-0.337, -0.061)**

	
	MEF25
	-0.244 (-0.407, -0.082)**
	-0.251 (-0.417, -0.084)**
	-0.246 (-0.414, -0.078)**

	
	FEV1 reversibility
	0.017 (-0.268, 0.303)
	0.019 (-0.271, 0.310)
	0.024 (-0.277, 0.324)

	CO
	FVC
	-0.009 (-0.098, 0.081)
	-0.008 (-0.098, 0.082)
	-0.009 (-0.100, 0.081)

	
	FEV1
	-0.056 (-0.156, 0.044)
	-0.059 (-0.162, 0.045)
	-0.059 (-0.164, 0.046)

	
	FEV1/FVC
	-0.248 (-0.441, -0.054)*
	-0.266 (-0.449, -0.083)**
	-0.258 (-0.436, -0.080)**

	
	MEF50
	-0.184 (-0.303, -0.065)**
	-0.192 (-0.317, -0.067)**
	-0.191 (-0.316, -0.065)**

	
	MEF25
	-0.226 (-0.378, -0.074)**
	-0.236 (-0.395, -0.077)**
	-0.232 (-0.393, -0.071)**

	
	FEV1 reversibility
	-0.006 (-0.293, 0.281)
	-0.002 (-0.297, 0.293)
	0.001 (-0.302, 0.305)


Note: Values are standardized adjusted β coefficients (95% CI). Model 1 included age, sex, height, weight, season, temperature ma0–1, and relative humidity ma0–1; Model 2 additionally included rs2516049 C-carrier status; and Model 3 additionally included allergen-positive count. All models included 199 children. *P < 0.05; **P < 0.01; ***P < 0.001.

Table S6. Joint SO2-rs2516049 group counts
	Joint group
	n (%)

	Lower SO2 + T/T
	88 (44.2)

	Lower SO2 + C-carrier
	59 (29.6)

	High SO2 + T/T
	27 (13.6)

	High SO2 + C-carrier
	25 (12.6)


[bookmark: OLE_LINK2]Note: Results are restricted to the 199 children in the complete analytic cohort. High SO2 was defined as SO2 ma0-1 ≥ the cohort-specific 75th percentile (6.516 μg/m3), and C-carriers included T/C and C/C genotypes.


Table S7. Sensitivity of the joint SO2–rs2516049 findings to upper-percentile exposure cutoffs.
	SO₂ cutoff
	Model
	Pulmonary-function phenotype
	Standardized adjusted β (95% CI)

	P80 (6.552 μg/m3)
	Main model
	FVC
	-0.203 (-0.364, -0.042)*

	
	
	FEV1
	-0.402 (-0.604, -0.200)***

	
	
	FEV1/FVC
	-1.169 (-1.921, -0.417)**

	
	
	MEF50
	-0.607 (-0.963, -0.251)**

	
	
	MEF25
	-0.555 (-1.054, -0.057)*

	
	
	FEV1 reversibility
	0.370 (-0.223, 0.963)

	
	Sensitivity model
	FVC
	-0.201 (-0.360, -0.042)*

	
	
	FEV1
	-0.403 (-0.605, -0.201)***

	
	
	FEV1/FVC
	-1.182 (-1.902, -0.461)**

	
	
	MEF50
	-0.611 (-0.960, -0.262)***

	
	
	MEF25
	-0.563 (-1.048, -0.077)*

	
	
	FEV1 reversibility
	0.367 (-0.224, 0.957)

	P90 (7.029 μg/m3)
	Main model
	FVC
	-0.004 (-0.196, 0.189)

	
	
	FEV1
	-0.166 (-0.426, 0.093)

	
	
	FEV1/FVC
	-1.093 (-2.016, -0.171)*

	
	
	MEF50
	-0.463 (-0.917, -0.008)*

	
	
	MEF25
	-0.519 (-1.017, -0.022)*

	
	
	FEV1 reversibility
	-0.185 (-0.967, 0.597)

	
	Sensitivity model
	FVC
	-0.002 (-0.193, 0.189)

	
	
	FEV1
	-0.166 (-0.425, 0.093)

	
	
	FEV1/FVC
	-1.103 (-2.010, -0.197)*

	
	
	MEF50
	-0.465 (-0.917, -0.014)*

	
	
	MEF25
	-0.525 (-1.018, -0.032)*

	
	
	FEV1 reversibility
	-0.189 (-0.971, 0.594)


Note: Values are standardized adjusted β coefficients (95% CI) for the higher-SO2 plus C-carrier group versus the lower-SO2 plus T/T reference group. P80 and P90 corresponded to cutoffs of 6.552 and 7.029 μg/m3. Model 1 included age, sex, height, weight, season, temperature ma0–1, and relative humidity ma0–1; Model 2 additionally included allergen-positive count. *P < 0.05; **P < 0.01; ***P < 0.001.


[image: ]
Figure S1. Flow diagram of participant selection for the analytic cohort. A total of 276 pulmonary-function records from 268 children were identified. For eight children with two assessments, the first eligible assessment was retained. Two children were excluded because the testing date was missing or outside the 2023 study period, 62 because of incomplete pulmonary-function or anthropometric data, and five because of incomplete linked demographic or rs2516049 data. The final analytic cohort comprised 199 children with complete pulmonary-function, exposure, genotype, allergen, and covariate data.
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[bookmark: OLE_LINK1]Figure S2. Distribution of short-term ambient SO2 exposure in the analytic cohort. The histogram shows the distribution of SO2 ma0–1 concentrations assigned to the 199 children according to their pulmonary-function testing dates. Children tested on the same date were assigned the same exposure value; therefore, the distribution reflects 45 date-specific exposure values represented across the cohort. SO2 ma0–1 denotes the arithmetic mean of the citywide ambient SO2 concentrations on the testing day and the preceding day.
[image: FigureS1_joint_sensitivity]
Figure S3. Sensitivity analysis of joint SO2–rs2516049 groups and pulmonary-function phenotypes. Points and horizontal lines show standardized adjusted β coefficients and 95% CIs among 199 children. Lower SO2 plus T/T served as the reference group. Higher SO2 was defined as lag 0–1 SO2 ≥6.516 μg/m3, and C-carriers included T/C and C/C. Models adjusted for age, sex, height, weight, testing season, lag 0–1 temperature and relative humidity, and allergen-positive count, with HC1 standard errors clustered by test date. *P < 0.05, **P < 0.01, and ***P < 0.001.
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