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Air pollution exposure is associated with rhinitis in older US adults via specific immune mechanisms
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Table S1.  Categorization of rhinitis medications. Only medications listed by at least one respondent are included. 
	Antihistamines
	

	Sedating
	Chlorpheniramine
Cyproheptadine
Diphenhydramine
Hydroxyzine

	Non-sedating
	Azelastine (nasal)
Cetirizine

	
	Desloratadine
Fexofenadine
Loratadine

	Decongestants
	Phenylephrine
Pseudoephedrine
Acetaminophen-Pseudoephedrine
Clorpheniramine-Pseudoephedrine
Dexobrompheniramine-Pseudoephedrine
Guaifenesin-Phenylephrine
Guaifensin-Pseudoephedrine
Loratadine-Pseudoephedrine
Naproxen-Pseudoephedrine
Pseudoephedrine-Triprolidine
Oxymetazoline (nasal)

	Nasal lubricants & irrigations
	Sodium Chloride (nasal)

	Nasal steroids 
	Beclomethasone (nasal)
Budesonide (nasal)
Fluticasone (nasal)







Table S2. States included in each region.
	Region
	States

	West
	MT, WY, AZ, CO, NM, UT, ID, OR, WA, CA, NV

	Midwest
	ND, SD, IA, MN, KS, MO, NE, IL, IN, MI, OH, WI

	South
	AR, LA, OK, TX, MD, DC, DE, AL, FL, GA, KY, NC, SC, VA, TN, WV, MS

	Northeast
	MA, NH, VT, ME, CT, NJ, NY, RI, PA





Table S3. Calinski-Harabasz (CH) indices to determine clustering internal validity. The ideal number of clusters was determined by the highest CH index.
	Number of clusters
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CH index
	220.10
	391.67
	359.02
	330.53
	327.91
	295.93
	294.63
	286.30
	307.37






Table S4. Characteristics of the cytokine cluster groups reported in cytokines` serum concentration medians* within each cluster. 
	Cytokine
	Cluster 1 (n=677**)
	Cluster 2 
(n=723)
	Cluster 3 (n=439)

	IFN- γ
	1.54***
	1.89
	6.72****

	TNF-α 
	8.51
	10.91
	8.03

	VEGF
	72.12
	165.77
	150.89

	IL-1β 
	17.87
	33.11
	17.40

	IL-1rα 
	17.21
	81.89
	44.65

	IL-2 
	0
	0.47
	0

	IL-3
	0
	0.41
	3.33

	IL-4 
	0
	4.10
	0

	IL-5 
	0
	0.83
	0.20

	IL-6 
	0
	4.72
	0

	IL-10 
	0
	2.71
	0

	IL-12 
	0
	0
	2.22

	IL-13 
	0
	1.34
	0


* As the distributions of cytokines values are negatively skewed, we decided to report medians instead of means;
** Count of older adults within each cluster;
*** Cytokine medians were reported in terms of pg/mL;
**** The highest cytokine median between clusters was bolded and shaded for easier identification.




Table S5. Short- (30, 60 and 90 days) and long-term (1, 2 and 3 years) PM2.5 exposures.
	Exposure interval
	Mean (µg/m3)
	Standard Deviation (SD)
	Median
(µg/m3)
	Interquartile range (IQR)

	30 days
	8.21
	2.75
	8.05
	6.37-9.80

	60 days
	8.51
	2.67
	8.41
	6.69-10.22

	90 days
	8.78
	2.65
	8.82
	6.93-10.47

	1 year
	8.69
	2.36
	8.92
	7.10-10.37

	2 years
	8.74
	2.29
	8.77
	7.32-10.37

	3 years
	9.17
	2.40
	9.20
	7.74-10.91




Table S6. Logistic regression for 1-year PM2.5 exposure-rhinitis relationship, adjusting for potential confounders. Model 1 without cytokine cluster group, Model 2 with cytokine cluster group.
	
	Model 1*
	Model 2**

	Variable
	OR
	p-value
	95% CI
	OR
	p-value
	95% CI

	1-year PM2.5 (per 1SD increase)
	1.26
	0.08
	0.97-1.74
	1.30
	0.07
	0.98-1.81

	Cluster of cytokines (vs cluster 1)
	
	
	
	
	
	

	     2
	
	
	
	1.67
	0.27
	0.66-4.24

	     3
	
	
	
	1.55
	0.08
	0.97-3.65

	Age (per year)
	0.99
	0.53
	0.94-1.03
	0.98
	0.48
	0.94-1.03

	Sex (vs. male)
	1.07
	0.81
	0.60-1.90
	1.09
	0.76
	0.62-1.91

	Race/ethnicity (vs. Caucasian)
	
	
	
	
	
	

	     African American
	0.58
	0.29
	0.21-1.60
	0.59
	0.30
	0.22-1.61

	     Hispanic
	0.93
	0.90
	0.28-3.09
	0.94
	0.91
	0.29-3.01

	Education (vs. <High School)
	
	
	
	
	
	

	     High School
	0.87
	0.82
	0.25-2.96
	0.87
	0.81
	0.26-2.84

	     Some College
	1.61
	0.39
	0.53-4.88
	1.61
	0.38
	0.55-4.72

	     Bachelors or more
	1.25
	0.68
	0.42-3.79
	1.25
	0.68
	0.42-3.67

	Smoke cigarettes (vs no)
	0.80
	0.79
	0.15-4.15
	0.82
	0.81
	0.16-4.23

	BMI
	1.07
	0.01
	1.02-1.12
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA)***
	1.07
	0.29
	0.94-1.22
	1.08
	0.25
	0.95-1.23

	Country region (vs West)
	
	
	
	
	
	

	Midwest
	0.98
	0.98
	0.22-4.32
	0.94
	0.94
	0.21-4.14

	South
	1.60
	0.46
	0.45-5.67
	1.53
	0.51
	0.42-5.62

	Northeast
	2.03
	0.20
	0.67-6.17
	2.11
	0.18
	0.70-6.33


* Model 1 Pseudo R2 0.32
** Model 2 Pseudo R2 0.59
*** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).


Table S7. Logistic regression for 1-year PM2.5 exposure-rhinitis relationship*, adjusting for potential confounders with cytokine cluster and inclusion of an interaction term between cytokine cluster and PM2.5.

	Variable
	OR
	p-value
	95% CI

	1-year PM2.5 (per 1SD increase)
	1.48
	0.48
	0.48-4.54

	Cluster of cytokines (vs cluster 1)
	
	
	

	     2
	1.50
	0.37
	0.60-3.73

	     3
	1.42
	0.44
	0.58-3.45

	Cluster of cytokines and 1-year PM2.5 interaction term
	
	
	

	    2
	0.47
	0.43
	0.07-3.10

	    3
	6.17
	0.02
	1.31-28.97

	Age (per year)
	0.99
	0.52
	0.95-1.03

	Sex (vs. male)
	1.14
	0.65
	0.64-2.04

	Race/ethnicity (vs. Caucasian)
	
	
	

	     African American
	0.53
	0.19
	0.20-1.39

	     Hispanic
	0.94
	0.91
	0.30-2.95

	Education (vs. <High School)
	
	
	

	     High School
	0.86
	0.79
	0.27-2.72

	     Some College
	1.66
	0.33
	0.59-4.67

	     Bachelors or more
	1.25
	0.65
	0.46-3.40

	Smoke cigarettes (vs no)
	0.80
	0.78
	0.16-4.02

	BMI
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA)**
	1.07
	0.27
	0.95-1.21

	Country region (vs West)
	
	
	

	Midwest
	0.93
	0.93
	0.21-4.13

	South
	1.77
	0.39
	0.47-6.73

	Northeast
	2.17
	0.17
	0.71-6.67

























* Pseudo R2 0.69
** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).


Table S8. Logistic regression for 2-year PM2.5 exposure-rhinitis relationship, adjusting for potential confounders. Model 1 without cytokine cluster group, Model 2 with cytokine cluster group.
	
	Model 1*
	Model 2**

	Variable
	OR
	p-value
	95% CI
	OR
	p-value
	95% CI

	2-year PM2.5 (per 1SD increase)
	1.28
	0.07
	0.98-1.76
	1.33
	0.06
	0.99-1.83

	Cluster of cytokines (vs cluster 1)
	
	
	
	
	
	

	     2
	
	
	
	1.68
	0.27
	0.66-4.26

	     3
	
	
	
	1.55
	0.07
	0.98-3.66

	Age (per year)
	0.99
	0.52
	0.94-1.03
	0.98
	0.47
	0.94-1.03

	Sex (vs. male)
	1.07
	0.81
	0.60-1.91
	1.09
	0.76
	0.62-1.92

	Race/ethnicity (vs. Caucasian)
	
	
	
	
	
	

	     African American
	0.58
	0.28
	0.21-1.60
	0.59
	0.29
	0.21-1.60

	     Hispanic
	0.92
	0.89
	0.27-3.08
	0.92
	0.89
	0.28-3.00

	Education (vs. <High School)
	
	
	
	
	
	

	     High School
	0.86
	0.81
	0.25-2.97
	0.86
	0.81
	0.26-2.86

	     Some College
	1.61
	0.39
	0.53-4.92
	1.61
	0.38
	0.54-4.75

	     Bachelors or more
	1.25
	0.68
	0.41-3.81
	1.24
	0.69
	0.42-3.69

	Smoke cigarettes (vs no)
	0.80
	0.79
	0.15-4.13
	0.82
	0.81
	0.16-4.20

	BMI
	1.07
	0.01
	1.02-1.12
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA)***
	1.08
	0.28
	0.94-1.23
	1.08
	0.25
	0.94-1.24

	Country region (vs West)
	
	
	
	
	
	

	Midwest
	0.97
	0.97
	0.22-4.26
	0.94
	0.93
	0.21-4.07

	South
	1.60
	0.46
	0.45-5.66
	1.53
	0.51
	0.42-5.60

	Northeast
	1.98
	0.22
	0.66-5.98
	2.05
	0.19
	0.69-6.11


* Model 1 Pseudo R2 0.39
** Model 2 Pseudo R2 0.58
*** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).


Table S9. Logistic regression for 2-year PM2.5 exposure-rhinitis relationship*, adjusting for potential confounders with cytokine cluster and inclusion of an interaction term between cytokine cluster and PM2.5.

	Variable
	OR
	p-value
	95% CI

	2-year PM2.5 (per 1SD increase)
	1.47
	0.50
	0.46-4.67

	Cluster of cytokines (vs cluster 1)
	
	
	

	     2
	1.53
	0.35
	0.61-3.84

	     3
	1.39
	0.45
	0.58-3.33

	Cluster of cytokines and 2 years PM2.5 interaction term
	
	
	

	    2
	0.49
	0.46
	0.07-3.33

	    3
	6.05
	0.02
	1.26-29.11

	Age (per year)
	0.99
	0.51
	0.95-1.03

	Sex (vs. male)
	1.14
	0.65
	0.64-2.05

	Race/ethnicity (vs. Caucasian)
	
	
	

	     African American
	0.53
	0.20
	0.20-1.41

	     Hispanic
	0.91
	0.87
	0.28-2.92

	Education (vs. <High School)
	
	
	

	     High School
	0.86
	0.80
	0.27-2.74

	     Some College
	1.65
	0.34
	0.58-4.69

	     Bachelors or more
	1.25
	0.65
	0.46-3.40

	Smoke cigarettes (vs no)
	0.80
	0.78
	0.16-3.99

	BMI
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA)**
	1.07
	0.27
	0.94-1.23

	Country region (vs West)
	
	
	

	Midwest
	0.92
	0.91
	0.21-4.01

	South
	1.75
	0.40
	0.47-6.55

	Northeast
	2.10
	0.18
	0.70-6.31

























* Pseudo R2 0.69
** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).


Table S10. Logistic regression for 30 days PM2.5 exposure-rhinitis relationship, adjusting for potential confounders*.
	Variable
	OR
	p-value
	95% CI

	30-days PM2.5 (per 1SD increase) 
	1.15
	0.16
	0.94-1.41

	Age (per year)
	0.99
	0.54
	0.94-1.03

	Sex (vs. male)
	1.07
	0.82
	0.60-1.90

	Race/ethnicity (vs. Caucasian)
	
	
	

	     African American
	0.59
	0.30
	0.21-1.63

	     Hispanic
	0.95
	0.93
	0.28-3.17

	Education (vs. <High School)
	
	
	

	     High School
	0.87
	0.83
	0.26-2.96

	     Some College
	1.63
	0.39
	0.53-4.97

	     Bachelors or more
	1.28
	0.66
	0.42-3.89

	Smoke cigarettes (vs no)
	0.79
	0.78
	0.15-4.11

	BMI
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA codes)**
	1.06
	0.32
	0.94-1.20

	Country region (vs West)
	
	
	

	Midwest
	1.04
	0.95
	0.23-4.64

	South
	1.59
	0.47
	0.44-5.77

	Northeast
	1.90
	0.23
	0.65-5.50






















* Pseudo R2 0.41
** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).



Table S11. Logistic regression for 60 days PM2.5 exposure-rhinitis relationship, adjusting for potential confounders*.
	Variable
	OR
	p-value
	95% CI

	60 days PM2.5 (per 1SD increase) 
	1.16
	0.21
	0.92-1.46

	Age (per year)
	0.99
	0.52
	0.94-1.03

	Sex (vs. male)
	1.07
	0.82
	0.60-1.90

	Race/ethnicity (vs. Caucasian)
	
	
	

	     African American
	0.58
	0.28
	0.21-1.57

	     Hispanic
	0.94
	0.92
	0.28-3.14

	Education (vs. <High School)
	
	
	

	     High School
	0.87
	0.82
	0.26-2.95

	     Some College
	1.62
	0.39
	0.53-4.93

	     Bachelors or more
	1.27
	0.67
	0.42-3.85

	Smoke cigarettes (vs no)
	0.79
	0.78
	0.15-4.11

	BMI
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA)**
	1.07
	0.31
	0.94-1.21

	Country region (vs West)
	
	
	

	Midwest
	1.03
	0.96
	0.23-4.64

	South
	1.62
	0.45
	0.45-5.78

	Northeast
	1.97
	0.21
	0.67-5.78



















* Pseudo R2 0.38
** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).

Table S12. Logistic regressions for 90 days PM2.5 exposure-rhinitis relationship, adjusting for potential confounders*.
	Variable
	OR
	p-value
	95% CI

	90 days PM2.5 (per 1SD increase) 
	1.13
	0.39
	0.85-1.49

	Age (per year)
	0.99
	0.53
	0.95-1.03

	Sex (vs. male)
	1.07
	0.81
	0.60-1.91

	Race/ethnicity (vs. Caucasian)
	
	
	

	     African American
	0.58
	0.28
	0.22-1.58

	     Hispanic
	0.95
	0.94
	0.29-3.18

	Education (vs. <High School)
	
	
	

	     High School
	0.87
	0.82
	0.26-2.95

	     Some College
	1.62
	0.39
	0.53-4.88

	     Bachelors or more
	1.26
	0.68
	0.42-3.79

	Smoke cigarettes (vs no)
	0.80
	0.78
	0.16-4.09

	BMI
	1.07
	0.01
	1.02-1.12

	Urbanicity (RUCA)**
	1.06
	0.36
	0.93-1.21

	Country region (vs West)
	
	
	

	Midwest
	1.05
	0.95
	0.24-4.65

	South
	1.66
	0.42
	0.47-5.87

	Northeast
	2.00
	0.21
	0.66-6.05



















* Pseudo R2 0.41
** RUCA codes were treated as a continuous variable in a 1 to 10 scale, in which 1 was the most urbanized areas (metropolitan cores) and 10 was the least ones (rural areas).


