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SUPPLEMENTARY APPENDIX

Search Strategy for SCOPUS and PubMed 

1) Search strategy for SCOPUS 
Search timeline: 1990April 30.2025; Language: English; (814 searching results)
( ( TITLE-ABS-KEY ( "psoriasis" ) OR TITLE-ABS-KEY ( "atopic dermatitis" ) OR TITLE-ABS-KEY ( "melanoma" ) OR TITLE-ABS-KEY ( "non-melanoma skin cancer" ) OR TITLE-ABS-KEY ( "acne" ) OR TITLE-ABS-KEY ( "melasma" ) OR TITLE-ABS-KEY ( "urticaria" ) OR TITLE-ABS-KEY ( "sensitive skin syndrome" ) OR TITLE-ABS-KEY ( "inflammatory skin disease" ) OR TITLE-ABS-KEY ( "autoimmune skin disease" ) OR TITLE-ABS-KEY ( "malignant skin disease" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "particulate emission" ) OR TITLE-ABS-KEY ( "ultrafine particle" * ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "sulphur dioxide" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 

2) Search strategy for PubMed
Search timeline: 1990 April 30.2025; Language: English; (577 searching results)
(("psoriasis"[Title/Abstract] OR "atopic dermatitis"[Title/Abstract] OR "melanoma"[Title/Abstract] OR "non melanoma skin cancer"[Title/Abstract] OR "acne"[Title/Abstract] OR "melasma"[Title/Abstract] OR "urticaria"[Title/Abstract] OR "sensitive skin syndrome"[Title/Abstract] OR "inflammatory skin disease"[Title/Abstract] OR "autoimmune skin disease"[Title/Abstract] OR "malignant skin disease"[Title/Abstract] OR "skin aging"[Title/Abstract]) AND ("air pollution"[Title/Abstract] OR "particulate matter"[Title/Abstract] OR "particulate emission"[Title/Abstract] OR "ultrafine particle"[Title/Abstract] OR "nitrogen oxides"[Title/Abstract] OR "ozone"[Title/Abstract] OR "sulphur dioxide"[Title/Abstract] OR "gaseous pollutants"[Title/Abstract]))

1) Search strategy for SCOPUS for individual diseases
Search timeline: 1990 April 30.2025; Language: English; (365 searching results)
( ( TITLE-ABS-KEY ( "atopic dermatitis" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

Search timeline: 1990 April 30.2025; Language: English; (81 searching results)
( ( TITLE-ABS-KEY ( "psoriasis" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

Search timeline: 1990 April 30.2025; Language: English; (78 searching results)
( ( TITLE-ABS-KEY ( "urticaria" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND PUBYEAR > 2020 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 
Search timeline: 1990 April 30.2025; Language: English; (67 searching results)
( ( TITLE-ABS-KEY ( "acne" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

[bookmark: _Hlk200323297]Search timeline: 1990 April 30.2025; Language: English; (45 searching results)
( ( TITLE-ABS-KEY ( "melanoma" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

Search timeline: 1990 April 30.2025; Language: English; (42 searching results)
( ( TITLE-ABS-KEY ( "non-melanoma" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 

Search timeline: 1990 April 30.2025; Language: English; (4 searching results)
( ( TITLE-ABS-KEY ( "melasma" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 

Search timeline: 1990 April 30.2025; Language: English; (79 searching results)
( ( TITLE-ABS-KEY ( "skin aging" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

Search timeline: 1990 April 30.2025; Language: English; (1 searching results)
( ( TITLE-ABS-KEY ( "sensitive skin syndrome" ) ) AND ( TITLE-ABS-KEY ( "air pollution" ) OR TITLE-ABS-KEY ( "particulate matter" ) OR TITLE-ABS-KEY ( "gaseous pollutants" ) OR TITLE-ABS-KEY ( "ultrafine particles" ) OR TITLE-ABS-KEY ( "ozone" ) OR TITLE-ABS-KEY ( "nitrogen oxides" ) OR TITLE-ABS-KEY ( "sulfur dioxide" ) ) ) AND PUBYEAR > 1989 AND PUBYEAR < 2026 AND PUBYEAR > 2020 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) 

Search timeline: 1990 April 30.2025; Language: English; (1 searching results)
( (TITLE-ABS-KEY("autoimmune skin disease")) AND (TITLE-ABS-KEY("air pollution") OR TITLE-ABS-KEY("particulate matter") OR TITLE-ABS-KEY("gaseous pollutants") OR TITLE-ABS-KEY("ultrafine particles") OR TITLE-ABS-KEY("ozone") OR TITLE-ABS-KEY("nitrogen oxides") OR TITLE-ABS-KEY("sulfur dioxide"))) AND PUBYEAR > 1990 AND PUBYEAR < 2026 AND PUBYEAR > 1990 AND PUBYEAR < 2026 AND ( LIMIT-TO ( DOCTYPE,"ar" ) ) AND ( LIMIT-TO ( LANGUAGE,"English" ) ) 
Note: The search strings were adapted for PubMe

Table. S1 Summary of characteristics of studies included in the systematic review.

	[bookmark: OLE_LINK1]
	Author,
year (Ref)
	Study area/ study period
	Study population/sample size
	Study design/study type/statistical method
	Exposure assessment and source 
	Outcome assessment and source
	Confounding factors
	Effect modifiers
	Lag structure
	Estimate (p-value or 95% CI)
	Main Findings

	1. 1
	Annesi-Maesano et al., 2007[1]
	Six French cities, France 

1999 –2000
	school children

N=5338
	CS-Semi-individual design/short term/LR &GEE
	PM2.5
	AD

clinical exams and ISAAC questionnaire
	Age, sex, family history of allergy and passive smoking, SES, parental education, ethnicity
	All children & long-term residents
	Lag 0 
	OR=2.51 (2.06–3.06)
	Higher PM2.5 exposure linked with increased AD; strongest in long-term residents

	i. 
	
	
	
	
	NO2

measured using pumps and diffusion samplers in schoolyards
	
	
	
	
	OR= 2.40 (1.95–2.96)
	

	2. 2
	Baek et al., 2021[2]
	Incheon, South Korea

2012 –2015
	All Ages/ 

N= 513,870
	TS/short term/ QP-GAM
	PM10 
	AD

OPD, hospitalizations, and ED visits from Health Insurance Review and Assessment Service
	Season, DOW, AT, RH, public holidays
	Age and sex, national health insurance type, underlying
disease, and season.


	Significant at Lag 0

*Single and cumulative lag (0-7 days)
	RR = 1.009 (1.007–1.012) 
	Significant association between PM10, SO2 and O3 with
 AD. O3 and AD were significantly associated at all age and sex groups, maximum for 13- to 18-year-old males 

	3. 
	
	
	
	
	NO2 
	
	
	
	
	0.996 
(0.992–1.000)
	

	4. 
	
	
	
	
	SO2 
	
	
	
	
	1.033
(1.030–1.037)
	

	5. 
	
	
	
	
	O3 
	
	
	
	
	1.028 
(1.023–1.033)
	

	6. 
	
	
	
	
	CO 

Daily data from monitoring station
	
	
	
	
	1.000 
(0.997–1.004)
	

	7. 3
	Bar-Or et al., 2021[3]
	Israel

1967 -2017
	Adolescents (17 years)/ 

N = 11,415
	[bookmark: _Hlk197990162]CS/long-term/ LR
	NOx

LUR model
	AD

military medical assessment, Israeli Défense Forces
	[bookmark: _Hlk197990243]year of birth, sex, school religious orientation, and SES
	NA
	NA
	OR= 1.35

(at 5th Quantile)
	Significant association with NO2 at quantiles 4 & 5

	8. 48
	Bellinato et al., 2023[4]
	Verona, Italy

Dec 2018 -Dec 2021
	All Ages 

N=169
	[bookmark: _Hlk197990353]CC/short term/ CLR
	PM10 
	AD flares

Eczema Area and Severity
Index (EASI)

clinical visits, electronic records 
	dupilumab treatment 

	NA


	Lag 60 days 

Lag (15 ,30, 45 days)
	At 60 days: OR=1.82 

	10 µg/m3 increase in Pollutant exposure significantly associated with increased risk of AD flare

	9. 
	
	
	
	
	PM2.5
	
	
	
	
	OR=1.67
	

	10. 
	
	
	
	
	NO2
	
	
	
	
	OR=2.13
	

	11. 
	
	
	
	
	NOx 

from local monitoring stations
	
	
	
	
	OR=1.28
	

	12. 4
	[bookmark: _Hlk198404367]Fadadu et al., 2021[5]
	California, USA 
Oct 2015 - Feb 2016

Oct 2016 - Feb 2017

Oct 2018 - Feb 2019
	Paediatric and Adults

N= 6,439 

	CS/short term/ generalized PR
	PM2.5

daily data from monitoring station
	AD

OPD, dermatology clinics
	Age, public holidays, AT, RH, total patient load at clinics, log of the weekly total number of dermatology clinic visits
	NA


	Maximum at lag 0

Cumulative lag (0-4 weeks)
	Paediatric
RR= 1.051
(1.008-1.097)

Adult-
1.016
(1.001-1.032)
	10 µg/m3 weekly increase in PM2.5 concentration is associated with higher weekly pediatric AD visits than adults

	13. 6
	[bookmark: _Hlk198405791]Guo et al., 2019[6]
	Beijing, China

2013 -2017
	All Ages

N= 64,987 
	TS/short term/ QP-GAM, DLNM (0-14 days)
	PM10
	AD 

OPD and ED, 

Daily data, Dept. of Dermatology from General Hospital
	season and long-term trends, DOW, holiday, AT and RH


	Age and sex

*AP x meteorology (AT and
RH)
	Highest effect at Lag 0 

**Single and cumulative lag (0-5days)
	% change= 0.34% 
(0.15–0.54)
	A 10 µg/m3 increase in PM2.5,
PM10, NO2 and SO2 were associated with 
and increase in AD visits at the highest quartile AT level.
No
significant interaction between AT, RH & AP

	14. 
	
	
	
	
	PM2.5
	
	
	
	
	0.42% 
(0.16–0.67)
	

	15. 
	
	
	
	
	NO2
	
	
	
	
	1.11% 
(0.38–1.84)
	

	16. 
	
	
	
	
	O3

Daily data from Municipal Environmental Monitoring Center from 35
monitoring stations
	
	
	
	
	1.06% 
(0.21–1.93)
	

	17. 7
	Gu et al., 2023[7]

	United Kingdom

2010 -2020
	Elderly (40–70 years)

N=337,910 
	CS/long-term/ CHR 
	AP mixture (PM2.5, PMcoarse, and PM10, NO2) 

annual average from land-use regression models from ESCAPE and UK Biobank groups
	AD 

Incident self-reported and medical diagnosis from IPD or primary health care records from UK biobank 
	Age, sex, Townsend index, moderate physical and household income.


	Sex, annual house income
 *Pollution mixture x genetic risk
	NA
	HR=4.889 (2.863-8.352)
	HR mentioned for per 10 µg/m3 increase in AP mixture, medium and high AP mixture, 
high genetic risk and high AP was significantly associated with the incidence of elderly-onset AD.
No interactive effects between genetic risks and AP. females at stronger risk

	18. 8
	Hu et al., 2020[8]
	China

2007 -2017
	Children

N= 787,646
	[bookmark: OLE_LINK3]TS/ short term/ QP-GLM, DLNM 
	NO2 
	AD

Daily, clinical visit from 2 major pediatric hospital
	long-term trends, season, DOW and public holidays 


	NA

*AP+Meteorology (daily mean AT, AT difference, air pressure, air pressure difference, RF,
RH, sunshine and WS), two pollutant model
	DLNM with 21 days was used
	Β=0.148
(0.143-0.153)
	Positive and sign association between every IQR change
in AP & AD. Effect of climate parameters were higher.  

	19. 
	
	
	
	
	O3

Daily data, Monitoring station data, Shanghai EPA
	
	
	
	
	Β=0.110
(0.105-0.116)
	

	20. 9
	Hu et al., 2022[9]
	Shanghai, China

2009-2017
	Children

N= 1,043,240
	Stratified TS/short term/QP-GLM
	NO2

Daily data, Monitoring station data, Shanghai EPA
	AD 

OPD visit from 3 major pediatric hospitals
	long-term trends, season, DOW and public holidays 


	Season

*AP+Meteorology (daily AT, AT difference, air pressure, air pressure difference, RF,
RH, sunshine and WS), two pollutant model
	DLNM with 21 days was used
	Cold season:
RR=1.11 (1.06–1.17)

Warm season:
RR=1.0 
(1.03–1.06)
	High NO2 was associated with high AD visits

	21. 10

	Huang et al., 2015[10]
	Taiwan

2005
	Mother-infant (6 months)

N= 16 686
	Lonitudinal/ long term/LR
	PM10
	AD 

birth cohort, structured
questionnaires at 6 months, 18 months and 3 years
	demographic profiles (infant sex, birthweight, birth order,
gestational age, maternal age, maternal education, atopy of
parents, annual household income, maternal tobacco smoke exposure, birth season and county of residence),
domestic environmental factors (mouldy walls, postnatal
tobacco smoke exposure, and nearby
factories) and two climatic factors (AT and
RH).
	NA

*two & three pollutant model
	NA
	OR=0.88 (0.54–1.44)
	From conception to 3 months postnatal, none of the associations were significant except with CO in the first trimester and Whole gestational period

	22. 
	
	
	
	
	NO2
	
	
	
	
	1.12 
(0.87–1.45)
	

	23. 
	
	
	
	
	SO2
	
	
	
	
	1.01 
(0.81–1.25)
	

	24. 
	
	
	
	
	O3
	
	
	
	
	1.11 
(0.88–1.40)
	

	25. 
	
	
	
	
	CO

Monthly avg. air-quality monitoring networks, spatial interpolation
	
	
	
	
	1.16 
(0.87–1.55)
	

	26. 11
	Huang et al., 2023[11]
	Greater Taipei, Taiwan

Mar 2017 - Apr 2020
	preschool children 

N=120
	CS/long-term/ LR

	PM10
	AD

birth cohort LEAPP-HIT
	NA
	sociodemographic and environmental factors
	NA
	Β (P value) 
0.05 (0.06)
	Outdoor and indoor air pollutants were not significantly associated with AD except O3

	27. 
	
	
	
	
	PM2.5
	
	
	
	
	-0.12 (0.13)
	

	28. 
	
	
	
	
	O3 
	
	
	
	
	-0.08 (0.05)
	

	29. 
	
	
	
	
	CO2
Outdoor and indoor sampling using instruments
	
	
	
	
	0.001 (0.10)
	

	30. 12
	Kim et al., 2013a[12]
	Seoul, Daejeon, Incheon, and Siheung, South Korea

2011 (Jun 8, to Oct 6)
	elementary
school children

N= 4,545
	CS/long-term/ LR
	PM10
	AD 

ISAAC questionnaire
	Age, gender, household
income, passive smoking, housing type, construction
year, and presence/absence of water leakage
	home town zone
	NA
	OR= 1.06 (0.96–1.17)
	relationship between AD -associated symptoms
and IQR change in O3 showed that the odds ratio increased with statistical
significance.

	31. 
	
	
	
	
	BC
	
	
	
	
	0.95
 (0.89–1.01)
	

	32. 
	
	
	
	
	NO2
	
	
	
	
	1.02 
(0.96–1.09)
	

	33. 
	
	
	
	
	SO2
	
	
	
	
	0.92 
(0.82–1.02)
	

	34. 
	
	
	
	
	O3

on-site automatic test,
Standard Methods for the
Examination of AP
	
	
	
	
	1.10 
(1.02–1.18)
	

	35. 14
	Kim et al., 2016[13]
	seven cities, South Korea

2003 - 2011
	All Ages 

N=na
	TS/ short term/ QP-GAM
	Spring:
	AD 

OPD, national insurance claim data
	NA
	Age and Sex
	Lag (na)
	Spring:
	Only NO2 showed positive and significant association in both seasons.

	36. 
	
	
	
	
	PM10
	
	
	
	
	Estimate (SE)=0.00009 (0.00002)
	

	37. 
	
	
	
	
	NO2
	
	
	
	
	59.34203 (0.09460)
	

	38. 
	
	
	
	
	SO2
	
	
	
	
	-63.48328 (0.63210)
	

	39. 
	
	
	
	
	O3
	
	
	
	
	-5.48426 (0.07969)
	

	40. 
	
	
	
	
	CO
	
	
	
	
	e0.09750 (0.00342)
	

	41. 
	
	
	
	
	Fall:
	
	
	
	
	Fall:
	

	42. 
	
	
	
	
	PM10
	
	
	
	
	-0.01496 (0.00007)
	

	43. 
	
	
	
	
	NO2
	
	
	
	
	60.15389 (0.13209)
	

	44. 
	
	
	
	
	SO2
	
	
	
	
	67.80260 (1.04455)
	

	45. 
	
	
	
	
	O3
	
	
	
	
	-4.33264 (0.09274)
	

	46. 
	
	
	
	
	CO

Daily, Monitoring station
	
	
	
	
	-0.50693 (0.00380)
	

	47. 15
	Kim et al., 2017a[14]
	South Korea

Aug 2013 - Dec 2014
	Children (≤5)

N=177
	Panel study/ Short term/ GLMM
	PM10
	AD- symptom score

existing AD patient, Symptom diary
	Age, sex, SCORAD (SCORing AD) at initial visit, 
presence of fever, DOW
	Sex

*AP+Meteorology (AT, RH, DTR, RF)

*Multipollutant
	Highest using cumulative lag (0-5 days), except for NO2

	% change= 3.2% (1.5-4.9)
	An increase in PM10, NO2, and O3 by 10 units increased the risk of AD
symptoms on the same day. Significantly harmful effect of PM10 on girls


	48. 
	
	
	
	
	NO2
	
	
	
	
	5.0% (1.4-8.8)
	

	49. 
	
	
	
	
	O3

Daily, Monitoring station
	
	
	
	
	6.1% (3.2-9.0)
	

	50. 16
	Kim et al., 2017b[15]
	Seoul, South Korea

Aug 2013 - Dec 2014
	Children 

N=177
	Panel study/ Short term/ GLMM
	PM10

	AD, symptom score

existing AD patient, Symptom diary
	Age, gender, season, DOW, AT, and RH.

*Two pollutants
	Sex


	Single and cumulative lag (0-3 days), no lagged effect was
shown in NO2
	% change= 8.28 
(3.23-13.58)
	Each IQR change in PM10 was significantly and positively associated with symptoms of AD, but not NO2, in all exposure metrics. Higher effect in females.

	51. 
	
	
	
	
	NO2

Daily, Monitoring station
	
	
	
	
	−2.02 
(−7.64-3.93)
	

	52. 17
	[bookmark: _Hlk198417457]Kim et al., 2018a[16]
	Seoul, South Korea

Aug 2013 - Dec 2014
	Children (≤6) 

N= 114
	[bookmark: _Hlk197991099]Panel study/ Short term/ GLMM & GAMM
	PM10
	AD flares, symptom score

existing AD patient, Symptom diary
	Age, sex, season, SCORAD (SCORing of AD) at enrollment, fever, DOW, and topical corticosteroid use AT, RH

	Climate type


	Significant up to Lag4

*Single lag (0-5 days)
	OR=1.063 (1.006–1.123)
	the risk of AD symptoms significantly increased with each IQR increase in PM2.5 and PM10. Among the 7 weather types, the risks of AD symptoms caused by PM2.5 and PM10
exposure were significantly increased on dry moderate (DM) days

	53. 
	
	
	
	
	PM2.5

Daily, Monitoring station and indoor sampling
	
	
	
	
	OR=1.078 (1.018–1.141)
	

	54. 18
	Kim et al., 2018b[17]
	Seoul, South Korea

2011 -2015
	Children (≤12 years)

N=na 
	CS/Long-term/ Bivariate Association
	PM10
	AD 

Patient count/10000 children, insurance data
	NA
	NA
	NA
	NA
	geographical variations in
prevalence of allergic diseases may be explained by varying levels of air pollutants over space, rather
than by individual risk factors

	55. 
	
	
	
	
	NO2
	
	
	
	
	
	

	56. 
	
	
	
	
	SO2
	
	
	
	
	
	

	57. 
	
	
	
	
	O3
monitoring station, spatial interpolation
	
	
	
	
	
	

	58. 19
	Kim et al., 2020[18]
	Seoul, South Korea

2014 (Apr - Jul)
	Children 
(< 6 years)

N= 128 
	Longitudinal/Short term/ GLMM
	NO2

Monitoring station data and model data



	AD, symptom score

existing AD patient, symptom diary
	Age, sex, SCORAD at
enrolment, fever, use of topical corticosteroids, DOW, AT, and RH
	Sex, distance from the residential location to the monitoring stations.


	Lag1

*Single lag (0-5 days)
	% change= 10.28% 
(3.24-17.79)
	exposure to 10 ppb rise in NO2. is
significantly associated with aggravation of AD symptoms in young children and males. exposure assessment from monitoring stations
far from residential locations can lead to misclassification bias

	59. 20
	Kim et al., 2021a[19]
	Seoul, South Korea

Feb 2019 - Nov 2020
	Children (<18 years)

N=64
	Longitudinal/
Short term/ GLMM & GAMM
	PM2.5

Automated indoor air sampler
	AD

existing AD patient, symptom diary
	Age, sex,
DOW, AT, RH, indoor formaldehyde, SCORAD at enrolment, fever, the use of topical corticosteroids
	Age, sex, season, severity, the presence of family allergic diseases, sensitization, SCORAD, household income, use of an air purifier and indoor
environment conditions including AT and RH
	
	% change= 0.9%
(-2.1-4.0)
	Effect of 10 µg/m3 increase in PM2.5 on AD symptoms was not
statistically significant. The harmful effect of PM2.5 in boys, in children aged <6 years, and in
children with inhalant allergen sensitization were significant

	60. 21
	Kim et al., 2021b[20]
	South Korea

Started 2007 (Nov)
	Children/ prenatal exposure

N=802 
	Longitudinal/long-term/ LR, Bayesian distributed lag
interaction models
	PM2.5 

LUR model


	AD 

birth cohort, questionnaire about physician diagnosed AD at 6 and 12 months
	Sex, family history of allergic diseases,
maternal education, pet ownership during, intake of
antioxidants, second hand smoking, indoor PM2.5 
during pregnancy, birth season, infant, and breastfeeding
until 6 months
	Gender

*AP x maternal Anxiety & gender
	NA
	OR=0.99 (0.64–1.53)
	Higher PM2.5 exposure during gestational weeks 5–8 increased the
probability of AD in infancy, especially in boys with higher maternal anxiety.
Avoiding PM2.5 exposure and maternal anxiety from the first trimester may prevent
infant AD.

	61. 23
	[bookmark: _Hlk198403152]Lee et al., 2015[21]
	Seoul, South Korea

2011 - 2012 (Jul -
Sep)
	school
children

N=6301 
	CS/long-term/ LR
	PM10
	AD

survey questionnaires
	Age, Sex, household
income, second-hand smoking, type of residence,
home built year, and leak status of home
	AP near schools and traffic volume
	NA
	Lifetime; diagnosed
OR=1.13 (1.06-1.21)
	For schools located near sources of AP, the prevalence of lifetime symptoms for AD was significantly increased with 1 IQR increase in pollutants

	62. 
	
	
	
	
	PM2.5
	
	
	
	
	1.10 
(1.04-1.16)
	

	63. 
	
	
	
	
	BC
	
	
	
	
	1.38 
(1.17-1.63)
	

	64. 
	
	
	
	
	NO2
	
	
	
	
	1.09 
(1.03-1.17)
	

	65. 
	
	
	
	
	SO2
	
	
	
	
	1.07 
(1.00-1.21)
	

	66. 
	
	
	
	
	O3
	
	
	
	
	1.10 
(1.04-1.16)
	

	67. 
	
	
	
	
	CO

Automated sampling at school
	
	
	
	
	1.07 
(1.00-1.13)
	

	68. 24
	Lee et al., 2018[22]
	South Korea

2006 - 2010
	Children (6-month-old) 

N=659
	Longitudinal/
long-term/LR
	PM10

	AD 

prenatal exposure- Environmental Health study
	mother’s Age, sex, BMI, gestational Age (weeks), parity, passive smoking, education of parents, parental history of allergy, family income, pets, residential mobility during pregnancy, season of birth, breastfeeding, 
type of birth, AT, and RH.
	tertile of green space.

[bookmark: _Hlk197991173]*TRAP x green space
	NA
	OR= 1.096 (0.795–1.510)
	The risk of infantile AD significantly increased per 10 ppb increase in AP exposure during the
first trimester of pregnancy in
the areas in the lower tertiles of green space

	69. 
	
	
	
	
	NO2

LUR model
	
	
	
	
	1.269 
(0.936–1.721)
	

	70. 25
	Liao et al., 2022[23]
	Changsha City, China

2018 (Sept - Oct)
	College students

N=19,064
	CS/long term/ GLMM
	PM10
	AD 
dermatological examination and questionnaires
	sex and family income, passive smoking,
bath frequency, and BMI, RH and AT
	*APxsecond-hand smoke

	NA
	OR=NA
	SHS and ambient AP are both associated
with inflammatory AD, and they have a synergistic effect on the prevalence of AD 

	71. 
	
	
	
	
	PM2.5
	
	
	
	
	NA
	

	72. 
	
	
	
	
	NO2
	
	
	
	
	NA
	

	73. 
	
	
	
	
	SO2
	
	
	
	
	NA
	

	74. 
	
	
	
	
	O3
	
	
	
	
	NA
	

	75. 
	
	
	
	
	CO

Air quality reanalysis dataset
	
	
	
	
	NA
	

	76. 26
	Lin et al., 2025[24]
	central and southern Taiwan

2004 - 2013
	Pregnant women, infant, children (≤5 years)

N= 564 869  
	Longitudinal/ long term/ CPHM, DLNM
	PM2.5


satellite-based model
	AD

Birth cohort, health database
	sex, birth season, maternal household income, birthweight, maternal Age, heart disease, atopy and smoking/alcohol consumption or prescribed medication taken during pregnancy
	NA
	Lag days
	HR= 1.09 (1.08–1.10)

	
 Increased cumulative exposure to PM2.5 from 34 weeks’ gestation until birth, as well as from 33 weeks after birth, was significantly associated with a higher incidence of AD

	77. 27
	Liu et al., 2024[25]
	Shanghai, China

2016 -2018
	Children

N= 477,833 
	TS/Short term/ QP-GAM, DLNM
	PM10
	AD 

OPD, hospital data
	time trend, DOW, public holidays AT, RH


	sex, Age and season.

*Single and two pollutant model
	Lag0

**Single lag, cumulative lag (0-4)
	% change=
 2.53 % 
(0.87-4.22),
	Each IQR increase in PM2.5, PM10, NO2 SO2 and CO at Lag0 was significantly associated with increments of pediatric AD OPD visits. Higher associationbetween NO2 & AD in children< 6 years, & cool season

	78. 
	
	
	
	
	PM2.5
	
	
	
	
	
 2.08 % 
(0.53-3.65)
	

	79. 
	
	
	
	
	NO2
	
	
	
	
	
 8.14 % 
(6.24-10.08)
	

	80. 
	
	
	
	
	SO2
	
	
	
	
	
 5.67 %
(3.58-7.80)
	

	81. 
	
	
	
	
	CO
	
	
	
	
	
 2.27 % 
(0.70-3.87)
	

	82. 
	
	
	
	
	O3

Daily, monitoring stations
	
	
	
	
	-1.35% 
(-3.51-0.85)
	

	83. 28
	[bookmark: _Hlk198417495]Luo et al., 2022[26]
	Chongqing, China

Jan 2015 - Dec 2019

	Children (0-18 years) 

N=214,747
	TS/short term/ P-GAM
	PM10
	AD 

OPD, hospital
	Long-term trends, season, DOW, holiday, AT, RH 

	Age, sex, season


	Lag0

**Single lag, cumulative lag (0-5)
	% change=
0.9% (0.5-1.4),
	Each 10μg/m3 increase in PM2.5, PM10, SO2, NO2 and each 1µg/m3
increase in CO was signif. associated with increase of AD OPD visits at Lag0, stronger in cool season and age 0–3 group. The lag effect was found in SO2, PM10, and NO2.

	84. 
	
	
	
	
	PM2.5
	
	
	
	
	0.7% (0.2-1.3)
	

	85. 
	
	
	
	
	NO2
	
	
	
	
	5.5% (4.3-6.7)
	

	86. 
	
	
	
	
	SO2
	
	
	
	
	11% (7.5-14.7)
	

	87. 
	
	
	
	
	CO

Monitoring station
	
	
	
	
	10.1% (2.7-18.2)
	

	88. 29
	Mailepessov et al., 2024[27]
	Singapore

2009 - 2019
	All Ages 

N=1,440,844
	Stratified TS/ short term/NB, DLNM (0-6 weeks)
	PM10
	AD

OPD, dermatological clinic
	long-term trends, seasonality, public holidays, population size and autocorrelation


	Age, sex

*AP+meteorology (AT, RH and RF)
	DLNM (0-6 weeks)
	RR=1.10 (1.01–1.19)
	The association between AD and PM were higher at 90th Percentile of AP than at 10th Percentile. No diff based on sex, but for 7- to 12-year and above 18years for PM2.5

	89. 
	
	
	
	
	PM2.5

weekely, monitoring station
	
	
	
	
	1.10 (1.01–1.19)
	

	90. 30
	Mazur et al., 2023[28]
	Krakow, Poland

2014 and 2018
	school children (7–8 years) and adolescents (16–17 years)

N=29,872
	CS/ long-term/Pearson correlation

	PM10

	AD

primary and secondary schools, questionnaires
	NA
	NA
	NA
	*Corr (p value)
Krasinskiego:  0.905 (0.034) 
Bujaka: 0.903 (0.036)
Bulwarowa: 0.649 (0.236)
	A reduction in the incidence of AD over
the 10 years and an improvement in air quality

	91. 
	
	
	
	
	PM2.5

monitoring station
	
	
	
	
	Krasinskiego:  0.608 (0.277) 
Bujaka: 0.630 (0.255)
Bulwarowa: 0.725 (0.165)
	

	92. 31
	Noh et al., 2019[29]
	Seoul, South Korea

Aug 2013-Dec 2014

	Children (0‐6 years) 

N=89
	Longitudinal/short term/LR & 
GEE
	PM10
	AD, symptom score

existing AD patient, symptom diary
	Age, sex, season, SCORAD at the initial visit, and fever 


	Different exposure scales

*AT and RH
	Lag0-3

**single and cumulative lag (0-2)
	OR=1.17 (1.08‐1.27)
	In the overall analysis, PM10, NO2, SO2, and CO had a significantly
positive association, 
with AD symptoms

	93. 
	
	
	
	
	NO2
	
	
	
	
	1.12 
(1.01‐1.24)
	

	94. 
	
	
	
	
	SO2
	
	
	
	
	1.24 
(1.10‐1.40)
	

	95. 
	
	
	
	
	O3
	
	
	
	
	0.91 
(0.80‐1.05)
	

	96. 
	
	
	
	
	CO

Monitoring station
	
	
	
	
	1.15 
(1.05‐1.29)
	

	97. 32
	Oh et al., 2018[30]
	Ulsan, South
Korea

2012 - 2013 (May–Oct)
	Preschool children (1-5 years)

N=21 
	Longitudinal/Short term/GLMM
	PM10

	AD, symptom score 

existing AD patient, questionnaire
	Age, sex, AT, RH, Scoring AD
(SCORAD) index at the initial visit, use of topical corticosteroids
	school
	NA
	OR= 1.195 (1.099-1.299)
	short-term exposure to PM can exacerbate AD in young children living in an
industrial urban area. PM2.5 had a stronger effect than PM10 on exacerbation of AD symptoms.

	98. 
	
	
	
	
	NO2

Indoor and outdoor, optical particle counter

	
	
	
	
	1.359 
(1.174-1.574)
	

	99. 33
	Park et al., 2022a[31]
	South
Korea

2008 - 2013
	All Ages

N= 209,168
	CS/Long-term/ CPHM


	PM10
	AD

Cohort, general database
	Age, sex,
income, comorbid diseases, AT and RH
	NA
	NA
	HR= 1.333, (1.325-1.341)
	significant positive association between incidence of AD and long-term average concentration (1µg/m3 or 1 ppb) of
air pollutants and negative with O3

	100. 
	
	
	
	
	PM2.5
	
	
	
	
	1.420 
(1.392-1.448)
	

	101. 
	
	
	
	
	NO2
	
	
	
	
	1.200 
(1.187-1.212)
	

	102. 
	
	
	
	
	SO2
	
	
	
	
	1.626 
(1.559-1.695)
	

	103. 
	
	
	
	
	O3
	
	
	
	
	0.814 
(0.800-0.829)
	

	104. 
	
	
	
	
	CO

Monitoring station
	
	
	
	
	1.005 
(1.004-1.005)
	

	105. 34
	Park et al., 2022b[32]
	Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, Jeju Island, South Korea

2015 - 2019
	All Ages

N= 23 288 000 
	TS/short-term/ NB
	PM10
	AD

IPD & OPD/ Health insurance
	AT, DTR, WS, RH, RF, calendar days, public holidays, year and city 
	NA


	NA
	RR=1.020 (1.009–1.031)
	Every 10 µg/m3 increase in
PM2.5 and PM10, 1ppb SO2 , 100 ppb CO resulted in
increases AD. O3 and NO2 were not associated with AD


	106. 
	
	
	
	
	PM2.5
	
	
	
	
	1.027 
(1.008–1.047)
	

	107. 
	
	
	
	
	NO2
	
	
	
	
	1.0004 (0.997–1.004)
	

	108. 
	
	
	
	
	SO2
	
	
	
	
	1.023 
(1.014–1.032)
	

	109. 
	
	
	
	
	O3
	
	
	
	
	0.999 
(0.997–1.000)
	

	110. 
	
	
	
	
	CO

Monthly, Monitoring station
	
	
	
	
	1.029 
(1.014–1.044)
	

	111. 35
	Patella et al., 2020[33]
	Campania Region, Italy

Jul 2017 - Dec 2018
	All Ages (≥5 years) 

N=60
	Longitudinal/short-term/ LR+GLMM
	PM10
	AD symptoms with SCORAD

existing AD patient, symptom using SCORAD
	Age, sex, SCORAD at enrolment, consulting behavior, 
, AT, RH, and use of topical corticosteroids (GLMM)


	NA

*AP+meteorology (AT, DTR, RH. RF)
	NA
	% change= 3.0% (0.3-4.2)
	The severity of AD symptoms was positively correlated with PM10, NO2, O3, and TPC

	112. 
	
	
	
	
	NO2
	
	
	
	
	5.0% (1.4-8.8)
	

	113. 
	
	
	
	
	O3

Monthly, monitoring station, time-weighted average
	
	
	
	
	5.9% (2.4-9.3)
	

	114. 36
	Pe´nard-Morand et al., 2005[34]
	Six cities, France

Mar 1999 – Oct 2000
	School children (9–11 years)

N=6672
	CS/long-term/ LR/ marginal
model
	PM10
	AD 

ISAAC questionnaire
	Age, sex, family history of allergy, passive smoking and parental education


	Duration of clinical examination

*Two pollutant model
	NA
	OR= 1.09 (0.88–1.36)
	A moderate increase in long-term exposure to 10 µg/m3 rise in background ambient AP was
associated with an increased prevalence of AD in children

	115. 
	
	
	
	
	NO2
	
	
	
	
	1.01 
(0.93–1.10)
	

	116. 
	
	
	
	
	SO2
	
	
	
	
	0.93 
(0.82–1.05)
	

	117. 
	
	
	
	
	O3

Air Quality Monitoring Networks
	
	
	
	
	1.04 
(0.96–1.12)
	

	118. 37
	Raz et al., 2021[35]
	Israel

1967 -2017
	adolescents (17 years)

N=2,523,745
	CS/long-term/ LR- GLM
	SO2

Interpolated data
	AD 

Health database, military medical assessment
	year of birth, SES, school orientation, and NOx
	NA
	NA
	OR=1.14
	Residency in HBA was associated with a higher adjusted
risk of AD, compared with non-HBA residency. Higher in level 2 &3.


	119. 38
	Seo et al., 2016[36]
	Seoul, South Korea

2011
	All Ages

N=424 
	CS/long-term/ OLS
	PM10

Monitoring stations, riging method

	AD

IPD & OPD, National health insurance
	AT, RF, WS, SES, 
	Sub districts, region
	NA
	Β (p-value) = 0.051 (<0.01)

	PM10 was found to be a significant predictor of AD patient count (P<0.01), with greater association when spatially interpolated at the sub-district level.

	120. 39
	[bookmark: _Hlk198403301]Song et al., 2011[37]
	Incheon, South Korea

Mar – Jun 2009
	Schoolchildren (8–12 years)

N= 41
	Longitudinal/ Short term/ LMM
	PM10
	AD, symptom score

existing AD patient, symptom diary
	Age, sex, height, weight, SCORAD index, commuting time, frequency of eczema and AT


	NA

*Two pollutant model
	Lag0

**Single and cumulative lag (0-3)
	% change= 1.02
(-1.78-3.91)
	An IQR increase in previous day UFP was significantly associated with a increase in the itch symptom score for children with AD

	121. 
	
	
	
	
	PM2.5
	
	
	
	
	-0.01 
(-2.75-2.84)
	

	122. 
	
	
	
	
	PM1.0
	
	
	
	
	-0.17 
(-2.89-2.62)
	

	123. 
	
	
	
	
	NO2
	
	
	
	
	0.76
(-1.97-3.58)
	

	124. 
	
	
	
	
	SO2
	
	
	
	
	1.28
(-1.23-3.85)
	

	125. 
	
	
	
	
	O3

Measurement at school and monitoring station
	
	
	
	
	-0.01 
(-1.82-1.84)
	

	126. 40
	Tang et al., 2017[38]
	Taiwan

Jan - Dec 2011
	Adult (≥20 years)

N= 1,023 
	CS/long-term/ LR
	PM10
	AD 

health insurance data
	Age, sex, levels of urbanization, and family income, levels of exposure to air pollutants
	Age, sex, and levels of urbanization
	NA
	OR= 0.98 (0.97-1.00)
	These results demonstrated that AP, represented by particulate matter <2.5 mm in
diameter or the Pollutant Standards Index, was modestly associated with the development of AD in adults

	127. 
	
	
	
	
	PM2.5
	
	
	
	
	1.05 
(1.02-1.08)
	

	128. 
	
	
	
	
	NO2
	
	
	
	
	0.98 
(0.93-1.02)
	

	129. 
	
	
	
	
	SO2
	
	
	
	
	1.07 
(1.00-1.16)
	

	130. 
	
	
	
	
	O3
	
	
	
	
	1.01 
(0.97-1.05)
	

	131. 
	
	
	
	
	CO
	
	
	
	
	0.78 
(0.22-2.73)
	

	132. 
	
	
	
	
	PSI

Monitoring station
	
	
	
	
	1.02 
(1.01-1.03)
	

	133. 42
	[bookmark: _Hlk198403385]Wang et al., 2016[39]
	Taipei, Taiwan

2010
	Kindergarten children

N= 2661 
	CS/long-term/ LR
	PM10
	AD

cohort
	Age, sex, BMI, passive smoking, maternal history of atopy, maternal education and nationality, duration of breast feeding, duration of sleep, number of siblings, AT, RH, and distance from home to the monitoring station           
	Levels of pollutant and allergen sensitization
	NA
	OR= 1.00 (0.70–1.44)
	Dust mites and PM2.5 play an important role on the risk of asthma and AR.

	134. 
	
	
	
	
	PM2.5
	
	
	
	
	1.25
(0.85–1.82)
	

	135. 
	
	
	
	
	NO2
	
	
	
	
	1.33 
(0.98–1.79)
	

	136. 
	
	
	
	
	SO2
	
	
	
	
	1.24 
(0.90–1.70)
	

	137. 
	
	
	
	
	O3
	
	
	
	
	1.33 
(0.98–1.80)
	

	138. 
	
	
	
	
	CO
	
	
	
	
	1.03 
(0.77–1.38)
	

	139. 
	
	
	
	
	8h O3
	
	
	
	
	1.22 
(0.93–1.60)
	

	140. 43
	Wang et al., 2021a[40]
	Taiwan

2000 - 2012
	Children (<18 years) 

N= 7304
	Longitudinal/long term/CPHM
	total hydrocarbons
	AD 

Health Insurance data
	Age, sex, monthly income, and level of urbanization
	Quartiles of AP
	NA
	HR=10.6 
(5.85–7.07
	HR for AD
increased with an increase in the exposure concentrations of AP.
Patients exposed to higher levels of AP exhibited greater incidence
rates of childhood AD.

	141. 
	
	
	
	
	non-methane hydrocarbons
	
	
	
	
	2.47 
(2.29–2.66)
	

	142. 
	
	
	
	
	Methane

Air Quality-Monitoring Database
	
	
	
	
	11.9 
(10.8–13.1)
	

	143. 44
	Wang et al., 2021c[41]
	Guangzhou, China

19 Jan 2013 - Dec 2017
	All ages

N= 29 972
	TS/Short term/QP-GAM
	PM10
	AD

OPD, Municipal Clinical Center for
Dermatology
	long-term trends, seasonal patterns, DOW
AT and RH
	age and season

* two-pollutant models,


	Lag 0-3

**Single and cumulative lag (0-5)
	ER= 1.9% (1.2–2.7)
	Acute and delayed
effects on AD hospital visits were significant for all air pollutants (10 μg m–). Stronger in cool season, and children 

	144. 
	
	
	
	
	PM2.5
	
	
	
	
	2.67% 
(1.67–3.67%)
	

	145. 
	
	
	
	
	NO2
	
	
	
	
	3.1% 
(2.05–4.26)
	

	146. 
	
	
	
	
	SO2
	
	
	
	
	6.1% 
(3.11–9.21)
	

	147. 
	
	
	
	
	O3

Monitoring station
	
	
	
	
	1.1% 
(0.64–1.52)
	

	148. 45
	Wu et al., 2024b[42]
	Taiwan

2008 - 2018
	All Ages

N= 199,205
	CS/Long-term/ CPHM
	PM10
	AD 

Cohort- insurance database
	Age, sex, RH, AT, urbanization, history of
allergic rhinitis or asthma, and prior antibiotic use
	Age, Sex, urbanisation
	NA
	HR= 0.87 (0.85;0.88)
	With the lowest quantile, Q1, as reference, the AD risk increased significantly
At higher quantiles.

	149. 
	
	
	
	
	PM2.5
	
	
	
	
	1.42 
(1.36-1.46)
	

	150. 
	
	
	
	
	NO2
	
	
	
	
	0.99 
(0.95-1.04)
	

	151. 
	
	
	
	
	SO2
	
	
	
	
	1.10 
(1.02-1.17)
	

	152. 
	
	
	
	
	O3
	
	
	
	
	1.01 
(0.99-1.05)
	

	153. 
	
	
	
	
	CO
	
	
	
	
	8.98 
(3.54-19.56)
	

	154. 
	
	
	
	
	AQI

Air Quality Monitoring System
	
	
	
	
	1.07 (1.07-1.08)
	

	155. 46
	Ye et al., 2022[43]
	Shanghai, China

2013 -
2018
	All Ages

N= 34,633 
	TS/Short term/ QP-GAM, PDLM (0-10)
	PM10
	AD 

OPD, Dermatology Hospital
	Seasonality, long-term,
Public holidays, DOW


	Age, gender, and season

*AP x Meteorology (AT and RH)
	Cumulative lag (0-3)
	% change= 0.67 
(−0.10- 1.45)
	The increased concentration of air pollutants (10 μg/m3)
except ozone (O3) contributed to the increased risk of AD
OPD, 0- to 7-year-old group, women were most susceptible, and stronger in warm season

	156. 
	
	
	
	
	PM2.5
	
	
	
	
	0.00 
(−0.92- 0.92)
	

	157. 
	
	
	
	
	NO2
	
	
	
	
	1.96 
(0.46- 3.48)
	

	158. 
	
	
	
	
	SO2
	
	
	
	
	6.03 
(2.29- 9.91)
	

	159. 
	
	
	
	
	O3
	
	
	
	
	−0.20 
(−0.94- 0.54)
	

	160. 47
	[bookmark: _Hlk198468922]Bellinato et al., 2022[44]
	Verona, Italy

Sept 2013 -Jan 2020
	All Ages 

CS, N= 957
CC, N= 369
	[bookmark: _Hlk197990323]CC-CS/short term/LiR, LR
	PM10
	Psoriasis flares
Psoriasis Area Severity Index (PASI)

OPD, dermatologic clinic
	Seasonality, systemic antipsoriatic
treatment
	Age, seasonality


	Lag60

Lag (15,30,45 days)
	Β (p-value) = 0.052 
(P = .006)
	Exposure to mean PM10 over 20 μg/m3 and mean PM2.5 over 15
μg/m3 in the 60 days before assessment were associated with a higher risk of PASI 5 

	161. 
	
	
	
	
	PM2.5

	
	
	
	
	0.052
(P = .006)
	

	162. 
	
	
	
	
	NO2
	
	
	
	
	0.092 
(P < .001)
	

	163. 
	
	
	
	
	NOx
	
	
	
	
	0.071 
(P < .001)
	

	164. 
	
	
	
	
	CO
	
	
	
	
	0.116
(P < .0001)
	

	165. 
	
	
	
	
	C6H6

Institute for Environmental
Protection and Research

	
	
	
	
	0.025
 (P < 0.043)
	

	166. 49
	Chao et al., 2021[45]
	Xinxiang, China

2015 -2018
	All Ages

N=na 
	TS/ short term/ QP-GAM
	NO2  

air quality-monitoring stations
	Psoriasis

OPD visits

	long-term time trends, season, DOW, public holidays AT, & RH
	NA

*Two pollutant model
	NA
	% change=3.09 (1.26–4.92)
	Every 10 µg/m3 increase in NO2 was associated with Psoriasis visit. The effect was stronger
in the cool seasons 
and younger patients (<15 years of age)


	167. 50
	Chen et al., 2025[46]
	Taiwan

2002 -2016
	All Ages

N= 107 462 
	Time stratified-CC/ short term/CLR
	PM10 
	Psoriasis 

OPD, hospital admission, Health insurance database
	Age, sex, comorbidities, drug use, SES, urbanization level, AT, RH 


	Age, sex, comorbidities

*Multipollutant
	Lag0

**Single and cumulative lag (0-3)
	OR=1.05 (1.032-1.058)
	Every IQR increase in NO2 and
CO was associated with psoriasis, stronger among men, older patients (>60 years old), and patients with chronic disease

	168. 
	
	
	
	
	PM2.5
	
	
	
	
	1.05 
(1.031-1.061)
	

	169. 
	
	
	
	
	NO2
	
	
	
	
	1.1 
(1.082-1.116)
	

	170. 
	
	
	
	
	SO2
	
	
	
	
	1.05 
(1.036-1.062)
	

	171. 
	
	
	
	
	O3
	
	
	
	
	1.01 
(0.999-1.029)
	

	172. 
	
	
	
	
	CO

Monitoring station, interpolation
	
	
	
	
	1.07 
(1.059-1.089)
	

	173. 52
	[bookmark: _Hlk198468846]Faustini et al., 2018[47]
	Rome, Italy

2006 -2014
	All Ages 

N= 6,448
	Time stratified-CC / short term/CLR
	PM10
	Psoriasis exacerbations

prior diagnosed, hospital discharge, ED
	Time, AT, influenza epidemics, and population
dynamics during summer and public holidays
	NA


	Lag 0-1

**Cumulative lag (0-6 days)
	IR=-0.12 
(-2.38-2.2)
	10 μg/m3  rise in PM2.5 and NO2 might exacerbate autoimmune diseases. As detected with treatment changes especially in younger
patients

	174. 
	
	
	
	
	PM2.5
	
	
	
	
	-0.7 
(-3.93-2.64)
	

	175. 
	
	
	
	
	NO2

monitoring stations
	
	
	
	
	-0.32 
(-2.48-1.89)
	

	176. 53
	Lan et al., 2023[48]
	Wuhan, China

2015-2019
	All ages

N= 13 536
	TS/short term/ QP, DLNM (0-15 days)
	PM10
	Psoriasis

OPD, Department of Dermatology
	calendar time, DOW, RH, AT and Barometric pressure.


	sex, age and season

*Two pollutant model
	Lag1

**Single and cumulative lag (0-7)
	%change=
0.26 
(0.05-0.48)
	10-μg m−3 increase in PM2.5, PM10, NO2 and SO2 were found to be significantly associated with increased daily psoriasis, stronger in age 18-45 years, female, cold season

	177. 
	
	
	
	
	PM2.5
	
	
	
	
	0.32 
(0.01-0.63)
	

	178. 
	
	
	
	
	NO2
	
	
	
	
	0.92 
(0.49-1.36) 
	

	179. 
	
	
	
	
	SO2
	
	
	
	
	1.98 
(0.14-3.85)
	

	180. 
	
	
	
	
	CO
	
	
	
	
	2.20 
(−1.15-5.67
	

	181. 
	
	
	
	
	O3

Monitoring station
	
	
	
	
	0.18 
(−0.01-0.42) 

	

	182. 54
	[bookmark: _Hlk198468825]Lee et al., 2022[49]
	Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, South Korea


2015 - 2017
	All Ages
	TS/short term/ time series regression
	PM2.5
	Psoriasis

Hospital Visits- health insurance data
	NA
	NA


	Lag (14 weeks)
	NA
	particulate matter has no impact on hospital visit
frequency among psoriasis patients in South Korean urban areas

	183. 
	
	
	
	
	NO2

air quality monitoring
network
	
	
	
	
	
	

	184. 55
	Liu et al., 2025[50]
	Chongqing, China

2014 - 2019
	All Ages

N= 23,921 
	TS/short term /QP-GAM
	SO2

monitoring stations
	Psoriasis

OPD, hospital information systems
	seasonal and long-term trends, public holidays, DOW, AT and RH
	Age, sex and season

*Two pollutant model


	Lag0

**Single and cumulative lag (0-7days)
	% change= −2.07
(−3.61- −0.53)
	low concentration of O3 (10 μg/m3)
was negatively associated with psoriasis OPD visit. stronger associations were observed in cool seasons, patients aged 40 or above, and males

	185. 56
	Park et al., 2022b[32]
	Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, Jeju Island, South Korea

2015 - 2019
	All Ages

N= 23 288 000 
	TS/long-term/ NB
	PM10
	Psoriasis

IPD & OPD/ Health insurance
	AT, DTR, WS, RH, RF, calendar days, public holidays, year and spatial factor 
	NA
	NA
	RR= 1.031 (1.021–1.042)
	Every 10 µg/m3 increase in
PM2.5 and PM10 resulted in
increases Psoriasis


	186. 
	
	
	
	
	PM2.5

Monitoring station
	
	
	
	
	1.022 
(1.016–1.028)
	

	187. 57
	[bookmark: _Hlk198468803]Wang et al., 2022[51]
	Guangzhou, China

2014 - 2020
	All Ages 

N= 62,305
	Time stratified-CC/short term/CP, DLNM (1-7)
	NO2

Monitoring station
	Psoriasis

 OPD, Dermatology Hospital
	Pollutants, sunshine duration and relative
RH.


	Age, sex, and medical insurance

*Multipollutant
	Lag0

Single lag (0-2)
	RR=1.031 (1.025, 1.037)
	A10-μg/m3 increase in NO2
was associated with higher OPD visits for psoriasis. NO2 risks were higher among older individuals (age ≥ 60 years) and those with
medical insurance 


	188. 58
	Wu et al., 2022[52]
	Beijing, China

2010 -2017
	Adults (>18 years)

N= 500,266
	TS/short term/ QP-GAM
	PM2.5

reports
issued by the United States Embassy air monitoring station
	Psoriasis

OPD- Medical Claim data
	Calendar time, DOW, public holidays, AT, and RH
	Age, sex, and season.


	Lag0

**Single and cumulative lag (0-3)
	% change= 0.29% 
(0.26–0.32)
	Short-term exposure to PM2.5 was associated with OPD visits
for psoriasis-related health concerns, Female and older
patients were more sensitive

	189. 59
	Wu et al., 2024a[53]
	UK

2006 -2020
	Adults (37 - 73 years)

N= 474 055
	CS/long-term/ CPHM
	PM10
	Psoriasis 

UK Bio bank cohort data
	Age, sex, education, employment, ethnicity, alcohol, smoking, and Townsend Deprivation Index, healthy diet score, physical
activity, body mass index, kinship to other
participants, hypertension, diabetes, and
hypercholesterolemia
	Quartiles of AP, genetic risk

*AP x genetic
	NA
	HR= 1.47 (1.41-1.52)
	There was a positive association between the risk of psoriasis and IQR increase in air pollutant exposure. significant interactions between AP and genetic predisposition for incident psoriasis were
observed

	190. 
	
	
	
	
	PM2.5
	
	
	
	
	1.41 
(1.35-1.46)
	

	191. 
	
	
	
	
	NO2
	
	
	
	
	1.28 
(1.23-1.33)
	

	192. 
	
	
	
	
	NOx 

Dispersion model, Department for Environment, Food and Rural Affairs, UK
	
	
	
	
	1.19 
(1.14-1.24)
	

	193. 60
	[bookmark: _Hlk198469006]Xiong et al., 2025[54]
	UK

2006 -2022
	Adults
(40–70 years)
N= 451 064
	CS/long-term/ CPHM
	APS
	Psoriasis

UK Biobank  cohort data
	age, sex, race, BMI, smoking status, healthy diet score, Townsend deprivation index and employment status
	age, sex, smoking status, alcohol consumption, healthy diet score, employment status and Townsend deprivation index 

*AP +/x genetic sore

*Multipollutant
	NA
	HR=
1.054 
(1.021–1.088) 

	Long-term exposure to various AP  (5, 10, 15 μg/m3)is positively associated with an increased risk of incident psoriasis, particularly in individuals with a high genetic risk of the disease

	194. 
	
	
	
	
	PM10
	
	
	
	
	0.928
(0.781-1.102)
	

	195. 
	
	
	
	
	PM2.5-10 
	
	
	
	
	1.205
(1.022-1.421)
	

	196. 
	
	
	
	
	PM2.5
	
	
	
	
	1.073
(0.915-1.257)
	

	197. 
	
	
	
	
	PM2.5 absorbance
	
	
	
	
	1.068
(0.947-1.205)
	

	198. 
	
	
	
	
	NOx
	
	
	
	
	1.035
(0.993-1.078)
	

	199. 
	
	
	
	
	NO2

LUR model
	
	
	
	
	0.993
(0.955-1.032)
	

	200. 61
	Chao et al., 2021[55]
	Xinxiang, China

2015 -2018
	All Ages

N=na 
	TS/ short-term/ QP-GAM
	NO2  

air quality-monitoring stations
	Urticaria

OPD visits

	long-term time trends, season, DOW, public holidays AT, & RH
	NA

*Two pollutant model
	NA
	% change= 0.72 
(-1.59–3.02)
	NO2 was not significantly associated with Urticaria visit. 

	201. 63
	Feng et al., 2023[56]

	Yunnan Province, China

2021 (Jan - Nov)
	Adults 
(≥18 years)

N = 703)
	CS/long-term/ LR/GLM
	PM2.5
	Urticaria

health cohort, questionnaire
	Age, sex, ethnicity, marital status, educational level, occupation, urbanicity, smoking, alcohol drinking, and physical activity intensity


	Age (<60, ≥60), Sex, Ethnicity, Occupation, Urbanicity, Smoking, Alcohol, Physical activity

*AT (sensitivity analysis)
	Lag 3 (years)

Lag (1-5 years)
	OR= 1.36 [1.25–1.48]
	Per IQR increase in the concentration of all PM2.5 chemical constituents was associated with the elevated risks for Urticaria. Joint effects of PM2.5 chemical were stronger in minorities and farmers

	202. 
	
	
	
	
	BC
	
	
	
	
	1.26 
(1.18-1.34)
	

	203. 
	
	
	
	
	NH4+
	
	
	
	
	1.25 
(1.17-1.33)
	

	204. 
	
	
	
	
	NO3-
	
	
	
	
	1.30 
(1.21-1.38)
	

	205. 
	
	
	
	
	SO42-
	
	
	
	
	1.26 
(1.18-1.34)
	

	206. 
	
	
	
	
	OM

machine learning models
	
	
	
	
	1.09 
(1.02-1.16)
	

	207. 64
	He et al., 2021[57]
	Lanzhou, China

2013 -2017
	All Ages

N= 74,232 
	TS/short term/ QP-GAM
	PM10
	Urticaria 

OPD, tertiary care hospital
	Long-term trends and seasonality, DOW, AT, and RH
	Age and sex

*Two and three pollutant model


	Lag0

**single and cumulative lag (0-7days)
	ER= 0.191 (0.022-0.362)
	10 μg/m3 increase in PM2.5, PM10, and PMc were significantly associated with increased numbers of OPD visits. The younger and elderly populations were susceptible

	208. 
	
	
	
	
	PM2.5-10
	
	
	
	
	0.229 
(0.011-0.448)
	

	209. 
	
	
	
	
	PM2.5

monitoring station
	
	
	
	
	0.406 
(− 0.093-0.909)
	

	210. 65
	Li et al., 2023[58]
	Shenyang, China

2016 -2018
	Adults

N=NA
	TS/short term/ PR-GAM
	PM10
	Urticaria 

OPD-health database, Shengjing Hospital
	long-term trends, weekends, public holidays, AT and RH.
	NA


	Lag0, Lag4

Single and cumulative lag (0-6 days)
	% Change= 0.37% 
(0.21–0.52%)
	short-term O3, PM2.5, and PM10 (10 μg/m3) exposure can increase
the risk of acute urticaria and chronic urticaria

	211. 
	
	
	
	
	PM2.5
	
	
	
	
	1.23% 
(1.02–1.44%)
	

	212. 
	
	
	
	
	SO2
	
	
	
	
	NA
	

	213. 
	
	
	
	
	O3

Environmental Monitoring Center
	
	
	
	
	0.28% 
(0.22–0.33%)
	

	214. 67
	Liao et al., 2022[23]
	Changsha City, China

2018 (Sept - Oct)
	College students

N=19,064 
	CS/short term/ GLMM
	PM10
	Urticaria 

dermatological examination and questionnaires
	sex and family income, passive smoking,
bath frequency, and BMI, RH and AT
	

*APxsecond-hand smoke

	NA
	OR=NA
	SHS and ambient AP are both associated
with inflammatory Urticaria, and they have a synergistic effect on the prevalence of Urticaria 

	215. 
	
	
	
	
	PM2.5
	
	
	
	
	NA
	

	216. 
	
	
	
	
	NO2
	
	
	
	
	NA
	

	217. 
	
	
	
	
	SO2
	
	
	
	
	NA
	

	218. 
	
	
	
	
	O3
	
	
	
	
	NA
	

	219. 
	
	
	
	
	CO

Air quality reanalysis dataset
	
	
	
	
	NA
	

	220. 68
	Mrad‑Nakhle et al., 2021[59]
	Beirut, Lebanon

2012
	All Ages
	TS/short term/ PR/GAM, DLM (0-12 days)
	PM10
	Urticaria

ED visits
	DOW, mean pollutant
Concentration, AT, and RH, Flu season
	Age
	Lag0, 1 &2
	RR= 1.166 (1.027;1.323)
	Statistically significant associations were observed for 10-unit increase in PM at lag 2 & lag 3 for <16 years of age.

	221. 
	
	
	
	
	PM2.5

Air Quality Research Unit stations
	
	
	
	
	1.045 (1.008;1.083)
	

	222. 69
	Nie et al., 2023[60]
	Shijiazhuang, Hebei
Province, China

2014 -2019
	All Ages 

N= 54,950
	TS/short term/ QP-GLM-DLNM
	NO2
	Urticaria 

OPD, medical records
	long-term trends, seasonality, DOW, WS, air pressure


	Sex and Age

*AP+meteorology (WS, air pressure)
	Cumulative lag (0-14 days)
	RR = 1.01 (1.00- 1.03)
	Each 10 μg/m3 increase of CO, NO2,
O3,
and high AT increased the risk of urticaria
OPD visits. higher
for the males and in the < 18 years age group

	223. 
	
	
	
	
	O3
	
	
	
	
	1.01 
(1.00- 1.01)
	

	224. 
	
	
	
	
	CO

Air Quality Online Monitoring and Analysis
Platform


	
	
	
	
	1.03 
(1.00- 1.05; Lag 14)
	

	225. 70
	Tseng et al., 2021[61]
	Kaohsiung, Taiwan

Jan 2014 - Jul 2018
	Adults (≥ 20 years)

N= 4438
	TS/Short term/ PR-GEE
	PM10
	Urticaria 

OPD, medical records, General Hospital
	DOW, AT, RH, WS, and
RF 
	Sex and Age


	Lag1, 3

Lag (0-5 days)
	RR= 1 
(0.999-1.002)
	AP exposure (75th perecntile) was an important risk factor for patients with urticaria seeking treatment on certain days
among the visit day and lag days, no specific subgroup difference was observed

	226. 
	
	
	
	
	PM2.5
	
	
	
	
	1.003 
(1.0004-1.005) Lag3
	

	227. 
	
	
	
	
	NO2
	
	
	
	
	1.02 
(1.02-1.03) Lag1
	

	228. 
	
	
	
	
	O3
	
	
	
	
	1.002 
(1.001-1.004) Lag1
	

	229. 
	
	
	
	
	CO

Air Quality Monitoring Network
	
	
	
	
	1.43 
(1.11-1.86) Lag3
	

	230. 71
	Wang et al., 2021b[62]
	Beijing, China

2014 -2019
	All Ages 

N = 23,832
	TS/Short term/ QP-GAM 
	PM10
	Urticaria 

ED Visits, Peking University Third Hospital
	Long-term time trend, DOW, public holidays, AT and RH
	Age, sex and season

*APxYear


	Cumulative lag (0-7)
	% change= NA
	Positive associations of a 10 µg/m3 increase in SO2 and NO2 with urticaria. No consistent differences in the
effect estimates between different age, season and sex groups

	231. 
	
	
	
	
	PM2.5
	
	
	
	
	NA
	

	232. 
	
	
	
	
	NO2
	
	
	
	
	2.4 
(0.3-4.6), Lag05
	

	233. 
	
	
	
	
	SO2
	
	
	
	
	8.6 
(3.0-14.4), Lag06
	

	234. 
	
	
	
	
	8h O3
	
	
	
	
	−0.5 
(−1.1-0.2), Lag02
	

	235. 
	
	
	
	
	CO

Air Quality Online Monitoring and Analysis Platform
	
	
	
	
	NA
	

	236. 72
	Wang et al., 2023[63]
	Guangzhou,
China

2013 - 2017
	All Ages 

N= 216,648
	TS/Short term/ QP-GAM
	PM10
	Urticaria 

OPD, electronic medical records, Municipal Clinical Center
for Dermatology
	temporality, DOW and public holidays, AT, RH
	Season

	Lag0

Single and cumulative lag (0-5)
	ER= 0.88
(0.28-1.49)
	Each 10 µg/m3 increase in air pollutants were significantly associated with an increased excess risk
of urticaria. Stronger in cold season

	237. 
	
	
	
	
	PM2.5
	
	
	
	
	1.23 
(0.42-2.06)
	

	238. 
	
	
	
	
	NO2
	
	
	
	
	3.09 
(2.16-4.03)
	

	239. 
	
	
	
	
	SO2

national air monitoring system
	
	
	
	
	2.82 
(0.93-4.74)
	

	240. 73
	Zhang et al., 2022[64]
	Lanzhou, China

2013 -2017
	All Ages 
	TS/short‑term/PR-GAM
	O3

Municipal Environmental Monitoring
Center
	Urticaria

 OPD, medical records
	Long-term trend, season, AT, RH, DOW
	Age, sex and season


	Lag0

Single and cumulative lag (0-7 days)
	ER= 1.32
(0.73-1.91)
	a 10 µg/m3 increase in O3 is associated with OPD visits to Urticaria. The elderly populations and females were susceptible. Stronger effect in warm season

	241. 74
	Bar-Or et al., 2023[65]
	Israel

1967 - 2012
	Adolescent (17 years)

N= 5185
	[bookmark: _Hlk197990269]Longitudinal/long-term/ CPHM
	IAP

Krigging interpolation
	Melanoma 

Israeli medical corps, cancer registry
	Sex, year of birth, locality type, origin, cognitive score, and NOx
	decade and socio-economic status.
	NA
	1.28 
(1.12-1.47)
	positive monotonic or nearly monotonic
exposure−response curves

	242. 75
	Bellinato et al., 2025[66]
	North and Central Italy

2022 -2023
	All Ages

N= 2575 
	Case control/ long-term/LR
	PM10
	Melanoma

Patient and control, Department of dermatology
	Age, Sex, smoking status, history of sunburns and Fitzpatrick
skin phototype
	NA
	NA
	OR = 0.89 (0.86–0.92)
	protective effect for
higher PM10 and PM2.5 levels 


	243. 
	
	
	
	
	
	
	
	
	
	0.72 
(0.68–0.76)
	

	244. 
	
	
	
	
	PM2.5

Bayesian
hierarchical model
	
	
	
	
	
	

	245. 76
	Raaschou-Nielsen et al., 2011[67]
	Copenhagen and Aarhus, Denmark

1993/1997 - 2006
	Adults (50-64 years) 

N= 54,304
	CS/long-term/ Cox models
	NOx 
	Melanoma

Danish Diet Cancer and Health cohort
	Education, skin reaction, tanning, nevi, freckles
	NA
	NA
	IRR= 0.52
(0.24;1.11)
	No significant association was found between traffic related AP and Melanoma

	246. 77
	Williams et al., 2024[68]
	Texas, USA

1995 -2011
	Children (0 - 16 years)

N= 115,863
	Case Control/ long-term/LR
	PM2.5

Annual global estimation model
	Melanoma

Texas Cancer Registry and the Vital Statistics Section of the Department of State Health Services
	birth year, sex, maternal race/Ethnicity, and SES, NDVI


	Age

* PM2.5 x greenness
	NA
	OR=
2.68 
(0.45-15.99)

	Increasing residential early-life PM2.5 exposure was associated with all childhood Melanoma but was not significant. 
 Increasing NDVI exposure was positively associated with malignant melanoma

	247. 78
	Yuan et al., 2024[69]
	New York, USA

2010 -2018
	Adult (25-84 years)

N= 642,013
	CS/long-term/ LiR
	PM2.5

	Melanoma

Cancer incidence data, Surveillance, Epidemiology, and End Result (SEER) program
	race & SES variables
	Age and Sex


	Lag (10 years)
	Mean association for age 70-84 years= 0.53 (0.2-0.86)
	positive associations between ambient air pollutants (ozone and PM2.5)
and 
melanoma of the skin across multiple population strata, particularly for younger age groups.

	248. 
	
	
	
	
	NO3-

EPA and ACAG
	
	
	
	
	0.52 
(0.24-0.81)
	

	249. 80
	Chao et al., 2021[55]
	Xinxiang, China

2015 -2018
	All Ages

N=na 
	TS/ short term/QP-GAM
	NO2  

air quality-monitoring stations
	Acne

OPD visits

	long-term time trends, season, DOW, public holidays AT, & RH
	NA

*Two pollutant model
	NA
	% change= 1.98 
(0.03–3.92)
	Every 10 µg/m3 increase in NO2 was associated with Acne visit. The effect was stronger
in the cool seasons 
and younger patients (<15 years of age)


	250. 81
	El Haddad et al., 2021[70]
	Lebanon

2020 (Mar-Aug)
	Adults (≥18 years)

N= 372 
	CS/long-term/ LR
	NO2

national Air Quality
Monitoring Network
	Acne 

questionnaire
	Age, sex, use of hydrating cream, passive smoking, working near a power plant, NO2 exposure categories, number of family members with acne or
history of acne, skin type
	NA
	NA
	OR= 8.24 1.36–49.90
	The occurrence of inflammatory acne in Lebanese adults was found to be associated with ambient
exposure to high levels of NO2 and employment near a power plant known to emit CO2, CO, SO2, NO2 and PM.

	251. 82
	Li et al., 2021[71]
	Xi’an, China

2010 - 2013
	Adults (>25 years)

N=27,190
	TS/short term/ QP-GAM
	PM10
	Acne 

OPD, Xijing Hospital
	Long term trend, DOW, AT, and RH.
Other AP 


	Sex

*Two pollutant model
	Lag 07

**Single and cumulative lag (0-7 days)
	%change= 0.84% 
(0.53-1.16)
	A 10 μg/m3 increase in PM10, SO2, and NO2 at lag 0–7 day was associated with the increase of OPD visits for post-adolescent acne. Effect estimates of PM10 was stronger for females

	252. 
	
	
	
	
	NO2

	
	
	
	
	3.50% 
(1.60-5.40)
	

	253. 
	
	
	
	
	SO2

Environmental Monitoring Center
	
	
	
	
	1.61% 
(0.12-3.10)
	

	254. 83
	Li et al., 2022a[72]
	Xi’an, China

2010 - 2013
	All Ages

N=71,625 
	TS/short term/ QP-GAM
	PM10
	Acne 

OPD, Xijing Hospital
	long-term trend and seasonality, AT
and RH, public holidays
	Age, and Sex


	Lag0

**Single and moving lag (0-7 days)
	%change= 0.09 
(−0.11- 0.29)
	short-term exposure to AP (PM10, SO2, or NO2) 
was associated with increased risk of OPD visits for both teenage and adult acne. Moreover, the effects of AP may vary with age

	255. 
	
	
	
	
	NO2
	
	
	
	
	2.13 
(0.98, 3.28)
	

	256. 
	
	
	
	
	SO2

Environmental Monitoring Center
	
	
	
	
	1.02 
(0.16, 1.88)
	

	257. 84
	Li et al., 2022c[73]
	Chongqing, China

Dec 2013 – Dec 2019
	All Ages

N= 120,842
	TS/short‑term/PR/GAM
	PM2.5

National
Environmental Monitoring Center
	Acne 

OPD, three large tertiary
general hospitals
	Long-term trend, season, DOW, holidays, AT and RH


	Age and Sex

*Two pollutant model
	Lag07

**Single and cumulative lag (0-7 days)
	%change= 1.71% 
(1.06–2.36)
	10 μg/m3 increase in PM2.5
concentration was associated with a increase in acne
OPD visits at lag 0–7 day, especially for people ≥ 25 years old

	258. 85
	Liu et al., 2018[74]
	Beijing, China

2012 - 2014 (Apr)
	All Ages

N= 59,325 
	TS/short term/ P-GAM
	PM10
	Acne 

OPD, Dermatology Hospital of Air Force
	Long-term trend, DOW, Holiday, PM10/ PM2.5/ NO2/ SO2, AT, RH, WS


	NA

*Two pollutant model
	Lag0

Cumulative lag (0-7)
	RR= 1.005 (0.993-1.017)
	An IQR increase in ambient PM2.5,
PM10, and NO2 were significantly associated with increased
numbers of OPD visits for acne vulgaris

	259. 
	
	
	
	
	PM2.5
	
	
	
	
	1.001 
(0.988-1.014)
	

	260. 
	
	
	
	
	NO2
	
	
	
	
	1.016 
(1.001- 1.031)
	

	261. 
	
	
	
	
	SO2


Municipal Environmental Monitoring Center
	
	
	
	
	0.975 
(0.960- 0.991)
	

	262. 86
	Fuks et al., 2019[75]
	Germany

2007 -2010 (SALIA)

2009 -2014 (BASE-II)
	Women (66–79 years)/ SALIA Cohort

N= 806

Adults (60–84 years)/
BASE-II cohort-

N= 1207
	CS/long-term/ LiR
	8h-O3

dispersion modelling, German Environmental Agency
	Skin aging, SCINEXA scores

Cohort datasets
	Age, sex, BMI,
total years of education, smoking, alcohol consumption, and a dummy
variable for the study cohort.

*Multipollutant+UV
	Sex, smoking
	NA
	% change= 8.34% 
(2.01-14.7) (wrinkles on the forehead)
	positive associations of O3 exceedances with coarse
wrinkles in the face, but not with pigment spots

	263. 87
	Huang et al., 2022[76]
	Taiwan

2006 - 2019
	Adults (30 -74 years)

N= 389 
	CS/long-term/ LiR
	PM10  
	Skin aging,
VISIA Complexion Analysis System 

clinical visit, Kaohsiung Medical
University
	Age and sex
	Age: ≥45 years
	NA
	Age≥45 years, Brown spots

β =0.84 (0.37,1.30)
	AP such
as CO, NO2, NOx, PM2.5, PM10, SO2, and NMHC were found to correlate with negative skin quality strongly. In contrast, O3
exposure is associated with less texture and pores.

	264. 
	
	
	
	
	PM2.5
	
	
	
	
	0.95 (0.17,1.73)
	

	265. 
	
	
	
	
	NO
	
	
	
	
	1.04 
(-0.44,2.53)
	

	266. 
	
	
	
	
	NO2 
	
	
	
	
	0.99 (0.17,1.82)
	

	267. 
	
	
	
	
	NOx 
	
	
	
	
	0.57 (0.02,1.12)
	

	268. 
	
	
	
	
	SO2 
	
	
	
	
	2.18 (0.14,4.23)
	

	269. 
	
	
	
	
	O3 
	
	
	
	
	-0.95 
(-2.08,0.17)
	

	270. 
	
	
	
	
	CO
	
	
	
	
	26.81 (3.27,50.36)
	

	271. 
	
	
	
	
	NMHC

Air Quality
Monitoring Network
	
	
	
	
	51.25 (12.45,90.05)
	

	272. 88. 
	Li et al., 2015[77]
	Pingding  and Taizhou China

2012 - 2013
	women (30 - 90 years) 

N= 1129
	CS/long-term/ LR
	[bookmark: _Hlk198246984]Solid fuel pollution
	skin aging, SCINEXA score 

cohort data
	Age, BMI, educational level, smoking, passive
smoking, alcohol consumption, sun exposure and sunburn history
	study population
	NA
	Number of pigment spots on cheeks:OR= 0.93 
(0.83-1.05)

Score of coarse wrinkles On forehead: 1.09 (1.05-1.14)

Score of further skin aging symptoms; Laxity of eyelids: 1.06 (1.02-1.11)

Presence of further skin aging symptoms; Fine wrinkles on back of hands: 1.74 (1.20-2.55)
	cooking with solid fuels was significantly associated with more severe wrinkle appearance on face and increased risk of having fine wrinkles on back of
hands in both studies combined, independent of age and other influences on skin aging

	273. 89
	Vierkötter et al., 2010[78] 
	Germany

2008 - 2009
	Women (70–80 years)

N= 400
	CS/long-term/ LiR & LR 
	PM10

	Skin aging, SCINEXA scores 

SALIA cohort
	Age, Fitzpatrick
skin type, number of sunburns before the Age of 21, sunbed use, smoking history. Additionally, BMI and HRT for coarse wrinkles
	NA
	NA
	Pigment spots On forehead; OR= 1.07 (0.99–1.15)

Wrinkles
Nasolabial fold; 1.01 (1.01–1.02)
	AP exposure was significantly correlated to extrinsic skin aging signs, in particular to pigment
spots and less pronounced to wrinkles

	274. 
	
	
	
	
	TRAP
	
	
	
	
	Pigment spots On forehead; OR= 1.16 (1.06–1.27)

Wrinkles
Nasolabial fold; 1.03 (1.01–1.04)
	

	275. 
	
	
	
	
	Soot
	
	
	
	
	Pigment spots On forehead; OR= 1.22 (1.03–1.45)

Wrinkles
Nasolabial fold; 1.04 (1.01–1.06)
	



Note: AD- Atopic Dermatitis; AQHI- Air Quality Health Index; AP- Air Pollution; APS- Air Pollution Score; AT-  Ambient Temperature; BMI- Body Mass Index; CC- Case Crossover; CHR- Cox Hazard Regression; CPHM- Cox Proportional Hazard Model; CPR- Conditional Poisson Regression; CLR- Conditional Logistic Regression; CS- Cross Sectional; DLNM- Distributed Lag Nonlinear Model; DLM- Distributed Linear Model; DOW- Day of the week; DTR- Diurnal Temperature Range; ED- Emergency Department; GAM- Generalised Additive Model; GEE- Generalised Estimating Equation; GLM- Generalised Linear Model; GLMM- Generalised Linear Mixed Model; GAMM- Generalised Additive Mixed Model; IAP- Industrial Air Pollution; IPD- Inpatient Department; LR-Logistic Regression; LiR- Linear Regression; LMM- Linear Mixed Model; NA- Not Available; NB- Negative Binomial; OLS- Ordinal Logistic Regression; OPD- Outpatient Department; PR- Poisson Regression; QP- Quasi Poisson; RF- Rainfall; RH- Relative Humidity; SES- Socioeconomic Condition; TRAP- Traffic Related Air Pollution; TS- Time Series; WS- Wind Speed 
*Additional analysis included in the study
**Different lag structures employed in the study
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[bookmark: _Hlk209768346]Certainty in Evidence
[bookmark: _Hlk209770128] Based on RoB assessment, we have also classified the “Certainty in Evidence” or support for causality for each group of skin disease. The quality of evidence was rated as VERY LOW, LOW, MODERATE and HIGH. The rationale for rating the quality of evidence as VERY LOW, LOW, MODERATE and HIGH is as follows.
1. VERY LOW: If either of the domain scored more than 50% in the high RoB, the overall quality of evidence is rated VERY LOW.
2. LOW: If most of the domain scored high percentage as low RoB and domain scoring high RoB is less than 50%, the overall quality of evidence is rated LOW.
3. MODERATE: If most of the domain scored high percentage as low RoB and other domains scored moderate RoB, or if most of the domain scored high percentage as low RoB, but the number of studies were limited, the overall quality of evidence is rated LOW.
4. HIGH: If all the domains scored 100% low RoB and the assessment was based on substantial number of studies, the overall quality of evidence is rated HIGH.
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