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The Effect of Environmental humidity on the Allergic

rhinitis--A study of three cities in Gansu province

LI Lan-yu'; LUO Bin*?; WANG Bo"; LI Yan-lin*; WANG Shun-xia®; XU Sheng-gang”; LI Sheng®;
ZHOU Ji % NIU Jing-ping*
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Lanzhou University, Lanzhou 730000
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6.Shanghai Key Laboratory of Meteorology and Health, © Shanghai 200030
Abstract: With the data of daily outpatient visits of allergic rhinitis, air pollution and
meteorological data in Lanzhou (2014—2016), Tianshui (2016—2018), and Zhangye
(2016—2018), this study estimated the relationship between relative humidity (RH), absolute
humidity (AH) and the daily outpatient visits of allergic rhinitis. In these three cities, the peak
period of daily outpatient visits for allergic rhinitis was from August to September. The
decrease in RH could lead to significant inCrease in outpatient visits for allergic rhinitis in
these 3 cities. With theeach 1% decrease of RH, the outpatients visit for allergic rhinitis in
Lanzhou, Tianshui and Zhangye could increase by 1.36%, 2.30% and 1.50%, respectively,
which were 14.92 %, 16.00% and 13.98% for each 1g m™ decrease in AH. Our study
suggested that the..onset of allergic rhinitis is negatively associated with atmospheric
environmental humidity, and the dry and low-humidity environment is an important risk
factor for allergic rhinitis in arid area. Compared with RH, AH may be better to reflect the
effects of environmental humidity on allergic rhinitis
Key words: Allergic rhinitis; Relative humidity; Absolute humidity; Generalized additive

model
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=

SEECPE S 2 DAminE . B A BIE N EEIR, 2 — R L a1 A
PRI, AR 25 2]/ AR R, I E 2 A2 i i & (Brozek et al, 2017)
Ffhivh, 2ERZ) 10%~40% AFEEA T BIES K, HIHLE

Ny

T A B T )
(Brozek et al, 2017) . fEAZ PRt Bt 2 R sz K 25 (Zhang et al, 2011;
Yalcin et al, 2013) , SR H K& NH W (Zhang et al, 2020; Hu et al, 2020; Mu et al,

2017) , 'EAUR] R I B S A, A R

5 AE AR R ORI S Gk FE

A]H2 R 1 B B 98 K AE AR (Bishan et al, 2020; ##£4%, 20200
U AER, AT L0 i B 55 58 IR SE WA BROR 88 32 31 9G7E (He et al, 2017;, Duan
etal, 2019) . £ & (absolute humidity, AH) FIAH*HE B (relative humidity, RH)

BRI PEAN R FE I dE AR, (HILE W FURZ IR T RH A BRI RA (He et

al, 2017; Duan et al, 2019) , HiXULhft 5045 /R T X o« G 50N, AH &
ab

REVHERAH S LIRS B S g R 2452 & (Shaman and Kohn, 2009; Liu et al,
2020) , AL, AH ARE

T A ISR (8 bR 2R A B B i Sk £
R HRHALPEAE B, LTSRN, 8T 50T 2 U X
(EZIMGRAFA, 2017) , {HIZTRIA T N RE 5 e M S R ) S R ATS AR W

Rl AHFFEikE RH A1 AHAE ABRSGIREE PP FR bR, PAHRE 2N 7. oK

FOSRAB T 0 b KB (RH D AHD S5 Bt 8 R IR, i A
P O R IR A S R R SR R A R

1 B¥ls 5k
1.1 BHERIR

2 JNTT 2014—2016 i M B B T 28R RIE T 22T 10 KRB R
Bt, KAKFIFRAET 2016—2018 4F H I TS HE 7 BRIE T3 Wi R =4 R 45 =
Be CORK T 28— B= e AN90] o 25 B B e k4 i N BB Fe ) o R [ B e s 7 2858
10 hix (ICD-10) AN, LB SR 1 ICD-10 4ifd 2y J30. [N, Wbk =3

IT IR
Tk A 5 58 H T TS0 A A 1SR B0 AR S5 s - G RIE T A
TFHR L 3k http://data.sheshiyuanyi.com/WeatherData/, f.36: H¥SHE. K



A RH %50 AH (THE 755 Z 0t FeakiE 7 EA R, RIS (R
gm™>) KITEBHTIHE (Ma et al, 2020). K75 Jeod S T [F 5 AL A IS 3
4k b0 (http://datacenter.mee.gov.cn/) , f35: PM,s. NO, fil Oz 1) H Pk
JZ, Horh O3 Jy— R RiEES: 8 /Nl BE (A
1.2 B 5 04

AR L R SRR B S 5 T2 N B RO S5 R R AT A
S8JE R Poisson 3 A ) SCRUIIA AL Al 71 ROK . = HATSKIB T A RH B AH 5
BHEBIES R T2 NI R, FREBEM PRI TIRE R CERMRGE) |
KATTRN) (PMas, NO, 1 O3) I [AJEH . 23 LR A BRI A5 TR 2% Pl 3K
AHFFAEH R A (v3.6.00 H “mgev” BAFEANE)T SCHINBLAS, BRI F

Log E(Yy) = a + JRH+ns(time ,7/year) +ns(AT, 6) +ns(WS;3)+ ns(PM;s, 3)

+ ns(NOg, 3) + ns(Og3, 3) +ADow + yHoliday 1)
Log E(Yy) = a + PAH+ns(time ,7/year) +ns(AT, 6) +ns(WS,3)+ ns(PM; s, 3)
+ ns(NOg, 3) + ns(O3, 3)+..Dow + yHoliday (2)

N YOS ¢ HIE B 8 T T2 EG E(Y) N5 t BT8O0 214,
o fREBIE: B, 2 Ay FRIEWHARSG RH RURAHXNRE, AH RRLERE,
AT RRETR, WS RNTFHIRGE, ns Kox HIRFE KR, time i (A4S &,
DOW Ny “EHIJLAA" (B 2EMK) , Holiday A “MEIIRRN” (EE
TRHN 1, AREENEEI N 0) o SHMRITIT, RAP I T BUNRRRE:
KHTE Y TIRRE ) B AR RE SR e BEE S H T2 NS (BB,
2019) ; KM HHESET 6 8 3 RIES-FERAM E H ST 3 1) 3 RigshT1y
IR SR A% ] TG BALER T A 0 A e MR J PE AR TR 25 RO (Chen et al, 2017); LAfE
WEFCR IS FPD ) 2 T BT S8 B 1 R B vk 9K 7 AR B K i fiti T (Lee et
al, 2015), Bk, AWFFCKRHEBESET 3 8 2 R8-S Rk GRS
T 9t B HRE MR S % 12 NI, A P MEAR B s« 291 LA AN
“BOHRRL” (BEHREE, 2019).

R RH A AH X H 1712 AT BEAFAETBAE 3 Je 52, AT FUL k4T
IR RN o BRI JE RN IR B LR i 0~7 R, BRI % R AR
J& 1~7 RKor#. 4 RH RH BRAE 1% (AH MK 1g0m™) , d#dER Lk HIT2

4



NH AR (excess risk, ERD fHKER. MO, AWFFBT TFEFHHE
o, BEMIR AR S 012 NBCE R 2 57 . PG KI5 3 538
SR RS I Bk S R T2 N B 58 EL RN, AT 58 R FH O B [ A5 784 73 Ay
KRATT RN AH Sl Bt 5 28 H T2 NSRS AE . B AN T

Log E(Yy) = o + te(AH;, APjago1)+ns(time,7/year) +ns(AT, 6)+ns(WS,3) + ADow +

P2

yHoliday (3)
A te ARFROUAR B N PR A Ay AR B R AN S H BTV
APpgor fRE R E 1 R (lag0l) IR HY) (PM2s, NO, 1 0g) , HAhAR
B ASHmR S (2 MFE.
2 i Rt
2.1 SRR B I TS ANBERARE
AR FAHN I (2014—2016 4D . KRIK (2016-—2018 4F) . 5K
(2016—2018 ) RLHIE &R 1282 NE3L 26477 Ny Jerh =20 17412 A
KK 4143 N ik 4922 N (D o = HES T2 AECO8 170 A, Hi%N
16 N; RkmmHBIT2 NS 66 N, HIBA 4 N dkitimmHI12 AN 61
N, B4 N Z8iTNEdR TR, B9 8—9 H Bt &R 2w,
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Fig.1 The changes of the daily outpatient visits for allergic rhinitis in (a) Lanzhou from 2014 to 2016, (b) Tianshui

from 2016 to 2018, and (c) Zhangye from 2016 to 2018

2.2 ZM SRR KBTI [IRBER RRRIGRYRE

% 19 2014—2016 £E22 M. 2016—2018 ER/K. IKIHTT AR KK KI5
GV AiE e =3lriidh, SRR EZ&RAS, HHY RH M AH 7370 45.85 %A
4589 m3; KAKIBE RS, HH% RH A AH 735y 64.51%41 8.13g m™>. T
K|S, RAKHBSERS (1248 °'C) , =ZMHBSERMKE (858 C) . =
MNATRIK PMos IRFEF T X (AR UmEARE)  (GB3095-2012) 2|
bR AE (35 pgm™) , 2EMTH NO, ¥k [ 5 (358 25 S5 & b v )
(GB3095-2012) —ZKIR{EARUE (40 pgm™®) o B 2 2. KK, kX



RH & AH ZALRHAE, AT LE A BZNFTHER, BNE TR, £FRH
FHIE
F1ZM KK, KIBASSEYRSRERFFE
Tablel Characteristics of air pollutants and meteorological factors in Lanzhou, Tianshui, Zhangye
HhIX RAAEEER FHE i) e/MA H v L B KAH
RH/% 57.37 17.07 17.00 58.00 97.00
AH/(g m?) 5.74 3.75 0.71 4.96 16.42
s SIRIC 8.58 10.26 -17.50 10.40 27.60
- R /(m s 1.67 0.57 0.50 1.60 4.90
(2014—2016) .
NO/(ng m™) 50.87 21.24 12.00 48.00 140.00
Oy/(ug m*) 81.85 33.37 18.00 76.50 194.00
PM,s/(ng m™) 54.16 26.88 12.00 46.00 327.00
RH/% 64.51 12.55 21.00 64.00 97.00
AH/(g m?) 8.13 4.48 0.91 7.56 18.20
Tk SIRIC 12.48 9.55 -10:20 13.45 30.40
7]
R /(m s 1.94 0.77 0.60 1.80 6.00
(2016—2018) .
NOy/(ug m™) 34.68 15.49 7.00 32.00 88.00
Os/(ug M?) 92.18 34.02 4.00 92.00 210.00
PM,s/(ng m™) 40,94 25.66 8.00 34.00 178.00
RH/% 45.85 16.33 12.00 44.50 100.00
AH/(g m?) 4.85 3.71 0.56 351 17.09
N RIRIC 8.71 12.42 -22.40 10.35 30.80
KA . f
K/ (m ™) 2.88 1.02 1.00 2.70 8.90
(2016—2018) 5
NO,/(ug M) 20.22 8.16 3.00 20.00 50.00
Oy/(ug m*) 105.15 27.42 38.00 103.00 229.00
PN, 5/(ug M) 34.42 25.86 3.00 29.00 352.00




~— AH RH

2014 2015 11 2016 2017
(b) %7K
20- - AH RH -150
';; s | ﬂ =100 -
2 104 f | il \ z
T m un i E
- 50
< 54 '1¥1 2 !
ek | |
I e T I o S o
2016 2017 i 2018 2019
(c) 3
20+ — AH RH r150
—~ 15+

RH %

? -1
£ | l »
2 104 ¢ \:l #& ]
T A | .50
< 5+ { |I, l’ ‘.H,

5y I ‘M
0 +—r——r——rr—Trrr—r—TT ——r—r 0

2016 2017 2018 2019
H

&l 2 (a) 2014—2016 &£, (b) 2016—2018 ££X7K. (c) 2016—2018 LEKITIEXTE K43 iR E
T
Fig.2 The changes of RH and AH in (a) Lanzhou from 2014 to 2016, (b) Tianshui from 2016 to 2018

, and (c) Zhangye from 2016 to 2018
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RH fE R 5 7 RIS HIT2 NECERE R AR5, =il Bt & R H 12
NBHEFTAT i e REAREE RH BRI (R 2) o« BARE, £ RPH)E 6

RIF, 220 RH S5 ik 898 ¢ R, R/KS TRIBII7E BAUR S 7 KIF RH
St SR RN K. RH BRI 1%, 20, KoK, skt &2 Hil

2 NE 10 1.36%. 2.30%F1 1.50%. & 3d-3f i AH Stk &% HITie A
Kz IR R R VR R, AR 2 KK SR AH St k&
K HITIL NB LB, 8 AH BRI a2 51t otk & % H T2 A3

. 2 2 09 AH X H T2 NE S Ja RN AT R AR IR BN . ROV (ERD
BRI JEREL AHBERRAE L gm™, 220, KoK R IRIgTEeHE: &% BN T2 A %5

wEhn 14.92%. 16.00% £ 13.98%.
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Fig. 3 Exposure-response.diagram of relative humidity and absolute humidity with the daily outpatient visits for.

allergic rhinitis in cumulative lag 2 days.

R2 HEHEE. BMEESEHMEXBITSARZERXR
Table 2 Relationship between relative humidity, absolute humidity and the number of daily outpatient visits for

allergic rhinitis

. . AHXSRE (ER/%) #xHwE (ER/I%)
=N . .

2EM KK Tk 2EM KK TR
ESSIENPN 0.63" 1.36" 0.70" 6.05 10.75" 7.68"
BORH R 1K 0.79" 1.60" 0.78" 8.27" 11.73" 8.03"
BRI R 2 K 0.67" 0.71" 0.54" 8.24" 5.46" 7.21"




B R 3 K 0.44" 0.48" 0.38" 6.72 2.62" 5.23"

BRI E 4 R 0.52" 0.40" 0.54" 6.77" 0.62 5.96"
LSRGIEEPN 0.46" 0.41" 0.38" 458" 0.02 3.08"
LSRIEEPN 0.40" 057" 0.35" 433" 1.20 1.94

BRI T R 0.22" 0.68" 0.17 3.73" 2.26" -0.28
ZHAE 1R 0.94" 2.24" 1.017 8.95" 15.80" 9.92"
ZHE 2 K 1.13" 2.20" 1.19" 11.05" 16.00" 11.61"
D 3 K 1.18" 2.07" 1.24" 12.05" 14.00" 12.30"
R G 4 R 1.26" 2.00" 1.40° 13.13" 11.75 13.53"
FRAE 5 R 1.32" 2.01" 1.43" 13.60" 9.98" 13.83"
SR E 6 K 1.36" 2.117 1.49" 14.26" 9.42" 13.98"
FRME 7 R 1.34 2.30" 1.50" 14.92" 9.67" 13.79"

VE: *FoRilit a=0.05 5B MK AR

* indicates passing the significant level test at a=0.05

2.4 WA 4-HT
3 NARFEZE NEEEE (RH M AH) A8 gm0 8am s ook ik & %

T2 NEUHI RN o AN [RIHB X FAZRTY, PRI R i B 46 1102 N B s i 4724

ELEF . HBRER, NIRRT B 5 5% RS TE A s, ER E
B T A EEAT L R KRS PR B R i B 4% P XU U B R v T

Z=5 0 XL AH AT RH PR PR & 58 H 12 N B TH ER B, T RLEL AH
T ER (ARG 35 = T RH, SR ZERFFUIR X e 52 5 i e iy, AH
B RH YUK,

% 3RS THRERE T HE 85 BT A& AR

Table 3 The maximum.effects of environmental humidity on the daily outpatient visits for allergic rhinitis in
different seasons

Wl B HZE (35 ) HE (6-8 ) K== (9-11 B &ZFE(12.1-2 A)
RH CER/%) 1.06" 1.07° 1.86" 1.89"
=)
AH (ER/%) 7.25 452" 15.39" 58.13"
RH (ER/%) 1.19" 2.98" 2.82" 0.64
KK
AH (ER/%) 8.33 15.46" 8.83 15.33
RH (ER/%) 0.72 222" 1.17 0.60
Tk
AH (ER/%) 7.37 13.82" 11917 32.78

“FoRilRL a=0.05 52 MK E R I

* indicates passing the significant level test at a=0.05
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2.5 WS KSITHAN T Btk BRI B AR

W 4 Fi, KAISH AR RR L 8k H T2 A%, K
PMas. NO,. O FIIGIEIEAH B 848 18 NHROSEMIAE 1F B35 A2 TAR L, i
FROSIAE TR A 035 o WA PR B0 B (R MR 45K 5 G T v S
P B R KR o AT RS AE 2 L TR AR, (E 4R IR R it
O B A A (0 R B A DR B, IF R VR BE RO TS S R AU

K] 4 2014—2016 & (a-c) %), 2016—2018 £E (d-f) KK, (g-i) IKMAGHEE 5 KK
15 Gt O B 98 H 1 12 N BB A1
CHRHREE (AH) WS REBCN BRI E H . KATSEN 2 K0T 35075 Yk i)
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Fig 4 Combined effects of absolute humidity and air pollutants on the daily outpatient visits for
allergic rhinitis in (a-Cc) Lanzhou from 2014 to 2016, (d-f) Tianshui from 2016 to 2018, and (d-f) Zhangye
from 2016 to 2018
(The absolute humidity (AH) lag day is the strongest effect lag day; the air pollutants are 2-day moving average

pollutant concentrations)

3 diwS5ihe

ARSCRIF 2N KK 5k TH 2 AR B & % T2 NS 880 i
T IREEIR R A B A BRI, R I I T R A B R A T 8-9
X5 RE N — U T4 AL G P35, 2019 « BRERT K2, 9 Al
NFKZE, KUH R, WK, %5 51V 2 I BUR ek S Bk, 2 S
FOS B SRR AE KB IEIN, IF 235 va T AR B A T4 Rt — P il
P B % PR T BRI .

A B — T R IR % RHSY AT AE 5| R Bk .55, (HAK RH (11X
[ = (Duan et al, 2019). A RIVKIE S SECIEMH LK HI T2 AR B3
B0, AR I R AN R 2 o X AT RS AR AT RO 9 X BB H BB A G, H
N AL TR T R R X, PAML KK RIRE N AR, B
RH 737109 57.4%,645%. 45.9%, TZB& X HI RH 2 75.8%, ANFEH
WP R B S B0 PZSE RIMZE S . JOKTT AH AT RH G I B 8 98 1 s K00
BT M I XATREE 22N SKIE 5 BoKER, 2S804
o BRI A€ IFE R o T RAKAE AR . SRk E R AR S, &
B AT RESHICHE PR 58 S0 N ABURK, TR I PRS0 P 5 0 v B 6 T S8 R i (MRS,
2019)., 3 HF 78 R BUARHE ] BRI S B M i s (M B e, A R S s o
# (Jones and Harrison, 2004) , M S &G, FE, TEAESSEBEH
ifii. (Danielides et al, 2002) AR 2 451, ALt 2s < b i B8R BE AL,
S MRS AR R, AW ARG RE - UGESE, TRTEIER
Sg ] Rk I v S R R A AN

BeAh, KEE TR RH 5 BB 1R A A 5% G455, 2019; Hu et al,
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20200 , {HKXT AH S5idEhpom Kut s> (B0, 2014) o B, A
WA 7 AH 5 RH IR EE SR bRl o & R isgm, 45 R B R HEhR1Y 5 3
AR, HPTRER A A E) 60% LA, B AH 5 RH ¥R 1E 9 1
REAEPE AR P T PP PRS0 B e S R s . R Ik, ANHF TR I AH
S B S A RO A T B RH NG THESE R, 4278 AH FESR I IR RE T i
I 8 98 PN L RH BN R B, DRIk, 7EASRAORF T, RAZE L AH 7E3R
S5 5 5 BRSBTS HAE T R A AR (Zhang et al,
2014) .
Zx b, AW TR AL T B X = AN T R B s, A5 AR
DGR A A] RE o (e sk Bk B R R A, HAT — RE WO R RN AR
HRAEFRRE, T5 T 5 X E R iE 3G = W 28 A, I = MELT
B3, DA B S R BN AR A . R I, B BT T
TE AR R Sl 8 R (TR SR 26 R B IR AAE — R R B GRSk Bt 72 rp ik
R NFE RN SRR ST, 1T WA I A 5 5% R 2 1R DR R B AL A

S 3R
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