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Relationship between temperature indicators and hospital admission

for childhood pneumonia
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Ningbo Center for Disease Control and Prevention, Ningbo, Zhejiang 315010, China

Abstract: Objective To explore the relationship between different temperature indicators and hospital admission for childhood
pneumonia. Methods The hospital admissions for pneumonia in children aged 0-14 years and meteorological data in Ningho from
2015 to 2017 were collected. A distributed lag non-linear model combined with a generalized linear model was employed to
analyze the exposure—response relationships between different temperature indicators (daily average, minimum and maximum
temperature; the first percentile as low temperature and the 99th percentile as high temperature) and hospital admission for
childhood pneumonia. Results A total of 4 542 cases of childhood pneumonia were recruited. There were obvious seasonal
fluctuations found in the inpatient volume of childhood pneumonia, which peaked in winter and bottomed in summer. After
adjusting for potential confounding variables such as relative humidity, PM,s, long term trend and seasonal trend, the results
suggested that after exposed to whether low or high temperature, the inpatient volume of childhood pneumonia would increase.
When the daily average temperature and daily minimum temperature were employed, the effect of high temperature on the
increase of inpatient volume for childhood pneumonia was statistically significant and the cumulative relative risk for a lag of 0-7
days were 1.52 (95%CI: 1.04-2.23) and 1.59 (95%CI: 1.08-2.34) , respectively. When the daily maximum temperature was
employed, the effect of low temperature on the increase of inpatient volume for childhood pneumonia was statistically significant
and the cumulative relative risk for a lag of 0~7 days were 1.30 (95%CI: 1.02-1.66) . Conclusion Our findings suggested that
an increased risk of hospital admission for childhood pneumonia was associated with both low and high temperature.

Key words: Temperature; Pneumonia; Children; Hospital admission

DOI: 10.19485/j.cnki.issn2096-5087.2019.07.008

BEEWH: WrilaEd DARHGHBE (20182D040) 5 77 T B2
ERHERITUE  (2017A40) 5 7T TT YT AR S
2% (PPXK2018-10)

EHE R : A0, Wi, BEIE, FEAFIREER R TAE

BEESE: FETE, E-mail: xugz@nbede.org.en



THBTBESE 2019 47 %5 31 %45 7 W Prev Med, Jul. 2019, Vol31,No7

<679 -

AR DIARSE,  ml A 2 T S R
YL, LM RGP R A BN, FLEIET, X
JLEE | B NFHIEARRE R oy 2 2 iR
T A R E S LB R AR T i E RN, 4Bk
A 5 X LUT LR AR 1.2 AW, IF BB
TH AT RE S B Bk U AE g m . H AT
PRI S5 58 A B 5% 3R B ST 4 SRAFAE 0 -
PR AN M — THBIE 50 S/ g TR AR X4 s i 2 12
SRR 5 b E R R B RIS
AR KRR GETT27 08 D TESE R M SE
AT 58 29 R Sk Bl 5 i R Sk 2 AL A SR B
TR R X L i K R, Wi dE 2015—
2017 4E TP — R LR PR BE Be ry L #9885 1R B
GORMAIRI IR BORE, A U5 JLE R AE B 2
]I ORI, I FUBOA ) Gl b 5 ) L2 il 42 1 B
AR . PO RAE T .

1 ARG

11 A RR JLE M B EAE B RTRR A T
ORI — R ER G =W ERE, @I Befs B R G
B i 2015—2017 4F 0 ~ 14 2 fili & J & 10 1 B kL
Sl REST MR AR C ABEE 7
“ABEZI “ICD-10 4% S5 E . iR 1CD-10
bl J12 ~ J18, B FRHIRYALIE . 2 A — 0] B A A
2 W (S ILENG R —Baa 7 A E) iR
B 2 kel b, RIS — KRB ric k.
AR TR T T i g R, LT 7
P P IR DR RN St S, WO PR . B
S H E AR H SRR R SR R H 40
Koy (PMas) Eiclls th 77 i i BREE e b R i, A
HUL X 8 Al s RS I 45 R TR H XA 1
5, 1M NG Rt
1.2 Fix R 44 A (generalized linear
model, GLM) 25 43 Ja AE LAY (distributed
lag non—linear model, DLNM) #1365 JL#E MG 24F
BEmmCHR, FHERIAHXRE . PM,s, KI#H . &=
T R LRON SR H RO S5 TR 2 I R 15
M AR RN T

Log [E(Y,) ]=a+cb (Tempt, lag)+ns (Rh,,df=3 )+ns
(PM,s,,df=3)+ns(Time ,df=7 x 3)+DOW +Holiday

A, E (V) FoRE  RILEM R AR KA
WA, o BB, cb FRAXILHRE, ns TN

FUARS I FE SRR, lag FORIRAHE IR ITE], df FoR
HEHE, Temp, N5 ¢ R, XS4 Ak
AR IR, A i 5 I (B R 20 K, Hofth
ZHORRYE AR A5 B UHEN]  (Akaike information criterion,
AIC) g ™5 Rh, Il PMys, 530 FoR 5 ¢ RIFFHH
XU A PM,s MR BE, SEFEEEE 3 %5 Time R
BRI AR B, v E N 7/ 45 75 DOW F Holiday
o3 s BRI E R H i IR ] AR
Rl R RIS ZE AT IR

SR HT H AR . H R R H IR
SILEMRAERE AR, ARARONR A fE R
& (RR) ik, BRI (0) K2
FWEE, LIS 1 Ao iige (P) ARTE, PASE 99 A
IHEC (P) il A3 R R, AR
TR A IRUIR S T LB Ml 28 A e 1 I XU
1.3 %ita A RA R 3.1.0 4G54, DLNM
BERER “dinm” Rl A3 /KHE a=0.05,

2 # X

21 JLEMEMERS 20152017 4EiZpe A L&
it 58 A Be o 1) 4 542 B, F¥ER 4.16 ] B
2514 1, w2028 %, Btk h124:1; <5%
ILE MR IR 2, 3 629 1] 5 79.90% ., 2015—
2017 AR JLE M R A pe it 2 B, BB A
XEAR, AZEpEa AR, A 1,
2.2 A FZA5ARAw PMys 45 R 2015—2017 477
7 H SN 18.04 °C (L. —4.20 ~33.20 C),
Hfem SR 2234 ¢ (JEMH: -2.50 ~39.60 C) ,
HERMAE RN 14.84 € (FERH: -6.70 ~28.90 C) ,
H ¥ AIXHEE R 76.65% (ER: 34.00% ~ 98.00%) ,
PM,s ¥R FE N 40.02 pg/m® GEFE: 4.25 ~218.88 pg/m?) .
W1,
23 ARRABRBIFHILEMREOZZ-REXEZ 1F
HEBRAR RN RS, = iR AR A L E i 98 4 B i 2
EHIES . DL H RARAOR B EE TR, SR
BB, FEARS 2 d BEROVAE A SitAE L, RR
B4 1.08 (95%CI: 1.00 ~1.16) ; {RJRAN 7EA [
Ja RES TG 8 o VI H w22 BE 15 bn
BF, RN N R, 7RIS 2 ~ 6 d BY RN AE Y
BEitFE L, HAEmE 3 d ROV EERE K, RRE
H1.07 (95%CI: 1.02 ~1.12) ; SRR 7EA [R5
REEH TS24 L LK 2,

KA R AR AR FRAEAS [R] SR 5 KA )L 2 Mt



680 - TP 2019 457 A% 31 855 7] Prev Med,Jul. 2019,Vol31,No7
~ 12 5.0¢
£ qof
i 8| ‘ 45
8T 5
% o ‘ | i A | = 40
£ [ (1L i “ I ‘ i ¥
s 20 T |
= ol i

,%\?\ '\?\ :\% :,'\% :\% ’9)'(’\% \% r\?\ \‘3 r\?\ ,\‘?\ ,r\‘?\

NS ’ 0\“ N N NS Ny A5 By e K \6 By o™ \ e Ol
P P P P P P @0 q,Q @0\ fLQ 10\
s} ] HsF ]
4
41
5l |
R 2] %m iy
= | | £ o | i I
#P 0 ! | ‘ | 5 | | ‘ IR
i : g2, \
ol f
4 |
A

r&/\% r&/’\?f 6’&\\?‘ 6’&’\% ,\r&’\% ,\r&"\% \6,&\% ‘),"\‘r . :)\?x o :/\% M :,\% \,\’ﬁ;’\?}

RN\ CRRIPYN o o o B\ A0V AoV A\ N\ N
i ] I 1]
Bl 1 20152017 4798 it B Be L il 2R A e s (4 B[] 73 870 40 1]

R 20152017 4T YT LEAGHRAN PM,s WalllZh 5 RAFBE RN, SR BN PSR B SRR
1Ebx s P, M Py ) 1 B8, ﬁi’ﬁﬁfﬁfr”iﬁx (BRI IR IERSF/ i R e
T Um O RE R R ORI X

B i .84 + 8. —-1. . .
Hf s (o) 2234 +8.14 5.50 23.10 38.20 i 7E 2B 0~5 d M0 ~7d Eﬁ/‘]ﬁ‘{ﬂﬂ“ﬁ@ﬁﬁéﬁ
HEMIXHEE (%)  7665+11.73 4600  77.00 97.00 e, BRUKIS 0~7 d I, AR A IRk 3
PM,s (pg/m’) 40.02 +25.28 8.75 34.25 127.70 R jﬂﬁ W2,
13 : 131 - : 1371 e
B8 H& KSR HEESIE
12+ =B 12F VB A 12F = A

" €V TP) ” IR IE &R ) " REB R

Gk RO RN RERRNS

£l - 5l

10 = 10 =10

= = =S

09 09r 09r
08", . . . . 08"~ . . " . 08", . . L |
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
N PN Q) R (D) a KA (d)
°T BHYSE H RIS i GEL AV
12| =R AR 12 p= =R dn 12 F=n =R

» (B - (TERIR AR ” ERARD

=il 2 i |

= ¥ E %

=10 Hl“fl‘H l BT H'll

= | =

09 09 r
08"~ . A . . 0.8, . . A » 0.8"%, X L L |
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
i IE REC (d) R RE (D) WA KA (D)
2 AR FRTE B TR AR X6 L 4 A3 B w4 52 i)




THBTBESE 2019 47 %5 31 %45 7 W Prev Med, Jul. 2019, Vol31,No7

- 681 -

R 2 ORISR LA T L2 i 5 £ e fe S ) KURE L RR (95%CT) |

Hoh IR AL TR AL

FHAEEO0~5d ZBRHEFO0~7d ZBRUEEO0~10 d ZHHEO0~5d  RBEEO0~7d ZFRHEFO0~10 d
H SP-45 < 1.29(0.98 ~1.69)  1.31(0.96~1.78)  1.24(0.87~1.79) 1.44(1.01 ~2.05)"  1.52(1.04~223)"  1.57(1.04 ~2.36)"
H AR 1.14(0.86 ~ 1.50)  1.10(0.80 ~ 1.52)  0.99(0.67 ~ 1.45) 1.46(1.03~2.07)*  1.59(1.08 ~2.34)*  1.68(1.09 ~2.58)"
H f5e e Sk 1.24(1.00~ 1.54)"  1.30(1.02~1.66)*  1.30(0.97 ~ 1.73) 127(0.94~172)  130(094~1.79)  1.32(0.93~1.86)

T aFm P<005,

3 it #

PSR BN, SIS LM 9 b 1 R R -
JRFRNARRIE TR, Sl AR B L3 28 A3 e
N SR H SRR B BRTE bR, il
SN B s TR H e R R EE R AR, IR
SR BB o ARG X L i e A g e ) R R TE U S
2~6 RNAEGI R, 5 LU % 5 ¥ R
IR G FEAR—5, {H LIU 25 ) [ T HI9X
T 5 IR ORI, R RSN . XU G 14 7RIl
KA FIRFFE G H e AR X 2 s il LB il 9% 22
KBS T, MR B RR E 5910 1.72 (95%CI .
1.07 ~2.76) #1276 (95%CI: 1.71 ~4.47) . W%
KB, SRR LEERG 5 B s i s N, ATRE S
THF5E BT AL R SRS | A SR E IR F A fa B4 ),
FAURIRAG 5

AR JLEE il R (R v] RE A Z AL . B
Se, RIRRERZ S | AR & e AR . BFOY R B,
RIS F R T A5 RS 7 FTT AR A BRERTAGE H 26 T o1
T e AL A 288 S5 D AR g il 2 AT o O B ) Ay (1)
Hk, [RBEEEZMITR RS TIRE. FER RIS
BNRIRAE R, WINRAEAN SR, PRI
AE, AR EOR i R TR Y IR OR A
Eans 2 T IS 8 N o = 2 N (| K= 0 S RN i3
SRR BRI, S2m AR, 3P kY TAE
e, B Y. eah, BRI AESAE A
BEM A TG R T 72, B0 R Rk . Yk
Uity e Tk (R R AOR GBS, LA A S0 P AN
B, HOME N IREE R ZR R R, T PR SRR
B 5 N 570 5 7 Vi R N BT BZ S T b e N1 ) s ¥
REEMEE KR 45,

TEVLARFSE R |, AR — i T H Y
AL BRI AR H S SR LB 4 A B 1)
B, RMERIEAE2—E BHarE NN
AR 5 AR 0C R BT DL H AR SR E ARG
Fdabn 5700 SRR —1Y | R RIS PRI BE

P BIeA S ) R AT, 0 L X R H iy
Al H R AR A L E TR AR I S T RE S A
FAIRXT AR A m 7 T RS A Al
SRR ERIMLRIAN A oG, BINfERGRBFTERT, H Az
e AR A 2 R AR SR AR 1, T H el
T DU B e 1 el A AR e AR T AT HIL2 ORI — R A4
BN AL R

AT N, FER KA, LR H ARk
B, (UONGSR) IERERRIEN, A5l
I 5 A H e Gl BURE (P8R IR) FEAEAE
FIMES, WERIEHURUIREAR, JLEE RS L
WP TE G, BT LA H i LA AR ST 14 2000 B 5
RPKAS,  H fem Ul B B L2 TR A5 T
SRR R, RO B H R AR R AR
AR, LE R D) R A REGE G, FTLL H iR
ACIRAE R T I A RN B 5 . DA I i e/ T IR
i, RRANTIERABITE . IEFh, AR X A2
FITRAGERAAAEZE S, TN TR 2R 675 e U <
AL AR A 17 T 15

gi BRI, il AR L R A e i 4 A )
REHEIN, FRRKAER IR 5 2328 ) LA H I A £
e, VABSZ0t; 78R SAR PRI 23 R I R
i, PR LZE R B R TR IK I i ok . FETT IR
Sy R Ay Bl TS A7 5 A AN B H O 3 R — <l
FEhR, AT BLE 2 MR AR A TT RE 23 3R A S v Af Y
4R

S 3Lk

[1]  GASPARRINI A, GUO Y, HASHIZUME M, et al. Mortality risk
attributable to high and low ambient temperature: a multicountry ob—
servational study [J] . Lancet, 2015, 386 (9991): 369-375.

[2]  BASU R. High ambient temperature and mortality: a review of epi—
demiologic studies from 2001 to 2008 [J] . Environmental Health,
2009, 8: 40.

[3] WALKER C L F, RUDAN I, LIU L, et al. Global burden of child—
hood pneumonia and diarthoea [ J] . Lancet, 2013, 381

(9875) : 1405-1416.
[4] XU Z, LIUY, MA Z, et al. Impact of temperature on childhood



- 682 -

THBTBE 2019 457 %5 31 %45 71 Prev Med, Jul. 2019, Vol31,No.7

(5]

[10]

[11]

pneumonia estimated from satellite remote sensing [J] . Environ—
mental Research, 2014, 132: 334-341.

LIUY, KANH D, XU J M, et al. Temporal relationship between
hospital weather conditions in
Shanghai, China: a time—series analysis [J] . BMJ Open, 2014,
4 (7): 1-8.

BRAGA A L, ZANOBETTI A,

admissions for pneumonia and

SCHWARTZ J. The effect of
weather on respiratory and cardiovascular deaths in 12 U.S. cities
[J] . Environmental Health Perspectives, 2002, 110 (9): 859-
863.

PAYNTER S, WEINSTEIN P, WARE R S, et al. Sunshine, rain-
fall,
analyses [J] . Epidemiology and Infection, 2013, 141 (6): 1328-
1336.

GASPARRINI A, ARMSTRONG B, KENWARD M G. Distributed
2010, 29

humidity and child pneumonia in the tropics: time—-series

lag non—linear models [J] . Statistics in Medicine ,
(21) : 2224-2234.

BHASKARAN K, GASPARRINI A, HAJAT S, et al. Time series
regression studies in environmental epidemiology [J] . International
Journal of Epidemiology, 2013, 42 (4): 1187-1195.

YUSUF S, PIEDIMONTE G, AUAIS A, et al. The relationship of
meteorological conditions to the epidemic activity of respiratory
syneytial virus . Epidemiology and Infection, 2007, 135 (7):
1077-1090.

HERRERA-LARA S, FERNANDEZ FABRELLAS E, CERVERA-
JUAN A, et al. Do seasonal changes and climate influence the etiol—
ogy of [J] . Archivos De
Bronconeumolog 1 a (English Edition) , 2013, 49 (4): 140-145.

community acquired pneumonia ?

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ST AL, Zefh, JBSCHE, 4F. 2005 4EFE 2014 ARSI IX L #EIT
WS I % S IR AR IR S A T 2 AT (0] L AR AL e Ak R
2015, 33 (10): 594-598.

DONALDSON G C, SEEMUNGAL T, JEFFRIES D J, et al. Effect
of temperature on lung function and symptoms in chronic obstructive
pulmonary disease [J] . The European Respiratory Journal, 1999,
13 (4): 844-849.

i, AR, SRR AR Bk (]
Sk, 2016, 33 (2): 182-188.

ZHUGE Y, QIAN H, ZHENG X, et al. Residential risk factors for

IR

childhood pneumonia: a cross—sectional study in eight cities of China
[J] . Environment International, 2018, 116: 83-91.

FHOR), 2R, XVRE S5 miR AT AR T XURS: (1 5% )
(J] . WigEE, 2017, 29 (6): 603-606.

DAVIS R E, HONDULA D M, PATEL A P. Temperature observa—
tion time and type influence estimates of heat-related mortality in
seven U.S. cities [J] . Environmental Health Perspectives, 2016,
124 (6) : 795-804.

BARNETT A G, TONG S L, CLEMENTS A. What measure of
temperature is the best predictor of mortality?  [J] . Environmental
Research, 2010, 110 (6): 604-611.

HAJAT S, ARMSTRONG B, BACCINI M, et al. Impact of high
temperatures on mortality: is there an added heat wave effect? 1l .
Epidemiology, 2006, 17 (6): 632-638.

LE TERTRE A, LEFRANC A, EILSTEIN D, et al. Impact of the
2003 heatwave on all-cause mortality in 9 French cities [J] . Epi-

demiology, 2006, 17 (1): 75-79.

KfBEHE: 2019-01-07 fEEIBHER: 2019-03-12 ARCHREE: TR0

G g gr gs Gs G G G G G Gr G Gk Gk Gk Gk Gk GE GE GE GE GE Gk Gk Gk GE Gh Gh Gk Gk Gk Gh Gh GE G G G G T G G T G T Tk T TE D

- E - EE - W -

LT 18 SCPFH 25

(Wip7EE~F) 2019 425 6 ITI IR SR g HARMEE, LW, WEHIEFH LIS T, MWL ie
SAEE MR AR UEA . LFFE A AT
L%, 50, XIRZEEE WTE EFE NI g B S I = 050

2. 5K, BN, BRI QORI ] SR FR I B A S B RIS R R 5 93 1) 2 )
3. DU, SKESSE, MOPHEIEE QRMIT S RA I O K Bias (8] o3 A FRE)

4. WL, FEBEIEE (AP 2T RS 7 2 B R )

5. W, JEE, sRRAEEE CRNRE R ER 5 T LA R SRR ENTSE)

(BT R il





