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[Abstract] Objective To understand the influence of diurnal temperature range (DTR) on
influenza incidence in the elderly in Beijing and to conduct a subgroup analysis. Methods The
incidence data of daily influenza cases in the elderly and daily meteorological data from 2014 to 2016
in Beijing were collected for this study. A generalized additive model (GAM) was used to explore
whether the relationship between daily influenza cases and DTR is a linear one. A distributed lag
non-linear model (DLNM) was established to quantify the lagged effect of DTR on daily influenza
incidence in the elderly. The model was also used to estimate the effects of DTR on daily influenza
incidence among various subgroups. Results A total of 4 097 influenza cases in the elderly were
notified during study period. The mean DTR was 10.153 °C. A linear relationship between daily
influenza incidence and DTR was detected by using GAM. DTR was significantly associated with
daily influenza incidence between lag0 and lag5 with a maximal effect at lag0. An 1 °C increase of
DTR was associated with a 2.0% increase in daily influenza incidence in the elderly (95%CI: 0.9%-3.0%).
The RR values of males, females, people aged 60-69 years, people aged =70 years were 1.018 (95%ClI:
1.005-1.032), 1.021(95% CI: 1.007-1.035), 1.012 (95% CI: 1.002-1.022), 1.025 (95% CI: 1.012-1.039),
respectively. The influencing time of DTR on females (lag6) was longer than males (lag2).
Conclusions DTR was associated with increased risk of influenza in the elderly in Beijing. It is
necessary to take targeted measures in the elderly to control the incidence of influenza when DTR
becomes greater.

[Key words] Diurnal temperature range; Elderly; Influenza; Distributed lag non-linear model

Fund program: Special Foundation of Basic Resources Survey of Ministry of Science and Technology
(2017FY'101202)



PR TR 2R 2018 4F 11 A5 39445 113]  Chin T Epidemiol, November 2018, Vol.39,No.11

-1455-

TERBREBR AT T, TR R B B
KB, BAGR A — KPR E S R
B 22, B el H AP iR s o F i P b
IR T 200U it 22 il FEAL N P T, $ 1L 1
B 22X O T 0 R LS A8 1 B Al A
R 73 BEAE S5 7 A S B UE S

UL TR U RO B | AR A S I T A
T B AR RPEIIREREAIR, K2 AN, 15
SRR 5 R ™ B IR AE , T Y s e A
Y HATE A ORI, AUl AR | R
S UG R ZOR ) R 7 LR R {EL e i/
R 225 TUEOCHR BITFE o ASBIESE M HIZE TSR]
FPA I GET T AR S PP B AR 22 XL at i
AR NRERUIE AR B2 , I EA T I 34T , DT
AR AR TR SR AL BE R .

"REH*E

L AIEFE XS R S F 5 3 ) - B b 5Tl =60 2
EAENREENBETER R . WFSEIE] S 2014 45 1
1 HE20164F12 A 31 H,

2. PERDIIR : 2014 — 2016 4E A6 50T 4E AR
JEGZ H R R U5 T Bl CDC Y B 58k 1R
ISR GE . A SR R, & R G imAT ik
BB W A2 W 517 S Rissm o), AN B
B o iEE T AR N RALFNEAE GY i 7 iR vk )
R TN AL o, B2 AR AR 12 Wi br o (WS 285 —
2008) fi 2 W , T 24 h N E i . [ H
KEFRR I T b E AL B2 8 4 = Mk 55 ™
(http://data.cma.cn/) , 145 H &z @& Al . H 58S
T G T W I 1 DO R M = DAL N B ) BT I G 3
SRR, BOH s SRS H Rz 20
H 1) e 22

3. Gt 2E ot DK% H IR AL B AR 2
HoAth S5 R 2 A B R e 2 B 5, R
I SCAA AR AY (generalized additive model, GAM ) ¥
Wi &2 5 HRWEBZH T NLEELR,
GAM J&—FPAESHRL  FE IR BE A T3 27 Th 8
FH T KT PR 58 7 i PR 3% 5 i e 46 Jmd =2 ()R 5 S ek
KF o RIS At 5 AE L PR A (distributed
lag non-linear models, DLNM ) % 1 P-4k o 4 il 2 X6
6T A N B s BT S AN o A BE 2 i [N
R AR AU BB Y RelE i 5 — R
B, TR R RS 1) — BT R N . DLNM REfE
A3 2 8 DR 25 19 43 A i I 800, DT 5 R B i

RIFIEREA"™S o 2 IS BB R — 1 ~ 4 d, i
JE AT 2 LA/ NI AR08 fe K JE B 7 d
Wi e 0 dCRPSR) 2= 5 7 d 4351 H “lag0” ~ “lag7”
TR Nt G e AR R v I S R, A A
R >R B Spearman A ¢ /0 BT B4 A Z K Z [0
IAE S, FILE A 2 REEEK (| r [>0.6) ISR R
AN IR AR A AHIF 53 i A 2 GAM Al DLNM
A3 R

GAM:log[ E(Y,) 1=B+s(DTR) +s(mete)+s(time)

DLNM:log[ E(Y)) 1=B+cb(DTR.;) +

ns(mete,3) +ns(time,7X3)

E GAM 1, E(Y,) 248 ANt/ H A B 2
T PREGE$E log i 12 ; BN IR 5 s (DTR) 2B
PP RE SR PR 5 s (mete ) 2 HAB R K
FELROREL, TR IR A EH 5 s (time ) SRS} ] A2 £
(4 °F- A 2% pR B, B TRl I i S R 2= ka3
7E DLNM 1, cb (DTR, ;) & /e 1 il 2 1) 58 SLHERE
SR IS W08 7 d, T s AT A [l e 49183 Ui
ZEXF H &I B R0 5 ns (mete, 3) J& HAA AR G R £
() A SRS T RESRRREL, F R B 3, F Tl L
TRAAEH 5 ns (time , 7 X 3) SR B[] A8 B (1) H AR 37 7k
ZRPREL, BEAE A B BEBOE R 7, TR S
At

T S Hreh Ko AR 50 224 5
M B FATIR 93 60 ~ 69 2 AHE . =70 5 A\HE,
I3 R R R I 25 5 45 WAH NI AR 1 E 2R o

FIH 3 07 VA TR A 23 B L B At 9 45
(AT S OB AR fi i Je A @ el AR B i) AR i A
SRR F B ORI e TR =X R A 5 A8 R BT

AW R 3.5.1 A2 750080 20 A, Rz sk
HEa=0.05, BUIAGLE .

s R

1. R YES BT : 2014 — 2016 AEAb 5T T Z AR AR
TR 4 097 i), Horfr 54 2 063 41 (50.4%) At
2 034 15(49.6%) .60 ~ 69 % AFE1 773 151(43.3%) . =
70 5 AHE2 324 11(56.7%) » TR H KRS E®R
T 22 B IF ) 2 1 DL PR 1. AT D AR s S B A
BRFENE 4FL B0, BRIEBEEES R
KB Z /N ARSI AL T2 H R R R A
TEOLILER 1 SRR 224 10.153 ¢, HEYAIR
FUH S 2R X B 0 ¥ (8 4 ) 0 13.925 C
52.750%.

2. BRGH RN 4L KK Spearman



- 1456+ HAEIR AT 247 2018 4F 11 45 39 545 1131

Chin J Epidemiol,November 2018, Vol.39,No.11

FRRBILE 2, H IR B R 2 Z 6] P2
U V- B TR = ) A AR R AR A (] [ >
0.6) . A2 AT YT AL &, A X It /g
A5 MR B AT ARAR I R, Ay #p 22 Tl R 2%
P, e IR SRR RS R TP AN A H IR B P2 S
oo SR AHXHRREE -2 KU | 1 RS B M
B PE IR A

40r
30F
20F

H A%
o

10F

(=) (=]
T

2014 2015 2016 2017

BRGEE (°C)
w S n 8

0

2015 2016 2017

g

Bl 2014—2016 400 BT B4R ATHIRER H &%

2014

BRI 2 A s TR 3 [+
F1 2014—20164F0L R THE H AR R R A EEAE O
e UES FoME RKME xts
JEIR2E(°C) 0.7 21.9 10.153+3.755
SERAIRCC) -14.3 32.6 13.925+10.969
FHXREE (%) 8.0 99.0 52.750+20.031
H % (h) 0.0 13.9 6.6301+4.072
S K (m/s) 0.6 6.6 2.10240.852
Y295 )% (kPa) 990.4 1040.0  1013.026£10.045
[ F ft (mm) 0.0 2535 1.45049.438

3. R 2 5 B AR IEE IR C R T
GAM W53 b BRI 20 AF ARERUER B A8
KR A Gt 2F B L (F=4.633,P=0.032) . &%
255 H R WA 0] ) 2 58 - v e R LI 2, W]
BRI ZE S B R ECZ M R R (A E=
D), BREZEBRAK, H AWEEZ . &3 2 H DLNM

FT2 2014—20164FJL T AL 2 1 Spearman AH ¢ Z B R

0.4
0.2

0 5 10 15 2.0 I
B (0)
Vs ORI 1) 4 B AR 22 P B b
B2 ERCHE &R BRI H R PR
ARFR- IR

)

o

=
1

—
[l
(=]

RRAL(95%CT)
=
)
——
—e—
—e—
—e—
——
—.—

0.98 o

WIS ] (d)
B3 R[EE IR R ZE X B ARG Y
RRIH X 95%CI
15 A AN [T i 1B A0 22 % Tt Jek H RS B0 el 1Y)
RRAE J% 95%CI . 5 1 25 %8 23 B8 1) 52 i) de K v
G S d, B REOY BRSO d, RRE M 1.020
(95%CI:1.009 ~ 1.030) , RS AR 2 B30 1 °C, %
AR NHE LR ) 2 9 AU 35 T 2.09% (95%CT = 0.9% ~
3.0%). 3 ERIREXT S WA BRI H &%
BOZ M) RRAE I 95%CI . SR 2EH KRBT, £ W24
NFE IR A R A3 . B AR Bk BAE Lk
60 ~ 69 % A\ . =70 & A\HEM RRAE 554 1.018
(1ag0,95%ClI:1.005 ~1.032).1.021(1ag0,95%C1:1.007 ~
1.035) . 1.012 (lagl, 95% CI: 1.002 ~ 1.022) . 1.025
(lag0,95%CI:1.012 ~ 1.039) . AR IRZENTEAF Lo
T JER 5 B R ) e 1 1T & lag6, LU 4F B 1 (lag2)

K,

4. TN Sy Br 25 A < ROV AE B K 1Y lag0 47
TIOR3 B o BT 4 A U S K i Je R AR I [R] AE
(time) B4 19 [ 1 B 1ag0 (1) RR{H )2 95%CI. W]
W, e e RAR N [R)AE 1 H H RS A el 28 X 435
PSRN o BT S SR I B =X pR 40 A1 i i 22 Sy
Hiir J5 I AN ] s 5 B AN . AR
F T S T8 2 AR R BT AR

AEEER BARZE PR AR AR P YRR B

Je R AR, (R [ RE S8 e Al 22

BRRZE(CC) 1.000

EEARHCC) 0145 1.000

AXHRE (%)  -0.388 0.226 1.000

H IR 4 (h) 0.657 0230  -0.583 1.000

SR (m/s)  0.031 0.056  —0.485 0.360 1.000
P E(KkPa)  -0.188  -0.878  -0.242  -0.146  -0.050
AR (mm)  -0.264 0.171 0.434  -0.329 0.002

-0.231

HERBEHE IRk A g KURS: , HEe KAk
W {H (lagl, RR=1.022,95% CI: 1.010 ~
1.035) 51 Je T8 XA A s I B AH L
A K o Db SR oy B 1 245 2R
PENGE AT ST AN

1.000
1.000




AERATI A2 i 2018 4F 11 A 55 39 54 113

Chin J Epidemiol, November 2018, Vol.39,No.11

R3S N H RO RRAE M 95%CI

- 1457 -

60 ~69 %

=70 %

1.013(0.998 ~ 1.027)

1.012(1.002 ~ 1.022)"
1.012(1.004 ~ 1.020)*
1.011(1.002 ~ 1.020)"
1.010(1.001 ~ 1.018)*
1.008(1.000 ~ 1.015)"

1.005(0.997 ~ 1.013)
1.002(0.990 ~ 1.015)

1.025(1.012 ~ 1.039)°
1.020(1.011 ~ 1.029)°
1.016(1.008 ~ 1.023)°
1.012(1.004 ~ 1.020)°
1.008(1.001 ~ 1.016)°
1.006(0.999 ~ 1.013)
1.004(0.997 ~ 1.011)
1.002(0.991 ~ 1.013)

i Je 40 Hk otk
lag0 1.018(1.005 ~ 1.032)" 1.021(1.007 ~ 1.035)"
lagl 1.014(1.005 ~ 1.023) 1.020(1.010 ~ 1.030)°
lag2 1.010(1.002 ~ 1.017) 1.019(1.011 ~ 1.027)"
lag3 1.006(0.999 ~ 1.014) 1.017(1.009 ~ 1.026)*
lagd 1.004(0.996 ~ 1.014) 1.015(1.006 ~ 1.023)"
lag$ 1.002(0.995 ~ 1.009) 1.012(1.005 ~ 1.019)"
lag6 1.001(0.994 ~ 1.008) 1.009(1.001 ~ 1.016)"
lag7 1.000(0.989 ~ 1.011) 1.004(0.993 ~ 1.017)
F:'P<0.05
1.04
<
Q
g
& 1.02 } }
T
=
1.00 = : : . .
5 6 7 8 9 10 11
B K S A (d)
o LO4r
Q
N
gro2t
poind
e
34
100 I 1 I L I ]

A IF) A B
B4 AR A R B ] AR i (time ) BEAF ()
H H I lagO RS

—

=

=
1

RRIE(95%CT)
= =
(=) NS}
—e—i
—e—
—e—
—e—|
—eo—
—o—|
—eo—|
—e—i

0.98 £ L L L

3 4 5 6 I7
T e T (d)
BS e B S AN R R R 2
XTI I A2 SO M P B AL

15 I

G Z M RN SR AR R PR A T 2 1Y
TR T ) o A5 R S T ) PP 3 R G it
B, T RS PR 2 1 R RE S i b st T 2 4F A B
TR KRR . H ETE N ANEA R R 25 5
SR N NG 2 V= ¥ Bl b=t N 1 R S IER S
R AR Z A S IEARDCOC R . —I0 H AR ST A 3N,
JET 15 5 0 2 Y R s R BV I G 5 B i g
(9 %% 955 XURS 184 1 (RR=3.30,95%CI: 1.65~6.60)"',
GeSF R, BACHZERIIIN 1 C, A1l B BT

TEIRGL I AU 10.9% (95%C1:0.34% ~ 1.55%) .
FEERXT B AR IBFSE H, Wang 251 Rk B, B IR
211 8 AW EPEIEAEIN 1 °C, dbaT =65 24N
NP E P 22 NG N 2.08% (95%C1:0.88% ~
3.29%) . Li% R, BRORZEEISET M =65 %
AR NP A B AR GRS R 3R . X SEfffoE 25 21
SR EE RA — 2 AR

v i/ A ) 2 T ) 0 25 e Ot
RIS IEE . (BA AR RIRRAE & 38
I 22 40 TAF S fag 338 i, BB K 40 B 98 i A 5 9 ¢
il 22 5SS BRE RS A O X RE TR
JEE TR 22 38 R AR S R AR B BT R
Graudenz 55" 2 B, S IR SR AR 25 5 3508 S S SN
B, SRR EXR T RTETERE ) R R, B AR
IR RE S22, FhIE I 21 B Sh I REREAIL™, v]
AE S BCHA R B IR 25 1 IR B0 H X0 B 13 T A e
GETd

LA NSy e R E I A YN = 3l g E|
RIRE s e K T IS S do BRI STt &k 30
R R 25 P A AR, HAE WS X R S
PR R R A REAA P — R RIR 2E K T 8K
HAUZ T S 2 B 22 A AT RE T 2 — 2 (W] 5
TR IR EER AR BNAE R I (B — B
Fi [E) VR R0

AMWFFEI K I, AR 251G, 25 2 AR 1)
T KU Y30 - 3R~ A BRI 45 PR
BRI R F B TR L . BRI L
PR IFRR I A R i K 1] & lag6, U AR T (Tag2)
TR AFRTE L, B PERF R G REAET
EAEH MRS X0 e B AR K A a7
AR R ZERZ M R

A5 T8 1 £ GAM F DLNM S BR55 3 4 795
g B GE A AR | PR ASR () JEA M S 4
ELTET TR . AR TH AR AR



- 1458 rHARIR AT 2475 2018 4F 11 4539545 113 Chin J Epidemiol, November 2018, Vol.39,No.11

SO A AL I 2R B WA 5 R Y
SE R HTPANDT TR B TR A 7 S B

BT AIIEATR BRI R, N s 2 47
BRI B T 1 A It . e il 2518 O H
9 2 AR R LR 51 DR e 1, BRI A i Do
Wl FRERE EART B = A AR ET I
AN GO BT X AR I 2 1 R 2 RO i B
THASFAR A . AR AAR R B il A A 4
IRACH) , i AMACTE BB, AR B AR e i i 2 1
R .

RBFFEAFAEA L , R BT BN 1 ARl 45
FZEAL S RE B S LA B RS 1 7 A ,  fig
— BT A0 AT BT A I H A R
SR T I 5 A5 e M R 8, A — R B T AR
THUL, ATBEXTH T TS ST R A —E R

i LR, B RUR 223 KB AL st B AE A
TR UL 18 o KRS, 5 3720 ATt 52 FL R, e
Bl ZE RIS | NS AR AR RS
Flagmz K

(1] E0l APHESE XA, 5. MR ERROR 225 )L A

O CE[T ], T 544,2018,36(1) : 130-135. DOI: 10.11755/
j.issn.1006-7639(2018)-01-0130.
Wang J, Fu GQ, Liu HY, et al. Relationship between diurnal
temperature range and outpatients of childhood asthma in
Shijiazhuang [J]. J Arid Meteor, 2018, 36 (1) : 130-135. DOI:
10.11755/j.issn.1006-7639(2018)-01-0130.

[2] Cheng J, Xu ZW, Zhu R, et al. Impact of diurnal temperature
range on human health: a systematic review [J]. Int J
Biometeorol,2014,58(9) :2011-2024. DOI: 10.1007/s00484-014~

0797-5.
(3] ZF 220 ARAT. AL g (M. 8 ML Jb5T: AR 1A AL,
2013.

Li LJ, Ren H. Infectious Diseases[M]. 8" ed. Beijing: People’s
Medical Publishing House, 2013.

[4] Ewfe, i, BEL S Jbat P fE 2 o S i s e e i il

K 25 o B[], U st R a2l s BE A2 R, 2013, 45(3)
432-436. DOI:10.3969/.issn.1671-167X.2013.03.018.
Wang FH, Xie Z, Lyu M, et al. Analysis of the difference in free
influenza vaccination rates between old people in urban and rural
areas in Beijing [J]. J Peking Univ: Health Sci, 2013, 45(3) :
432-436. DO1:10.3969/j.issn.1671-167X.2013.03.018.

[5] Gomez-Barroso D, LedN-Gémez I, Delgado-Sanz C, et al.

Climatic factors and influenza transmission, Spain, 2010-2015

[J]. Int J Environ Res Public Health,2017,14(12) : 1469. DOI:

10.3390/ijerph14121469.

PR, KR, £, 45 NI O K AT IR S 5 AR W R

PRI R 0 (). 22 MR 2 24l . HARRE 24, 2018, 54 (1)

137-142. DOI: 10.13885/j.issn.0455-2059.2018.01.020.

Tao Y, Gu TY, Wang Y, et al. An analysis of the relationship

between meteorological factors and flu in Chengguan District,

Lanzhou city [J]. J Lanzhou Univ: Nat Sci, 2018, 54 (1) : 137-

142. DOI: 10.13885/j.issn.0455-2059.2018.01.020.

(7] B, 7 ORISR K oA B b g i (D . RS« 1L P B R

(6

—

K2#,2005. DOIL:10.7666/d.Y 748506.

Jia B. Generalized additive models and its application in medical
fields [D]. Taiyuan: Shanxi Medical University, 2005. DOI:
10.7666/d.Y 748506.

[8] Gasparrini A. Modeling exposure-lag-response associations with
distributed lag non-linear models [J]. Stat Med, 2014, 33 (5) :
881-899. DOI: 10.1002/sim.5963.

[9] Mukaka MM. Statistics corner: A guide to appropriate use of
correlation coefficient in medical research [J]. Malawi Med J,
2012,24(3):69-71.

[10] HERE, RILES], e, 55 IR AT i H 5 AR R

KIAES AT [V ], rh g f il 4435, 2017, 21(10) : 1035-1038.
DOI:10.16462/j.cnki.zhjbkz.2017.10.016.
Huang ZF, Liu XJ, Yang LP, et al. Association between
meteorology and influenza in Shenzhen [J]. Chin J Dis Control
Prev,2017,21(10):1035-1038. DOI: 10.16462/j.cnki.zhjbkz.2017.
10.016.

[11] Chong KC, Goggins W, Zee BC, et al. Identifying
meteorological drivers for the seasonal variations of influenza
infections in a subtropical city-Hong Kong[J]. Int J Environ Res
Public Health, 2015, 12 (2) : 1560-1576. DOI: 10.3390/ijerph
120201560.

[12] Onozuka D. The influence of diurnal temperature range on the
incidence of respiratory syncytial virus in Japan [J]. Epidemiol
Infect, 2015, 143 (4) : 813-820. DOI: 10.1017/S0950268814001
575.

[13] Ge WZ, Xu F, Zhao ZH, et al. Association between diurnal
temperature range and respiratory tract infections [J]. Biomed
Environ Sci, 2013, 26 (3) : 222-225. DOI: 10.3967/0895-3988.
2013.03.0009.

[14] Wang MZ, Zheng S, He SL, et al. The association between
diurnal temperature range and emergency room admissions for
cardiovascular, respiratory, digestive and genitourinary disease
among the elderly: a time series study [J]. Sci Total Environ,
2013,456-457:370-375. DOI: 10.1016/j.scitotenv.2013.03.023.

[15] Li TG, Yang ZC, Wang M. Diurnal temperature range may be the
risk factor for respiratory tract infections among the elderly in
Guangzhou, China[J]. Int J Biometeorol,2014,58(3) :309-310.
DOI:10.1007/s00484-013-0734-z.

[16] Imai Y, Nobuoka S, Nagashima J, et al. Acute myocardial
infarction induced by alternating exposure to heat in a sauna and
rapid cooling in cold water [J]. Cardiology, 1998, 90 (4) :
299-301. DOI:10.1159/000006862.

[17] Togias AG, Naclerio RM, Proud D, et al. Nasal challenge with
cold, dry air results in release of inflammatory mediators.
Possible mast cell involvement[J]. J Clin Invest, 1985, 76 (4) :
1375-1381. DOI:10.1172/JCI112113.

[18] Graudenz GS, Landgraf RG, Jancar S, et al. The role of allergic
rhinitis in nasal responses to sudden temperature changes[J]. J
Allergy Clin Immunol, 2006, 118(5) : 1126-1132. DOI: 10.1016/
j-jaci.2006.07.005.

[19] Ma YX, Zhao YX, Zhou JD, et al. The relationship between
diurnal temperature range and COPD hospital admissions in
Changchun, China [J]. Environ Sci Pollut Res, 2018, 25 (18) :
17942-17949. DOI:10.1007/s11356-018-2013-3.

[20] M, SUKEL, AR M, 5. W1 24 AR5 K e g P 3 R4 i
FRAE 0T [T ] R 21,2004, 11(5) : 61-64. DOI: 10.16237/.
cnki.cn44-1404/g8.2004.05.017.

Zhai Q, Yuan YH, Li ZL, et al. Character analyze of Macao
elderly fitness development on different gender and years[J]. J
Phys Educ, 2004, 11 (5) : 61-64. DOI: 10.16237/j.cnki.cn44—
1404/g8.2004.05.017.
(i H 161:2018-06-23)
(A SCHiebtt: )



