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Distributed lag effects on the relationship between daily mean temperature and the
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ABSTRACT Objective: To discuss the lag effects of daily average temperature on the daily cases of ba-
cillary dysentery in Lanzhou city. Methods: The data of daily cases of bacillary dysentery were collected
during 2008 and 2015 in the city, and the meteorological data at the same period was integrated. The dis-
tributed lag non-linear model was used to analyze the relevance between daily average temperature and the
daily cases of bacillary dysentery. Results: The exposure response relationship between the daily tempe-
rature and the incidence of bacillary dysentery was “J” type, the lowest incidence temperature was
17 °C, and the effect of high temperature on different gender and age groups was higher than that of the
intermediate effect. The effect of high temperature and intermediate effect on the male and female groups
showed an acute effect, the effect of the day was the highest, followed by fluctuations in temperature, and
the greater the impact on women. In different age groups, high temperature effect and the intermediate
effect of bacterial dysentery in 0 —3 years old groups were the biggest; the effects of high and interme-
diate temperature on people aged 0 —3 and 19 —64 year all showed acute effects, which were the maxi-
mum value at the day, then decreased volatility ; and for people aged over 65 years, the day after the on-
et, decreases and then increases slowly. There were obviously increasing risks of bacillary dysentery
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both the high temperature (32 “C) and the middle temperature (26 °C) with respect to 17 C. The accu-
mulative effects were highest at lagl4 days, and the RR (95% CI) values of middle temperature was 2. 30
(1.53-3.13),2.45 (1.65-3.30), 2.41 (1.59 -3.28), 2.54 (1.40-3.79), 1.82 (0.41 -
3.43),1.98 (1.11 -2.93) , and 1.73 (0.68 —2.88) among the males, females, 0 — 3 years old,
4 —11 years old, 12 —18 years old, 19 —64 years old and over 65 years old people, respectively; while
the high temperature was 2.93 (1.38 —-4.69), 3.08 (1.48 -4.90), 3.26 (1.60 -5.16), 3.12
(1.06 -5.56), 1.94 (0.73 -5.39), 2.31 (0.54 -4.36), and 2.06 (0.02 —4.51), respectively.
Conclusion; The high temperature may increase risks of bacillary dysentery, and the females and younger
people were the sensitive population. Meteorological factors play an important role in the occurrence and
development of bacillary dysentery in Lanzhou. The incidence of bacillary dysentery is affected by multi-
ple meteorological factors, but the primary one is high temperature. The temperature has not a direct
effect on the incidence of bacillary dysentery, but an indirect influence in different populations through
the impacts of various aspects of the incidence of bacterial dysentery ( residents living habits, communica-

tion channels and the habits of the susceptible population).
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20 TR TR e RTBEAT TR  EE AY — T WL
TEAB YL , SORAFTE 35 W 25 Ve, e SRR IR A
AT, BN R ) J R A A R Yz —
UEAFEAR AT IR, UG AR A 52 W A T P 8
e R R E SRR 2 — AN R H 24 A AL
5 KR R B R A OG,  UE 2 UAH
2O S VAR, [ Y AN A 5 B TR MG
G3 AT AN Z2 T D 1A S5 Ak R 2 PR K 5 1
FIARIATAHIANE AT, 2K A PR &
RS RS R R AT ORI, (02 BRI sE g
] ROBE ARy iz, W ] 5 R 5, A REAR el S <
ZLIAR AL YRR, T H DR R GRS
AP Z AR M &R B RETERE A F e 1Y
Ao Tk A T 85 A A R TP AL R B & L T I
AEH TG HRINAE YR AR RV, I
Ab, DR RIBIFGE 22 G0 T3 A N TEAG YL i 1) A 17
B, TR UG IR 38 X A% Gl 1) JE LM R AE Kl 5
YERBIIFFE D 22 3 RIS X St 3 A v e
] T R S T A — SE 22 TR AR X A B R DX, EL R
IRAURAEWE , T 54 DR TR A R R T
oAty DX S TR R R A i A AR R 52 I 1] i
SIS, 20 BRI R 2 KU A s e

MEZIEHF 1, UL H S50 5 R &
TS RN Y IR 5 TR A0 B A SR %
AR R, HIRE B 5200 AW 5 RO . R
TARIRFMERSCR MR AR Z, 71 5 Ak
2R PEAE R ( distributed lag non-linear model , DLNM ) 5
S —F AR A O SRR A U, R
A SRS R OC AR i IS AU I 4 AT 43 e R
T2 P L R, SR A ik o 50 7 ) BRI 58 S R
B, B 28 LR BT AT SCAH AR B ( generalized
additive models, GAM ) , [ A [] Bsf 4 il 500 g A £k
PEFIHT G R ZR , SOA] DLsEE G GAM B L i i 4%

AR 7= A F) SE AR A TR, R T S N [ A<
IR —AE— > G P AT TS R Ao AR 2k
SR R e SO R B2 R . AT, [ A AeE ] DLNM
PR R T IR N T 50T R, 52
DT RGN 5 4l R SR RIS, R, A
FFEAUR I DLNM J3 A7 H 200 40 5 1 i 2
o B2 M) S G I 00, () 23 B 24 4
PR S AR S M M AR 22 5

1 #ZREFZE

L1 BERPRIE

2008 41 J] 222015 4F 12 J] 22 JH 5 48 7 P
H & e R I T 4 B AL e it (5 B B AR 4t
H 22 PN T e T i rh o S sT e o TR H R
A hH A R R, AR O U X
AFXS I 1 H R H REK
1.2 it thinik

{1} Spearman GG AR S T7 v, 3B 24 N T &<
LT 5N H AR NBIAH M e &4
N 22 (0] (AR SRR, 5 40 B PRI B % 9 A KU
KRR FIARRL K 5K R 0.05, X2 B
PERE I B TG B 7 T 1 S 58 SURE SR B
H %9 NEE Ry PRZ 5, SR ] quasi-Poisson 4 45 pR
BTG o R A R LS
IO Al b, >R T DLNM X4 R 75 41 R AT H
KR N DRI E AT o R T H
I, Rl R H 34 L H K = IR A5 ), 3
H X5 A0 B 5 2, I BRI A e i
() S 4B I, B 5T H 4R s N B e Y
ST A

FOEARTL Sy log[E(Y,) ] = o + BTEM, , + ns
(press,, df =3) + ns(rain,, df =3) + ns(time,, df =
7/year) +yDOW, ,XH YV J&55 ¢ KA AEL, o NH



EE A RS 22 7 R PR 3 S5 S BT

- 863 -

B, TEM, 2 ] DLNM H {14 “ cross-basis” pR 3R
PRI TR A9 " HERE R, B 2 (] J=VASE Y v ) figk B
AR R, ns (press,, df =3) 52 A By 3
(8 E SRSE D5 RE A Ml 2 B4R U R, ns (rain,,
df =3)fany M B BN 3 09 ARSI
FAART BRI B FE ] time VE R — A BT B I 18] 7
VG O NS P SV L = S O S Gl T SR D <R
I ns (time, , df =T7) B A B HESFT
7 HY B ARSI AR D 2 2 A 2250 PR A i Y
S, DOW 255 ¢ KoM I LR AR &
SR CWE g, 3 A B T I ek 1) oy 14
d, DA IR A 5 XU Tt B8 1 Ry 2 B AL, TR ) A
ANIG) %) ¥ 5 B A) R B A XA B B2 ( relative risk,
RR) . RR ELATHE T ik A5 B A Bl RS Y v iy figh g
7 ZRRR, VIR RE R At S ST () PR 20 T 9
o AR GRS BE RT3 exp (B) o fETHEA H ¥R
T XS A B PRI 9 S I, LA [RIIRLEE (26 °C) Fl
1 (32 °C) J Sl AH O T d A1 & s XU Tt B 1) RR

71N T RE X 240 R A R0 K 2 W 14 5 553 , 0 T 4
AN TRV S AN e 2 23 J2 0, H 89 X 20 e A R
IR NELBI R o

2 #HR

— et UL

2Nl 2008—2015 AF 3L 4R T 41 1 R R
23 108451, H 43995 8. 09 i, Horp B34 12 977 9], %
PE10 131 4, B i g 1.28 = 1. 0 ~ 18 2 41 4
Wz A 11397 il 7 49.32% o [AIIU <R A
XIRE | B 7K A XGEE H 24 (B 23 53] O 848. 38 hPa,
11.11 C 49.90% ,0.83 mm 1.27 m/s(F 1),

2.2 RN RABEAERLE H R AN 7>
B

2.1

R/ T PN ESEatl WA NN /S i aWAN
HEZ AN A Gt # 8 (P <0.05) , Ko 5
Al KA KU SR IEAR G, 5 U SR U SE, LR
TR 20 R PR A SN B R Sk 2 (r =0.667 , 38 2) .

R 1 2008—2015 AT RN T FAMBEVERR H 20 A B iR rEgeit

Table 1 Descriptive statistics of meteorological factors and the daily cases of bacillary dysentery from 2008 to 2015

Variable X*s Minimum Py Ps, P Maximum
Cases of bacillary dysentery 8.09 £6.45 0 3.00 5.00 9.00 78.00
Daily mean pressure/hPa 848.38 £5.54 820.79 842.53 846.12 850.35 888.42
Daily mean temperature/°C 11.11 £10.23 -16.80 2.00 12.79 20.20 31.88
Daily mean relative humidity/ % 49.90 +15.48 13.85 38.52 50.31 60.70 100. 00
Daily mean precipitation/mm 0.83 +0.36 0 0 0 0.01 44.00
Daily mean wind speed/(m/s) 1.27 £0.37 0 1.00 1.13 1.50 3.00
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Table 2 Spearman correlation coefficients of meteorological factors and daily cases of bacillary dysentery

Variable Pressure/hPa  Temperature/C hu?nﬂﬁltl)v/e% Precipitation/mm Speegv/i?im) Cas‘jy‘;inlii;”ary
Pressure/hPa 1.000
Temperature/ “C -0.645* 1.000
Relative humidity/% 0.145* -0.146 " 1.000
Precipitation/mm -0.184 " 0.211~ 0.382" 1.000
Wind speed/ (m/s) -0.230" 0.258 " -0.251" 0.112* 1.000
Cases of bacillary dysentery -0.388* 0.667 * 0.042 0.173* 0.130 " 1.000

* P <0.05.
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A, three-dimensional plot of the relationship between mean temperature and bacterial dysentery over different lag days; B, the overall relative risks of

mean temperature for total bacterial dysentery cases over 30 days.
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Figure 1 The relationship between average daily temperatures and the risk of bacterial dysentery

2.4 oA EE R e A AN R i s 1) 4 B4
PRI AU (450 1

533K 26 °C 1 32 C A Ay v ) A5, A g i A
MR EE Y iz il 14 d fi e 2R 18T (1 2) o MU
AU XA TR AT % AR oo i 2800 2 IR 4 R T
SH S SV SV M LRV SRS B I S E N 3F S
B A, 25 2K 8 000 A o e, Wt 8 3l T
HL R A SRR R o [R]I E 1] 2 f 23 SR 4
Rl LA, B R R i E 8l , Lotk or )= 46
RIEA NIRRT RN N 5 L&A
[P s, JAEAe JLEE i 00 B, 4 Ja 4k 2 1 2
TR, e Qe Ml i %, H T A S 1,
Bz AR BN EARFEREARF,0~3 %
L NAE B0 BRI PR A £ ek 01 R [ 17 247
B 5 SN R TSRS O ~3 8 (19 ~64 % N
TERIR I VR, 2 R AR (e e , B S e 8l
TR, T =65 5 F YR KM, Z e bR, A8 580
FJte
2.5 A A RE A g A AN [ I Ik ) ) SR AR

P 3 DA [ 501 A T 45 i R 240 B2 90 2%
Jv WU 5 2l 14 % B - S T 0% AR il 2%, B R
H ¥R B 0 ~3 % 4 ~11 % 12 ~ 18
% 19 ~64 2 H1=65 5 NI 285 W KR8
CI7RY, RIS SOV A 5 I (AR o AN (R S F A
A ZH N 20 B A R B I KU IR AE 17 °C

i

H13 3 W1,26 C i 55 4 Ko WU 7E# /5 0 d

WL, 2 5 B e H O3z ok, £E i IS 0 d
Ld RIS ~ 14 d (9 2B BA Geit 78 o
AR IS O d SN, 2 5 AN P A 4 R A
e 1~ 14 d i RBURER R0 A Gt 22 5 .
0 ~3B AU EAE# G 0 d B, Z 5 BEE W IS
HSE Iz Bk 7ed s 0 d 1 d ALK S ~14 d 9 3R
AN HA G2 o 4 ~ 11 BAAEHG 7 ~ 14
d 1 RBB BA G A o 12 ~ 18 B ATEHT G
0 dfz 1 d FRBRHOTRAGI#E L 19 ~64 B 4]
TEHEIR 5 ~ 14 d RPN A AT E L =65
% AR 5 3 N ) BRI O B oG i1 7
o BITROVAEN G 14 d dii , X T AR e i
JE1T CLBME L E0~3 % 4~11 % 12~18 %,
19 ~64 % | =65 % NHEANRPERIIR &R RR (95%
CHE 435 2.30(1.53 ~3.13).,2.45(1.65 ~
3.30).2.41(1.86 ~3.49).2.54(1.40 ~3.79) .,
1.82(0.41 ~3.43) 1.98(1.11 ~2.93),1.73
(0.68 ~2.88),

HIZ% 4 A 1,32 °Ci 55 1k R XU 7 i i 0 d
B, Z 5 BEE e H A IZ #ig ok, fefii e 0 d Fl
14 d 1 RBON BA G 5 LEAEd )5 0 d
P BRSO , 22 i A A8 R, A R A I ) SRR
NIF G FTE X 0 ~3 U LR TERF 0 d



EE A RS 22 7 R PR 3 S5 S BT

- 865 -

B, Z 5 BEE IS H S IE s oK, e S
d PARS ~ 14 d 19 R BA G418 X

0d.1
4~11

B AR 14 d 1 BB H ﬁ%ﬁ”ﬁx¢2~

Relative risk

Relative risk

1.4

LTI =S

18 X AE 5 0 d B9 RBUIN B A it 8 X
w~“5@ﬂ>®§@f%¢mﬁ%ﬁ%%&ﬂ
W AR H JC T T 3L

1.4

— o W

Relative risk

=

26 C

Total

1.4

—
15

—
[S)

—
—

Relative risk

0.9

1.3

— i

Relative risk

=)

0-3 years

- i

Relative risk

=)

32C

6

Lag/d

4-11 years

10

=
5]

—
=

Relative risk

=
=

=
=)

iy
»

Relative risk
(=] i ) W

4
o

32C

6
Lag/d

12-18 years

Lag/d

B2 26 CHI32 CHARHRIE FH XS]
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Figure 3 The exposure-response relationship between average daily temperature and the risk of bacterial dysentery
of different gender (A) and different age (B) groups
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Table 3 The RR values (95% CI) of bacterial dysentery of different gender and different age groups during
different lag days when daily temperature is 26 C

Lag/ Gender Age
d Male Female 0 -3 years 4 - 11 years 12 - 18 years 19 — 64 years =065 years
0 1.18 (1.03-1.36) 1.14 (0.99-1.31) 1.20 (1.04-1.39) 1.05 (0.86-1.29) 1.45 (1.12-1.87) 1.14 (0.97-1.34) 1.15 (0.95-1.40)

1.23 (1.02-1.47) 1.27 (1.05-1.51) 1.26 (1.04-1.52) 1.13 (0.84-1.47) 1.55 (1.11-2.10) 1.18 (0.95-1.46)

1.14 (0.86 -1.48)

3 1.31(0.97-1.68) 1.50 (1.15-1.88) 1.31 (0.96-1.7) 1.34 (0.86-1.89) 1.55(0.89-2.34) 1.28 (0.90-1.71) 1.04 (0.60-1.55)
5 1.49 (1.07-1.94) 1.70 (1.27-2.17) 1.45 (1.02-1.93) 1.57 (0.97 -2.25) 1.64 (0.84-2.58) 1.51 (1.04-2.04) 1.06 (0.51 —1.68)
7 1.69 (1.20-2.22) 1.88 (1.37-2.43) 1.65 (1.14-2.20) 1.78 (1.07 -2.57) 1.70 (0.77 -2.77) 1.72 (1.16-2.33) 1.16 (0.51 —1.88)
14 2.30 (1.53-3.13) 2.45 (1.65-3.30) 2.41 (1.59-3.28) 2.54 (1.40-3.79) 1.82 (0.41-3.43) 1.98 (1.11-2.93) 1.73 (0.68 -2.88)
R4 S2CLRIRA AR A AR BRI I RR (H(95% CI)
Table 4 The RR values (95% CI) of bacterial dysentery of different gender and different age groups during
different lag days when daily temperature is 32 °C
Lag/ Gender Age
d Male Female 0 -3 years 4 —11 years 12 - 18 years 19 - 64 years =65 years
0 1.34(1.03-1.74) 1.37 (1.06-1.78) 1.54 (1.18-2.02) 1.24 (0.87-1.78) 1.66 (1.04-2.67) 1.25(0.92-1.69) 1.09 (0.75-1.60)
1 1.42(0.9-1.96) 1.57 (1.12-2.13) 1.63 (1.14-2.25) 1.32 (0.78 -2.06) 1.84 (0.98-3.14) 1.34 (0.87-1.96) 1.16 (0.65-1.87)
3 1.47 (0.81-2.27) 1.81 (1.10-2.67) 1.67 (0.95-2.56) 1.41 (0.55-2.53) 1.89 (0.63 -3.69) 1.43 (0.68-2.37) 1.22 (0.37-2.33)
5 1.67(0.84-2.65) 2.05 (1.17-3.08) 2.00 (1.11-3.08) 1.62 (0.55-2.97) 2.02 (0.50-4.11) 1.59 (0.64-2.74) 1.24 (0.17 -2.59)
7 1.88(0.91-3.02) 2.25(1.22-3.44) 2.30 (1.25-3.55) 1.85 (0.58 -3.42) 2.07 (0.32-4.43) 1.76 (0.64-3.10) 1.33 (0.07-2.91)
14 2.93 (1.38-4.69) 3.08 (1.48-4.90) 3.26 (1.60-5.16) 3.12 (1.06-5.56) 1.94 (0.73-5.39) 2.31 (0.54-4.36) 2.06 (0.02-4.51)
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Figure 4 The annual incidence rate of bacterial dysentery
in different regions of China
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