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Time-varying distributed lag non-linear model: Using temperature-mortality association as an
example ZHAO Qi, LI Shan-shan, GUO Yu-ming (Department of Epidemiology and Preventive
Medicine, School of Public Health and Preventive Medicine, Monash University, Melbourne 3004,
Australia)
Abstract:

[Background] Numerous studies have reported that the association between ambient
temperature and human health may vary over time. However, most studies simply divide the
time-series dataset into subsets of different time periods, which may not properly capture the
temporal change of the temperature-health association due to modelling instability, particularly
for small-size datasets. It is recommended to apply statistical strategies that do not break the
structure of original time-series dataset.

[Objective] This study introduces time-varying distributed lag non-linear model (DLNM)
and compare its performance with ordinary DLNM in exploring the temporal change in the
association between ambient temperature and daily mortality using data from Chicago between
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1987 and 1997 for presenting the advantages of time-varying DLNM.

[Methods] The mathematic structures of ordinary and time-varying DLNMs were introduced and compared. Daily data on all-cause
mortality and environmental exposures including ambient temperature, relative humidity, and inhalable particulate matter were
collected from Chicago between 1987 and 1997 from the dlnm package in R software. Quasi-Poisson regression with time-varying DLNM
was applied to examine the temporal change in the temperature-mortality association in 1987 and 1997, respectively. Quasi-Poisson
regression with ordinary DLNM was applied to examine the temperature-mortality association in 1987-1997, 1987-1989, 1995-1997,
1987, and 1997, respectively, and the results were compared with those using time-varying DLNM.

[Results] The association between daily mean temperature and mortality accumulated across lag 0-30 days was V-shaped in Chicago
between 1987 and 1997, with the minimum morality temperature (MMT) being 19.2°C . The results of time-varying DLNM indicated that
compared with MMT the relative risk (RR) of extremely cold temperature (the 1st percentile of average temperature, -15.8°C ) i.e. cold
effect, decreased insignificantly from 1.59 (95% ClI: 1.25-2.01) in 1987 to 1.50 (95% CI: 1.13-1.98) in 1997 (P=0.756). By contrast, the RR of
extremely high temperature (the 99th percentile of average temperature, 28.9°C ), i.e. heat effect, increased significantly from 1.04 (95%
Cl: 0.85-1.28) to 1.75 (95% CI: 1.39-2.21) during the same time period (P=0.001). Similar temporal variations were also observed in the
1987-1989 dataset and the 1995-1997 dataset analyzed using ordinary DLNM. The results of ordinary DLNM on single-year datasets (i.e.
in 1987 and 1997, respectively) were less stable, compared with the results of time-varying DLNM.

[Conclusion] Time-varying DLNM can be used in the time-series analysis to examine the temporal variation in the association between
environmental exposures (such as ambient temperature) and health outcomes.

Keywords: time-varying distributed lag non-linear model; mortality; ambient temperature; application; effect
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Table 1 The data structure of daily mortality and environmental
factors in Chicago between 1987 and 1997
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Date ) Temperature Relative  (ug/m?)

Time week Death .

humidity PMyo

1987-01-01 1 A 130 -0.3 95.5 27.0
Thursday

1987-01-02 2 AR 150 0.6 88.3 NA
Friday

1987-01-02 3 A 101 0.6 89.5 32.8
Saturday

1997-12-29 4016 BA— 119 -1.4 85.0 235
Monday

1997-12-30 4017 A= 112 -5.8 783 25.2
Tuesday

1997-12-31 4018 A= 127 -7.8 67.5 27.6
Wednesday
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# N dnm IZFE #

library (dinm)

# 3 N\ Z MM SFh 1987—1997 £ ¥4 3E (3£ 4018d) ,
T8 rh F1 PMyo 3 5 0~1 d BYFEBHFIY1E rho1 1 pmO1#

data < - subset (chicagopNMMAPS, year<=1997)

data$rh01 < -filter (dataSrhum, c (1, 1) /2,
side=1)

dataSpmo01 < -filter (data$pm10, ¢ (1, 1) /2,
side=1)

#BRIARXXE R bs.t, RIBELURAFERE
®EN30d, URIGEEENBEHEN N 44

kn < - quantile (dataStemp, ¢ (0.1, 0.5, 0.9))

bs.t < - crossbasis (dataStemp, lag=30, argvar=list
(fun="ns", knots=kn) , arglag=list (knots=logknots
(30, 2)))

HEUtime ERXXBERHBHNANZED, HiB
time P LVE EE1987FE 7B 18 (B15E182K) M
199778 18 (BN$3835K) , BT RALERIE,
bst WRIAI UK KRESFENTBULL & Ve

intl <- ((dataStime-182) /4018) *bs.t

int2 <- ((data$time-3835) /4018) *bs.t
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fit 918 DLNM, 32 X B K 1 bs.t IS 7% 1987 —
1997 FMFHRE-THE- LM ; RE fit1 Sl
B8l Z LAY DLNM, BLIMNAIIARZ B intl, Nl bst B9E
#HAKR1987F7B 1 HNTE - HE- TR, BT
KAKMREI, bst WEEIREIAL 1987 FLFH
M 5 A fit2 S FERT (8] T LAY DLNM, ERIMAR
MARZEIint2, M bst IS EA R 1997 FHFR - F
[& - FETRERYL #

fit <- gam (death~ns (time, length (unique
(dataSyear)) *8) +bs.t+ns (rh01, 3) + pmO1l+as.factor
(dow) , family= quasipoisson, data=data)

cross_all<-crosspred (bs.t, model=fit, cen= MMT)

fitl <- gam (death~ns (time, length (unique
(dataSyear)) *8) +bs.t+ns (rh01, 3) + pmO1l+as.factor
(dow) +intl, family= quasipoisson, data=data)

cross_alll<-crosspred (bs.t, model=fitl, cen=
MMT1)

fit2 <- gam (death~ns (time, length (unique
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(dataSyear)) *8) +bs.t+ns (rh01, 3) +pmO1l+as.factor
(dow) +int2, family= quasipoisson, data=data)

cross_all2<-crosspred (bs.t, model=fit2, cen=
MMT2)
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F2RE (relative risk, RR) X E 95% RI{Z[X 8] (confidence
interval, CI) &1, FRAEZELFCIREFHDRIZL.
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2 25
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K FAPERT B L DLNM FUINE4ER , B/R1%™ 1987 &
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X%, MMTs 93 55 18.2°CH119.8°C, 5E 1A48LL,
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7 7
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= >
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o i
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i i
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d’&:z\ ) %2\
m 1 m 1
< +<
0 0

-20 -10 O 10 20 30
H39= R (Daily mean temperature, °C)

20 10 0 10 20 30
H39SR(Daily mean temperature, °C)
U] AR R AEE DLNM A& B 1987—1997 FEHITFIIRR 5 B KA
FERY i) 14 DLNM A S #Y 1987 £F (5 ) F1 1997 4 (L1 &) RURKRY,
[Note] A shows the average association between 1987 and 1997
modelled using ordinary DLNM; B shows the associations in 1987
(blue colour) and 1997 (red colour) modelled using time-varying
DLNM.

1 BYESEEEFTHREREE - REXZ (lagd~30d)
Figure 1 The association between daily mean temperature and
all-cause mortality (over lag 0-30 days)
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(P=0.756) o BRI RR{EHE 1987 FHY 1.04 (95%CI :
0.85~1.28) A= ZE 1997 FFRY 1.75 (95% C1 :1.39~2.21) ,
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£ 8] 791.33 (95%Cl : 1.03~1.71), TE 1995—1997 £F
189 1.54 (95%Cl : 1.14~2.08) , ZER R BRITFERNX
(P=0.471), [B1— 8 (28.9°C) 3 [/ RR {& 7 1987—
1989 & [8] 8 1.24 (95% C/ : 1.00~1.52) , 1£ 1995—1997
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Tk, MeE RN RREF S FEETIEIZE L DLNM BI%K
EINELER (B 18) LbE @ DLNM R FH 1987 &1 1997
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BARERY B ZE {4 DLNM BETR 47 A & 1R s R B B R R
BB TR,

=7 — 1987—1989| =7 — 1987
%, — 19951997 % ¢ — 1997
¢ ¢
55 55
) )
24 €4
i i
&3 @3
o2 o2
Bl B =
4< +<
. . T =
10 0 10 20 30 -0 0 10 20 30

H#JS 8 (Daily mean temperature, °C)  H3J’B(Daily mean temperature, °C)

[F] A 1987—1989 £F (FE ) F11995—1997 £F (L168) BIMN ; B
1987 & (HE ) M 1997 F (LI 8) B—FEHHIMEL,
[Note] A shows the associations in 1987-1989 (blue colour) and 1995-
1997 (red colour); B shows the single-year associations in 1987
(blue colour) and 1997 (red colour).
B2 RAZEDLNMMNENAYSES REEFETH
RRRE - REXF (lag0~30d)
Figure 2 The association between daily mean temperature and
all-cause mortality (over lag 0-30 d) modelled using ordinary DLNM
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