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[ Abstract]Objective To investigate the influence of diurnal temperature range (DTR)
on the daily hospitalization with chronic kidney diseases (CKD). Methods CKD daily inpatient
data of four Grade III hospitals, four Grade II hospitals and one Grade I hospital in Urumgi
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were collected from January 1, 2019 to December 31, 2020. Meteorological and pollutant
data during the same period were collected from six state-controlled monitoring points in
the main urban area of Urumgqi. A distributed lag no-linear model (DLNM) was used to
analyze the relationship between DTR and daily inpatients in CKD, controlling for day of
the week effect, holiday effect, long-term trend and other factors, analyzing the relationship
between DTR and CKD daily hospitalization. Results The expose-response curves of the
number of patients admitted to CKD daily and DTR (with a lag of 0-21 days) showed an "N"
shape, and the hospitalization risk of CKD patients increased first and then decreased with
the increase of DTR. The influence of low and high DTR on hospitalization of CKD patients
has a certain lag effect, while the influence of moderate DTR on hospitalization is small.
DTR=5°C, the single-day effect appeared on day 3 [RR=1.081, 95%CI(1.020, 1.145), P<0.05],
and the maximum effect appeared on day 21 [RR=1.090, 95%CI(1.014, 1.173), P<0.05]; the
single-day effect of altitude DTR=14°C (P,;) occurred on day 4 [RR=1.086, 95%CI(1.007,
1.172), P<0.05], and the largest effect occurred on day 5 [RR=1.089, 95%CI(1.009, 1.176),
P<0.05], and no statistical difference was found in cumulative lag. The results of stratified
analysis by gender, age and season showed that males and CKD patients < 65 years old were
more susceptible to DTR, and the change of DTR in cold season and four seasons had a
greater impact on hospitalization of CKD patients. Conclusion Men and patients < 65 years
of age with CKD are more susceptible to DTR, the focus should be more on protecting the
susceptible population from DTR during the cold season and the change in DTR at the turn

of seasons.

[Keywords] Diurnal temperature range; Chronic kidney disease; Distributed lag no-
linear model; Daily hospitalizations; Time series analysis
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Table 1. Daily hospitalization number of CKD patients and related meteorological and pollution
indicators in Urumqi from 2019 to 2020
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Figure 1. DTR calendar from January 1, 2019 to December 31, 2020 in Urumqi
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Figure 2. Correlation between DTR and atmospheric pollutants and meteorological factors from 2019 to
2020 in Urumgqi
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Table 2. Relative risk and 95%CI of CKD patients with different lag days under specific DTR

i Jig KA ﬁwﬂf”ﬁ —

DTR=4°C DTR=5°C = EDTR=14°C (P,;) W EDTR=19C ( Max )
lag0 0.897 (0.740, 1.089) 0.957 (0.822, 1.115) 0.938 (0.801, 1.098) 0.735 (0.320, 1.685)
lagl 0.980 (0.883, 1.088) 1.022 (0.933, 1.119) 0.994 (0.891, 1.109) 0.525 (0.294, 0.937)
lag2 1.041 (0.945, 1.147) 1.063 (0.976, 1.157) 1.040 (0.937, 1.154) 0.611 (0.354, 1.055)
lag3 1.074 (1.011, 1.142) " 1.081 (1.020, 1.145) °  1.071 (0.993, 1.155) 0.866 (0.626, 1.198)
lag4 1.085 (1.022, 1.151) " 1.081 (1.021, 1.146) = 1.086 (1.007, 1.172) " 1.068 (0.794, 1.438)
lag5 1.078 (1.014, 1.146) °  1.070 (1.009, 1.135) °  1.089 (1.009, 1.176) 1.148 (0.843, 1.564)
lag6 1.060 (1.004, 1.120) °©  1.053 (0.999, 1.110) 1.083 (1.009, 1.162) = 1.123 (0.847, 1.489)
lag7 1.038 (0.993, 1.086) 1.033 (0.988, 1.079) 1.072 (1.007, 1.141) " 1.044 (0.824, 1.322)
lag8 1.019 (0.980, 1.059) 1.015 (0.976, 1.056) 1.060 (1.000, 1.124) °  0.964 (0.781, 1.190)
lag9 1.004 (0.967, 1.043) 1.003 (0.964, 1.043) 1.049 (0.990, 1.112) 0.907 (0.733, 1.122)
lag10 0.995 (0.955, 1.035) 0.994 (0.954, 1.036) 1.040 (0.979, 1.104) 0.870 (0.695, 1.088)
lagl1 0.989 (0.949, 1.032) 0.990 (0.949, 1.034) 1.031 (0.970, 1.097) 0.849 (0.672, 1.072)
lag12 0.988 (0.947, 1.031) 0.990 (0.948, 1.033) 1.024 (0.962, 1.089) 0.842 (0.665, 1.065)
lagl3 0.990 (0.950, 1.032) 0.992 (0.951, 1.035) 1.017 (0.957, 1.082) 0.847 (0.673, 1.066)
lagl4 0.996 (0.957, 1.036) 0.998 (0.958, 1.039) 1.012 (0.953, 1.074) 0.863 (0.693, 1.074)
lagl5 1.004 (0.967, 1.043) 1.006 (0.967, 1.046) 1.007 (0.950, 1.067) 0.889 (0.724, 1.092)
lag16 1.015 (0.978, 1.053) 1.016 (0.978, 1.056) 1.002 (0.947, 1.062) 0.925 (0.759, 1.126)
lagl7 1.027 (0.988, 1.068) 1.028 (0.988, 1.070) 0.999 (0.942, 1.059) 0.969 (0.794, 1.184)
lag18 1.042 (0.997, 1.089) 1.042 (0.996, 1.090) 0.995 (0.935, 1.059) 1.023 (0.820, 1.276)
lagl9 1.058 (1.004, 1.115) " 1.057 (1.003, 1.114) ~  0.992 (0.925, 1.063) 1.085 (0.838, 1.404)
lag20 1.075 (1.009, 1.145) " 1.073 (1.009, 1.142) "~ 0.989 (0.914, 1.070) 1.154 (0.847, 1.571)
lag21 1.093 (1.014, 1.178) " 1.090 (1.014, 1.173) ~  0.986 (0.901, 1.079) 1.229 (0.851, 1.776)
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#*3 CKDEEEHEDTRT EMiFEREHIIET &M B K% 95%CI
Table 3. Relative risk and 95%CI of CKD patients with cumulative lag days under specific DTR

SRS

e s
e DTR=4°C DTR=5C FEDTR=14°C (Py;) W EDTR=19C ( Max )
lag0 0.897 (0.740, 1.089) 0.957 (0.822, 1.115) 0.938 (0.801, 1.098) 0.735 (0.320, 1.685)
lag0-1 0.880 (0.688, 1.125) 0.978 (0.800, 1.196) 0.932 (0.749, 1.160) 0.386 (0.126, 1.181)
lag0-2 0.916 (0.690, 1.215) 1.040 (0.817, 1.323) 0.969 (0.732, 1.282) 0.236 (0.058, 0.960)
lag0-3 0.984 (0.722, 1.341) 1.124 (0.857, 1.474) 1.038 (0.747, 1.442) 0.204 (0.042, 0.995)
lag0—4 1.067 (0.768, 1.482) 1.215 (0.905, 1.632) 1.127 (0.779, 1.631) 0.218 (0.041, 1.160)
lag0-5 1.150 (0.813, 1.627) 1.301 (0.946, 1.789) 1.228 (0.814, 1.851) 0.250 (0.044, 1.429)
lag0-6 1.219 (0.844, 1.761) 1.370 (0.972, 1.930) 1.330 (0.845, 2.091) 0.281 (0.045, 1.742)
lag0-7 1.266 (0.859, 1.865) 1.415 (0.980, 2.041) 1.425 (0.870, 2.335) 0.293 (0.043, 1.991)
lag0-8 1.289 (0.860, 1.932) 1.436 (0.975, 2.115) 1.511 (0.888, 2.569) 0.283 (0.038, 2.098)
lag0-9 1.295 (0.852, 1.969) 1.440 (0.960, 2.159) 1.585 (0.899, 2.794) 0.257 (0.032, 2.079)
lag0-10 1.288 (0.835, 1.986) 1.432 (0.938, 2.185) 1.648 (0.902, 3.009) 0.223 (0.025, 1.985)
lag0-11 1.274 (0.815, 1.993) 1.418 (0.912, 2.204) 1.699 (0.898, 3.216) 0.189 (0.019, 1.866)
lag0-12 1.259 (0.793, 2.001) 1.403 (0.885, 2.224) 1.740 (0.885, 3.418) 0.159 (0.014, 1.758)
lag0-13 1.247 (0.772, 2.016) 1.392 (0.860, 2.254) 1.770 (0.867, 3.614) 0.135 (0.011, 1.677)
lag0-14 1.242 (0.755, 2.044) 1.389 (0.839, 2.298) 1.790 (0.843, 3.801) 0.116 (0.008, 1.635)
lag0-15 1.247 (0.744, 2.091) 1.397 (0.826, 2.363) 1.803 (0.817, 3.979) 0.103 (0.007, 1.638)
lag0-16 1.265 (0.741, 2.160) 1.419 (0.821, 2.454) 1.807 (0.788, 4.146) 0.096 (0.005, 1.695)
lag0-17 1.300 (0.747, 2.260) 1.459 (0.825, 2.578) 1.804 (0.757, 4.300) 0.093 (0.005, 1.824)
lag0-18 1.354 (0.765, 2.399) 1.520 (0.841, 2.747) 1.795 (0.725, 4.444) 0.095 (0.004, 2.057)
lag0-19 1.433 (0.793, 2.590) 1.607 (0.868, 2.974) 1.781 (0.692, 4.582) 0.103 (0.004, 2.457)
lag0-20 1.540 (0.831, 2.853) 1.725 (0.907, 3.280) 1.761 (0.657, 4.722) 0.119 (0.004, 3.150)
lag0-21 1.683 (0.881, 3.218) 1.881 (0.957, 3.697) 1.736 (0.618, 4.874) 0.146 (0.005, 4.404)
A B
i ER
. ~ ~ )
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Figure 6. Delayed effect of DTR on CKD patients of different gender and age
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FB 1 B XU B 85 [RR=1.225, 95%CI ( 1.119, 2.7 REMEHH
1.340) |; DTR > 15°CH}, MRS 1 KIFIG+HE e A R st ] AS RS (o 5. 6
22RE 2 K, AR NS 1K [RR=1.467, 95%CI 7 AE) DASAA R H BB EE . S H B (3,
(1121, 1.920) |, BZEZET DTR &R EKHASGE 4H15), BIELSRER, BARINLSRRE, &
R, Wik4, BB EEREAK, W5,
4 DTREARZFT THIMEX B E
Table 4. Relative risk of DTR in different seasons

i FER T e 2=

PN DTR=5°C DTR=15C DTR=5°C DTR=15C
lag0 1.068 (0.889, 1.283) 1.215 (0.826, 1.789) 0.841 (0.599, 1.180) 0.904 (0.669, 1.221)
lagl 0.963 (0.855, 1.085) 1.467 (1.121, 1.920) ° 0.916 (0.733, 1.143) 0.855 (0.676, 1.082)
lag2 1.010 (0.903, 1.129) 1.393 (1.088, 1.783) 0.949 (0.771, 1.167) 0.889 (0.705, 1.121)
lag3 1.125 (1.035, 1.222) ° 1.183 (0.967, 1.447) 0.959 (0.820, 1.120) 0.962 (0.790, 1.171)
lagd 1.199 (1.099, 1.308) " 1.049 (0.845, 1.303) 0.974 (0.835, 1.136) 1.016 (0.830, 1.242)
lag5 1.225 (1.119, 1.340) ° 0.977 (0.779, 1.225) 0.996 (0.850, 1.167) 1.047 (0.853, 1.285)
lagh 1.214 (1.116, 1.321) ° 0.944 (0.759, 1.173) 1.022 (0.877, 1.192) 1.060 (0.869, 1.293)
lag7 1.184 (1.098, 1.277) " 0.934 (0.761, 1.145) 1.050 (0.906, 1.216) 1.062 (0.879, 1.283)
lag8 1.152 (1.073, 1.236) 0.935 (0.768, 1.138) 1.074 (0.928, 1.244) 1.059 (0.880, 1.275)
lag9 1.126 (1.050, 1.208) " 0.939 (0.772, 1.142) 1.095 (0.942, 1.273) 1.057 (0.878, 1.273)
lag10 1.106 (1.031, 1.188) " 0.946 (0.777, 1.153) 1.112 (0.951, 1.299) 1.055 (0.875, 1.272)
lagl1 1.093 (1.017, 1.173) ° 0.957 (0.785, 1.165) 1.124 (0.959, 1.317) 1.053 (0.873, 1.270)
lag12 1.084 (1.010, 1.163) 0.969 (0.798, 1.177) 1.132 (0.966, 1.328) 1.052 (0.874, 1.265)
lagl3 1.079 (1.008, 1.155) " 0.984 (0.815, 1.189) 1.137 (0.972, 1.331) 1.050 (0.877, 1.258)
lagl4 1.078 (1.010, 1.151) " 1.002 (0.835, 1.201) 1.139 (0.978, 1.327) 1.049 (0.882, 1.248)
lagl5 1.081 (1.016, 1.150) ° 1.021 (0.858, 1.215) 1.138 (0.982, 1.319) 1.049 (0.889, 1.237)
lag16 1.086 (1.023, 1.154) 1.043 (0.881, 1.234) 1.135 (0.984, 1.309) 1.048 (0.895, 1.227)
lagl7 1.094 (1.029, 1.163) ° 1.066 (0.901, 1.261) 1.130 (0.981, 1.300) 1.047 (0.899, 1.220)
lag18 1.104 (1.034, 1.179) ° 1.091 (0.916, 1.300) 1.123 (0.974, 1.294) 1.047 (0.900, 1.218)
lagl9 1.116 (1.036, 1.201) 1.117 (0.924, 1.351) 1.115 (0.961, 1.293) 1.047 (0.896, 1.223)
lag20 1.128 (1.036, 1.229) " 1.145 (0.925, 1.416) 1.106 (0.942, 1.298) 1.047 (0.887, 1.235)
lag21 1.141 (1.033, 1.260) 1.173 (0.922, 1.493) 1.097 (0.920, 1.308) 1.046 (0.874, 1.253)

E: A% FEL
=5 REIGRES T

Table 5. Sensitivity analysis of the model

DTR=5°C DTR=15°C
st
lag3 RR{(95%CI) lag6 RR{F(95%CI)
P [F) 725 5 ] B2
54F 1.078 (1.019, 1.142) 1.088 (1.006, 1.176)
64 1.078 (1.018, 1.141) 1.103 (1.016, 1.197)
TAE 1.081 (1.020, 1.145) 1.112 (1.023, 1.209)
H B0 EE A h
3 1.081 (1.020, 1.145) 1.112 (1.023, 1.209)
4 1.079 (1.019, 1.143) 1.110 (1.021, 1.206)
5 1.077 (1.017, 1.141) 1.108 (1.018, 1.204)
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2ER5
DTR=5C DTR=15C

AREL
SCEH

lag3 RR{E(95%CI) lagb RR1E(95%CI)
H 505 A
3 1.081 ( 1.020, 1.145) 1.112 (1.023, 1.209)
4 1.081 ( 1.020, 1.145) 1.112 (1.023, 1.209)
5 1.080 ( 1.020, 1.144) 1.107 ( 1.018, 1.120)
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