
The Impact of Temperature and Precipitation on All-Infectious-, Bacterial-, and Viral-1 
Diarrheal Disease in Taiwan  2 

Gerry Andhikaputra1, Amir Sapkota, PhD2, Yu-Kai Lin, PhD3, Ta-Chien Chan, PhD4,5, 3 
Chuansi Gao, PhD6, Li-Wen Deng1, Yu-Chun Wang, PhD1,7 4 

1*Department of Environmental Engineering, College of Engineering, Chung Yuan 5 
Christian University, 200 Chung-Pei Road, Zhongli 320, Taiwan 6 

2 Department of Epidemiology and Biostatistics, University of Maryland School of Public 7 
Health 8 

3 Department of Health and Welfare, University of Taipei College of City Management, 9 
101 Zhongcheng Road Sec. 2, Taipei 111, Taiwan 10 

4 Research Center for Humanities and Social Sciences, Academia Sinica, 128 Academia 11 
Road, Section 2, Taipei, Taiwan 12 

5 Division of Ergonomics and Aerosol Technology, Faculty of Engineering, Lund University, 13 
Lund 223 62, Sweden 14 

6 Institute of Public Health, School of Medicine, National Yang Ming Chiao Tung University, 15 
Taipei, Taiwan 16 

7 Research Center for Environmental Changes, Academia Sinica, 128 Academia Road, 17 
Section 2, Nankang, Taipei 11529, Taiwan 18 

Address correspondence and reprint requests to:  19 

*Yu-Chun Wang, PhD 20 
Professor 21 
Chung Yuan Christian University College of Engineering 22 
200 Chung-Pei Road 23 
Zhongli 320, Taiwan 24 
Telephone: 886-3-265-4916; Fax: 886-3-265-4949 25 
E-mail: ycwang@cycu.edu.tw; swingapple@gmail.com  26 
 27 
Keywords: infectious diarrhea; extreme weather; climate change; dlnm 28 
Number of words: 300 in abstract and 2834 in text. This manuscript has 1 table, 3 figures, 51 29 
references, and supplementary 2 tables and 4 figures  30 

mailto:swingapple@gmail.com


ABSTRACT 31 

Background: The ongoing climate change will elevate the incidence of diarrheal in 2030–32 

2050 in Asia, including Taiwan. This study investigated associations between 33 

meteorological factors (temperature, precipitation) and burden of age-cause-specific 34 

diarrheal diseases in six regions of Taiwan using 13 years of (2004-2016) population-based 35 

data.  36 

Methods: Weekly cause-specific diarrheal and meteorological data were obtained from 37 

2004 to 2016. We used distributed lag non-linear model to assess age (under five, all age) 38 

and cause-specific (viral, bacterial) diarrheal disease burden associated with extreme high 39 

(95th percentile) and low (5th percentile) of climate variables up to lag 8 weeks in six 40 

regions of Taiwan. Random-effects meta-analysis was used to pool these region-specific 41 

estimates. 42 

Results: Extreme low temperature (<5th percentile) was associated with risks of all-43 

infectious and viral diarrhea, with the highest risk for all-infectious diarrheal found at lag 44 

8 weeks among all population [Relative Risk (RR): 1.44; 95% Confidence Interval (95% CI): 45 

1.24–1.67]. The highest risk of viral diarrheal infection was observed at lag 2 weeks 46 

regardless the age. Extreme high temperature was associated with risk of bacterial 47 

diarrheal among all-age (RR: 1.07; 95% CI: 1.02–1.13) at lag 8 weeks. Likewise, extreme 48 

high precipitation was associated with all infectious diarrheal, with the highest risk 49 

observed for bacterial diarrheal among population under five years (RR: 2.77; 95% CI: 50 



1.60–4.79) at lag 8 weeks. Extreme low precipitation was associated with viral diarrheal 51 

in all-age population at lag 1 week (RR: 1.08; 95% CI: 1.01–1.15)]. 52 

Conclusion: In Taiwan, extreme low temperature is associated with an increased burden 53 

of viral diarrheal, while extreme high temperature and precipitation elevated burden of 54 

bacterial diarrheal. This distinction in cause-specific (viral vs. bacterial) and climate-55 

hazard specific (extreme low vs. extreme high temperature, precipitation) diarrheal 56 

disease burden underscore the importance of incorporating differences in public health 57 

preparedness measures designed to enhance community resilience against climate 58 

change. 59 

  60 



INTRODUCTION 61 

With over 1.6 million annual deaths, children under five accounted for more than 62 

half a million, the diarrheal disease continues to be a major killer globally in 2016 [1]. 63 

Infectious diarrhea is still a common disease in children in Taiwan, despite the rotavirus 64 

vaccine implementation in the country [2, 3]. While low-income countries bear a 65 

disproportionate burden of diarrheal disease, acute infectious diarrheal is also known to 66 

be a significant contributor to morbidity in high-income countries [4]. The major 67 

etiological agents for diarrheal disease include bacteria, viruses, and parasites [5]. In 68 

Taiwan, infectious diarrheal diseases, i.e., cholera, typhoid/ paratyphoid fever, bacillary 69 

dysentery, amoebic dysentery, and enterohemorrhagic E. coli infection are classified as 70 

notifiable diseases as per the provisions of the Taiwan Communicable Disease Control Act 71 

[6, 7]. Other infectious diarrheal diseases (norovirus, rotavirus, non-typhoidal Salmonella, 72 

non-toxigenic Vibrio cholerae, Staphylococcus aureus, Cactus bacilli, and Vibrio 73 

parahaemolyticus) are not part of notifiable diseases; however, prior studies have shown 74 

that they can create diarrheal disease outbreak in Taiwan and are a threat to population 75 

health [8]. 76 

Prior studies have identified several risk factors related to diarrheal diseases, 77 

including young age, male gender, young maternal age, lack of maternal education, early 78 

weaning, and low practice of water, sanitation, and hygiene (WASH) [9, 10]. Others have 79 

suggested that diarrheal disease transmission depends on favorable climatic conditions 80 

[11, 12], which may explain seasonal patterns in transmission [10]. A recent Taiwan study 81 

reported more than 4,500 disability-adjusted life years (DALYs) were attributable to 82 



foodborne illnesses resulting from non-typhoid Salmonella, Norovirus, and Vibrio 83 

parahaemolyticus [13]. Bacterial diarrheal peaks in summer season (July) with lower 84 

incidence during winter season [14], whereas viral diarrheal, particularly caused by 85 

rotavirus, commonly happens during the dry and cold months in Taiwan [14-16].   86 

The latest IPCC (AR6) report projected climate changed related increases in heavy 87 

rain and temperature [17], which may elevate burden of diarrheal disease in the Asian 88 

subcontinent. Previous study from Nepal showed a 4.40% and 0.28% increase diarrheal 89 

disease incidence with a 1°C increase in mean temperature (RR: 4.40%; 95% CI: 3.95–4.85) 90 

and 1 cm increase in rainfall (RR: 0.28%; 95% CI: 0.15–0.41), respectively [12]. Likewise, a 91 

combined study from Taiwan, Hong Kong, and Japan showed 21% increases in diarrheal 92 

disease risk during the cold month (RR: 1.22; 95% CI: 1.08–1.36) [18].   93 

The most recent IPCC report suggests that despite mitigation effort, extreme 94 

event frequency will continue to rise in the foreseeable future because of the changes 95 

that have already taken place [17]. It is critical to develop public health adaptation 96 

strategies against climate change threats. With regards to diarrheal disease, such 97 

adaptation measures require a better understanding of the underlying population's 98 

vulnerability to the specific causative agents (bacterial, viral, and parasite) and climate 99 

hazard (extreme heat, cold, extreme precipitation, drought). While a number of studies 100 

have linked extreme weather variables (temperature and precipitation) with burden of 101 

diarrheal disease [18, 19], there is a paucity of data at a national level and the latest year 102 

in Taiwan. Hence, this study aims to investigate the temperature- and precipitation-103 

related infectious disease risks of all-infectious, bacterial, and viral diarrheal in six regions 104 



of Taiwan (i.e., North, Chumiao, Central, Yunchianan, Kaoping, and Huatung region) for 105 

all-age and under-five years’ population using 13 years (2004-2016) national health 106 

insurance data.  107 

MATERIALS AND METHODS 108 

Study area 109 

Taiwan, a subtropical island (150 km x 350 km) with 23.5 million people [20, 21], is 110 

located in one of the main paths of the western North Pacific Ocean’s tropical cyclone that 111 

has been experiencing drastic impacts of climate change. This study focused on six regions 112 

in Taiwan, including North, Chumiao, Central, Yunchianan, Kaoping, and Huatung regions, 113 

as study areas (Supplementary Figure S1).  114 

Data sources 115 

We collected weekly cause-specific diarrheal disease data (2004-2016) for cities 116 

of Taiwan from reimbursement records of the outpatient visit of the National Health 117 

Insurance (NHI) database from the Ministry of Health and Welfare. NHI provides equal 118 

access to health care in Taiwan and covers more than 99% of Taiwan’s population [22]. 119 

The data was retrieved as an aggregate count and all identification number of insured 120 

population were randomized into surrogate numbers for users, thus, the patient privacy 121 

is protected. Before we do the analysis we summarized the weekly city-level data into 122 

region-level data. This study used the 9th and 10th Revision of the International 123 

Classification of Diseases codes (ICD-9) and (ICD-10) to identify diarrheal disease cases. 124 

These included bacterial cases [V. cholera, Salmonella spp., E. coli, campylobacter enteritis, 125 

Yersinia enterocolitica, Clostridium difficile, and other bacteria (ICD-9: 001, 003, 008 and 126 



ICD-10: A00, A02, A04)], virus cases [ Rotavirus, Adenovirus, and Norwalk virus (ICD-9: 127 

8.61-63 and ICD-10: A08.0, A08.2, A08.1)], and all other infectious diarrheal cases [ICD-9: 128 

001-009 and ICD-10: A00-09]. The study was approved by the institutional review board 129 

(IRB) at the Chung Yuan Christian University, Taiwan, and the University of Maryland, 130 

United States. 131 

We retrieved weather data from the Taiwan Central Weather Bureau, including 132 

average temperature (°C), precipitation (mm), sunshine hour (hour), and relative 133 

humidity (%) for 18 weather stations located in six regions of Taiwan for the same period. 134 

Weather data was aggregated from hourly resolution to weekly resolution for the analysis 135 

to match the temporal resolution of the outcome measures.  136 

The population data for each region, stratified by age group, was extracted from 137 

National Statistics, Republic of China (R.O.C) that provides open access to the yearly 138 

population. Further detailed information about population data is available on their 139 

official portal (https://eng.stat.gov.tw/).  140 

Non-linear association between weekly weather variables and cause-specific diarrheal 141 

risks 142 

 This study evaluated the effects of weekly average temperature and cumulative 143 

precipitation on Taiwan's age-cause-specific infectious diarrheal using distributed lag non-144 

linear model (DLNM) proposed by Gasparrini et al. [23]. DLNM has been used to assess 145 

the relationship between weather variables and infectious diseases in epidemiological 146 

studies [24, 25]. In this study, we used Poisson regression specified as: 147 

https://eng.stat.gov.tw/


𝐋𝐋𝐋𝐋𝐋𝐋[𝐘𝐘]~𝐁𝐁𝐁𝐁(𝐓𝐓, 𝐥𝐥𝐥𝐥𝐥𝐥) +  𝐁𝐁𝐁𝐁(𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏, 𝐥𝐥𝐥𝐥𝐥𝐥) +  𝐍𝐍𝐍𝐍(𝐒𝐒𝐒𝐒,𝟒𝟒) + 𝐍𝐍𝐍𝐍(𝐑𝐑𝐑𝐑,𝟒𝟒)148 

+  𝐍𝐍𝐍𝐍(𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭,𝟕𝟕 ∗ 𝐲𝐲𝐲𝐲𝐲𝐲𝐲𝐲) +  𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋 𝐍𝐍𝐍𝐍𝐍𝐍 𝐘𝐘𝐘𝐘𝐘𝐘𝐘𝐘 𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡 149 

 Where Y is the age-cause-region-specific weekly cases of outpatient visits, and T 150 

is the region-specific weekly average temperature. We set temperature-diarrheal risk 151 

association as the basis spline (BS) function with five degrees of freedom (df). Weekly 152 

regional cumulative precipitation was also set as the BS function with five df. We analyzed 153 

the lag effect from 0 to 8 weeks. The sunshine hours (SH) and relative humidity (RH) were 154 

included in the analysis as cofounder and were set as the natural splines (NS) with 4 df. 155 

The variable “time” was included to control long-term trends and seasonal effects [26]. 156 

We also included Lunar New Year holiday as a covariate in the model as this is known to 157 

be associated with diarrheal disease burden in Taiwan [27].  158 

The effects of extreme low and high were reported at the 5th and 99th percentile 159 

of weekly average temperature and weekly average cumulative precipitation. We decided 160 

to use same optimum values throughout all the lag weeks by averaging the results of lag 161 

2 weeks because it has more significant risks in comparison to other lag values. We tested 162 

several model combinations, which simultaneously included extreme temperature and 163 

precipitation variable, and selected a model based on lower Akaike information criterion 164 

(AIC).  165 

We used random effect meta-analysis to combine region-specific relative risk (RR) 166 

of age and cause-specific diarrheal associated with weekly extreme temperature and 167 

extreme precipitation. We computed all analyses using the mgcv, dlnm, and mvmeta 168 

package in R (version 3.3.3). 169 



RESULTS 170 

A total of over ten million diarrheal disease cases were reported from 2004 to 171 

2016 in Taiwan (Table 1). The weekly average cases was 2,266 for all infectious diarrheal, 172 

71 for bacterial diarrheal, and 5 for viral diarrheal. The weekly trends of cause-specific 173 

diarrheal case per 100,000 population by age from 2004 to 2016 are illustrated in Figure 174 

1. An upward trend was observed for all infectious diarrheal cases, while bacterial 175 

diarrheal cases showed downward trends. Viral diarrheal cases were higher during 2006-176 

2012, with a more stable rate observed from 2013-2016. The weekly average 177 

temperature during the study period was 23.53°C across the six regions of Taiwan, with 178 

36.20 mm precipitation, 5.16 hour of sunshine, and relative humidity of 76.86% (Table 1). 179 

The temporal trends of weekly average temperature, precipitation, sunshine hour, and 180 

relative humidity are depicted in Supplementary Figure S2. 181 

Figure 2 depicts the pooled RRs of age and cause-specific diarrheal associated with 182 

weekly average temperature in Taiwan from 2004 to 2016 for each lag period (Lag 0 to 8 183 

weeks). The optimum value of temperature was set as 25°C. The optimum value was 184 

identified based on average value at lag of 2 weeks as a declining risk was seen afterwads 185 

(Figure 2). Further analysis showed that the risk of all infectious diarrheal was significant 186 

at extreme low temperature (15.30 °C) for all-age group after 2 weeks (lag 2) and for 187 

under-five years after 5 weeks (lag 5) (Supplementary Table S1). The risks were persistent 188 

up to 8 weeks lag among all studied group with the highest risks observed for lag 8, with 189 

RR of 1.44 (95% CI: 1.24–1.67) and 1.42 (95% CI: 1.25–1.61) for all age and under-five 190 

years population, respectively. We also found a positive association between extreme low 191 



temperature and viral diarrheal with the highest risk at lag 2, regardless of age. The 192 

highest risk was 1.41 (95% CI: 1.24–1.60) for all age and 1.22 (95% CI: 1.08–1.39) for 193 

under-five years population.  194 

The results of this study did not indicate any significant effect of extreme low 195 

temperature on bacterial diarrheal at all lag. However, extreme high temperature 196 

(31.07°C) was associated with increases in bacterial diarrheal among all-age population 197 

at lag 8 (RR: 1.07; 95% CI: 1.02–1.13). We found that the risk of viral diarrheal vanished 198 

after lag 3 weeks, and viral diarrheal was not associated with extreme high temperature.  199 

The results of extreme temperature for the pooled analyses were similar with the 200 

region-specific analyses. Supplementary Figure S3 shows that population was more 201 

vulnerable to all-infectious diarrheal and viral diarrheal at lower temperatures than the 202 

high temperatures. In contrast, bacterial diarrheal risks was elevated at higher 203 

temperature in Taiwan. Low temperature significantly increased the risks of all infectious 204 

diarrheal at lags 0-2 in regions of North and Chumiao, but after lag of 2 weeks among the 205 

study population in regions of Yunchianan and Kaoping. Meanwhile, the effects of high 206 

temperature appeared on all infectious diarrheal among study groups after 6 weeks in 207 

Taiwan, except for Kaoping and Huatung. 208 

We observed positive association between extreme high precipitation and all 209 

infectious diarrheal disease after 1 week lag for under-five age group, with the highest 210 

risk observed at lag 3 (RR:1.15; 95% CI: 1.05–1.27) (Supplementary Table 2). Meanwhile, 211 

the effects of extreme high precipitation showed up after lag 2 weeks among all-age 212 



population, with the highest RR of 1.15 (95% CI: 1.03–1.28) was observed at lag 4 (Figure 213 

3). All-age population and population aged 0-5 years were at the highest risk of bacterial 214 

diarrheal after exposure of extreme high precipitation, RR is 1.47 (95% CI: 1.07–2.03) at 215 

lag 7 weeks and 2.77 (95% CI: 1.60–4.79) at lag 8 weeks, respectively. We also observed 216 

higher viral diarrheal burden associated with extreme precipitation among the younger 217 

age group at lag 2 (RR: 1.76; 95% CI: 1.05–2.93). In addition, viral diarrheal infection was 218 

positively associated with extreme low precipitation (0 mm) in all-age population 1.08 219 

(95% CI: 1.01–1.15) at lag 1 week.  220 

The relative risk of age-, area-, cause-, and lag-specific diarrheal associated with 221 

weekly cumulative precipitation in six regions of Taiwan can be seen in Supplementary 222 

Figure S4. The effects of high precipitation on all infectious diarrheal was apparent after 223 

lag 1 week in all regions of Taiwan.  Meanwhile, the effects of high precipitation on 224 

bacterial and viral diarrheal only appeared after lag 1 week in regions of North, Chumiao, 225 

Central, and Yunchianan. 226 

DISCUSSION 227 

 Climate change driven increases in frequency of extreme weather events and their 228 

projected trend in the near future, irrespective of mitigation efforts, have highlighted the 229 

societal need for enhanced public health adaptation strategies. Using 13 years of 230 

surveillance data, we quantified the impact of extreme temperature and precipitation 231 

events on the burden of bacterial and viral diarrheal in Taiwan. Our data suggest that 232 

extreme low temperature increases risk viral diarrheal while extreme high temperature 233 



increases risk of bacterial diarrheal in all-age population. In our study, extreme high 234 

precipitation was clearly associated with all cause-specific diarrheal in Taiwan while 235 

extreme low precipitation was associated with the risk of viral diarrheal among all-age 236 

population. 237 

 Our findings are in agreement with previous studies that have linked bacterial 238 

diarrheal with extreme heat events, while the risk of all-infectious diarrheal and viral 239 

diarrheal were found to be associated with extreme low temperature [28-30]. A recent 240 

study from Taiwan reported a cluster of diarrheal infection caused by rotavirus during the 241 

cooler months [31]. Likewise, prior studies have reported that lower temperature 242 

promotes rotavirus and norovirus infections [32-35]. For viral infection that is conveyed 243 

through fomite contamination or droplet, the favorable environment is a main factor of 244 

infectivity [36]. On the contrary, bacterial diarrheal agents such as Salmonella and 245 

Campylobacter thrive in hotter temperatures [37]. Others have reported higher 246 

temperature can increase the risk of infectious diarrheal, potentially due to increase in 247 

consumption of uncooked meat or spoiled food [38-41]. 248 

Similar to a recent multinational study that reported the association between 249 

temperature and acute diarrheal to persist up to 7 weeks [18]. The increases in risks of 250 

all-infectious diarrheal associated with extreme heat in our study lasted up to lag of 8 251 

weeks and extreme cold related viral diarrheal persistent up to lag of 3 weeks. The 252 

prolonged effects of all-infectious diarrheal might be caused by re-infected cases and lack 253 

of effectiveness of the treatment [42]. Similar to our finding, a Chinese study reported 254 

that the risk of viral diarrheal is affected by low temperature within one week [43]. Moe 255 



et al reported that rotaviruses work better in terms of replication and survival in cold 256 

temperature (4 °C or 20 °C) despite the relative humidity [44], which could enable them 257 

to persist on contaminated surfaces. On the contrary, the less apparent effect of extreme 258 

high temperature on diarrheal might be explained because the population in Taiwan is 259 

more adapted to sweltering summer [18].  260 

Taiwan is highly vulnerable to various environmental hazards, including high 261 

seismic activity, monsoons, and typhoons [45]. Typhoons in Taiwan are known to worsen 262 

surface water quality, which may increase the burden of diarrheal disease [8]. Increases 263 

in water turbidity and pathogen loads due to natural hazards resulting in drinking water 264 

contamination may explain some of the observed increases in risk [46, 47]. Taiwan Water 265 

Resources Agency reported a steady increment in daily domestic water consumption per 266 

person, starting with 268 L in 2012, 274 L in 2014, and 275 L in 2016 [48]. A recent 267 

Taiwanese study linked torrential rainfall with a higher risk of bacillary dysentery and 268 

enteroviruses infections [49], similar to studies from other parts of the world [50, 51]. We 269 

observed a significant association between extreme high precipitation and cause-specific 270 

diarrheal with a noted exception for viral diarrheal among all age population.  271 

The one-week lag we observed between extreme precipitation and diarrheal 272 

disease may be related to the incubation period of the pathogens. A previous study from 273 

Taiwan reported an incubation period ranging from 2-10 days for enteroviruses and 274 

bacillary dysentery, which agrees with our results [19]. Others have reported acute 275 

gastrointestinal symptoms to persist up to one month after the extreme precipitation 276 

event [47]. This finding along with our observation of elevated diarrheal disease risk up 277 



to 6-week after the extreme precipitation event point to a potential secondary 278 

transmission. A report from Taiwan CDC indicated that viral gastroenteritis clusters are 279 

likely to happen in school areas, including elementary, middle, and high schools, followed 280 

by restaurant areas and campsite [52]. Younger populations tend to wash their hands less 281 

frequently [53] which may lead to higher chance of transmission among students.  282 

This present study has several strengths, including long temporal coverage (2004–283 

2016) of weekly cause-specific diarrheal at the national level. Our exposure metric 284 

consisted of extreme events derived using thresholds that were specific to location and 285 

time of year, and as such highly relevant in the context of climate change. In addition, 286 

high-quality hospitalization data enabled us to perform separate analyses for bacterial 287 

and viral diarrheal as well as age-stratified analysis. There are noted limitations as well. 288 

For instance, we did not have individual-level data regarding medication use, rotavirus 289 

vaccination status, and income level. Likewise, the personal information that may modify 290 

the risk of cause-specific diarrheal, including the presence of a refrigerator, and dietary 291 

intake before the symptom onset were not available.  292 

293 



Conclusion 294 

We investigated extreme heat- and extreme precipitation-related risk of 295 

morbidity of all-infectious, bacterial, and viral diarrhea among Taiwanese population. 296 

Evidence suggested that all population regardless of age are at elevated risk of all-297 

infectious and viral diarrheal during exposure of extreme low temperature. While, the risk 298 

of extreme high temperature only appeared in bacterial diarrheal among all-age 299 

population. Moreover, the extreme high precipitation was significantly affected the risk 300 

of cause-specific diarrheal in Taiwan. In addition, we observed higher risk of viral diarrheal 301 

among all-age population during the extreme low precipitation. Our data points to 302 

underlying heterogeneity in risk that is associated with specific climate hazards (extreme 303 

cold vs extreme heat, extreme precipitation vs drought) as well as pathogens (bacterial 304 

vs viral diarrheal). Public health adaptation strategies need to account for such 305 

differences for it to have a meaningful impact. 306 

  307 
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Figures Legend 1 

Figure 1. Weekly trend of cause-specific diarrhea stratified by sex and age in Taiwan 2 
from 2004 to 2016 3 

Figure 2. Pooled relative risks of age-cause-lag-specific diarrhea associated with weekly 4 
average temperature in Taiwan from 2004 to 2016 (Purple= all age; Yellow= under 5 5 
years)  6 

Figure 3. Pooled relative risks of age-cause-lag-specific diarrhea associated with weekly 7 
cumulative precipitation in Taiwan from 2004 to 2016 (Purple= all age; Yellow= under 5 8 
years 9 



 

Figure 1. Weekly trend of cause-specific diarrhea stratified by sex and age in Taiwan from 2004 to 2016



Figure 2. Pooled relative risks of age-cause-lag-specific diarrhea associated with weekly average 
temperature in Taiwan from 2004 to 2016 (Purple= all age; Yellow= under 5 years) 



Figure 3. Pooled relative risks of age-cause-lag-specific diarrhea associated with weekly cumulative 
precipitation in Taiwan from 2004 to 2016 (Purple= all age; Yellow= under 5 years 



Supplementary Figure S1. Location of study area 

 



Supplementary Figure S2. Trend of environmental factors from 2004 to 2016 in Taiwan 
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Supplementary Figure S3. The relative risk of age-, area-, cause-, and lag-specific diarrhea associated 
with weekly average temperature in six regions of Taiwan, including (a) North, (b) Chumiao, (c) 
Central, (d) Yunchianan, (e) Kaoping, and (f) Huatung region (Purple= all age; Yellow= under 5 years) 
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Supplementary Figure S4. The relative risk of age-, area-, cause-, and lag-specific diarrhea associated 
with weekly cumulative precipitation in six regions of Taiwan, including (a) North, (b) Chumiao, (c) 
Central, (d) Yunchianan, (e) Kaoping, and (f) Huatung (Purple= all age; Yellow= under 5 years) 



Supplementary Table S1. Meta-analyses estimated cumulative relative risk (RR) and 95% confidence interval (CI) of age-cause-lag-specific diarrhea 
associated with the extreme temperatures in six regions of Taiwan 

 All infectious diarrhea Bacterial diarrhea Viral diarrhea 
Lag week 5th percentile (15.30 °C) 
  all age under 5 all age under 5 all age under 5 

0 1.01 (0.99–1.02) 1.00 (0.97–1.03) 1.03 (0.97–1.08) 1.08 (0.95–1.22) 1.00 (0.94–1.06) 0.93 (0.83–1.04) 
1 1.01 (0.98–1.05) 0.97 (0.91–1.03) 1.05 (0.92–1.20) 1.06 (0.82–1.37) 1.12 (1.06–1.19) 1.04 (0.93–1.17) 
2 1.13 (1.09–1.17) 1.04 (0.95–1.14) 1.10 (0.98–1.24) 1.01 (0.77–1.34) 1.41 (1.24–1.60) 1.22 (1.08–1.39) 
3 1.14 (1.09–1.20) 1.07 (0.96–1.20) 0.94 (0.90–0.97) 1.02 (0.74–1.41) 1.27 (1.08–1.49) 0.90 (0.54–1.49) 
4 1.20 (1.11–1.30) 1.12 (0.98–1.27) 0.91 (0.87–0.94) 0.95 (0.57–1.60) 1.13 (0.86–1.49) 0.77 (0.41–1.46) 
5 1.23 (1.12–1.35) 1.17 (1.03–1.34) 0.90 (0.87–0.94) 0.92 (0.55–1.55) 1.04 (0.80–1.35) 0.64 (0.30–1.37) 
6 1.39 (1.20–1.61) 1.32 (1.12–1.57) 0.89 (0.86–0.93) 1.01 (0.50–2.05) 0.97 (0.69–1.36) 0.45 (0.14–1.51) 
7 1.35 (1.15–1.58) 1.38 (1.17–1.62) 0.90 (0.87–0.94) 1.14 (0.51–2.60) 0.93 (0.57–1.53) 0.29 (0.05–1.80) 
8 1.44 (1.24–1.67) 1.42 (1.25–1.61) 0.92 (0.88–0.96) 1.30 (0.43–3.97) 0.96 (0.63–1.45) 0.20 (0.04–1.14) 

99th percentile (31.07 °C) 
0 0.94 (0.93–0.96) 0.95 (0.93–0.97) 0.95 (0.89–1.02) 0.96 (0.90–1.03) 0.86 (0.77–0.97) 0.80 (0.62–1.04) 
1 0.99 (0.97–1.00) 0.94 (0.92–0.97) 0.99 (0.92–1.06) 0.96 (0.87–1.06) 0.85 (0.69–1.04) 0.66 (0.45–0.96) 
2 0.99 (0.96–1.02) 0.96 (0.93–0.99) 1.03 (0.96–1.09) 1.08 (0.99–1.17) 0.77 (0.51–1.18) 0.62 (0.40–0.97) 
3 1.04 (0.95–1.14) 0.99 (0.87–1.13) 0.94 (0.91–0.98) 1.04 (0.92–1.19) 0.80 (0.59–1.10) 0.84 (0.62–1.13) 
4 1.04 (0.94–1.16) 0.99 (0.86–1.14) 0.95 (0.92–0.99) 1.21 (0.96–1.53) 0.97 (0.77–1.23) 1.24 (0.51–2.99) 
5 1.03 (0.94–1.13) 1.09 (0.89–1.34) 0.91 (0.87–0.95) 1.32 (0.97–1.79) 1.20 (0.91–1.59) 2.07 (0.49–8.72) 
6 1.05 (0.93–1.18) 1.10 (0.92–1.32) 0.91 (0.87–0.95) 1.35 (0.78–2.33) 1.19 (0.76–1.87) 2.14 (0.47–9.83) 
7 1.06 (0.82–1.39) 1.18 (0.92–1.51) 0.93 (0.89–0.97) 1.49 (0.80–2.79) 1.29 (0.54–3.09) 5.03 (0.23–112) 
8 1.01 (0.70–1.48) 1.24 (0.99–1.56) 1.07 (1.02–1.13) 1.65 (0.97–2.83) 1.24 (0.46–3.33) 15.57 (0.73–332) 



Supplementary Table S2. Meta-analyses estimated cumulative relative risk (RR) and 95% confidence interval (CI) of age-cause-lag-specific diarrhea 
associated with the extreme precipitations in six regions of Taiwan 

 All infectious diarrhea Bacterial diarrhea Viral diarrhea 
Lag week 5th percentile (0 mm) 
  all age under 5 all age under 5 all age under 5 

0 1.00 (0.99–1.02) 0.99 (0.98–1.00) 0.99 (0.98–1.00) 0.96 (0.93–1.00) 1.01 (0.95–1.06) 0.99 (0.90–1.08) 
1 1.00 (0.98–1.03) 1.00 (0.99–1.01) 0.97 (0.95–1.00) 0.91 (0.86–0.96) 1.08 (1.01–1.15) 1.11 (0.99–1.24) 
2 1.02 (0.99–1.05) 1.02 (1.00–1.04) 0.97 (0.94–1.00) 0.90 (0.83–0.98) 1.08 (0.97–1.20) 1.03 (0.81–1.33) 
3 0.98 (0.94–1.02) 1.00 (0.96–1.04) 0.94 (0.90–0.98) 0.91 (0.82–1.00) 1.01 (0.86–1.19) 0.96 (0.68–1.37) 
4 0.99 (0.95–1.04) 1.01 (0.95–1.07) 0.94 (0.88–1.00) 0.89 (0.80–0.98) 1.06 (0.87–1.29) 1.21 (0.88–1.67) 
5 0.96 (0.89–1.03) 0.96 (0.88–1.05) 0.95 (0.89–1.02) 0.89 (0.78–1.02) 1.07 (0.89–1.27) 1.29 (0.90–1.85) 
6 0.95 (0.89–1.02) 0.97 (0.89–1.07) 0.97 (0.88–1.07) 0.87 (0.75–1.01) 1.16 (0.94–1.45) 1.48 (0.87–2.52) 
7 0.96 (0.89–1.04) 1.00 (0.88–1.13) 1.00 (0.88–1.12) 0.92 (0.76–1.12) 1.00 (0.72–1.41) 1.36 (0.83–2.23) 
8 1.02 (0.88–1.18) 1.04 (0.87–1.25) 1.04 (0.91–1.20) 0.94 (0.75–1.19) 1.07 (0.65–1.75) 1.26 (0.60–2.64) 

99th percentile (290 mm) 
0 0.99 (0.97–1.02) 1.00 (0.98–1.01) 1.03 (1.00–1.06) 0.99 (0.92–1.07) 1.12 (0.93–1.35) 1.06 (0.80–1.41) 
1 1.02 (0.98–1.06) 1.04 (1.01–1.07) 1.05 (1.01–1.09) 1.01 (0.94–1.08) 1.43 (0.98–2.09) 1.64 (0.88–3.05) 
2 1.08 (1.01–1.16) 1.13 (1.07–1.19) 1.07 (0.97–1.17) 1.09 (0.95–1.25) 1.28 (0.97–1.68) 1.76 (1.05–2.93) 
3 1.11 (1.01–1.22) 1.15 (1.05–1.27) 1.11 (0.95–1.30) 1.14 (0.90–1.45) 1.08 (0.88–1.34) 1.58 (0.89–2.81) 
4 1.15 (1.03–1.28) 1.16 (1.00–1.35) 1.25 (1.00–1.56) 1.33 (0.91–1.93) 1.07 (0.72–1.60) 1.17 (0.54–2.54) 
5 1.15 (1.00–1.32) 1.15 (0.96–1.38) 1.40 (0.99–1.97) 1.35 (0.87–2.10) 1.21 (0.89–1.65) 1.14 (0.35–3.70) 
6 1.09 (0.94–1.26) 1.10 (0.88–1.37) 1.30 (1.03–1.65) 1.68 (1.00–2.85) 1.29 (0.84–1.97) 1.21 (0.41–3.63) 
7 1.13 (0.98–1.31) 1.07 (0.82–1.39) 1.47 (1.07–2.03) 2.56 (1.55–4.25) 1.49 (0.68–3.29) 2.16 (0.44–10.76) 
8 1.10 (0.93–1.30) 1.06 (0.87–1.28) 1.41 (1.01–1.97) 2.77 (1.60–4.79) 0.99 (0.38–2.54) 2.51 (0.33–19.33) 

 
 



 
Table 1. Means and ranges of weekly cause-specific diarrhea and weather variables in 
six region of Taiwan from 2004 to 2016 

Note: P5, P50 and P99 represent the measurements at 5th, 50th, and 99th percentiles 
 

Characteristics Mean (SD) Minimum P5* P50** P99*** Maximum 
All age       

All infectious diarrhea  2,266 (2059) 59 171 1,712 8,854 14,639 
Bacterial diarrhea 71 (102.75) 0 12 117 816 1,465 
Viral diarrhea 17 (28.56) 0 0 18 229 328 
Under 5 years       

All infectious diarrhea  564 (504) 17 53 461 2,122 3,799 
Bacterial diarrhea 35 (43.67) 0 3 20 209 448 
Viral diarrhea 11 (14.29) 0 0 6 69 100 
Weather variables       

Average temperature (°C) 23.53 (4.65) 9.34 15.30 24.38 30.18 31.07 
Precipitation (mm) 36.20 (57.60) 0 0 13.31 290.4 404 
Sunshine hour (hour) 5.16 (2.52) 0 1.14 5.13 10.60 12.14 
Relative humidity (%) 76.86 (5.19) 54.71 67.81 77.08 88.42 93.57 
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