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    Abstract
Objective: The objective of the study is to evaluate the acute effects of extreme cold weather and cold waves on the risk of death from ischemic heart disease (IHD) in Jinan city. Methods: Daily meteorological data, air pollution data, and IHD-related death data in Jinan from January 1, 2011, to December 31, 2017, were collected. The extreme cold weather was defined as temperatures below the 10th percentile (−1.6 C), 5th percentile (−3.3 C), and 1st percentile (−6.4 C) of the daily average temperature during the study period, expressed as P10, P5, and P1 respectively. Cold strokes were defined as P10, P5, or P1 temperatures lasting for 3 days or more, and were expressed as Cold stroke I, Cold stroke II, and Cold stroke III, respectively. A time-stratified case-crossover study was used to assess the acute effects of extreme cold weather and cold strokes on IHD-related deaths. Results: During the 1486 days of the 2011–2017 cold months, 50,845 IHD deaths were detected with an average of 34 daily deaths. The relatively cold years were observed in 2011, 2012, 2013 and 2016 during the study, and the coldest was for 2012. The maximum effects of P10, P5, and P1 on IHD deaths occurred on lag6, lag6, and lag2, respectively, and the results were 1.08 (95% confidence interval [CI]: 1.04, 1.12), 1.10 (95% CI: 1.04, 1.15), and 1.20(95% CI:1.09, 1.32), respectively. The maximum effect of Cold stroke I and Cold stroke II on IHD mortality risk was 1.09 (95% CI: 1.04, 1.14) and 1.11 (95% CI: 1.04, 1.19), respectively, at lag6 and lag2. Conclusions: Extremely cold weather and cold strokes in the cold months of 2011–2017 in Jinan City significantly increased the risk of acute death from IHD. It was also found that the occurrence of cold weather and cold strokes after warm years can further increase the risk of acute death from IHD.
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    Introduction


    With global climate change, extreme weather events have been occurring more frequently.[bookmark: ft1][1] Extreme cold weather, as an extreme weather phenomenon,[bookmark: ft2][2] has occurred in many parts of the world in recent years.[bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6] Extreme weather events also frequently occur in China.[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9] In 2008, China experienced a rare cold wave. Compared with the non-cold stroke periods, the risk of death in the population increased by 43.8% during cold stroke periods. The excess death of 148,729 people could be attributed to the big cold wave. The direct economic loss caused by housing loss was more than 22.3 billion US dollars, and the indirect economic losses were enormous and difficult to estimate.[bookmark: ft10][10]


    Circulatory system diseases are the leading cause of death among cold-related deaths,[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13] with ischemic heart disease (IHD) being the main cause of death.[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16] In 2010, IHD was at the forefront of the global deaths,[bookmark: ft17][17] resulting in a disease burden of 29 million disability-adjusted life years greater than in 1990.[bookmark: ft18][18] Some studies have found that extreme cold weather increases the risk of IHD deaths.[bookmark: ft19][19],[bookmark: ft20][20] In China, there are few studies on extreme cold and IHD deaths. Furthermore, the reported results have a short coverage period.[bookmark: ft21][21],[bookmark: ft22][22],[bookmark: ft23][23],[bookmark: ft24][24] Therefore, it is necessary to update the results in recent years to assess the relationship between extreme cold and IHD. Jinan City, located at the north latitude 36°40', 117°00' east longitude, south of Taishan, north across the Yellow River, belongs to the typical inland city in eastern China. It has a mild, temperate monsoon climate and four distinct seasons. In 2016, the average annual temperature was 15.4° C, and the annual precipitation was 1008.2 mm.[bookmark: ft25][25] For these reasons, Jinan City is an appropriate site for studying the impact of extreme weather on the health of the population.[bookmark: ft19][19]


    In this study, daily meteorological data, atmospheric pollutants and IHD death data in Jinan were collected from 2011 to 2017. A time-stratified case cross-over study was used to explore the effects of different degrees of extreme cold weather on acute IHD-related death. This study hoped to provide a basis for future extreme cold weather responses, health risk assessment, and early warning practices.


    Methods


    Mortality data


    A total of 78,309 IHD-related deaths were reported at Jinan Municipal Center for Disease Control and Prevention from January 1, 2011, to December 31, 2017. All the cases of IHD-related deaths in Jinan during the study were extracted from this system. Data extracted included the time of death, the cause of death (diagnosis code), and the residential address of the deceased individual. Non-Jinan residents were excluded based on the residential address. Deaths related to IHD were categorized as I20–I25 according to the International Classification of Diseases, 10th Revision.


    Air pollution and meteorological data


    Daily weather information for the same period were collected from the China Meteorological Science Data Sharing Service Network (http://cdc.cma.gov.cn/home.do). The following weather data were collected: Daily average temperature (Taverage,°C), daily maximum temperature (Tmax,°C), daily minimum temperature (Tmin,°C), daily average relative humidity (RH, %), daily average air pressure (Pressure, kPa), and daily average wind speeds (Wind, m/s).


    Daily mean hourly air pollutant concentration data (inhalable SO2, NO2, and PM2.5) were obtained from the Environmental Monitoring Center of Jinan from January 1, 2011, to December 31, 2017. The data were obtained from 14 fixed monitoring stations, covering the entire region of Jinan. Daily average values of air pollution were used in this study and calculated from the above 14 fixed monitoring stations.


    Definitions of extreme cold weather and cold stroke


    Because the cold wave in Jinan area occurs mostly from November to April,[bookmark: ft26][26] the limited time in this study was limited to the short months from 2011 to 2017 from October to April of the following year. In this study, the daily mean temperature was used as an indicator of exposure to measure the impact of extreme cold weather on IHD-related deaths. According to previous literature,[bookmark: ft10][10],[bookmark: ft27][27],[bookmark: ft28][28],[bookmark: ft29][29],[bookmark: ft30][30] extreme cold weather was defined as temperatures below the 10th percentile (−1.6°C), the 5th percentile (−3.3°C), and the first percentile (−6.4°C) of daily average temperature during the study (represented by P10, P5, P1, respectively). Cold stroke was defined as the period in which the daily average temperature was lower than the P10, P5, and P1 of the study for 3 consecutive days or more, and was expressed as Cold stroke I, Cold stroke II, and Cold stroke III, respectively.


    Statistical analysis


    Time-stratified case-crossover study


    In this study, according to the principle of strict control selection, considering the long-term trend, seasonal fluctuations, and the effects of the day of the week, the dates of the same year, the same month, and the same week as the death case were selected as controls. The number of comparisons was variable, usually about three. The generalized linear model was used to fit the effects of extreme cold weather and cold stroke on the number of IHD deaths. The model controlled for daily average humidity (RH), daily mean pressure (Pressure) and daily mean wind speed (Wind). The specific model was as follows:


    Log (E [Yt]) = α + βX + RH + Pressure + Wind + stratum


    t was the observation day/observation period; Yt was the number of IHD deaths on the observation day; α was the intercept term; X was the classified variable of “1” and “0” in extremely cold weather (P10, P5, P1, Cold stroke I, Cold stroke II, and Cold stroke III); stratum was the categorical variable, which was the matching variable of year, month, and week.


    As in previous studies,[bookmark: ft31][31] in addition to assessing the acute effects of extreme weather and cold waves, this study further analyzed the effects of extreme weather and cold wave lag effects. Based on the results of the exploratory analysis, the lag time was finally determined to be 8 days (Lag8).


    Sensitive analysis


    To assess the stability of the model analysis results, the sensitivity analysis carried out included: (A) Air pollutant model: The inclusion of atmospheric pollutants (PM2.5, NO2, and SO2) in the main model to control the acute impact of air pollution on IHD. After the effect, the degree of change of the extreme weather on the IHD death effect was further observed; (B) Control the lowest daily temperature effect: The daily minimum temperature in the main model was introduced, and the stability of the main model results was observed.


    The daily meteorological factors, pollutant levels, and IHD deaths during the study were described as mean ± standard deviation according to different years. The number of days and composition ratios of P10, P5, P1, Cold stroke I, Cold stroke II, and Cold stroke III in each year were calculated. The average number of IHD deaths during P10, P5, P1, Cold stroke I, Cold stroke II, and Cold stroke III in each year and the average number of deaths in nonextreme weather were calculated.


    In the regression model, the odds ratio (OR) and 95% confidence interval (CI) were used as the estimated expression of the IHD death effect in extreme weather. The maximum value of the Lag effects was chosen as an estimate of the exposure risk of extreme cold weather and cold stroke on IHD deaths.


    The above descriptive analyses and regression model analyses were performed using R 3.3.2 (https://www.r-project.org/). The difference in bilateral P < 0.05 was considered statistically significant.


    Results


    Descriptive analysis results


    [Table - 1] shows the mean and standard deviation of meteorological factors, air pollution factors, and IHD daily average deaths in the cold months of each year in Jinan City during 2011–2017. During the cold months, a total of 50,845 IHD deaths were detected in 1486 days, and 34 daily deaths were reported, showing an increasing trend year by year. The lowest daily average temperature, daily maximum temperature, and daily minimum temperature all appeared in 2012.
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        	Table 1: Description (Mean±SD) of weather, air pollution and mortality of ischemic heart disease in cold season months during 011 and 2017, Jinan City
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    [Table - 2] shows the number of days and proportion of extreme cold weather and cold wave days in the cold months of Jinan City during 2011–2017. It can be seen from [Table - 2] that the number of extremely cold weather (P10) days in 2011, 2012, 2013, and 2016 exceeded 20 days. The number of cold stroke I days in 2011–2013 also exceeded 20 days. Cold stroke III only appeared once in 2013. In the observed 7-year monitoring period, extreme cold weather and cold wave events showed a gradually decreasing trend. 2016 was an exception to this with more severe cold weather and cold strokes days than the previous and subsequent years.


    
      
        	[image: ]

        	Table 2: Number of days and proportion of extremely weather in cold season months during 2011 and 2017, Jinan City

        

        Click here to view
      

    


    [Table - 3] shows the average number of IHD deaths at the time of the cold weather and cold wave days in different years during the study. The results consistently showed that the average daily death toll of IHD during extreme cold weather and cold wave periods was significantly higher than that during noncold weather and noncold wave periods. Compared with the average number of IHD deaths during noncold and noncold weather conditions, the average daily death toll was highest in all years during extreme cold weather and cold wave periods. In 2016, the average daily death toll due to IHD was increased by 31.4% during extreme cold weather (P10) days, and by 58.3% during P1 days. The 2016 Cold stroke I increased IHD-related deaths by 42.9%, and the 2016 Cold stroke II increased IHD-related deaths by 50.0%. The 2013 Cold stroke III increased IHD-related deaths by 63.6%. In 2017, extreme cold weather (P5) days increased IHD-related deaths by 42.1%.
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        	Table 3: Mean values of daily deaths related to IHD in extreme cold weather days and during non- cold season months from 2011 to 207, Jinan City
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    Extreme cold weather and acute effects of ischemic heart disease


    [Table - 4] shows the acute effects of extreme cold weather (P10, P5, and P1) on IHD deaths in the cold months of Jinan City in 2011–2017. The results of the day effect and the maximum lag 8-day effect showed that for extremely cold weather (P10), the risk of IHD death began to increase significantly in the 2 days after the extreme cold weather occured (Lag2), and the maximum effect was observed at Lag6, with an OR of 1.08 (95% CI: 1.04–1.12), then gradually decreased. Similar to the effect seen by P10, extreme cold weather (P5) were associated with a significant increase in the risk of IHD deaths at Lag1 and reached a maximum at Lag6, with an OR of 1.10 (95%). CI: 1.04–1.15 For extreme cold weather (P1), a significant increase in risk was observed only at Lag1 and Lag2, and the maximum effective value was seen at Lag2 with an OR of 1.20 (95% CI: 1.09–1.32).
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        	Table 4: Associations of daily ischemic heart disease mortality and extremely temperature during cold season months from 2011 to 2017, Jinan City
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    [Table - 5] shows the increase in the risk of IHD deaths at the onset of a cold stroke. In this study, because Cold stroke III only appeared in 2013 for 3 days, so Cold stroke III was not analyzed. For Cold stroke I, the significant increase in the risk of IHD deaths occurred at Lag2, and reaching a maximum at Lag6, with an OR of 1.09 (95% CI: 1.04–1.14), followed by a decrease. For Cold stroke II, a significant increase in the risk of IHD deaths was observed on the same day, with a maximum at Lag1, OR of 1.11 (95% CI: 1.04–1.19), and with no significant risk after Lag4.
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        	Table 5: Associations of daily ischemic heart disease mortality and cold stroke during cold season months from 2011 to 2017, Jinan City
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    Sensitive analysis results


    The results of sensitivity analyses are shown in [Figure - 1] and [Figure - 2]. From the sensitivity analysis results of the pollutant model in [Figure - 1], it can be seen that the results of the model changed only minimally after controlling the air pollutants PM2.5, NO2, and SO2 in the main models suggesting that the main model was of good fit and the result was stable. In the main model, stable results were also observed when adding the daily minimum temperature.
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        	Figure 1: The sensitivity analysis of extremely cold weather (P10, P5, and P1)
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        	Figure 2: The sensitivity analysis of Cold stroke I and Cold stroke II
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    Discussion


    This study was conducted in Jinan City, a typical inland city in eastern China, and aimed to analyze the acute effects of extreme weather and cold stroke on IHD-related death during 7 consecutive years. To the best of our knowledge, this study relating to the risk of death from extreme weather and IHD is relevant to the current literature and is a topic of great interest in China. This study found that 64.9% (50,845/78,309) of IHD deaths occurred during the cold months (from October to April). There were also extreme cold weather days and cold strokes in various years, but the frequency of occurrence was significantly different between years. It is worth mentioning that this study also carried out an evaluation of the effects of extreme cold weather and cold stroke on the risk of death from IHD. A time-stratified case-crossover study design was used and found that both extreme cold weather and cold stroke are associated with a significant increase in the risk of death from IHD, but with a lag effect.


    With climate change having a great impact globally, the effect of cold stroke on health is gradually receiving more attention. In this study, it was found that extreme cold weather and cold stoke occurred most frequently between 2011 and 2013, and then gradually decreased, but in 2016, intense cold weather and cold stroke of high intensity suddenly appeared again and reached the lowest in 2017 [Table - 2]. Further analysis of average daily death from IHD during extreme cold weather and cold stroke showed [Table - 3] that the average number of deaths from IHD in extreme cold weather and cold stroke in 2016 was higher than that of the current year. The increased rate was the highest of all years studied, and it was observed that as the extreme cold weather and cold stroke increased, the daily increase in the number of deaths also increased. Studies have shown that people are resistant to cold after living for a period in low-temperature places.[bookmark: ft32][32] A study conducted in Beijing, Tianjin, Wuhan, Guangzhou, and other places also pointed out that people living in relatively low-temperature areas will adapt to the environment and reduce their sensitivity to extreme cold weather.[bookmark: ft22][22] Similar findings in the current study suggested a similar phenomenon. Even after continuous high-intensity extreme cold weather and cold stroke in 2011–2013, no significant increase in the number of IHD deaths were observed. On the contrary, after the warmer years, after the extremely cold weather and cold stroke that reappeared in 2016, the highest proportion of deaths occurred. The most typical example was a rare cold stroke experienced by cities in southern China in 2008. Compared with the noncold stroke period, the cold stroke increased the risk of death by 43.8%.[bookmark: ft10][10]


    Both domestic and international research have shown that cold weather can increase the risk of death from IHD.[bookmark: ft21][21],[bookmark: ft22][22],[bookmark: ft23][23],[bookmark: ft33][33],[bookmark: ft34][34] This study also carried out a risk analysis of death from IHD caused by extreme weather and cold stoke. Consistent results were also found, that was, in the maximum 8-day lag effect analysis performed for extreme cold weather (P10), the risk of ischemic heart disease death was 1.08 at Lag6 and very cold (P5) at Lag6 the OR was 1.10, and the extreme cold weather (P1) had an OR of 1.20 at Lag2. These results suggest that as the severity of extreme cold weather increases, the effect of the risk of death from IHD gradually increases, and the effect time is also advanced. The same pattern was also found in the risk analysis for cold stroke. For Cold stroke I, the OR value was 1.09 at Lag6, and for Cold stroke II, the OR value was 1.11 at Lag1. In previous studies in Beijing and Shanghai, China,[bookmark: ft23][23] it was found that the extreme cold weather (P1) was significantly different from the average cold weather (P10) in the cumulative lag 0–7 days, 0–14 days, and 0–27 days. The risk of death from IHD increases in Beijing, with RR values of 1.12, 1.19, and 1.39, respectively. Different from Beijing, Shanghai only found that the significantly increased RR was 1.16 at 0–27 days. Unlike the results of this study, in a previous study in Astana, Kazakhstan, no significant relationship between extreme cold weather and IHD death was found.[bookmark: ft35][35] This may be related to the tolerance of the population's low-temperature environment as reported in this study.[bookmark: ft22][22],[bookmark: ft35][35] In addition, studies have shown that housing conditions are associated with cold-related adverse health consequences and social consequences.[bookmark: ft36][36]


    Extreme cold weather can further affect the risk of death from IHD by affecting the risk factors for IHD.[bookmark: ft33][33] For example, animal experiments have found that blood pressure in healthy rats increases when cold weather occurs, and this effect can be maintained until the end of the cold wave.[bookmark: ft37][37] Epidemiological studies have also found that extreme cold weather can cause elevated blood pressure in humans,[bookmark: ft38][38],[bookmark: ft39][39] and elevated blood pressure is an important cause of death from IHD.[bookmark: ft40][40],[bookmark: ft41][41]


    This study, for the first time in recent years, explores the risk of death from IHD during extremely cold periods and cold strokes in China. The strengths of this study include:First, the study used continuous data for 7 years in 2011–2017 years. The selected city is characteristic of the typical seasonal cities in inland China. The average daily mortality of IHD was large, and this was representative of current research in the region. It is also a useful supplement to the current Chinese studies. Second, this study adopts a strict time-stratified case-crossover study, and the estimation of the effective value is close to unbiased.[bookmark: ft42][42] Third, to explore the impact of extreme cold weather and cold stroke on death risk in different scenarios, this study adopted a variety of widely used definitions of extreme cold weather and cold stroke. At the same time, the change trend of extreme cold weather and cold stroke effect value was discussed. The definitions adopted can better confirm each other and increase the credibility of the results. Finally, we also carried out different types of sensitivity analyses, including an atmospheric pollutant model and an increasing daily minimum temperature model. The results again showed the stability of the results of this analysis. There are also some deficiencies in this study. For example, we did not further identify the sensitivity of cold weather and cold stroke to the characteristics (sex and age) of IHD. In addition, there are some differences in the results of cities in different regions. These results are may not be representative of extreme cold weather and cold stroke responses in other regions.


    Conclusions


    During periods of cold weather and cold stroke in Jinan City during the cold months of 2011–2017, there was a significant increase in the risk of acute death from IHD. At the same time, it was found that extreme cold weather and cold stroke after a warm year can further increase the risk of acute death from IHD. It is suggested that all localities should be aware of this association to implement policies to reduce IHD-related death during cold periods.
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  Figure 1: The sensitivity analysis of extremely cold weather (P10, P5, and P1)
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  Figure 2: The sensitivity analysis of Cold stroke I and Cold stroke II
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  Table 1: Description (Mean±SD) of weather, air pollution and mortality of ischemic heart disease in cold season months during 011 and 2017, Jinan City
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  Table 2: Number of days and proportion of extremely weather in cold season months during 2011 and 2017, Jinan City
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  Table 3: Mean values of daily deaths related to IHD in extreme cold weather days and during non- cold season months from 2011 to 207, Jinan City
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  Table 4: Associations of daily ischemic heart disease mortality and extremely temperature during cold season months from 2011 to 2017, Jinan City
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  Table 5: Associations of daily ischemic heart disease mortality and cold stroke during cold season months from 2011 to 2017, Jinan City
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