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Why Residents in Southern China live longer than those in Northern China? 1 

1 Introduction 2 

Life expectancy at birth (defined as the mean number of years remaining at birth 3 

until death under specific mortality conditions), longevity ratio (defined as the ratio of 4 

the population above 80, 90 or 100 years of age), Age standard mortality rate (defined 5 

as the mortality rate in each age group was multiplied by the standard age specific 6 

number of the population) are currently the main and commonly used lifespan 7 

indicators to determine the longevity level [1,2,3,4]. Higher life expectancy, longevity 8 

ratio and lower age standard mortality rate means higher longevity level. The origins 9 

of longevity zones are not clear, however, they have been primarily attributed to 10 

social development, economic, medical, geographic and environmental, genetic, and 11 

lifestyle factors [5,6].  12 

Of note, Mainland China has 31 provinces. The north-south boundary of China is 13 

Qingling Mountain and Huai River, therefore, southern China and northern China 14 

each contain 15 provinces. Meanwhile, Tibet is included in neither northern China nor 15 

southern China because although Tibet is geographically located in the south, the 16 

average elevation is over 4500 m, and its temperature, atmospheric pressure, and 17 

oxygen content are far lower than those of other provinces, it is known as the third 18 

pole of the earth. The other 30 provinces are divided into northern China and southern 19 

China by Qingling Mountain and Huai River. The provinces of northern China and 20 

southern China are illustrated in Fig.1. 21 

 22 

Fig.1 Northern China and Southern China 23 

Since 1982, northern China has consistently showed lower life expectancy and 24 

considerably lower longevity ratio (80+/0+, 90+/0+ and 100+/0+) than southern 25 
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China, while Age standard mortality rate is always higher in northern China than in 26 

southern China (Table 1, the data is obtained from the demographic databases of 27 

China’s third, fourth, fifth, and sixth national population censuses, which were carried 28 

out in 1982, 1990, 2000, and 2010 respectively. Life expectancy and centenarian 29 

index in 2018 were obtained from aging office of each province.).  30 

Table 1. Life span indicators between northern China and southern China 31 

Indicator 80+/0+ (‰) 90+/0+ (1/10 000) Age standard mortality rate (‰) 
Year 1990 2000 2010 1990 2000 2010 1982 1990 2000 2010 

Northern China 5.683 9.056 17.72 3.01 5.85 10.16 6.617 5.695 5.678 5.732 

Southern China 7.371 12.67 24.34 4.28 8.80 16.89 6.533 5.654 5.346 5.406 

Indicator Life Expectancy 100+/0+（1/100 000）  

Year 1990 2000 2010 2018 1982 1990 2000 2010 2018  

Northern China 68.05 71.37 75.04 76.66 0.239 0.612 1.451 1.799 3.314  

Southern China 68.54 71.58 75.21 77.35 0.387 0.722 1.720 3.755 7.285  

Table 1 presents that of all the five longevity indicators, residents in southern 32 

China are more longevous than those in northern China from 1982 to 2018. Why 33 

residents of southern China far easily live longer compared with those of northern 34 

China? Longevity is compactly relative with diseases and their risk factors, and the 35 

risk factors of disease can be divided into 2 categories:  36 

(1) Physical geographic and environmental factors, which is including 37 

temperature, air quality and air pollution, elevation, etc. Many studies have proved 38 

that extreme temperature have a significant impact on mortality [7,8]. An excess of 39 

deaths is observed during both winter and summer [9,10,11,12]. Typically, a U-shaped 40 

relationship between temperature and death is observed with mortality risk decreasing 41 

from the lowest temperature to an inflection point and then increasing with higher 42 

temperature [13]. Studies also found that extreme cold temperature can affect deaths 43 

occurring not only on the same day, but also on several subsequent days, which is a 44 

phenomenon called delayed effects [14]. Air pollution and indoor air pollution are 45 

leading risk factors of disease burden [15]. PM2.5, NOX, SO2, and O3 can induce 46 

cardiovascular disease and respiratory disease [16,17,18,19,20,21].  47 

 (2) Life style factors, which is including diet sodium intake, diet vegetable and 48 

fruit intake, smoke and second hand smoke, alcohol usage, physical activity, lack of 49 

sleeping, obesity, mentality, etc. physical activity is an effective way to reduce risk of 50 

stroke and heart disease [22]. Some study showed that moderate intensity physical 51 

activities will decrease risk of CVD by 14% (HR=0.86, 95%CI: 0.80-0.93) [23]. High 52 

diet sodium intake is the global primary diet risk factor and the main cause of 53 

hypertension and cardiovascular disease, especially in Eastern Asia and China [24,25], 54 

and hypertension has been the first burden of disease. There is a strong positive 55 
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correlation between obesity and ischemic stroke, risk of ischemic stroke will be 56 

increased by 30% (HR=1.30, 95%CI: 1.28-1.33) along with every 5kg/m2 increase of 57 

BMI [26]. Smoking is associated with 1.3 million cardiovascular events, accounting for 58 

about one-third of male cardiovascular disease burden in China in 2011 [27]. Lacking 59 

of vegetable and fruit is also an important risk factor of disease, the risk of 60 

hypertension decreased with the increase of daily vegetable intake [28].  61 

    Although the above factors all have important impacts on disease, health and 62 

longevity, the reason of geographic distribution of each factor and the contribution to 63 

north-south differential of China is obscure. To address the need for better 64 

understanding, we designed the following research process. (1) We collected the 65 

mortality rate data of each province, because death is the key cause of regional 66 

differentiation in longevity. Life expectancy, standardized mortality, 80+ rate, 90+ rate 67 

and 100+ rate are all calculated by or caused by age-specific mortality rate. (2) 68 

Disease is the leading cause of death, in China, 97% of death are caused by disease, 69 

among all diseases, CVD (cardiovascular disease and heart diseases), tumors, and 70 

respiratory diseases were the three leading causes of death in both rural and urban 71 

populations in China, the three diseases accounted for about 80% of all-cause 72 

mortality [29]. We collected age standardized mortality rate of CVD, tumors, and 73 

respiratory diseases of each provinces and calculated their contribution to longevity 74 

differential between northern China and southern China. (3) To figure out the 75 

contribution of each risk factor on longevity differential between northern China and 76 

southern China, the leading risk factors of the disease in each province were collected, 77 

their attributable risk proportion and standardized mortality rate were calculated. 78 

2 Data, Methodology and Results 79 

2.1 Age-standardized rates of four major fatal diseases between northern China 80 

and southern China  81 

To study the reason underlying differences in longevity between northern China 82 

and southern China, we selected the mortality rate of major fatal diseases in recent ten 83 

years, according to the statistical data of leading mortality causes in China [29], Of all 84 

deaths in rural and urban areas, CVD-related deaths accounted for 45.50% and 85 

43.16%, followed by tumor-related deaths at 22.92% and 26.06% and respiratory 86 

disease-related deaths at 12.02% and 11.24%, respectively. Overall, the three diseases 87 

accounted for 80.44% and 80.46% of all deaths in rural and urban areas, respectively.  88 

CVD can be further divided into cerebrovascular disease and heart diseases. To 89 

compare the mortality rates of the four major diseases between northern China and 90 

southern China, we collected and mapped the provincial mortality rate data [30,31] 91 
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(Fig.2, major tumors is including lung cancer, liver cancer, stomach cancer, colon and 92 

rectum cancer) and proportion of each disease on total age-standardized mortality 93 

rates (Fig.3).  94 

 95 

Fig. 2 Distribution of age-standardized mortality rates of four major fatal diseases. 96 

Warmer colors indicate higher mortality rate 97 

 98 

Fig.3 Proportion of each disease on total age-standardized mortality rate 99 

2.2 Calculation of contribution of each disease to longevity north-south 100 

differential 101 

To evaluate the correlations among the four major diseases and north-south 102 

longevity differential, we generated a method to calculate the contribution, as 103 

illustrated in Fig.1: 104 

 𝐶𝑖 = (𝑀𝑖𝑁𝑜𝑟𝑡ℎ − 𝑀𝑖𝑆𝑜𝑢𝑡ℎ) (𝑀𝑡𝑁𝑜𝑟𝑡ℎ − 𝑀𝑡𝑆𝑜𝑢𝑡ℎ)⁄             (1) 105 

Where, 𝐶𝑖 is contribution value of disease i to the north-south division, 𝐶𝑖>0 106 

means the disease is positively related with the north-south division, M is 107 

Age-standardized mortality rate, t is total mortality rate of the four diseases. 108 

Comparison between northern China and southern China is presented in Table 2. 109 

 110 
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Table 2. Age-standardized mortality rate with the leading causes and the 111 

Contribution to north-south division in 2013 112 

  Age-standardized mortality rate, 1/100 000 Contribution to north-south division 

 CV HD RD MT Total CV HD RD MT 

Males, north 199.84 196.6 99.18 130.4 626.02 
73% 167% -111% -29% 

Males, south 170.88 129.9 143.4 142 586.18 

Females, north 136.15 144 72.2 57.91 410.26 
35% 90% -32% 7% 

Females, south 116.3 92.2 90.68 53.6 352.78 

CV: Cerebrovascular disease; HD: Heart disease; RD: Respiratory diseases; MT: Major tumors 113 

We conducted principal component analyses to determine the associations of the 114 

longevity indicators with the major diseases (Table 3). The order in which factors 115 

were interpreted was determined based on the magnitude of their eigenvalues. In the 116 

result, the eigenvalues of the first factor (F1) are considerably higher than those of F2 117 

and F3, therefore, we present the first factor (F1) of principal component analyses in 118 

Table 3. 119 

Table 3 Principal component analysis of longevity indicators and major diseases 120 

 Life Expectancy Age standard mortality rate 80+/0+ 100+/0+ 

 1990 2000 2010 2018 1982 1990 2000 2010 1990 2000 2010 1982 1990 2000 2010 2018 

CV 0.38 0.81 0.83 0.86 0.86 0.85 0.86 0.88 0.85 0.86 0.87 0.84 0.81 0.87 0.81 0.81 

HD 0.34 0.67 0.69 0.78 0.70 0.74 0.72 0.75 0.85 0.88 0.85 0.79 0.89 0.93 0.90 0.90 

RD -0.07 -0.24 -0.20 -0.13 -0.18 -0.22 -0.25 -0.15 -0.09 -0.12 -0.07 -0.33 -0.21 -0.12 -0.16 -0.18 

MT 0.17 0.46 0.43 0.32 0.36 0.31 0.32 0.28 0.14 0.09 0.16 0.06 0.04 -0.16 -0.21 -0.12 

CV: Cerebrovascular disease; HD: Heart disease; RD: Respiratory diseases; MT: Major tumors 121 

As illustrated in Fig.2, Fig.3, Table 2, Table3, distribution of cerebrovascular 122 

disease and heart disease are positively related with north-south differential of 123 

age-standardized mortality rates and longevity, because mortality rate of 124 

cerebrovascular disease and heart disease is much higher in northern China than in 125 

southern China. While distribution of respiratory diseases in negatively related with 126 

north-south differential of age-standardized mortality rate and longevity, because 127 

mortality rate of respiratory diseases is much higher in southern China than in 128 

northern China. There is no obvious north-south difference of distribution of major 129 

tumors. Expect those of cerebrovascular disease and heart disease, the sum of all other 130 

reasons mortality rate were higher in southern China than in northern China, 131 

respectively. Thus, the difference of CVD mortality rate is the fundamental reason for 132 

the difference of the longevity level between northern China and southern China.  133 

2.3 Data collection and calculation of each risk factor on CVD  134 

In order to study why age standardized mortality rate of cerebrovascular disease 135 

and heart disease is significantly lower in southern China than in northern China, we 136 

consulted main risk factors of cardiovascular disease [32], high sodium diet, smoking, 137 



6 

 

insufficient physical activity, insufficient intake of omega-3 polyunsaturated fatty 138 

acids, obesity and overweighed, insufficient intake of vegetables and fruits are leading 139 

risk factors of CVD. In recent years, studies found that PM2.5 exposure, high 140 

temperature and low temperature are important risk factors to CVD. Therefore, we 141 

select the above 9 risk factors as research objects. 142 

1) Vegetables and fruit intake: 143 

Data of per capita vegetable (including vegetables and edible fungi) and fruit 144 

(including fresh and dried fruits) intake of 31 provinces were obtained from China 145 

Statistical Yearbook (2016, 2017, 2018, http://www.stats.gov.cn/tjsj/ndsj/), as shown 146 

in Fig.5 (A) and Fig.5 (B). 147 

2) Tobacco: 148 

Tobacco exposure is one of the main risk factors for cardiovascular diseases. 149 

However, investigation of tobacco exposure involves smoking rate, smoking amount, 150 

cessation rate and relapse rate, etc. Only through careful investigation of a large 151 

number of people can accurate results be obtained. The data of smoking rates in the 152 

same region collected by different institutions and different periods are quite different. 153 

Therefore, we use the data of per capita tobacco sales rather than the data of smoking 154 

rates. The data of tobacco sales are obtained from tobacco sales statistics websites in 155 

China (http://www.yanb2b.com, etc.). The calculation method is shown in Equation 156 

(2). The per capita tobacco sales data in each province is shown in Fig.5(C). 157 

                      𝑇𝑖 = 𝐾𝑖𝑃𝑖 , 𝑃𝑖 = 𝐿𝑖 + 𝑀𝑖                   (2) 158 

Where, Ti is per capita tobacco sales of each province, Ki represents the tobacco 159 

sales of each province, Pi represents the total population of each province, Li 160 

represents the permanent residents of each province, and Mi is the floating population 161 

of each province. 162 

3) Salt (sodium) intake: 163 

Data on regional salt intake varied from different studies. In order to accurately 164 

calculate risk of sodium, we collected salt intake data from different data soure [33,34] 
165 

and calculated the average value in each province. The result is illustrated in Fig.5(D). 166 

4) PM2.5： 167 

Data of PM2.5 is from national urban air quality real-time publishing platform 168 

(http://106.37.208.233:20035/) owned by China's environmental monitoring centre. 169 

We collected the daily PM2.5 data of 1619 stations located in 31 provinces from 170 

2014.05.13 to 2019.12.31. The distribution of 1619 PM2.5 monitoring stations is 171 

shown in Fig.4 (right). We used the Inverse Distance Weighted method to get the 172 

PM2.5 concentration grid graph of China (resolution: 1 km × 1 km). The average 173 

http://106.37.208.233:20035/
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PM2.5 data of monitoring stations located in each province cannot represent the 174 

accurate PM2.5 of residential areas as many porvinces in China cover both flat and 175 

steep, mountainous topography, and population density is much higher in flat areas 176 

than in mountainous areas. Therefore, we collected a 1 km×1 km population density 177 

grid map (http://www.resdc.cn), and calculated population density weighted average 178 

PM2.5 (PDP) of each province. Areas with greater populations in procinces were 179 

given greater weights in the average PM2.5 calculation, which can be expressed as 180 

follows: 181 𝑃𝐷𝑃𝑖 = ∑ (𝑃𝑂𝑖×𝑃𝑀𝑖)𝑛𝑖=1∑ 𝑃𝑂𝑖𝑛𝑖=1                               (3) 182 

Where n is the number of grids of each province, POi is the population of grid i 183 

(1 km×1 km) in a province and PMi is the PM2.5 of grid i (1 km×1 km) in a province. 184 

The PDP map was created based on Eq. (3), and the results are illustrated in Fig. 185 

5 (E). 186 

5) Aquatic intake: 187 

The data of aquatic intake is from China Statistical Yearbook 188 

(http://www.stats.gov.cn/tjsj/ndsj/). We collected the average annual aquatic product 189 

intake of each province from 2016 to 2018, and the per capita aquatic intake is shown 190 

in Fig.5 (F). 191 

6) Obesity and overweight rate: 192 

Data of obesity rate and overweight rate are from Chinese Center for Disease 193 

Control and Prevention [35]. We collected the obesity rate and overweight rate of 194 

people in all provinces in 2013. The result is illustrated in Fig.5 (G). 195 

7) Low temperature and high temperature:  196 

The temperature data is from China Meteorological Data Network 197 

(http://data.cma.cn). We collected daily temperature data from 756 temperature 198 

monitoring stations across the country in 2000 and 2010. The geographical 199 

distribution of national temperature monitoring stations is shown in Fig.4 (left). By 200 

calculating average data of the same day at each provincial temperature monitoring 201 

station, we get the daily average temperature of each province in China. Relevant 202 

studies have shown that the average daily temperature above 26 degree centigrade or 203 

below 10 degree centigrade will lead to an increase in death and cardiovascular 204 

disease incidence [36], and the risk increases with the rise of temperature (>26 degree 205 

centigrade) or the decrease of temperature (<10 degree centigrade). Based on the 206 

monitoring data from each station, we calculated the yearly number of days of each 207 

temperature grade (26~27, 27~28, 28~29, 29~30, 30~31, >31, 5~9, 0~4, -5~-1,-10~-6, 208 

-15~-11, <-15) in each province. As shown in Fig.5(H) and Fig.5 (I). 209 

http://www.resdc.cn/
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 210 

Fig.4 China's temperature monitoring stations and PM2.5 monitoring stations 211 

 212 

Fig.5 Nine risk factors of CVD 213 

2.4 Contribution of each factor on provincial CVD  214 

To quantitatively study the contribution of nine risk factors on provincial CVD 215 

mortality, we calculated the estimation of attributable disease burden according to 216 

theory and methodology in Global Burden of Disease (GBD) [37]. In GBD, the 217 

estimation of disease burden attributed by various risk factors is carried out under the 218 

framework of comparative risk assessment theory. The core content of the theory is: 219 

when the exposure level of other independent risk factors remains unchanged, the 220 

proportion of disease burden attributed to a certain risk factor (population attribution 221 
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fraction, PAF) is calculated by comparing the exposure distribution of the risk factor 222 

with the theoretical minimum risk exposure distribution, the formula of PAF is as 223 

shown in formula (4), then the attributed number of death and mortality rate is 224 

calculated in formula (5): 225 𝑃𝐴𝐹 = ∑ 𝑃𝑖(𝑅𝑅𝑖−1)𝑛𝑖=1∑ 𝑃𝑖(𝑅𝑅𝑖−1)𝑛𝑖=1 +1                       (4) 226 𝐴𝑀 = 𝑃𝐴𝐹 × 𝑀                       (5) 227 

Where, 𝑅𝑅𝑖 is relative risk at exposure level i, 𝑃𝑖 is proportion of population at 228 

exposure level i. the relative risk (RR) and its 95%CI of each risk factor is from 229 

Global Burden of Disease 2017 (http://ghdx.healthdata.org/gbd-2017). AM is 230 

attributed number of death of a risk factor, M is number of death of CVD. 231 

The calculation of nine risk factors can be divided into two categories:  232 

(1) The attributable risk proportion of PM2.5, obesity, smoking, diet low in 233 

vegetable intake, diet low in fruit intake, diet high in sodium, diet low in omega-3 234 

fatty acids are calculated by formula (4) and formula (5). The per capita omega-3 fatty 235 

acids intake of each province was calculated based on the data of provincial aquatic 236 

intake and average omega-3 fatty content of a variety of aquatic products in China. 237 

(2) Contribution of high temperature and low temperature 238 

Temperature is an important risk factor for CVD, a large number of studies have 239 

shown that both high and low temperature environment will increase the incidence of 240 

CVD and mortality, and temperature has a lagging effect of CVD, high temperature 241 

effects appear to last for a few days, whereas the effects of low temperature may 242 

persist for up to several weeks [38]. We calculated the RR of annual high temperature 243 

and annual low temperature in each province based on the RR of lag days of each 244 

incidence of high temperature and low temperature (), the formula is as follows: 245 𝑅𝑅𝑘𝑜𝑛𝑒 𝑦𝑒𝑎𝑟 = 1 + ∑(∑ 𝑅𝑅𝑘𝑖 −𝑛𝑛𝑖=1365 × 𝑑𝑘)                (6) 246 

Where, k is average temperature in a day, at low temperature, 𝑘 ∈ (−25°C, 9°C)，247 

at high temperature, 𝑘 ∈ (26°C, 33°C), n is the lag days that RR and its 95% CI 248 

both >1, 𝑅𝑅𝑖 is relative risk of temperature k at day i of lag, 𝑖 ∈ (0, 30), 𝑑𝑘  is the 249 

number of days in a year that average temperature=k. 250 

The standardized CVD mortality rate of nine risk factors of each province are 251 

illustrated in Fig.6. The average value of attributable risk proportion of 15 northern 252 

provinces and 15 southern provinces is illustrated in Table 4 and Table 5. 253 

http://ghdx.healthdata.org/gbd-2017
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 254 

Fig.6 attributable risk proportion of nine risk factors of CVD in each province 255 

Table 4 Contribution of risk factors of heart disease in northern and southern China 256 

 sodium vegetable fruit smoking PM2.5 Omega-3 Obesity LT HT 

Northern 
China and 

95%CI 

38.1% 0.7% 0.5% 14.7% 18.1% 4.0% 4.7% 5.6% 0.6% 

21.0%~ 

70.5% 

0.3%~ 

1.0% 

0.2%~
0.7% 

11.6%~ 

20.8% 

16.1%~
20.1% 

1.6%~ 

6.5% 

4.0%~ 

7.4% 

3.0%~
8.1% 

0.5%~
0.8% 

Southern 
China and 

95%CI 

29.0% 0% 2.5% 14.6% 16.7% 1.0% 2.7% 0.9% 2.7% 

15.0%~ 

65.8% 

0.0%~ 

0.0% 

0.9%~
3.7% 

11.5%~ 

20.6% 

14.6%~
18.7% 

0.4%~ 

1.6% 

2.3%~ 

4.4% 

0.5%~
1.3% 

2.0%~
3.3% 

Differential 9.1% 0.7% -2.0% 0.1% 1.4% 3.0% 2.0% 4.7% -2.1% 

LT: Low temperature; HT: High Temperature 257 

Table 5 Contribution of risk factors of cerebrovascular disease in north and southern 258 

China 259 

 sodium vegetable fruit smoking PM2.5 Omega-3 Obesity LT HT 

Northern 
China and 

95%CI 

34.9% 0.0% 1.0% 9.5% 12.3% 0.0% 5.9% 5.6% 0.6% 

24.0%~ 

44.4% 

0.0%~ 

0.0% 

0.5%~
1.5% 

8.9%~ 

22.8% 

9.6%~
14.3% 

0.0%~ 

0.0% 

4.2%~ 

9.5% 

3.1%~
8.0% 

0.5%~
0.8% 

Southern 
China and 

95%CI 

26.2% 0.0% 5.2% 9.4% 11.3% 0.0% 3.5% 0.9% 2.7% 

17.4%~ 

34.6% 

0.0%~ 

0.0% 

2.9%~
7.6% 

8.7%~ 

22.6% 

8.9%~
13.3% 

0.0%~ 

1.0% 

2.5%~ 

5.7% 

0.5%~
1.3% 

2.0%~
3.3% 

Differential 8.7% 0.0% -4.2% 0.1% 1.0% 0.0% 2.4% 4.7% -2.1% 
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3 Discussion 260 

Longevity level in northern provinces was significantly lower than that in 261 

southern provinces of China (Table 1), this is significantly correlated with CVD. Fig.2, 262 

Fig.3, Table 2 and Table 3 illustrate that among the four major diseases, major tumors 263 

is randomly distributed in China. Additionally, the mortality rate of respiratory 264 

diseases is generally higher in southern China than in northern China. Conversely, the 265 

mortality rate of CVD is generally lower in southern China than in northern China, 266 

which is consistent with other studies, a study found nine provinces in northern China, 267 

namely Heilongjiang, Jilin, Liaoning, Inner Mongolia, Hebei, Beijing, Ningxia, Tibet, 268 

and Xinjiang, have a high incidence of stroke, constituting a stroke belt. The stroke 269 

incidence in the stroke zone was 236.2/100,000, which was significantly higher than 270 

that in the areas outside the stroke zone (109.7/100,000) [39]. Because mortality rate of 271 

CVD is considerably higher than that of respiratory diseases, a lower mortality rate of 272 

CVD in southern China led to higher life expectancy and longevity ratio. Similar 273 

things happen in other countries that stagnating decline in cardiovascular disease 274 

(CVD) mortality was the main culprit for life expectancy stalls of America since 2010 275 

[40]. 276 

Among the nine risk factors shown in Fig.5, exposure risk of six factors are 277 

higher in northern China than in southern China. Residents living in northern China 278 

have lower vegetable intake, higher sodium intake, higher PM2.5 exposure, higher 279 

insufficient intake of aquatic products, higher obesity rate and overweight rate, and 280 

lower temperature. However, only two risk factors in southern China have higher 281 

exposure risk than those in northern China, they are fruit intake and high temperature. 282 

In addition, there is no obvious difference between the north and the south in the 283 

exposure risk of tobacco.  284 

Salt intake is significantly higher in northern China than in southern China, one 285 

reason is that residents in northern China is exposed to lower temperature and they are 286 

used to eat more salt to fight the cold. In addition, determined by the geographical and 287 

climatic conditions, in northern winter, residents could not eat fresh vegetables in the 288 

past, they had to marinate the vegetables with heavy salt to prevent decay. After a 289 

long time, the taste naturally became heavier. Diet high in sodium has the greatest 290 

impact on blood pressure. 40% of hypertension incidents is caused by high salt diet, 291 

and hypertension is the primary risk factor of CVD and all-cause mortality in the 292 

global burden of disease [41]. Fig.6, Table 4, Table 5 tell us sodium exposure is leading 293 

risk factor of CVD in China, which is in accordance with former studies [24,25], and 294 

sodium exposure is also the leading reason of north-south differential of CVD 295 

mortality rate.  296 
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Regions with generally higher PM2.5 concentrations are located in northern 297 

China, especially in the areas around Beijing, the capital of China, it is the area with 298 

the most intensive heavy industry and consumed the most quantity of coal. The 299 

climatic characteristics of the Beijing-Tianjin-Hebei region are also one of the reasons 300 

for the increase in pollution, weak wind, quiet and stable weather and a lower 301 

atmospheric boundary layer are conducive to the accumulation and formation of 302 

aerosols. In addition, China’s Huai River policy provides free or heavily subsidized 303 

coal for indoor heating during the winter to cities north of the Huai River but not to 304 

those to the south, which lead to large amount of particulate matter emission in 305 

northern China, and reduces life expectancy by 3.1 years, the shorter lifespans are 306 

almost entirely caused by elevated rates of cardiorespiratory mortality [42]. In this 307 

study, PM2.5 is a main dangerous reason of north-south differential of CVD mortality 308 

rate. 309 

The obesity rate and overweight rate are significantly higher in northern China 310 

than in southern China. The top 10 provinces with highest obesity rates are all located 311 

in the north. This is due to the different eating habits in the north and south. In 312 

addition, the cold and long winter in northern China is not good for going out and 313 

have physical activities, residents in northern China prefer to stay indoors and eat 314 

more food to resist the cold temperature. 315 

The aquatic intake is higher in southern China than in the north. This is mainly 316 

due to the difference geographic condition between the north and south. For sea food, 317 

among the 11 coastal provinces in China, 7 of them located in the south and 4 in the 318 

north. Southern China have longer coastline, vaster and deeper sea area, more fishing 319 

grounds, and more abundant fishery resources. For freshwater food, benefited from 320 

the monsoon climate, southern China has abundant rainfall and developed river 321 

system, these advantages bring abundant fishery categories and resources. Northern 322 

China is mainly covered by dry inland climate, which is not conducive to fishing and 323 

aquaculture. Therefore, the daily consumption of aquatic is much higher in southern 324 

China than in northern China. This study shows that there are 16 provinces have 325 

lower than 100 mg daily omega-3 fatty acids intake (the standard line in GBD 2017), 326 

except Tibet, 12 of them located in northern China and 3 in southern China.  327 

Although both intensely hot temperature and cold temperature will cause an 328 

increase in the mortality rate [43], the relationship between hot temperature and death 329 

and cold temperature and death are different. Some studies have reported more 330 

cold-related than heat-related deaths [ 44 , 45 ]. And although the immediate high 331 

temperature will cause higher risk than cold temperature, the accumulated risk of high 332 

temperate is lower than low temperature, because the effect of cold temperatures 333 
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persisted for several days [46,47], whereas the effect of high temperatures was restricted 334 

to the day of the death or the immediately preceding day [48]. That is why number of 335 

death caused by extreme temperature in northern China is larger than southern China. 336 

4 Conclusion 337 

This paper explained why people in southern China live longer than those in 338 

northern China. The contributions of heart disease, cerebrovascular disease, main 339 

tumor and respiratory disease to longevity in northern China and southern China were 340 

calculated. The results showed that heart disease and cerebrovascular disease were the 341 

main reasons for the residents in southern China to live longer than those in northern 342 

China. 343 

To study why death rate of CVD is much higher in northern China than in 344 

southern China, nine important risk factors for CVD were selected: high sodium diet, 345 

smoking, insufficient intake of omega-3 polyunsaturated fatty acids, obesity and 346 

overweight, insufficient intake of vegetables and fruits, PM2.5, high temperature and 347 

low temperatures. Based on relative risk of each factor of GBD 2017, the population 348 

attribution fraction of nine factors in each province was calculated, and the 349 

age-standardized CVD mortality rate attributed to each factor was obtained. 350 

The results show that, among the nine risk factors, northern China have higher 351 

exposure value and attributable risk proportion of six risk factors, residents live in 352 

northern China eat more sodium, less vegetable and less sea products, they are more 353 

likely to be overweight. PM2.5 is much higher in northern China than in southern 354 

China. Cold temperature causes more number of death than hot temperature because 355 

of the longer cumulative risk, all these factors lead to higher CVD mortality rate, 356 

shorter life expectancy and lower life span in northern China. 357 
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Figures

Figure 1

Northern China and Southern China Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 2

Distribution of age-standardized mortality rates of four major fatal diseases. Warmer colors indicate
higher mortality rate Note: The designations employed and the presentation of the material on this map
do not imply the expression of any opinion whatsoever on the part of Research Square concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.



Figure 3

Proportion of each disease on total age-standardized mortality rate Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 4

China's temperature monitoring stations and PM2.5 monitoring stations Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 5

Nine risk factors of CVD Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.



Figure 6

attributable risk proportion of nine risk factors of CVD in each province Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.


