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Abstract:



The study aims to determine the spatial and temporal variation of a longevous region and explore the correlation between longevity and socioeconomic development. Population data at the township level were obtained from the last four population censuses (1982–2010). Five main lifespan indicators and the Human Development Index (HDI) were calculated. Getis-Ord G*, Gravity modeling, and Pearson’s r between lifespan indicators and HDI were applied. In this study, a stable longevous gathering area was discovered in Hechi during different periods. Under the influence of social and economic development, more longevous areas appeared. However, the effects of genetic and natural environmental factors on longevity were always dominant in this remote and mountainous city. Furthermore, longevity indicators lacked any significant correlation with life expectancy. No significant positive correlation was detected between lifespan indicators and HDI. Thus, we conclude that lifespan indicators can determine the spatial distribution and variation pattern of longevity from multiple dimensions. The geographical scope of longevity in Hechi City is gradually expanding, and significant spatial clustering was detected in southwestern, southern, and eastern parts of Hechi. This study also found that social economic development is likely to have a certain impact on new longevous areas, but their role on extreme longevity is not significant.
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1. Introduction


Health and longevity are crucial concerns in today’s world. The secret of longevity has been explored for thousands of years in China. Studies have shown that longevity is the result of a combination of multiple factors. Genetic, environmental and other unknown factors may influence the human life span to some extent [1,2]. Genetic effects accounted for only 20–30% of the formation of longevity, whereas environmental factors play a dominant role [3]. Thus far, several geographical longevous areas (including Sardinia, Nicoya, Ikaria and Bama) and some economic longevity areas (including Sweden and Japan) were identified [4,5]. The former are often located in poor mountainous areas or isolated islands, mainly affected by the physical and geographical environment, including geography, atmosphere, water quality and so on, whereas the latter are mainly located in developed countries which benefit more from good medical services, diet, and behavior habits. It is well known that good socioeconomic conditions are beneficial to people for getting more healthy resources, thus reducing disease and improving lifespan [6,7], but to what extent socio-economic development can promote longevity and help people achieve extreme longevity, we do not yet know [8]. Therefore, we hope that through the study of the longevity of the Bama, we can get more clues.



Bama Yao Autonomous County is a famous longevous zones around the world. Studies have shown that longevity in the Bama region is closely related to the local superior geographical environment and related genes [9,10,11]. However, the results of the sixth national census showed that the proportion of centenarians in other counties of Hechi City in Southern China is increasing, which also prompted Hechi to be rated as one of the world’s longevous cities. We wondered if there are other longevous areas in this region, apart from Bama, and the relationship between the emergence of new longevous areas and socio-economic development in the past three decades. Accordingly, we conducted a longitudinal and cross-sectional study on the longevity of the Hechi area based on data from the previous four censuses. To measure the level of longevity, the following variables were selected: the number of centenarians per one hundred thousand inhabitants (CH), the ratio between the population above 90 years of age and the total population above 65 years of age (LI), the percentage of the population aged at least 80 years (ultra-octogenarian index, UOI), the ratio of the population above 80 years of age over the elderly population above 60 years of age (ultra-octogenarian of the ultra-sexagenarian, UOOUS), and life expectancy at birth (LE). CH and LI are relatively common indicators to identify extreme longevity [12,13], whereas UOI and UOOUS represent the general level of longevous people can either reach or achieve in most countries in the world. These four indicators which were derived from the population age structure have high representation, availability and sensitivity, even though they are affected to some extent by birth rate, mortality, and population migration [14]. LE refers to the length of life that a virtual population can achieve in accordance with the number of deaths in a certain period of time. LE can eliminate the effect of the age structure of the population and can be compared between different countries and regions. First published in 1990, the Human Development Index (HDI) was intended to be a simple and transparent device to compare the progress in human development; specifically, HDI is an aggregate of life expectancy, education, and gross domestic product per capita (GDPPC) [15]. Compared with simple economic indicators, it is a representative indicator to assess the overall development of a region which can reflect the balance between economic growth and social development, and the rational allocation of resources [16]. Most importantly, it can also indicate the fairness of health to some extent. In view of the above strengths, HDI has been a common indicator to evaluate and compare the level of social-economic development between different countries and regions in today’s world, although some scholars have questioned the selection of its constituent parts and particularly the weighting system [17,18]. Therefore, spatial analysis was used to explore the spatial heterogeneity and temporal trends of the above indicators.



The major objectives of this paper are: (1) to demonstrate the characteristics of the temporal and spatial variation of longevity from multiple dimensions and determine the clustering area of longevity; and (2) to explore the relationship between lifespan and HDI. This work may be a basis for policy recommendations for decision-makers in developing health strategies to help people achieve health and longevity.




2. Data and Methods


2.1. Study Area and Data Sources


Hechi, located between latitude 23°41′ and 25°37′ north, and longitude 106°34′ and 109°09′ east, is a mountainous city in Southern China with a population of approximately 3.37 million. It comprises 139 townships belonging to 11 counties or districts with a total land area of 3350 km2, all of which are covered in the study (Figure 1).


Figure 1. Location of the study area, Hechi city in China.
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We obtained the population data at the county- and township-levels from four national population censuses (1982, 1990, 2000, and 2010) [19,20,21,22]. Data on GDPPC and part of the Educational status data were also collected [23,24,25,26]. Data on Dahua County in 1982 and Celing, Bachou Township in 1990 were not obtained. Hence, such figures were regarded as missing data from the various administrative regions during different time periods. Shapefiles used in this study to describe the distribution pattern of regional variation of lifespan indicators were vector files from the National Bureau of Surveying and Mapping. The map information was updated in 2011. The geographic coordinate system used was GCS_WGS_1984, while the corresponding projected coordinate system was the WGS_1984_World_Mercator.




2.2. Selection of Indexes


To better explore the characteristics of longevity, we chose the following statistical indicators: (1) CH, (2) LI, (3) UOI, (4) UOOUS, (5) LE –which was calculated according to the simple life table, and (6) (HDI, a composite index consisting of the life expectancy index, education index, and integrated gross enrollment index [27]. The above indicators are all widely accepted indicators to measure the level of longevity and economic development in China. These indicators were applied in a variety of studies on lifespan and extreme longevity.




2.3. Assessment of Reliability and Accuracy of Demographic Data


A complete, exhaustive, and detailed census could not be conducted for 30 years after the foundation of the People’s Republic of China because of economic and technical constraints. Therefore, results of the previous two censuses (1953 and 1964) were questioned by many domestic and foreign experts and scholars [28,29]. China had conducted a series of high-quality censuses in the following decades with the assistance of the United Nations Population Fund. The reliability and precision of the resulting data were guaranteed and are generally accepted [30]. The government has a set of rules to control the quality and authenticity of survey data, especially for age verification. Thus, we chose data from the last four censuses as the basis for the present study.




2.4. Statistical Analysis


We calculated the selected indicators using Excel 2016 (Microsoft, Redmond, WA, USA) for each population census. The method applied in the calculation of LE was given by Gompertz [31]. HDI is commissioned by the United Nations Organization to evaluate a country’s socioeconomic achievements in three basic aspects: longevity, knowledge, and standard of living. The specific algorithms of HDI are available from the website of the United Nations Organization [32]. We analyzed the correlation coefficients between the longevity indicators (CH, LI, UOI, and UOOUS) and LE, as well as the lifespan indicators and HDI, using SPSS 22.0 (IBM, New York, NY, USA). The distribution maps of the corresponding indicators, global autocorrelation analysis, curves of gravity center migration, and hotspot analysis were drawn with ArcGIS Geographic Information Systems software version 10.4.1 (ESRI, Redlands, CA, USA). The statistical significance involved in the study was set at p < 0.05.



2.4.1. Spatial Autocorrelation Analysis


Global autocorrelation analysis was conducted in measuring the geographic patterns and clusters. Moran’s index (Moran’s I) was an important indicator of the analysis. Moran’s I can be expressed by the following formula [33]:
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(1)







In Equation (1), n is the number of spatial units indexed by i and j; x is the variable of interest; xi and xj are the values of the observed variable at sites i and j; [image: there is no content] is the mean of x; and the weights Wij are written in a (n × n) weight matrix (the weight matrix depicts the relation between an element and its surrounding elements. In addition, weight can be based on contiguity relations or distance). The values of Moran’s I generally range from −1 to +1. Negative (positive) values indicate negative (positive) spatial autocorrelation. Values of Moran’s I can be tested based on their Z-scores and p-value which can indicate whether the null hypothesis is rejected or not. In this study, the null hypothesis states that the values of longevity indicators associated with geographic features are randomly distributed.




2.4.2. Getis-Ord G*i Hotspot Analysis


Global autocorrelation can be used to analyze whether the attributes specified in the entire study area are relevant but it cannot exactly determine where such attributes are gathered. Thus, we use G statistics to reveal the spatial distribution pattern and the approximate spatial aggregation range. The G statistic is calculated as follows [34]:
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(2)







In Equation (2), Gi(d) measures the degree of correlation between the value of position i and the value at each position j in the range of distance d. [image: there is no content] represent the spatial adjacency weight matrix within distance d. Z-scores and p-values from the tool are measures of statistical significance that indicate whether the observed spatial clustering of high or low values is more pronounced than one would expect in a random distribution of the same values.




2.4.3. Simple Linear Correlation


The correlation coefficient is a statistical measure that can be used to determine the degree of linear correlation between two variables. It ranges from −1 to 1. The closer the absolute value of the correlation coefficient is to 1, the stronger the correlation will be. According to the different data characteristics, we can employ Pearson correlation coefficient or Spearman’s rank correlation coefficient [35,36].




2.4.4. Mean Center


The mean center is the average [image: there is no content] and [image: there is no content] coordinate of all the features in the study area. This value is useful for tracking the changes in the distribution or for comparing the distributions of different research objectives. The weighted mean center is given as follows [37]:
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(3)




where [image: there is no content] is weighted at feature i (i refers to the administrative region in this study); [image: there is no content] and [image: there is no content] are the coordinates for feature i; and n is equal to the total number of features.






3. Results


3.1. Spatial Distribution and Variation of CH, UOOUS, UOI, LI, and LE at the County-Level in Hechi, China (1982–2010)


We calculated the lifespan indicators for four population censuses (1982, 1990, 2000, and 2010) and presented each of the indices in the form of a thematic map (Figure 2). Figure 2 indicates that Bama had the highest CH from 1982 to 2010. The high CH-value areas continued to expand from 1990. The CH value of Donglan grew rapidly and was close to that of Bama. Meanwhile, Fengshan maintained a high level of CH. A high-value area also gradually formed in the southwestern part of Hechi. In addition, LI exhibits almost the same pattern of variation as CH, whether from a vertical perspective of time or a horizontal comparison between study regions (as shown in Supplementary Materials Figure S1). The distribution and changes of UOOUS and UOI were consistent in the last four population censuses. Both were low in 1982, whereas a significant improvement was observed throughout the Hechi area by 1990. The value of the southwest region was initially high, while the eastern and southern regions showed substantial increase from 2000 and finally surpassed that of the southwest area. LE values at the county level were unavailable in 1990 because of the lack of statistical data. Based on the current LE data, the northeastern parts of Hechi exhibited more significant and stable differences compared with those of other areas. Bama and Fengshan also have high LE levels, especially in the recent decade, because of low mortality and the improvement of living standards brought about by tourism development.


Figure 2. Spatial and temporal distribution of CH (the number of centenarians per one hundred thousand inhabitants), UOOUS (ultra-octogenarian of the ultra-sexagenarian; the ratio of the population above 80 years of age over the elderly population above 60 years of age), UOI (ultra-octogenarian index; the percentage of the population aged at least 80 years) and LE (the life expectancy at birth) in Hechi city at county level (1982–2010).
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3.2. Spatial Cluster Analysis


Results of the statistical analysis in Figure 3 and Table 1 indicate that different indicators and times show different spatial aggregation characteristics. Overall, the results in Table 1 suggest that the distribution of longevity indicators clustered in all four demographics. The global Moran’s I from 1990 to 2010 showed a distinctive and significantly positive spatial autocorrelation. In 1990, the index difference of Moran’s I can be expressed as follows: UOI > UOOUS > LI > CH. A more significantly positive spatial autocorrelation of UOI and UOOUS indicated a better aggregation state of high-value and low-value, compared with LI and CH. This result indicated that the clustering of the extremely long-living population was not prominent during this period.


Figure 3. Hot and cold clusters of CH, UOOUS, UOI and longevity index (LI) using Getis-Ord G* statistics.



[image: Ijerph 14 00812 g003]






Table 1. Global spatial autocorrelations of lifespan indicators from 1982 to 2010.







	
Longevity Indicators

	
Year

	
Moran’s I

	
Z

	
p-Value






	
CH

	
1990

	
0.404

	
7.896

	
<0.0001




	

	
2000

	
0.403

	
7.927

	
<0.0001




	

	
2010

	
0.505

	
9.403

	
<0.0001




	
UOI

	
1990

	
0.638

	
11.599

	
<0.0001




	

	
2000

	
0.669

	
12.229

	
<0.0001




	

	
2010

	
0.457

	
8.418

	
<0.0001




	
UOOUS

	
1990

	
0.627

	
11.475

	
<0.0001




	

	
2000

	
0.729

	
13.395

	
<0.0001




	

	
2010

	
0.554

	
10.120

	
<0.0001




	
LI

	
1990

	
0.516

	
9.740

	
<0.0001




	

	
2010

	
0.681

	
12.604

	
<0.0001








CH: number of centenarians per one hundred thousand inhabitants; UOI: ultra-octogenarian index; UOOUS: ultra-octogenarian of the ultra-sexagenarian; LI: longevity index.








A rapid increase in the clustering of UOOUS was observed in 2000, while CH retained a weaker spatial autocorrelation. Moreover, the longevity of the elderly population has a strong spatial dependence. This phenomenon is even more pronounced in 2010 as LI > UOOUS > CH > UOI. The longevity ratio based on the whole population is relatively stochastic, although these factors still exhibit a significant spatial autocorrelation. From the perspective of vertical time, Moran’s I of UOI and UOOUS show a consistent pattern of change (2000 > 1990 > 2010) (see Table 1), whereas, the variation in CH and LI shows the contrary (2010 > 1990 > 2000). Such outcomes suggest that the spatial accumulation of the extreme longevity population is increasing.



We used Getis-Ord G* to identify the hotspots of longevity incidence. If Gi* > 1.96 or 2.58 (as is shown in the red part of Figure 3), the longevity incidence of the region is statistically significant (p < 0.05 or p < 0.01) and the region is regarded as a high-incidence area (namely, a hotspot). The hotspots of CH are evidently concentrated in the southwestern part of Hechi (see Figure 3). Over time, the hotspots continued to expand and continuously spread to Donglan County. Nine stable hotspots of CH were identified in data from three population censuses (Figure 3). The hotspots of LI also showed similar patterns. The two population censuses in Donglan County indicated that its hotspots are increasing, while Bama exhibited the opposite result. Figure 3 illustrates that UOI and UOOUS display almost the same hotspot patterns. The hotspots were initially concentrated southwest of Hechi and subsequently spread to the southeast. By 2010, the hotspots completely transferred to the eastern and southern parts of Hechi. This change is basically consistent with the results in Figure 2. Large numbers of overlapping areas were detected in the hotspots of UOI and UOOUS in 2010, which are the new hotspots of concern.




3.3. Gravity Center Migration of the Longevity Phenomenon


Gravity modeling indicates that, from 1982 to 2010, Donglan County was the gravity center of CH and the center continues to migrate eastward (Figure 4). This result suggests that centenarians are mainly concentrated in the southeastern part of Hechi. The movement curves of the gravity center in terms of UOI and UOOUS are similar, initially moving to the southwest (1982–1990) and subsequently progressing to the east (1990–2010).


Figure 4. The curve of gravity center migration on longevity indicators (CH, UOOUS, UOI and LI) and HDI.
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Such a finding indicates that the gravity center of the population ratio over 80 years of age moved first to the southwest, followed by long-term migration to the east. The result is verified in Figure 2 and Figure 3. In general, the gravity center of LI moves eastward, whereas the north-south movement is not obvious. Notably, the direct movement trajectory of LI is at the gravity center of HDI and infinitely close to it. This outcome may be related to the affinity between the two factors. Overall, the location of HDI’s gravity center changes slightly, whereas the other indicators move closer to it (Figure 4). In addition, the gravity centers do not match the geometric and government centers. This finding also supports the previous results that the distribution of longevity is not random.




3.4. Simple Linear Correlation between the Research Indicators


The above results show that life indicators have tendency to shift to the east and south of Hechi. At the same time, LE’s high-value areas and the gravity center of HDI are distributed in the mid-eastern regions of Hechi. Thus, we calculated the correlation coefficients between longevity indicators (CH, UOI, UOOUS, and LI) and LE, as well as lifespan indicators (CH, UOI, UOOUS, LI, and LE) and HDI. The Pearson’s r among the indicators in 2010 are: CH and HDI (−0.645), LI and HDI (−0.723), UOI and HDI (−0.844). A significantly negative correlation between the indicators was identified. However, a correlation between longevity indicators and LE was not confirmed. A slightly significant correlation was detected in UOOUS, LE (2010), and HDI. However, the correlation between LE and HDI was completely positive in 2000 unlike its correlation in 2010 (see Table 2).



Table 2. Pearson correlation coefficients between longevity indicators and LE, as well as lifespan and Human Development Index (HDI).







	
Lifespan Indicators

	
Year

	
Pearson r

	
p-Value

	
N *






	
CH and LE

	
1982

	
−0.612 a

	
0.060 a

	
10




	

	
2000

	
−0.156

	
0.648

	
11




	

	
2010

	
−0.002

	
0.995

	
11




	
LI and LE

	
2000

	
−0.135

	
0.692

	
11




	

	
2010

	
0.050

	
0.884

	
11




	
UOI and LE

	
1982

	
−0.131

	
0.718

	
10




	

	
2000

	
−0.175

	
0.607

	
11




	

	
2010

	
0.198

	
0.560

	
11




	
UOOUS and LE

	
1982

	
−0.066

	
0.857

	
10




	

	
2000

	
−0.211

	
0.534

	
11




	

	
2010

	
0.461

	
0.154

	
11




	
CH and HDI

	
2000

	
−0.156

	
0.648

	
11




	

	
2010

	
−0.645

	
0.032 **

	
11




	
LI and HDI

	
2000

	
−0.135

	
0.692

	
11




	

	
2010

	
−0.723

	
0.012 **

	
11




	
UOI and HDI

	
2000

	
−0.175

	
0.607

	
11




	

	
2010

	
−0.844

	
0.001 **

	
11




	
UOOUS and HDI

	
2000

	
−0.211

	
0.534

	
11




	

	
2010

	
−0.451

	
0.164

	
11




	
LE and HDI

	
2000

	
1.000

	
0.000 **

	
11




	

	
2010

	
0.090

	
0.793

	
11








a Spearman’s rank correlation; * Numbers of county-level administrative units; ** p < 0.05. LE: life expectancy at birth.










4. Discussion


China, a populous country with a complex geographical environment, diverse climate, and unique economic growth model, is also a valuable academic subject in the context of the population problem. In the past few decades, several longevous areas have been identified in China, such as Zhongxiang (Hubei Province), Xiayi (Henan Province), Bama (Guangxi Province), and Leshan (Sichuan Province) [38]. Among these areas, Bama has been studied extensively in recent years as a famous longevous area [10,39]. Previous studies showed that the unique geographical environment of the area and genetics are vital to the longevity of the population in Bama. Based on the analysis of the local food and drinking water, four characteristic elements are closely related to the health of elderly people from Bama, including Cr, Fe, Mn and Co [40]. The specific metabolic pattern of centenarians may crucially and positively influence the formation of the longevity phenomenon [41,42]. Elevated dietary fiber intake should be a path toward health and longevity [43]. Furthermore, the family aggregation phenomenon also affects the longevity of Bama. Several centenarians at the same period belong to a large family, suggesting that longevity is closely related to genetics. This conjecture was validated in series of subsequent studies [11,44,45].



Results of this study revealed that other longevous areas besides Bama exist in the Hechi district. In the last four censuses, a stable longevous pool was observed in the southwestern part of Hechi, including Bama, Donglan and Fengshan (Figure 2 and Figure 3). Over time, the range of longevity expands, followed by the increase of CH and LI. The three townships may exhibit homogeneous longevity patterns because of their similar geographical environments, the karst landscape, and the red water basin. It is more likely that this is an artefact caused by the arbitrary borders of the different regions. This finding suggests that there may be stable factors in this region that promote longevity. From the geographical point of view, the longevity hotspots belong to a mountainous region, which was quite remote and difficult to access until several mountain roads were built a few decades ago. This geographic situation discouraged immigration, favored inbreeding, intermarriage, and consanguinity, thus decreasing the variability of the genetic pool. The unique geographical environment and cultural characteristics of this zone (including dietary habits and lifestyles) can be considered as shared characteristics favoring extreme longevity. Additionally, this pattern is similar with that observed on the island of Sardinia (Italy) [46,47].



UOI and UOOUS represent the proportion of the elderly over 80 years of age in different groups. Evident spatial clustering and variation in the two indicators were observed. The high-value longevity area gradually shifted from the southwest to the south and east and formed a new longevous area. This change is likely related to regional imbalances in socio-economic development. A positive socio-economic development state often implies improved living conditions, increased access to health services, more job opportunities, and higher income, which, in turn, reduces mortality and significantly improves human lifespan [48,49]. This condition has led to a significant augmentation in the proportion of centenarians and elderly people over the age of 90 and 80 during the past three decades. At the same time, the life expectancy of the population in Hechi City also gradually increased in line with other longevity indicators. The LE in the northeastern region is always higher than that in other regions in the same period, which may be attributed to the economic development brought about by the increase in industry in Yizhou, Luocheng. Meanwhile, the life expectancy of Bama and Fengshan increased rapidly in the fourth census (2010). We surmise that this phenomenon may be related to the development of the tourism industry in the past decade. Large numbers of longevity-based commodity exports provide additional economic income to the people of this area, although these residents still retain the original farming economy and cultural customs, such as diet, daily routines, and optimism [50,51]. The influence of socio-economic development on longevity can also be observed from the above migration of the gravity center. Almost all the life indicators migrate to the southeast and continue to gather in terms of HDI. The gravity center of HDI is highly consistent with that of LE. This finding suggests that socio-economic development has a certain role in promoting human health and longevity. From a clustering variation point of view, the proportion of the elderly over 80 years of age shows a significant increase in the eastern and southern areas, whereas the proportion of those aged 90 years and above and of centenarians did not change significantly in the above areas. This result may be explained by the Preston curve model [52], which indicates that further increase of socio-economic development was associated with relatively large gains in the lifespan at low levels of socio-economic conditions, whereas the increased level of socio-economic development had little relation with the variation of the lifespan at high socio-economic levels. In other words, while socio-economic development cannot infinitely increase human life, it can help people achieve a relatively advanced age; however, its influence on exceptional longevity is limited.



A significant statistical relationship was not observed between longevity indicators and life expectancy. Meanwhile, the longevity index was significantly and negatively correlated with socio-economic development in 2010. Similar result was obtained by Wang [38,53]. Socio-economic development plays a role in promoting life, but this function cannot be proven statistically. The small sample size of this study may be one of the possible reasons. In addition, we must consider the negative effects of socio-economic development, as well as its benefits, because of the diversity of longevity factors [54]. Socio-economic development may result in environmental pollution, unreasonable distribution of resources, unemployment, and other problems, all of which are potentially harmful to health and may result in irrelevance of life indicators to economic development [55,56]. Hechi is famous for its rich reserves of non-ferrous metals, and almost all the mining industries are concentrated in Northern Nandan, Tiane, and Luocheng. Although industrial development led to the improvement of the local economy, it may also undermine the natural environment, thus adversely affecting people’s health. There is a perfect correlation in 2000, and no correlation in 2010. This result may be attributed to overall unbalanced development in all aspects of the county, such as economics, gender, base facilities and education. The imbalances of the access to social support and medical can also lead to inequality of health and longevity [57,58]. We speculate that the negative effects of development may explain why the socio-economic level increase in these areas while the level of longevity shows the opposite outcome. Further research is necessary to confirm this inference.



There are several shortcomings in our research. Firstly, the quality of the census, especially the authenticity of the age, is of concern to many scholars. Although studies have shown that the quality of censuses in China over the past three decades is high, the verification of the age of ethnic minorities involved in this study is rarely reported [59,60]. This is exactly what we plan to do next. Second, due to the availability of data, the sample size of the correlation analysis in this study is small and the selected research factors are few, which may lead to a certain degree of bias. Last but most important, our study is based on county-specific or even township-specific data, which are small area data, barely relying on them will bring some instability to the results [61].




5. Conclusions


Lifespan indicators (CH, LI, UOI, UOOUS, and LE) can describe the spatial distribution and reflect the variation patterns of longevity from multiple dimensions. The geographical scope of longevity in Hechi City is gradually expanding, and significant spatial clustering was observed in the southwestern, southern, and eastern parts of the city. This study also found that social economic development is likely to have a certain impact on new longevous areas, but the role of which in extreme longevity is not significant.








Supplementary Materials


The following are available online at www.mdpi.com/1660-4601/14/7/812/s1, Figure S1: Spatial and temporal distribution of CH, LI, UOI and LE in Hechi city at county level (1982–2010).





Acknowledgments


This work was supported by the National Natural Science Foundation of China (81060246, 81260423, 81560523, 61161009) and the Guangxi Science and Technology Development Project (14124005-2-11).




Author Contributions


Zhiyong Zhang and Xianyan Tang conceived and designed the article; Tianlong Xia, Bingshuang Long and Xue Liang contributed to the data collection and arrangement. You Li, Peng Wei and Xiao Wei participated in the review and revision of the article. Jian Qin and Guoqi Yu analyzed the data, drew and wrote the paper.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Xiao, F.H.; He, Y.H.; Li, Q.G.; Wu, H.; Luo, L.H.; Kong, Q.P. A genome-wide scan reveals important roles of DNA methylation in human longevity by regulating age-related disease genes. PLoS ONE 2015, 10, e0120388. [Google Scholar] [CrossRef] [PubMed]

	2. 
Magnolfi, S.U.; Noferi, I.; Petruzzi, E.; Pinzani, P.; Malentacchi, F.; Pazzagli, M.; Antonini, F.M.; Marchionni, N. Centenarians in Tuscany: The role of the environmental factors. Arch. Gerontol. Geriatr. 2009, 48, 263–266. [Google Scholar] [CrossRef] [PubMed]

	3. 
Ljungquist, B.; Berg, S.; Lanke, J.; Mcclearn, G.E.; Pedersen, N.L. The effect of genetic factors for longevity: A comparison of identical and fraternal twins in the Swedish twin registry. J. Gerontol. 1998, 53, M441. [Google Scholar] [CrossRef]

	4. 
Lutz, W. Vienna yearbook of population research. Vienna Yearb. Popul. Res. 2003, 2006, 143–170. [Google Scholar]

	5. 
Wilmoth, J.R.; Lundström, H. Extreme longevity in five countries. Eur. J. Popul. 1996, 12, 63–93. [Google Scholar] [CrossRef] [PubMed]

	6. 
Morand, O. Economic Growth, Longevity, and the Epidemiological Transition; Department of Economics, University of Connecticut: Storrs, CT, USA, 2002; pp. 166–174. [Google Scholar]

	7. 
Croix, D.D.L. Adult longevity and economic take-off: From Malthus to Ben-Porath. In Institutional and Social Dynamics of Growth and Distribution; Salvadori, N., Ed.; Edward Elgar Publishing: Cheltenham, UK, 2010; ISBN 978-1-848-44228-3. [Google Scholar]

	8. 
Philipson, T.; Soares, R. Human Capital, Longevity, and Economic Growth: A Quantitative Assessment of Full Income Measures; University of Chicago: Chicago, IL, USA, 2001. [Google Scholar]

	9. 
Xiao, Z.; Xu, Q.; Yuan, Y. Solving the mystery of the status and longevity of centenarians in Bama. Chin. J. Popul. Sci. 1996, 8, 385–394. [Google Scholar] [PubMed]

	10. 
Yang, J. On the Bama longevity zone and the local environment for survival. Chin. J. Popul. Sci. 1994, 6, 333–343. [Google Scholar] [PubMed]

	11. 
Yang, X.; Wang, X.; Yao, H.; Deng, J.; Jiang, Q.; Guo, Y.; Lan, G.; Liao, D.J.; Jiang, H. Mitochondrial DNA polymorphisms are associated with the longevity in the Guangxi Bama population of China. Mol. Biol. Rep. 2012, 39, 9123–9131. [Google Scholar] [CrossRef] [PubMed]

	12. 
Magnolfi, S.U.; Petruzzi, E.; Pinzani, P.; Malentacchi, F.; Pazzagli, M.; Antonini, F.M. Longevity index (LI%) and centenarity index (CI%): New indicators to evaluate the characteristics of aging process in the Italian population. Arch. Gerontol. Geriatr. 2007, 44, 271–276. [Google Scholar] [CrossRef] [PubMed]

	13. 
Poulain, M.; Pes, G.M.; Grasland, C.; Carru, C.; Ferrucci, L.; Baggio, G.; Franceschi, C.; Deiana, L. Identification of a geographic area characterized by extreme longevity in the Sardinia island: The akea study. Exp. Gerontol. 2004, 39, 1423–1429. [Google Scholar] [CrossRef] [PubMed]

	14. 
Lin, B. Measuring and comparing population longevity level across the regions of the world. Popul. Res. 2015, 39, 74–84. [Google Scholar]

	15. 
Morse, S. For better or for worse, till the human development index do us part? Ecol. Econ. 2003, 45, 281–296. [Google Scholar] [CrossRef]

	16. 
Thapa, S. The human development index: A portrait of the 75 districts in Nepal. Asia-Pac. Popul. J. 1995, 10, 3–14. [Google Scholar] [PubMed]

	17. 
Chowdhury, O.H. Human development index: A critique. Bangladesh Dev. Stud. 1991, 19, 125–127. [Google Scholar] [PubMed]

	18. 
Sagar, A.D.; Najam, A. The human development index: A critical review 1. Ecol. Econ. 1998, 25, 249–264. [Google Scholar] [CrossRef]

	19. 
Population Census Office, Statistical Bureau of Hechi District. Compilation of Population Census in 1982 in Hechi Region; Internal Release: Hechi, China, 1982.

	20. 
Population Census Office, Statistical Bureau of Hechi District. Compilation of Population Census in 1990 in Hechi Region; Internal Release: Hechi, China, 1990.

	21. 
Population Census Office, Statistical Bureau of Hechi District. Compilation of Population Census in 2000 in Hechi Region; Internal Release: Hechi, China, 2000.

	22. 
Population Census Office, Statistical Bureau of Hechi District. Compilation of Population Census in 2010 in Hechi Region; Internal Release: Hechi, China, 2010.

	23. 
Planning and Finance Office of Guangxi Health Department; Department of Health Statistics, G.M.C. Compilation of Guangxi Population Life Table (1937–1987); Internal Release: Nanning, China, 1990.

	24. 
Financial Infrastructure Development of Guangxi Education Agency. Guangxi Educational Finance Statistical Yearbook; Internal Release: Nanning, China, 2000.

	25. 
Guangxi Statistical Bureau. Guangxi Statistical Yearbook; China Statiscal Press: Beijing, China, 2000.

	26. 
Guangxi Statistical Bureau. Guangxi Statistical Yearbook; China Statiscal Press: Beijing, China, 2010.

	27. 
Anand, S.; Sen, A.K. Human Development Index: Methodology and Measurement; Human Development Occasional Papers (1992–2007); Human Development Occasional Papers: New York, NY, USA, 1994; Volume 5, pp. 1433–1434. [Google Scholar]

	28. 
Kirkby, R.J.R. Urbanisation in China: Town and Country in a Developing Economy 1949–2000 AD; Columbia University Press: New York, NY, USA, 1985. [Google Scholar]

	29. 
Aird, J.S. The preparations for china’s 1982 census. China Q. 1969, 91, 369–385. [Google Scholar] [CrossRef]

	30. 
Li, C.; Tie, D.; Wu, H.; Sun, J. A Census of One Billion People: Papers for International Seminar on China’s 1982 Population Census; Westview Press: Beijing, China, 1986. [Google Scholar]

	31. 
Gompertz, B. On the nature of the function expressive of the law of human mortality, and on a new mode of determining the value of life contingencies. Philos. Trans. R. Soc. Lond. 2009, 115, 513–583. [Google Scholar] [CrossRef]

	32. 
Human Development Report. Available online: http://hdr.undp.org/en/statistics/indices/hdi (accessed on 29 November 2009).

	33. 
Moran, P.A.P. The interpretation of statistical maps. J. R. Stat. Soc. 1948, 10, 243–251. [Google Scholar]

	34. 
Ord, J.K.; Getis, A. Local spatial autocorrelation statistics: Distributional issues and an application. Geogr. Anal. 1995, 27, 286–306. [Google Scholar] [CrossRef]

	35. 
Pearson, K. Note on regression and inheritance in the case of two parents. Proc. R. Soc. Lond. 2006, 58, 240–242. [Google Scholar] [CrossRef]

	36. 
Corder, G.W.; Foreman, D.I. Nonparametric Statistics for Non-Statisticians; Wiley & Sons: Hoboken, NJ, USA, 2009. [Google Scholar]

	37. 
Sen, A.; Smith, T.E. Gravity Models of Spatial Interaction Behavior; Springer: Berlin/Heidelberg, Germany, 1995. [Google Scholar]

	38. 
Wang, L.; Li, Y.; Li, H.; Holdaway, J.; Hao, Z.; Wang, W.; Krafft, T. Regional aging and longevity characteristics in China. Arch. Gerontol. Geriatr. 2016, 67, 153–159. [Google Scholar] [CrossRef] [PubMed]

	39. 
Yang, J. An analysis of the longevous population in Bama. Chin. J. Popul. Sci. 1992, 4, 351–356. [Google Scholar] [PubMed]

	40. 
Cai, D.; Li, D.; Zhao, S.; Dou, X.; Wang, F.; Huang, G.; Zhao, M.; Li, Q. A correlation between diet and longevity characterization by means of element profiles in healthy people over 80 years from a Chinese longevous region. Biol. Trace Elem. Res. 2015, 165, 18–29. [Google Scholar] [CrossRef] [PubMed]

	41. 
Zhao, L.; Qiao, X.; Zhu, J.; Zhang, X.; Jiang, J.; Hao, Y.; Ren, F. Correlations of fecal bacterial communities with age and living region for the elderly living in Bama, Guangxi, China. J. Microbiol. 2011, 49, 186–192. [Google Scholar] [CrossRef] [PubMed]

	42. 
Pan, S.L.; Luo, X.Q.; Lu, Z.P.; Lu, S.H.; Luo, H.; Liu, C.W.; Hu, C.Y.; Ming, Y.; Du, L.L.; Zhen, S. Microsomal triglyceride transfer protein gene -493g/t polymorphism and its association with serum lipid levels in Bama zhuang long-living families in china. Lipids Health Dis. 2012, 11, 1–14. [Google Scholar] [CrossRef] [PubMed]

	43. 
Cai, D.; Zhao, S.; Li, D.; Chang, F.; Tian, X.; Huang, G.; Zhu, Z.; Liu, D.; Dou, X.; Li, S.; et al. Nutrient intake is associated with longevity characterization by metabolites and element profiles of healthy centenarians. Nutrients 2016, 8, 564. [Google Scholar] [CrossRef] [PubMed]

	44. 
Chen, N.Y.; Liu, C.W.; Du, L.L.; Xiao, L.P.; Ge, L.; Wang, Y.Y.; Wei, Z.; Wu, H.Y.; Luo, C.Y.; Liang, L.; et al. Enrichment of mthfr 677 t in a Chinese long-lived cohort and its association with lipid modulation. Lipids Health Dis. 2014, 13, 104. [Google Scholar] [CrossRef] [PubMed]

	45. 
Li, Y.; Liang, G.; Shi, L.; Liang, X.; Long, B.; Qin, J.; Zhang, Z. Paraoxonase-1 (pon1) rs662 polymorphism and its association with serum lipid levels and longevity in the Bama zhuang population. Med. Sci. Monit. Int. Med. J. Exp. Clin. Res. 2016, 22, 5154–5162. [Google Scholar] [CrossRef]

	46. 
Passarino, G.; Calignano, C.; Vallone, A.; Franceschi, C.; Jeune, B.; Robine, J.M.; Yashin, A.I.; Sforza, L.L.C.; Benedictis, G.D. Male/female ratio in centenarians: A possible role played by population genetic structure. Exp. Gerontol. 2002, 37, 1283–1289. [Google Scholar] [CrossRef]

	47. 
Pes, G.M.; Tolu, F.; Poulain, M.; Errigo, A.; Masala, S.; Pietrobelli, A.; Battistini, N.C.; Maioli, M. Lifestyle and nutrition related to male longevity in Sardinia: An ecological study. Nutr. Metab. Cardiovasc. Dis. Nmcd 2013, 23, 212–219. [Google Scholar] [CrossRef] [PubMed]

	48. 
Gavrilov, L.A.; Gavrilova, N.S. New developments in the biodemography of aging and longevity. Gerontology 2015, 61, 364. [Google Scholar] [CrossRef] [PubMed]

	49. 
Bram, W.; Martijn, H.; Meijboom, B.R.; Deeg, D.J.H.; Polder, J.J. The effect of trends in health and longevity on health services use by older adults. BMC Health Serv. Res. 2015, 15, 574. [Google Scholar]

	50. 
Liu, Y.P.; Nie, L.L.; Wang, F.Q.; Nie, Z.L. The impact of tourism development on local residents in Bama, Guangxi, China. Tour. Econ. 2015, 21, 1133–1148. [Google Scholar] [CrossRef]

	51. 
Liu, Y.; Nie, L.; Liao, B. The recreational value of Bama in China: One of the five world’s longevity townships. Bus. Manag. Res. 2012, 1, 147. [Google Scholar] [CrossRef]

	52. 
Preston, S.H. The changing relation between mortality and the level of economic development. Popul. Stud. 1975, 81, 833–841. [Google Scholar] [CrossRef]

	53. 
Wang, S.; Luo, K.; Liu, Y.; Zhang, S.; Lin, X.; Ni, R.; Tian, X.; Gao, X. Economic level and human longevity: Spatial and temporal variations and correlation analysis of per capita GDP and longevity indicators in China. Arch. Gerontol. Geriatr. 2015, 61, 93–102. [Google Scholar] [CrossRef] [PubMed]

	54. 
Kolovou, G.; Barzilai, N.; Caruso, C.; Sikora, E.; Capri, M.; Tzanetakou, I.P.; Bilianou, H.; Avery, P.; Katsiki, N.; Panotopoulos, G. The challenges in moving from ageing to successful longevity. Curr. Vasc. Pharmacol. 2014, 12, 662–673. [Google Scholar] [CrossRef] [PubMed]

	55. 
Lv, J.; Wang, W.; Li, Y. Effects of environmental factors on the longevous people in China. Arch. Gerontol. Geriatr. 2011, 53, 200–205. [Google Scholar] [CrossRef] [PubMed]

	56. 
Wang, L.; Wei, B.; Li, Y.; Li, H.; Zhang, F.; Rosenberg, M.; Yang, L.; Huang, J.; Krafft, T.; Wang, W. A study of air pollutants influencing life expectancy and longevity from spatial perspective in China. Sci. Total Environ. 2014, 487, 57–64. [Google Scholar] [CrossRef] [PubMed]

	57. 
Kim, J.I.; Kim, G. Social structural influences on healthy aging: Community-level socioeconomic conditions and survival probability of becoming a centenarian for those aged 65 to 69 in South Korea. Int. J. Aging Hum. Dev. 2015, 81, 241–259. [Google Scholar] [CrossRef] [PubMed]

	58. 
Kim, J.I.; Kim, G. Factors affecting the survival probability of becoming a centenarian for those aged 70, based on the human mortality database: Income, health expenditure, telephone, and sanitation. BMC Geriatr. 2014, 14, 1–11. [Google Scholar] [CrossRef] [PubMed]

	59. 
Yi, Z.; Vaupel, J.W.; Xiao, Z.; Zhang, C.; Liu, Y. Sociodemographic and health profiles of the oldest old in China. Popul. Dev. Rev. 2002, 28, 251–273. [Google Scholar] [CrossRef]

	60. 
Zeng, Y.; Vaupel, J.W.; Xiao, Z.; Zhang, C.; Liu, Y. The healthy longevity survey and the active life expectancy of the oldest old in China. Popul. Engl. Sel. 2001, 13, 95–116. [Google Scholar]

	61. 
Kulkarni, S.C.; Levin-Rector, A.; Ezzati, M.; Murray, C.J. Falling behind: Life expectancy in us counties from 2000 to 2007 in an international context. Popul. Health Metr. 2011, 9, 16. [Google Scholar] [CrossRef] [PubMed]



















© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).







media/file4.png
LE & UOI 1982

CH & UOOUS 1982

Huan jiang

Uoous (%)
© 4.00-5.99

6. 00-17. 99

8. 00-9. 99

10. 00-11. 99

12.00-13. 99

14. 00-15. 99

CH(/100000)

[ ] non-available

[ ]0.00-4.99

[ 15.00-9.99

[ 10. 00-14. 99

I 15. 00-19. 99

I 20. 00-24. 99

B 25. 00-29. 99

I 30. 00-35. 99

CH & UOOUS 1990 LOL 1990
' Huan jang
Luoc%ng

Jincheéhgjiang
Do&an

Donglan

[l
Donglan

B

CH & UOOUS 2000 LE & UOI 2000

Jinchdhgjiang

CII & UOOUS 2010 LE & UOI 2010

Huan j\ang

uoo‘ng

1L
Jmcmma

s 0510 20 30 40
s Miles
U0T (%)
. 30-0. 59
60-0. 89
90-1. 19
20-1. 49
50-1. 79
80-2. 09
10-2. 39
2.40-2. 69
LE (year)
| |non—available
1 59.00-62.99
. 163.00-66.99
. 167.00-70.99
[ 71.00-74.99
I 75. 00-78. 99
. 179.00-82.99

M= =20 2O





nav.xhtml


  ijerph-14-00812


  
    		
      ijerph-14-00812
    


  




  





media/file2.png
0 115230 460 690 20
Miles

048 16 24 32
0 20 40 80 120 160 e Miles
- aaa—

Miles E He Ch j_





media/file5.jpg





media/file3.jpg





media/file9.png





media/file1.jpg





media/file7.jpg
’ Hechi

Liuxg

1982
1ogz | Wuxu

20402000
10

Ponglan " changle

 Huaxiang
Sannong

1982

HDT

Bansheng. =——-Yoous

——— voL,

bixing
Qibainong BzmanLE

e






media/file0.png





media/file8.png
I

Huanjiang
Luocheng
ngjiang
Duan

Liuxt

\ 1982

1982 Wuxu

Jiux 1942
20102000

Donglan

Changle 1990 010
Huaxiang 20‘ 2000, _sEmzhiyang
Sannong e 1‘
2 1990 , :
1 2010Ba6p1ng anling
1982

o > HDI
Bansheng > Uo0US
Dongshan > Uuo
Longfu -
Fenghuang Beijing o axing
Qibainong ]
071 252 5 7.5 10 ananCH

Mile
YIrxa T\ Yantan






media/file6.png
1990-CH 1990-U00US 1990-U01 . 1990-L1
Huan j 1ang Hua‘f,l jiang

Lﬁdgheh;

2010-LI

“‘,/‘4’/ [) ‘!‘,
Huanjiang

"/ GiZScore
I <-2.58
I -2.58—-1.96
[]-1.96—1.65
-1.65—1.65
[ 11.65—1.96
1. 96—2.58
2. 58






