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Abstract 

 

Although there has been research on the health of migrants, little attention has 

been paid to the health of people left behind in the sending communities. The objectives 

of this study were to investigate the impact of family members’ migration on the 

psychological health status of people left behind in rural Fujian, China, and examine 

whether social capital had a buffering effect on psychological stress in this context. 

A cross-sectional survey was conducted in seven rural communities in Fujian 

in 2015. Questionnaire data and dried blood spot samples for the measurement of 

Epstein-Barr virus (EBV) antibody titer, a biomarker for psychological stress, collected 

from 734 local residents were used for the analysis in this study. A mixed effects 

regression analysis with a random effects model to account for multiple individuals in 
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each community was conducted to investigate the relationship between EBV antibody 

titer, being left behind and the social capital variables. 

Psychological stress was higher among people left behind compared to people 

who were not left behind (coefficient = 0.14, 95% confidence interval [CI] = 0.01 – 

0.27). Although none of the social capital indicators attenuated this association, 

community-level structural social capital was inversely associated with psychological 

stress (coefficient = −1.20, 95% CI = −2.40 – −0.00) while individual-level structural 

social capital was positively associated with it (coefficient = 0.21, 95% CI = 0.06 – 

0.36). 

In rural Fujian, China, family separation and social capital seemed to be 

important, but independent determinants of psychological health. While living in a 

community with active social interaction may benefit the residents psychologically, 

social interaction in the form of strongly bonded relationships may be a source of 

psychological stress. As social capital did not buffer the negative psychological impact 

of family out-migration among people left behind, future research should focus on 

identifying protective factors against the negative effects of being left behind. 



  iv 

Table of Contents 

 

Abstract ............................................................................................................................. ii 

Table of Contents ............................................................................................................. iv 

Acknowledgements .......................................................................................................... vi 

List of Tables and Figures ................................................................................................ ix 

Abbreviations .................................................................................................................... x 

 

Chapter 1 Introduction ............................................................................................... 1 

1.1. Migration and health .............................................................................................. 1 

1.2. Migration and its impact on family members left behind ...................................... 7 

1.3. Historical background and characteristics of migration in China ........................ 14 

1.4. Social capital: a potential buffer against psychological stress  

    among those who are left behind ........................................................................ 18 

1.5. Epstein-Barr virus antibody titer as a biomarker of psychological stress status .. 23 

1.6. Study objectives ................................................................................................... 27 

 

Chapter 2 Methods................................................................................................... 30 

2.1. Research location ................................................................................................. 30 

2.1.1. Background information ................................................................................... 30 

2.1.2. Demographic changes observed in Fujian during the period  

     between 1980 and 2015 .................................................................................... 33 

2.2. Study communities............................................................................................... 36 

2.3. Field survey .......................................................................................................... 38 

2.4. Measurement of biomarkers ................................................................................ 41 

2.4.1. Measurement of EBV antibody titer ................................................................. 41 

2.4.2. Measurement of high-sensitivity C-reactive protein concentration .................. 44 

2.5. Definition of “people left behind” ....................................................................... 45 

2.6. Evaluation of social capital .................................................................................. 46 

2.7. Socio-demographic information .......................................................................... 49 

2.8. Statistical analysis ................................................................................................ 51 

2.9. Research ethics ..................................................................................................... 53 



  v 

Chapter 3 Results ..................................................................................................... 55 

3.1. Characteristics of the study participants .............................................................. 55 

3.2. Factors associated with EBV antibody titer ......................................................... 59 

 

Chapter 4 Discussion ............................................................................................... 63 

4.1. Summary of the study findings ............................................................................ 63 

4.2. Psychological stress among people left behind in rural Fujian, China ................ 64 

4.3. Social capital and psychological stress among residents in rural Fujian, China . 72 

4.3.1. Community-level structural social capital ........................................................ 72 

4.3.2. Individual-level structural social capital ........................................................... 76 

4.3.3. Individual-level and community-level cognitive social capital ........................ 81 

4.3.4. Possible reverse causality or confounding related to social capital .................. 83 

4.3.5. Social capital as a buffer against psychological stress ...................................... 83 

4.4. Biological factors explaining variations in EBV antibody titer ........................... 86 

4.4.1. Age .................................................................................................................... 87 

4.4.2. Sex..................................................................................................................... 89 

4.4.3. CRP concentration ............................................................................................ 91 

4.5. Sociodemographic factors explaining variations in EBV antibody titer ............. 92 

4.5.1. Socio-economic status ...................................................................................... 93 

4.5.2. Marital status and household size ..................................................................... 94 

4.6. Strengths and limitations of the present study and future research directions ..... 96 

 

Chapter 5 Conclusion ............................................................................................ 106 

 

References ..................................................................................................................... 108 

 

Appendix 1. Validating the EBV antibody titer measurement protocol ....................... 138 

Appendix 2. Examining the consistency of different measures of  

             self-rated household income status .......................................................... 140 

Appendix 3. Association between being left behind and EBV antibody titer  

             among older people .................................................................................. 142 

Appendix 4. Interaction plots in relation to structural social capital ............................ 143 

Appendix 5. Questionnaire ........................................................................................... 144  



  vi 

Acknowledgements 

During my Ph.D. program I encountered several problems. For example, just 

before I was about to start my survey in Hainan Island in July 2014, Typhoon 

Rammasun prevented me from conducting my fieldwork. Perhaps the greatest problem I 

faced however was that the permission I had to undertake research in Hainan Island, the 

place where I had originally intended to conduct this study, was suddenly withdrawn in 

October 2014 without a specific reason being given. It took me some time before 

finding a new research location in Fujian Province. 

Looking back on the tough journey I had while pursuing my Ph.D., I can 

recall numerous people who have helped me and enabled me to complete my work. 

Here, I would like to acknowledge those who particularly helped me. 

First of all, I would like to express my deep gratitude to the local residents in 

Fujian Province for participating in my survey. I also want to thank the many local staff 

members for providing practical assistance and support during my survey. My special 

thanks go to Prof. Wenchang Zhang, Prof. Jie Chen and Dr. Fei He of Fujian Medical 

University and Dr. Meng Huang of Fujian Provincial Center for Disease Control and 

Prevention. 



  vii 

I would also like to express my deep gratitude to Prof. Chiho Watanabe of the 

Department of Human Ecology, the University of Tokyo, who provided an environment 

where I could concentrate on my research. I believe all the comments and suggestions 

given significantly improved the quality of my dissertation. My special appreciation 

also goes to Dr. Yosuke Inoue, who is now at the University of North Carolina at 

Chapel Hill, and who helped me in innumerable ways during the course of my research 

and without whose generous support it would have been far harder for me to finish this 

work. 

In addition, I would like to mention those who introduced me to their research 

collaborators in Fujian; my special thanks go to Prof. Taro Yamamoto, Dr. Tomoo 

Ichikawa and Ms. Raoping Tu of the Department of International Health at Nagasaki 

University and Dr. Guoxi Cai of Nagasaki Prefectural Institute of Environmental 

Research and Public Health. Without their help, I might, even now, still have been 

looking for a new research location. 

My special thanks also go to the people in Hainan Island where I conducted 

the fieldwork for my Master’s degree; the research I did there motivated me to 

undertake my Ph.D. studies. I want to thank the local people in Baoting and Wuzhishan 



  viii 

and the staff members of the Hainan Provincial Center for Disease Control and 

Prevention, particularly Dr. Jianwei Du, Dr. Shanqing Wang, Dr. Yan Chen and Mr. 

Dandan Li, who always supported me with warm hearts. 

Funding from the Japan Society for the Promotion of Science is gratefully 

acknowledged. 

Lastly, I would like to thank my parents for letting me do what I want to do, 

believing in me, and always supporting me with their love and encouragement. 

 

  



  ix 

List of Tables and Figures 

 

Tables: 

Table 1. Forms and dimensions of social capital and their operationalization in 

empirical studies…………………………………………………………...127 

Table 2. The number of participants in each study community  

in rural Fujian, 2015……………………………………………………….128 

Table 3. Basic characteristics of the participants (N = 734)……………………….129 

Table 4. Comparison of lifestyle factors between people left behind  

and people not left behind (N = 734)……………………………………..131 

Table 5. Description of people left behind in relation to migrants’ characteristics  

in rural Fujian, China in 2015 (n = 280)………………………………….134 

Table 6. Association between being left behind, EBV antibody titer  

and the social capital variables (N = 734)………………………………...135 

Table 7. Association between being left behind  

and the Kessler 6 Psychological Distress Scale score (n = 553).…………137 

 

Figures: 

Figure 1. Map of Fujian……………………………………………………………125 

Figure 2. GDP per capita in Fujian Province………………………………………126 

 

 

  



  x 

Abbreviations 

 

ADL  Activity of daily living 

AGES  Aichi Gerontological Evaluation Study Project 

BMI  Body mass index 
CES-D  Center for Epidemiologic Studies Depression scale 

CHAMPSEA Child Health and Migrant Parents in Southeast Asia 

CHARLS  China Health and Retirement Longitudinal Study 

CHNS  China Health and Nutrition Survey 

CRP  C-reactive protein 

CV  Coefficient of variation 

DBS  Dried blood spots 

EBV  Epstein-Barr virus 

ELISA  Enzyme-linked immunosorbent assay 

ENADID  Encuesta Nacional de la Dinámica Demográfica 

EURO-D  European Depression scale 

GDP  Gross domestic product 

GDS  Geriatric Depression Scale 

GHQ-12  General Health Questionnaire 12-item 

HMS  Health and Migration Survey 

HPA axis  Hypothalamic-pituitary-adrenal axis 

IFLS  Indonesia Family Life Survey 

IMHC  Internal Migration and Health in China survey 

IQR  Interquartile range 

JAGES  Japan Gerontological Evaluation Study Project 

LOD  Limit of detection 

MMP  Mexican Migration Project 

MxFLS  Mexican Family Life Survey 

NHANES National Health and Nutrition Examination Survey 

NHIS  National Health Interview Survey 

OR  Odds ratio 

QOL  Quality of life 



  xi 

RMB  Ren min bi: the Chinese currency 

SAMS  The small area for market statistics 

SC-IQ  Integrated Questionnaire for the Measurement of Social Capital 

SD  Standard deviation 

SE  Standard error 

SF-12  Short Form-12 Health Survey questionnaire 

SF-36  Short Form-36 Health Survey questionnaire 

SRH-20  Self-Reporting Questionnaire 

VCA  Viral capsid antigen 
WHOQOL-BREF Abbreviated version of the World Health Organization s  

Quality of Life questionnaire 

WHR  Waist-to-hip ratio 

95% CI  95% Confidence interval 

 



  1 

Chapter 1 Introduction 

 

1.1. Migration and health 

An estimated 244 million people had migrated to another country as of 2015, a 

41% increase compared to the number in 2000 (United Nations Department of 

Economic and Social Affairs, 2016). It was also reported that 740 million people had 

internally migrated within their own countries as of 2009 (United Nations Development 

Programme, 2009). Migration occurs on a variety of scales (e.g., in terms of differing 

destinations and time spans) and is motivated by various factors; in terms of the 

classical migration framework, some individuals leave their community of origin due to 

“pull factors” such as the increased opportunity of obtaining stable employment with a 

higher income, while others move to a new location due to “push factors” such as war, 

internal conflict, natural disasters, famine or development projects (International 

Organization for Migration, 2015).  

A major mode of migration has been labor migration from rural to urban areas; 

it has been estimated that approximately three million people in the world move to cities 
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every week, with this trend being predominantly observed in developing countries 

(UN-Habitat, 2009). As people believe that urban life will provide more job 

opportunities with a higher income compared with jobs that can be obtained in rural 

areas, having family members living and working away from home in urban areas has 

become a survival strategy for those who live in rural areas in developing countries. 

Fueled by economic development, this rural-to-urban migration has become the primary 

factor that is boosting urbanization (i.e., the increasing share of a population living in 

urban areas) and having migrants in the family has become an integral feature of rural 

family life. This situation, in combination with natural population growth, is expected to 

accelerate urbanization in the coming decades; the current urban population of 3.9 

billion people is expected to reach 6.4 billion by 2050 (International Organization for 

Migration, 2015).  

There have been a series of studies which have investigated the health impact 

of migration as migrants often experience a drastic change in their living environment, 

which is one of the central determinants of health (Carp, 1977). Migrants tend to 

experience social stress in attempting to adapt to the host population. More specifically,  
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the cultural change that results from migrants’ continuous, first-hand contact with the 

groups that are culturally different is called acculturation (Redfield et al., 1936), and 

stress experienced in the course of acculturation (i.e., acculturative stress), such as that 

associated with the pressure of having to learn a new language, and balancing differing 

cultural values (Rodriguez et al., 2002), can result in a deterioration in health (Torres et 

al., 2012) both physically (e.g., obesity, self-rated physical health, blood pressure) 

(Berkman & Glass, 2000; He et al., 1991; Steffen et al., 2006) and psychologically (e.g., 

depression, anxiety) (Bhugra & Ayonrinde, 2004; Lindert et al., 2009). 

In earlier studies, it was generally reported that the impact of migration tends to 

be immediate and detrimental especially for psychological health, as migration usually 

co-occurs with family separation (Sluzki, 1992). For example, Ward (1962) identified 

increased rates of common mental disorders among foreign students in England 

compared to native students, and mentioned that foreign students were also more likely 

to complain about physical health problems. Another study showed that the admission 

rates to psychiatric hospitals among migrants were about twice as great as those among 

the native population in England and Wales (Cochrane, 1977). At the same time, 
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anthropologists found that South Pacific islanders had an increased risk of being obese, 

and of having higher serum lipids and blood pressure when they migrated to New 

Zealand (Mascie-Taylor & Lasker, 1988). These findings served as a base and 

motivating factor for subsequent research to investigate what happens to migrants’ 

health. 

Although some studies later found evidence of a seemingly paradoxical 

situation, which has been termed the healthy migrant phenomenon, adverse experiences 

during the acculturation process in their new environment have been broadly recognized 

to have a detrimental effect on migrants’ health. The healthy migrant phenomenon 

refers to a situation where migrants, who have a low socioeconomic status and are 

expected to be in worse health due to their unhealthy living environment, are in fact 

healthier, compared with the native-born residents in urban areas (e.g., lower mortality 

among Latino Americans than non-Latino Whites in the U.S. (Abraido-Lanza et al., 

1999). However, this situation is now believed to result from an initial advantage of 

migrants that is associated with selective migration out of the sending community (i.e., 

that those who out-migrate are healthier) (Palloni & Morenoff, 2001), and it has been 
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shown that this initial health advantage of migrants disappears across time (i.e., as a 

result of acculturation). For example, using data from the 1991 National Health 

Interview Survey (NHIS) (N = 36,401), Abraido-Lanza et al. (2005) found that Latino 

Americans had a health behavior advantage in terms of less smoking (Odds ratio [OR] = 

0.42, 95% confidence interval [CI] = 0.37 – 0.49) and less drinking (OR = 0.69, 95% CI 

= 0.59 – 0.81) when compared to non-Latino white Americans, but that these health 

advantages were lost in the course of the acculturation process (i.e., among those with a 

longer stay in the U.S. or who were born in the U.S.). Indeed, when examining the 

association among Latino Americans only, it was shown that Latinos who had 

experienced a greater degree of acculturation in terms of time spent in the U.S. and 

nativity status, had a higher risk of smoking (OR = 1.46, 95% CI = 1.14 – 1.88) and 

consuming alcohol (OR = 1.98, 95% CI = 1.36 – 2.90), compared to less-acculturated 

Latinos. Regarding physical health, a meta-analytic review by Steffen et al. (2006) that 

investigated the association between acculturation to Western society (i.e., assessed in 

terms of experiencing westernization or industrialization [e.g., modernization or 

urbanization within nonwestern countries, rural-to-urban migration], migration to 
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Western society [e.g., immigration to the U.S. and Europe from nonwestern countries], 

as well as adaptation to the host culture [e.g., acquisition of a western language]) and 

blood pressure, showed that people who were more acculturated had 4 mmHg higher 

systolic and 3 mmHg higher diastolic blood pressure than less acculturated people 

(effect size for systolic blood pressure = 0.28, for diastolic blood pressure = 0.30), and 

that this effect size was similar to that of known risk factors for high blood pressure 

such as diet and physical activity. 

A limited but now rapidly growing volume of studies has also focused on the 

situation in developing countries. For example, using data from the Indonesia Family 

Life Survey (IFLS) obtained from 5,597 people aged 18 to 45 years, Lu (2010) showed 

that labor rural-to-urban migration was having a negative effect on the psychological 

health status of migrants in Indonesia. Specifically, labor migrants were much more 

likely to have depressive symptoms than non-migrants (OR = 1.99, p < 0.001), and the 

impact of migration on mental health status was more pronounced among those who 

migrated alone (OR = 2.17, p < 0.001). Inoue et al. (2016) further showed that in rural 

Hainan communities in China, C-reactive protein (CRP) concentration, an inflammatory 
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marker which reflects future cardiovascular disease risk, was higher among women who 

experienced migratory work (i.e., returned migrants) in the past year, compared to those 

who did not (coefficient = 0.151, p < 0.01).  

 

 

1.2. Migration and its impact on family members left behind 

While there has been much research on the health of migrants as described 

above, relatively little attention has been paid to the health of those who have been left 

behind in the sending communities, despite the fact that the population left behind is as 

great as that which migrates to the cities and that the impact of family separation 

induced by migration can also affect those who are left behind in the sending 

community. As migratory work is adopted as a family strategy to diversify and 

maximize its income, there is undoubtedly a positive effect of migratory work on the 

family left behind (Lauby & Stark, 1988; Stark & Bloom, 1985). At the same time, 

however, out-migration may diminish social support which can produce positive 

emotional and social experiences (Cohen & McKay, 1984), and the shortage of 
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household labor can also be a stressor among the people left behind, as left-behind 

members often have to undertake multiple responsibilities to compensate for the loss of 

household personnel (Taylor et al., 1996). This increased physical and psychological 

burden might also affect the health and/or health behaviors of those who remain in the 

sending communities (Steptoe et al., 1996). 

Some studies have investigated the effect of parental migration in relation to 

the health or health-related behaviors of children and shown the protective effects of 

migration. For example, using population representative data from the Encuesta 

Nacional de la Dinámica Demográfica (ENADID) collected in 1997 that included data 

from 23,607 infants, Frank and Hummer (2002) showed that children born into families 

where a family member had been a migrant in the past 5 years and sent remittances had 

more than 40% lower odds of having had a low birth weight when compared to infants 

born into non-migrant households (OR = 0.54, p < 0.01). A subsequent study by 

Hildebrandt et al. (2005) used the same data to show the impact of migration in more 

detail. They reported that in Mexico, children aged 6 years or younger (n = 12,117) 

whose mother experienced migration to the U.S. had a higher birth weight (364 grams 
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increase) and that there was lower infant mortality among these children (they were 3 to 

4.5% less likely to die in their first year) when compared to children born in households 

without a migrant member. Similarly, Donato and Duncan (2011) used data from the 

Health and Migration Survey (HMS), a project that examined the health consequences 

of Mexico – U.S. migration, to show that at the time of the survey, children aged 

younger than 10 years (N = 804) who had migrated to the U.S. with their parents had a 

significantly better mother-reported health status than children in non-migrant families 

residing Mexico (coefficient = 1.09, standard error [SE] = 0.17, p < 0.001). In addition, 

Antman (2012) used data from the Mexican Migration Project (MMP) (n=16,593), to 

highlight that paternal migration to the U.S. had a significant and positive impact on the 

educational attainment of daughters, while internal migration did not, which suggests 

that remittances from abroad may enable left-behind children to achieve positive 

educational results. 

On the other hand, there are an increasing number of studies which have 

highlighted the adverse impact of parental migration on the health status of children left 

behind. For example, Nobles (2007) used data from the Mexican Family Life Survey 
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(MxFLS), a longitudinal nationally-representative household survey, to investigate the 

association between children’s parental migration status in 2002 to 2005 and children’s 

height-for-age in 2005 (n = 6,707); she found that compared to children in non-migrant 

households, there was a positive, although statistically insignificant effect of migration 

on children’s height-for-age (coefficient = 0.21, SE = 0.14); however, when comparing 

children who had experienced parental migration when they were aged 0 to 2 years old 

(during 2002 to 2005) with those who did not, there was a significantly inverse effect of 

parental migration on height-for-age (coefficient = −1.13, SE = 0.57, p < 0.05). In 

settings other than Mexico, Graham and Jordan (2011) used data from the Child Health 

and Migrant Parents in Southeast Asia (CHAMPSEA) survey that were collected in four 

South-East Asian countries in 2008, and found that the psychological status of children 

who had migrant fathers in Indonesia (N = 961, coefficient = 0.96, p < 0.001 for 

emotional symptoms) and in Thailand (N = 995, coefficient = 0.39, p < 0.05 for conduct 

problems) was more likely to be poor compared to children in non-migrant households. 

Giannelli and Mangiavacchi (2010) used data from the Living Standard Measurement 

Survey in Albania in 2005, to show that parental migration had an adverse effect on 
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children’s school attendance; for school-aged children aged 6 to 13 years (n = 2,575), 

each additional month left behind increased the probability of dropping out of school by 

0.8% and the probability of attending with some form of delay by 1% (i.e., starting 

school later than during the normal enrollment period, having dropped out for a short 

period of time or had to repeat a year). They concluded that the absence of parents can 

induce a psychological burden on households and results in changes in the household 

decision-making process, where a requirement for greater household labor falls on 

children that can lead to them spending less time on school activities. These studies 

indicate that although an improved economic situation may be beneficial for children’s 

health in their early life, deficits in necessary parental support in childhood or 

adolescence may adversely affect children’s mental health and related behaviors. 

Findings concerning the impact of family members’ migration on the health 

of adults left behind (e.g., the spouse or parents of migrants) have been relatively 

inconsistent to date. In particular, there is some indication that the observed relationship 

can vary across settings and is dependent on the specific situation. Some studies have 

shown a beneficial impact of migration on the health of those who were left behind; for 
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instance, Kuhn et al. (2011) used longitudinal data from the IFLS (N = 2,155) and found 

that, in Indonesia, having migrant children was associated with better health among left 

behind parents aged 50 years and older, i.e., a better activity of daily living (ADL) score 

(coefficient = 0.11, p < 0.05), better self-rated health (coefficient = 0.43, p < 0.01) 

and lower mortality (coefficient = 0.60, p < 0.05). Abas et al. (2009) reported that in 

rural Thailand rural-to-urban migration of children was protective against depression 

among left behind parents aged 60 years and older (N = 1,147). Specifically, they found 

that parents who had all of their children migrate had the lowest level of depression 

compared to those who had some or no children migrating and that there was a 

significant interaction between poverty and the location of children; depression was 

highest when the household was poor and no children had migrated (mean European 

Depression scale [EURO–D] score = 4.8, 95% CI = 3.9 – 5.6) compared to when the 

household was wealthier and no children had migrated (mean EURO–D scale score = 

3.5, 95% CI = 2.5 – 3.6) or compared to when the household was poor and all the 

children had migrated (no specific scores were reported for this group in the article). 

Other studies have shown that those who were left behind experienced poor 



  13 

health following family members’ migration. Adhikari et al. (2011) reported that in 

Thailand parents who had migratory working children were more likely to have a poor 

mental health status (OR = 1.10, 95% CI = 1.05 – 1.17), whereas no association was 

observed in relation to their physical health status (i.e., chronic diseases, perceived poor 

health and illness). Moreover, higher utilization of health services was observed among 

parents left behind regardless of their socioeconomic status (OR = 1.22, 95% CI = 1.11 

– 1.33). Graham et al. (2015) used CHAMPSEA data (N = 3,026) collected in several 

countries in South-East Asia, to show that in Indonesia, the Philippines and Vietnam, 

the left-behind caregivers of children (i.e., any adults including the mother, father or 

other relatives who stayed behind to take care of children) were about twice as likely to 

suffer from common mental disorders as caregivers in non-migrant households. In 

particular, wives who had migrant husbands overseas had an especially increased risk of 

having a poor psychological health status (OR = 1.90, 95% CI = 1.12 – 3.23 in 

Indonesia; OR = 1.80, 95% CI = 1.05 – 3.10 in the Philippines; OR = 2.67, 95% CI = 

1.45 – 4.90 in Vietnam). Using cohort data (IFLS) collected in Indonesia (N = 4,391), 

Lu (2012) found that left behind spouses (most were women) had increased odds for 
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depressive symptoms (OR = 1.97, 95% CI = 1.02 – 3.81), while left behind parents had 

higher odds for both depressive symptoms (OR = 2.28, 95% CI = 1.09 – 4.79) and 

hypertension (OR = 1.52, 95% CI = 1.06 – 2.19) than their non-left-behind counterparts, 

although both sets of odds decreased as the length of separation increased (i.e., the 

adverse health effects were most prominent in the first 1 to 3 years of migration). 

 

 

1.3. Historical background and characteristics of migration in China 

China is one of the countries which has experienced the most rapid increase in 

the number of rural-to-urban migrants in recent decades, most of whom are regarded as 

being part of the “floating population”, which is defined in China as internal migrants 

without urban household registration (Li, 2006). The number of the floating population 

in China has increased rapidly since the 1990s. The total number was 70 million in 1993, 

150 million in 2005 (Tong & Piotrowski, 2012), and had increased to more than 253 

million by 2014, which comprises about 19% of the Chinese population (National 

Bureau of Statistics of China, 2015).  
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This increase in the number of migrants also means that an increasing number 

of people are being left behind in rural communities. For example, it was estimated that 

among the 159 million floating population, 126 million people had left children behind 

in their communities of origin in 2011 (Cheng & Sun, 2015). As most migrant workers 

decide to leave their children in their hometown because they cannot raise children in 

urban settings due to the high living expenses and the unaffordability of social security 

in cities (e.g., health insurance, public school) (Tao & Xu, 2007), the increasing number 

of children being left behind in rural areas is one of the most serious problems that 

China faces (Wang et al., 2015). Since these children are usually taken care of by their 

grandparents, it is commonly observed that old people and children predominate in rural 

communities (Wang et al., 2015), which indicates that the problem is not only one of an 

increasing number of people being left behind but also of socio-demographic transition 

(i.e., where the population is aging due to increased life expectancy and the outflow of 

the younger generation) that is changing the traditional family structure in rural China. 

There have been many studies which have tried to evaluate the impact of 

migration on health among children who were left behind in the rural communities in 
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China. In particular, the psychosocial burden on children left behind has been identified 

in various studies. Wang and Mesman (2015) published a meta-analysis of the impact of 

rural-to-urban migration on child development in China; they reviewed 67 studies 

published in 2000 – 2014, that compared the psychosocial situation between children 

left behind and those not left behind in rural areas, and showed a significant negative 

impact of migration on both the emotional (the number of studies = 38, effect size = 

0.31, 95% CI = 0.19 – 0.34), and social functioning (35 studies, effect size = 0.20, 95% 

CI = 0.12 – 0.29) of children left behind, and also found a marginally significant trend 

for school functioning (8 studies, effect size = 0.13. 95% CI = 0.00 – 0.26).  

In contrast, as yet, relatively few studies have investigated the health impact 

of migration among adults who have been left behind in China. He et al. (2016) found 

that 36.9% of left-behind older people suffered from depression which was higher than 

the prevalence in the general population (23.6% calculated in a meta-analysis that 

included data from 81 studies between 1987 to 2012 in rural China (Li et al., 2014). 

While using China Health and Nutrition Survey (CHNS) data, Chang et al. (2011) found 

that the time use patterns among left-behind older women aged 51 and above (n = 
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3,231) changed after their adult children’s migration; specifically, the time spent on 

farm work (576.2 to 689.8 hours/year) and domestic work (0.58 to 0.74 hours/day) 

increased. The observed growth in working time may reflect an increased future risk for 

worse psychological health as a shortage of household labor may bring additional stress 

if left-behind members feel pressure to maintain household daily life in conditions 

where there is a labor shortage (Taylor et al., 1996). Lu et al. (2012) used data from the 

Internal Migration and Health in China (IMHC) survey that were collected in 2008 to 

further highlight that left behind older people (N = 787) tended to have more depression 

(coefficient = 2.38, 95% CI = 0.34 – 4.42), although remittances buffered its negative 

impact. In newly emerging research in China that focuses on left-behind older parents 

living alone or with only a spouse, these individuals are referred to as the “empty-nest 

elderly”, which indicates how old people are being left behind while all the other 

household members are away. Liu and Guo (2007) found that in rural China, empty-nest 

elderly people (n = 275) were lonelier (95% CI = −3.361 – −0.335), and had poorer 

physical (95% CI = 0.228 – 6.044) and mental health scores (95% CI = 0.866 – 6.380) 

than those in the non-empty-nest group (n = 315).  
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1.4. Social capital: a potential buffer against psychological stress among those who are 

left behind 

Considering that population migration will further accelerate in China and 

other developing countries in the coming decades (Hu et al., 2008), it is important to 

identify factors which might help buffer against the psychological impact of being left 

behind in rural communities. One of the factors that might be important in this context 

is social capital. Social capital has been defined by Putnam as the institutions, 

relationships and norms that shape the quality and frequency of social interactions 

(Putnam, 1995), and described by researchers within the field of Social Epidemiology 

as the “resources that are accessed by individuals as a result of their membership of a 

network or a group” (Berkman et al., 2014). A number of studies have already shown 

that social capital protects physical (Kim et al., 2008) and mental health (Almedom, 

2005) and is also protective against negative health-related behaviors (Lindström, 2008). 

For population health studies, social capital is often evaluated in terms of the following 

two forms (Table 1); cognitive social capital, that is, individual attitudes, perceptions, 

and cognitions about the group to which one belongs; and, structural social capital, that 
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is, actual behaviors such as participation in informal and formal social organizations 

(Harpham, 2008). 

There are several categorizations of social capital which have been used in 

different analyses in relation to health. Individual-level social capital can supply 

health-relevant resources such as useful information, instrumental support, and social 

reinforcement, whereas community-level social capital is a property of the whole social 

network, which can bring benefits to each individual, and protects health by providing 

social contagion (i.e., the transitivity between members of a network), informal social 

control and collective efficacy (i.e., the ability to undertake collective action) (Berkman 

et al., 2014).  

 

[Table 1. Forms and dimensions of social capital and their operationalization 

 in empirical studies] 

 

Prior research has indicated that social capital can have an effect on many 

types of health outcomes. Early studies were conducted in developed countries such as 
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the U.S., Europe and Japan (Islam et al., 2006), to explain health inequities from a 

social perspective. More recent research has shown that individual-level social capital is 

associated with a reduced risk of mortality and chronic diseases such as cardiovascular 

disease, obesity and hypertension (Hyyppä et al., 2007; Moore et al., 2009; Yazawa et 

al., 2016). While community-level social capital has been less studied, some emerging 

research has started to investigate the contextual effect of social capital on individual 

health. For example, studies have found significant associations with various health 

outcomes, e.g., self-rated health, life satisfaction (Maass et al., 2016), cardiovascular 

diseases (Hu et al., 2014) and psychological well-being (Hamano et al., 2010). 

Some previous studies have shown that community-level social capital can 

have a potential buffering effect in situations where a community faces some form of 

adverse situation which can potentially damage residents’ health as a whole, such as 

experiencing high income inequality or a natural disaster. For example, a study that 

used data from the 2010 Aichi Gerontological Evaluation Study (AGES) Project (the 

former project of Japan Gerontological Evaluation Study [JAGES]) collected among 

Japanese people aged 65 years or above, revealed that community-level structural social 
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capital (i.e., the rate of people participating in volunteer groups) attenuated the inverse 

effect of income inequality on self-rated health by 16% (Aida et al., 2011). Hikichi et al. 

(2016) used data from 3,567 older people to focus on the effects of the Tohoku 

earthquake in Japan and found that people who lived in communities with higher 

community-level social capital (i.e., trust, reciprocity and attachment) were less likely to 

have posttraumatic stress disorder after the earthquake (OR = 0.75, 95% CI = 0.63 – 

0.90). As the increase in rural-to-urban migratory work may be one of the biggest social 

changes underpinning the loss of social support from family/community members and 

might also result in worse health in developing countries, its effects may be detrimental 

to everyone in a rural community. In these circumstances, people with higher social 

capital or those living in communities with higher social capital may be protected from 

psychosocial stress. Moreover, it is possible that the increasing outflow of younger 

people might be especially detrimental in terms of increasing the psychosocial burden 

among the older rural population, who are already vulnerable as they are more likely to 

experience social exclusion and loneliness (Dong & Simon, 2010). Indeed, Dong and 

Simon (2010) reported that among the older Chinese population, rural subjects had 
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significantly poorer health and well-being than urban residents, and also had a 

significantly higher proportion of depressive symptomatology as well as less social 

support. As access to social capital enables older people to maintain productive, 

independent, and fulfilling lives (Kawachi et al., 2008), the protective effect of social 

capital might therefore be especially pronounced among older population in rural China. 

So far, there has been comparatively little research on the effects of social 

capital on health in developing countries. In an earlier study, Harpham et al. (2004) 

evaluated many aspects of both cognitive and structural social capital: trust, collective 

efficacy (including social cohesion), social support, group participation, and civic 

participation among 1,168 youth (aged 15 to 25 years old) in Colombia. They 

investigated the association between each form of social capital and self-reported 

mental health status, but found a relatively weak association (OR = 0.8, 95% CI = 0.7 – 

1.0) only between a lack of trust and worse mental health status. Godoy et al. (2006) 

examined the association between social capital and negative emotions among 655 

adults in the Bolivian Amazon, and found that a lower level of village social capital, i.e., 

(1) the number of gifts given to other households, (2) the number of times participants 
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had proffered their labor to help other households, and (3) the number of times 

participants had participated in communal work, was associated with negative emotions. 

Few studies have looked at social capital as a buffer against detrimental outcomes in 

developing countries. Xu et al. (2015) hypothesized that social capital may buffer 

against the negative effects of a deprived living environment (living alone) on the health 

of older people in rural China. They found that there was an insignificant association 

between living alone and worse self-rated psychological health (emotional well-being), 

and that the association was not buffered by any form of social capital. 

 

 

1.5. Epstein-Barr virus antibody titer as a biomarker of psychological stress status 

This study will use a biomarker for the measurement of psychological stress 

status for several reasons (McDade et al., 2007). First, biomarkers may provide insights 

into the reciprocal links between the environment and health by shedding light on the 

specific physiological pathways linking socioeconomic, demographic, and psychosocial 

factors with health; this study used a biomarker not only because it is known to reflect 
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chronic psychological stress status, but also because it may demonstrate how the impact 

of a psychological burden “gets under the skin” (i.e., becomes a physical burden in the 

sense that it is detectable by biomarkers). Second, biomarkers can indicate direct 

pathways to disease by reflecting a pre-disease status (i.e., indicating a deteriorated 

health status which may increase the possibility of developing a disease). Third, 

biomarkers can overcome many of the shortcomings associated with self-report 

measures. For example, biomarkers can be obtained from people who speak any 

language, and are not subject to the different forms of bias that can be associated with 

self-reported measures of health, such as where people with a higher socioeconomic 

status tend to assume that their health status is better than people with a lower 

socioeconomic status (Burstrom & Fredlund, 2001). In addition, in rural China, older 

people often communicate in their local dialect and have no command of Mandarin. 

Furthermore, the level of educational attainment among them is relatively low; about 

half of all older people do not have any formal schooling (Luo et al., 2015). In this 

situation, it may be difficult to measure the participants’ psychological stress status 

adequately by using an “established” questionnaire. Fourth, recent improvements in 
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field-friendly sampling methods (e.g., the use of dried blood spots [DBS]) make 

community-based studies possible in many different contexts, therefore, the use of 

biomarkers is useful for generating and comparing results obtained in a wide variety of 

settings. 

In this study, we used a biomarker for chronic psychological stress status, 

Epstein-Barr virus (EBV) antibody titer. EBV is one of the ubiquitous herpes viruses 

that has already infected over 90% of the world’s population. In normal conditions, 

EBV is carried in a latent state, which is regulated by cell-mediated immune function 

(Macsween & Crawford, 2003; Thorley-Lawson & Gross, 2004). Chronic psychological 

stress can drive the reactivation and replication of the virus through an up-regulation of 

the hypothalamic-pituitary-adrenal axis (HPA axis) and results in chronic 

overproduction of stress hormones such as glucocorticoids and catecholamine 

(Cacioppo et al., 2002; Yang et al., 2010). This disruption of homeostasis which is 

necessary for the maintenance of normal cellular immune function is known to result in 

elevated EBV antibody titer in serum (Fagundes et al., 2014; Glaser & Kiecolt-Glaser, 

2005; Steptoe et al., 2007). 
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Research has shown that EBV antibody titer is elevated when people 

experience psychological stress as a result of life strain or traumatic life events 

(Esterling et al., 1993), academic stress (i.e., examinations) (Glaser et al., 1987), family 

stressors (e.g., disagreement with decisions made at home) (Panter-Brick et al., 2008), 

poor quality marriages (Kiecolt-Glaser et al., 1987a), chronic fatigue syndrome (Glaser 

& Kiecolt-Glaser, 1998) or care giving to patients with Alzheimer’s disease 

(Kiecolt-Glaser et al., 1987b) and with dementia (Kiecolt-Glaser et al., 1991). Several 

studies have investigated its association with validated questionnaire measures of 

psychological stress, such as the Life Event Scale (Cao et al., 2009) and the Profile of 

Mood Stress short form (Lutgendorf et al., 2001). Inoue et al. (2014) showed that a 

significant association exists between EBV antibody titer and the domain scores of the 

abbreviated version of the World Health Organization’s Quality of Life questionnaire 

(WHOQOL-BREF) by using samples collected in rural China. EBV antibody titer has a 

long half-life (i.e., approximately 20 days) in serum (Cacioppo et al., 2002) and does 

not have a circadian rhythm (McDade et al., 2000a). This is better than, for example, 

cortisol, which is one of the most frequently used stress markers; it has 66 hours of 
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half-life in plasma (Wood et al., 1997) and has diurnal variation peaking early in the 

morning, gradually declining during the daytime and reaching its lowest level at 

midnight (Rose et al., 1972). These characteristics enhance the usefulness of EBV 

antibody titer as a biomarker of chronic psychological stress. 

 

 

1.6. Study objectives 

This study was intended to build on and extend the abovementioned studies in 

several ways. First, the impact of family members’ migration on the psychological 

health status of people left behind in rural communities is not well understood, 

especially among adults/older people. Focusing on psychological health is especially 

important in this context as it provides an early sign of the health impact of family 

separation due to family members’ migration and because it also has the potential to 

affect physical health both directly and indirectly via unhealthy behaviors induced by 

psychological stress (Schneiderman et al., 2005). Second, as previously stated, social 

capital has been shown to function as a buffer against the effects of negative events both 
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at the individual- and community-level and thus, might also protect people living in 

Chinese rural communities from psychological stress due to family separation. Given 

this, by examining the potentially buffering effect of social capital in relation to 

psychological stress it might be possible to shed light on how to protect and promote 

health among rural communities in developing countries, where resources and facilities 

for health are limited. Third, to the best of our knowledge, no previous study has used 

biomarker data for the measurement of psychological stress status among people left 

behind by family members’ migration in developing countries. In addition, no study has 

used EBV antibody titer as a marker of psychological stress status in connection with 

social capital. The use of biomarker data will enable psychological stress to be assessed 

while minimizing the risk of confounders arising from respondents’ characteristics (e.g., 

language fluency, temperament, and the relationship with the interviewer). 

The aims of this study were therefore to detail and understand migrant working 

habits among rural people in Fujian, China, to test the hypothesis that people left 

behind experience greater psychological stress, and then test the buffering effect of 

individual-and community-level social capital on psychological stress by using 
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biomarker data, i.e., EBV antibody titer. 

In addition to the main aims described above, this study also investigated the 

association between the experience of being left behind and psychological distress 

assessed by the Kessler 6 Psychological Distress Scale (K6) (Kessler et al., 2002) to see 

if the findings based on EBV antibody titer were replicated when using another 

psychological outcome. The K6 scale is a self-reported measure which has previously 

been used in China (e.g., Lin et al., 2016). For this outcome measure, analysis was 

conducted in relation to the experience of being left behind, which is the variable of 

primary interest in this study.   
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Chapter 2 Methods 

 

2.1. Research location 

2.1.1. Background information 

Fujian Province is located on the southeast coast of mainland China (Figure 

1); it is situated between latitude 23° 33’to 28° 20’N and longitude 115° 50’to 120° 

40’E, and is bordered by Zhejiang Province to the north, Jiangxi Province to the west 

and Guangdong Province to the south. It has an area of 121,400 square kilometers and a 

humid subtropical climate (according to the Köppen Climate Classification), with an 

average temperature of 15 – 22°C and annual precipitation of 930 – 1840 mm (Fujian 

Provincial People's Government, 2014). Approximately 38.06 million people live in the 

province (as of 2014) with the majority of them being Han (98%), with other, smaller 

ethnic minorities (Fujian Provincial Bureau of Statistics, 2015). 

 

[Figure 1. Map of Fujian] 
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Since Xiamen City was designated as a Special Economic Zone in 1980 and 

Fuzhou City, the provincial capital, adopted an open-door policy for foreign investment 

in 1984, Fujian Province has experienced rapid economic growth (Figure 2). As 

illustrated in Figure 2, over a period of 30 years, the gross domestic product (GDP) of 

Fujian Province increased by more than 50 times from 5.8 billion USD in 1980 to 312 

billion USD in 2012. More specifically, the total product of the primary, secondary and 

tertiary industrial sectors increased from 23.9, 28.2 and 14.3 hundred million ren min bi 

(RMB) in 1978 to 2014.8, 12515.4 and 9525.6 hundred million RMB respectively, in 

2014 (Fujian Provincial Bureau of Statistics, 2015) (ren min bi is the Chinese currency. 

1 RMB = 0.16 USD as of 2015). The main industries in the province are centered on the 

production of electronics, feather, fur, and mineral products, as well as fishing, and 

there are also active trade relations with overseas countries in products such as 

mechanical and electrical goods, etc (China Diary, 2015). The total trade value (the sum 

of imports and exports) was 1.08 billion RMB in 1981, and had reached 1,089 billion 

RMB by 2014 (Fujian Provincial Bureau of Statistics, 2015). The number of foreign 

tourists visiting Fujian has also increased; 708,000 in 1990 but 5.45 million in 2014 
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(Fujian Provincial Bureau of Statistics, 2015). 

 

[Figure 2. GDP per capita in Fujian Province] 

 

Economic growth has been accompanied by a significant change in the 

lifestyle of the local populace. For example, an increasing number of people have begun 

to work in the secondary and tertiary industrial sectors; in 1980, only 14.6% of the 

population did not engage in farming but by 2014 that proportion had increased to 

76.8% (with 38.2% of the population working in the secondary sector and 38.6% in the 

tertiary sector) (Fujian Provincial Bureau of Statistics, 2015). A noticeable increase in 

educational attainment was also observed during the same period; while only 12.6% of 

people had an education of 9 years or more (equivalent to graduating from junior high 

school) in 1982, by 2010 junior high school graduates comprised 37.9% of the 

population. This was accompanied by a reduction in the proportion of people who were 

illiterate, which fell from 25.2 % to 3.2% between 1982 and 2010 (Fujian Provincial 

Bureau of Statistics, 2015). Per capita disposable income increased more than 80 times 
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in the 35-year period from 1978 to 2014, rising from 371 to 30,722 RMB in urban areas 

and from 138 to 12,650 RMB in rural areas. 

 

2.1.2. Demographic changes observed in Fujian during the period between 1980 and 

2015 

The economic growth that accompanied the transformation of the economic 

system in Fujian Province created new employment opportunities and resulted in an 

increase in the number of migratory workers from rural areas in order to meet the 

demand of the expanding industrial and business sectors. This trend was not only 

observed within the province but also across the provincial borders. As of 1995, it was 

estimated that the number of the “floating population”, defined as internal migrants 

without household registration in their receiving communities, was 2 million people, 

which comprised 6.3% of the total population; 1.1 million of them were from rural 

Fujian communities while the remainder were from outside the province (Li & Zhu, 

2004). This number increased rapidly reaching 11 million people in urban Fujian by 

2013 (renkou.org.cn, 2014), with 7 million coming from rural Fujian communities and 4 
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million from outside the province (renkou.org.cn, 2015). 

Along with the increasing number of rural-to-urban migrants, the proportion 

of the urban population has also increased – from comprising 21.2% of the whole 

population in 1982 to 61.8% in 2014 (Fujian Provincial Bureau of Statistics, 2015) (i.e., 

23.5 million people in urban areas and 14.5 million people in rural areas in 2014). The 

Fujian Province 1% National Population Sample Survey in 2015 revealed that the de 

facto urban population is 24.0 million people (62.5%) and the rural population is 14.4 

million (37.5%) (Fujian Provincial People's Government, 2016). 

As observed in other parts of China, the ongoing socio-demographic 

transformation of Fujian province since the early 1980s has also had negative 

consequences. One example of this can be seen in rural areas where the out-migration of 

young adults to urban areas has resulted in community aging. The average age of the 

floating population in Fujian was about 32 years old in 2013 (renkou.org.cn, 2014). The 

percentage of people aged 65 years or older to the number of people aged 15 – 64 years 

(i.e., the aged dependency ratio) was 7.4% in 1982 but had gradually increased to 11.1% 

in 2014 (Fujian Provincial Bureau of Statistics, 2015), while it was 13.7% for the whole 
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of China in the same year (National Bureau of Statistics of China, 2015). It should be 

noted that this was disproportionately observed in the rural areas whose aged 

dependency ratio was much higher (13.6) in 2010, compared with urban areas (7.2). 

However, community aging is only one of the problems affecting rural communities. 

Another example comes with the large number of children in Fujian who are left behind 

by parents that have migrated to urban areas for work, who lack the parental care and 

support which is necessary for healthy development; a newspaper reported that there 

were 105,176 left behind children in Fujian in 2015, consisting of 29,744 children aged 

younger than 6, 62,369 children aged from 6 to 13 and 13,063 children aged from 14 to 

16 (Lin, 2016). This suggests that there are also many grandparents taking care of their 

grandchildren who have been left behind by their own children in rural communities. 

This, in combination with population aging, makes it possible that the de facto 

population of older people is in fact much higher than the number that are actually 

registered (Liu, 2014). 
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2.2. Study communities 

For the present study, seven rural communities were selected from one county 

in Nanping City, which consists of 142 communities and is located 170 km from 

Fuzhou City, the provincial capital. This county (hereinafter referred to as County A for 

anonymity) was chosen as the best location to determine the psychological impact of 

out-migration on those who were left behind as it is a typical county in Fujian Province.  

Among the counties in Nanping city these seven communities were deemed as being at 

an average ranking in terms of the degree of their economic development and 

population size based on the author’s observation. While its registered population was 

3.19 million people, its de facto population (defined as the population with a minimum 

residence requirement of 6 months by the Chinese government (Wu, 2014)) was 2.62 

million in 2014 (Fujian Provincial Bureau of Statistics, 2015), which suggests that many 

people had left for migratory work. The percentage of people aged 65 years or older to 

total year-end population was 10.1% in 2014 (Nanping City Bureau of Statistics, 2015).  

The land in County A is rich in forest and water, which, in combination with 

the warm weather, provides a good environment for the cultivation of Mandarin oranges, 
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mushrooms, tea leaves and tobacco leaves. In addition to agriculture, the main industrial 

activity involves the processing of food, chemicals, wood and bamboo. Limestone 

mining is also an important industry in this area. The main source of income inside the 

study area varied across communities according to the geographical conditions; in the 

main it came from growing cash crops such as tobacco, watermelon and bamboo. These 

communities have been supplied with electricity and tap water since the 1960s and 

1980s, respectively. In 2014 the total per capita income in County A was 21,711 RMB 

in urban areas and 10,709 RMB in rural areas, while the total expenditure per capita was 

15,199 RMB in urban areas and 8,114 RMB in rural areas (Nanping City Bureau of 

Statistics, 2015). In County A, in 2014 the registered population was 239,000 people, of 

which 172,000 were registered as farmers (in China, people have two types of 

registration: farmer or non-farmer). However, the de facto population was only 97,000 

people in rural areas (Nanping City Bureau of Statistics, 2015), which suggests that 

almost half of the rural population in this area had migrated to cities. 
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2.3. Field survey 

A field survey was conducted in August 2015 to investigate the psychological 

impact of family separation following family members’ out-migration from rural Fujian 

communities. All residents aged 18 years or older and residing in the study communities 

were informed about, and invited to participate in the study, through an advertisement 

that was posted in front of each village health center. The final number of participants 

recruited was 797. The number of participants recruited from within each study location 

is shown in Table 2.  

Information on the size of the registered population was available from the 

local government while information on the estimated de facto population was provided 

by each village doctor, who was usually a member of the community and who had 

received basic medical training in order to provide primary health care to rural 

community members. After estimating the number of adults in each community by 

using statistical information on the proportion of adults-to-children in rural Nanping city 

(Nanping City Bureau of Statistics, 2015), the overall participation rate was estimated to 

be 61.7% of the de facto population. 



  39 

 

[Table 2. The number of participants in each study community in rural Fujian, 2015] 

 

DBS samples, which are drops of whole blood collected on a specific type of 

filter paper (903 Protein Saver Cards, Whatman) following a simple finger prick, were 

collected by local health professionals. This method is often utilized in 

community-based surveys in remote areas where necessary equipment such as 

centrifuges, freezers, or even electricity is limited, as it is easy to preserve and transport 

samples at ‘normal’ temperatures (McDade et al., 2007). After complete desiccation, the 

DBS samples were stored at room temperature for a few weeks during the survey and 

then preserved at –20°C in the laboratory at Fujian Medical University.  

All the interviews were conducted individually by trained interviewers 

(graduate students at Fujian Medical University) in either Mandarin Chinese or the 

Fujian dialect. Information on socio-demographic variables such as age, sex, marital 

status, educational attainment, household income, household size, as well as on family 

migration and social capital through the use of questionnaire. The K6 score was 
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obtained as a part of the methodological examination of EBV antibody titer among 

participants aged 70 years or younger using the Chinese version of the questionnaire; 70 

years of age or younger was chosen as an eligibility criterion based on the field 

observation of our research group, that in rural China, older people cannot participate 

properly in survey research if the questions included in the questionnaire are complex. 

The Chinese version of the K6 scale was previously validated to identify those with 

serious mental illness in China (reliability: Cronbach’s Alpha = 0.843 (Lee et al., 2012); 

validity: area under the receiver operating characteristic curves for the association 

between the K6 (13 or higher as cut-off) and serious mental illness ranged from 0.69 to 

0.86 (Kessler et al., 2010; Lee et al. 2012)). In addition, a cut-off of 7 or higher was also 

used to identify those with mild distress (Pirraglia et al. 2011). 

Height was measured using a standard anthropometer (DKSH Switzerland, 

Ltd., Zurich, Switzerland) while weight was measured using a digital scale (HD-654, 

Tanita Corp., Tokyo, Japan); Body Mass Index (BMI) was calculated by dividing 

weight (kg) by height squared (m2). Waist and hip circumference were measured by 

using tape measures and the waist-to-hip ratio (WHR) was calculated as waist 
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circumference divided by hip circumference. As there are different WHR standard 

values for women and men the comparison was done separately for each sex. 

 

 

2.4. Measurement of biomarkers 

2.4.1. Measurement of EBV antibody titer 

The measurement of biomarkers from the collected samples was undertaken 

by the author (A.Y.) in the laboratory at the School of Public Health, Fujian Medical 

University; EBV antibody titer was measured during the period between February and 

March, while CRP concentration was measured during the period between June and 

July, 2016. EBV antibody titer was analyzed by enzyme-linked immunosorbent assay 

(ELISA). Anti-EBV viral capsid antigen (VCA) IgG was measured using a commercial 

kit (Mikrogen recomWell EBV VCA IgG kit [Cat.#7204], Neuried, Germany). One disk 

of dried blood (1/8 inch in diameter; equivalent to 1.525 µL of serum (Mei et al., 2001)) 

was eluted overnight at 4°C in 250 µL of sample diluent buffer. On the following day, 

the eluted sample was diluted x20 again with sample diluent buffer, and then 100 µL of 
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the extraction was put onto microtiter wells coated with anti-EBV VCA antibody. After 

incubating at 37°C for 1 hour, secondary antibody was added and again incubated at 

37°C for 30 minutes. Then 100 µL of substrate was added to the wells and incubated at 

room temperature in the dark for 30 minutes. After 100 µL of stop solution was added, 

absorbance was read at 450 nm using a reference wavelength of 620 - 650 nm by 

microplate photometer (Molecular Devices SPECTRA max PLUS 384, California, 

U.S.). A four-parameter logistic model was used for estimation of the concentrations. A 

cut-off value of 20 ELISA Units was determined as being indicative of no detectable 

EBV VCA IgG levels, i.e., seronegative. Every sample which gave a reading that 

showed a “gray zone” value i.e., 20 to 24 ELISA Units was rerun and the second 

reading was used, while those that had a reading over the highest calibrator were rerun 

after eluting in 1 mL of sample diluent. Only individuals with EBV values > 20 ELISA 

Units were included in subsequent analyses. (There were no seronegative samples 

among the present study participants.) Limits of detection (LOD) were calculated by 

using the mean and standard deviation (SD) of the absorbance of calibrators at the 

lowest (mean + 3SD) and the highest (mean – 3SD) concentrations. As for the quality 
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control, positive control was used in every assay and the inter-assay coefficient of 

variation (CV) for the positive control was 8%. 

The protocol for EBV antibody titer from DBS described above was based on 

the protocol developed by the Department of Anthropology at the University of Oregon 

(Eick et al., 2016). Since one of the commercial kits which is used in this protocol 

developed by Eick et al. (2016) was not available in China, an alternative protocol 

which only uses the Mikrogen kit was suggested by the same research team via personal 

communication (with Geeta Eick, University of Oregon, 29 January 2016). A 

comparison of the results from the two protocols was subsequently undertaken by using 

samples from 13 Asian participants and analyzing them in a laboratory at the University 

of Tokyo; the Pearson correlation coefficient for these two protocols was 0.88 (see 

Appendix 1 for details). 
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2.4.2. Measurement of high-sensitivity C-reactive protein concentration 

CRP concentration in DBS was also measured to distinguish individuals at an 

acute stage of systemic inflammation, infection, or tissue injury (Libby & Ridker, 2004), 

following the standardized protocol devised by Brindle et al. (2010). This process was 

justifiable since immune function is influenced by current infection; higher levels of 

inflammation may drive EBV reactivation (Bennett et al., 2012). Samples that exceeded 

6.25 mg/L in DBS CRP, equivalent to 10 mg/L in serum CRP (Blevins et al., 2016; 

Brindle et al., 2010; Thompson et al., 2014) were excluded from the analysis. 

Duplicated samples were assayed for CRP with a high-sensitivity sandwich enzyme 

immunoassay using polyclonal antibodies (Monoclonal Antibody to Human CRP 

#M86005M for primary antibody, and #M01319B for secondary antibody, Meridian, 

U.S.). A four-parameter logistic model was used for the estimation of the concentrations. 

LOD were calculated by using the mean and standard deviation of the absorbance of 

calibrators at the lowest (mean + 3SD) and the highest (mean – 3SD) concentrations. 

The inter-assay CV was 14, 10, and 13% for the low, middle and high concentration of 

controls, respectively. 
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2.5. Definition of “people left behind” 

A participant was defined as a left behind person if she or he did not go out to 

work in the last 6 months by herself/himself and had a household member who was 

outside of their community for at least 6 months and who, for whatever reason, had not 

returned to the community for at least 6 months. This is in accordance with the Chinese 

registration system where people are regarded as de facto population if they 

continuously live in a community for more than 6 months. In this study, household 

members were defined as the total number of (a) people currently living in the 

community for 6 months or more, (b) migratory workers who were currently living 

outside the community for at least 1 month and previously living together with their 

families (i.e., the participants), (c) students who were living outside the community and 

(d) people serving in the army. It does not include men who had established a branch 

family (i.e., become a household head) and did not share household income or women 

who had got married to a man in another household.  

We also collected detailed information on family members’ migration, such as 

their relationship with the respondents, the timing of the migration (e.g., when they 
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started migratory work, and the last time they returned to the community), the migration 

destination, type of work and the amount of remittance. This information was obtained 

for each family member who was outside the rural community. 

 

 

2.6. Evaluation of social capital 

As mentioned in the Introduction, information was collected on social capital 

as a potential buffering factor against psychological stressors. This was done with the 

use of a questionnaire that was created on the basis of fieldwork observations and 

interviews with local health professionals. Social capital variables included structural 

and cognitive social capital (Anirudh & Elizabeth, 2000; Harpham et al., 2002). 

Structural social capital was measured by the frequency of eating together 

with the people from other households and participating in wedding ceremonies or 

funerals in the previous year, as these are the most commonly observed form of 

structural social capital (i.e., social participation) in this area. More specifically, we 

decided to ask about attendance at weddings and funerals following discussions with 
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community members, researchers and government officials. Moreover, a questionnaire 

created for the measurement of social capital in developing countries by the World 

Bank, the Integrated Questionnaire for the Measurement of Social Capital (SC-IQ), also 

includes questions on these particular forms of social participation (Christiaan et al., 

2004). 

If the participants ate together with the members from other households at 

least once in 2 to 3 months, or had participated in wedding ceremonies or funerals at 

least once in the past year, they were categorized as “1”, if participants had merely ate 

together with members from other households and not participated at a wedding 

ceremony or funeral in the past year, they were categorized as “0”. 

Cognitive social capital was assessed in terms of trust, reciprocity and 

attachment to the community members, and measured with the following questions; 

“Generally speaking, do you trust people in your community?”, “Do people in your 

community try to be helpful to others?” and “How attached do you feel to your 

community?”, respectively. Participants answered using a Likert-type scale with five 

response options (i.e., never, rarely, sometimes, most of the time, always), with people 
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that answered most of the time or always being categorized as “1” (i.e. as possessing 

cognitive social capital). The sum of the three scores was calculated (range 0 - 3), with 

the cognitive social capital score being categorized as either 1: (a score of 2 or 3) or 0: 

(0, 1). These questions have been commonly used for the measurement of cognitive 

social capital (i.e., social cohesion) in many settings previously in both developed and 

developing countries (Agampodi et al., 2015; Riumallo-Herl et al., 2014). 

Community-level social capital was calculated as the mean value of 

individual-level social capital responses from the same community members. Previous 

studies have mainly used two types of strategy to evaluate community-level social 

capital; (1) aggregation of individual-level social capital variables (Kim et al., 2006), 

and (2) the use of specific variables which indicate community-level social capital, such 

as the percentage of people voting, density of voluntary organizations or income 

inequality level (Macinko & Starfield, 2001; Scheffler et al., 2008). As most of the 

previous studies conducted in low- and middle-income countries obtained community- 

or group-level social capital by aggregating individual responses (Agampodi et al., 

2015), and it was not possible to use the second option in this setting, the author decided 
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to create community-level social capital variables by aggregating the responses to 

individual-level social capital questions. 

 

 

2.7. Socio-demographic information 

Marital status was categorized into three: not yet married; has a partner 

(married/cohabitate); and divorced/widowed. Educational attainment was also divided 

into three categories: illiterate (received no formal education); graduated from 

elementary school (6 years of schooling); and junior high school or above (9 years of 

schooling or above). For household income, we asked participants about their relative 

economic status in comparison to the other households in the same community. 

Specifically, following the lead of a survey that targets older people in China, the China 

Health and Retirement Longitudinal Study (CHARLS) (National School of 

Development Peking University), we asked “Suppose that the household income of the 

poorest in your community is 0 and that of the richest is 10, how would you rate your 

household income on a scale from 0 to 10?” Responses were divided into two: higher or 
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lower than the median value (which was 5) (see Appendix 2 for the validation of this 

variable). 

Other socio-demographic information was obtained to understand the lifestyle 

of the participants in greater detail. Employment status was divided into eight 

categories; no employment, engaging in farming, running their own small business, 

part-time work with a heavy physical activity level, part-time work with a light physical 

activity level, army and other (e.g., doctors and veterinarians). Information on the 

respondents’ self-rated physical activity level was obtained by asking “Suppose the 

physical activity of the least active in the community is 0 and that of the most active is 

10, how would you rate your own physical activity level on a scale that runs from 0 to 

10?”. Responses were then divided into three categories; low (0 – 3.9), middle (4 – 5.9) 

and high (6 – 10). Dietary information was obtained on the consumption of seven 

sources of protein; pork, beef, lamb, poultry (chicken / goose / duck), eggs, seafood, 

river fish. Information was also obtained on smoking (never / have quit or currently 

smoke) and alcohol consumption (never or rarely / once a week or more). Mobile phone 

usage, which was previously found to be associated with psychological stress status in 
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rural China (Yazawa et al., 2014) was assessed using information on monthly payments; 

do not use, 1 – 20 RMB, 21 – 40 RMB, and 40 or more RMB. Data on place of birth 

was obtained by asking the participants whether they were born in the research 

community or not. 

 

 

2.8. Statistical analysis 

 Questionnaire data was obtained from 797 people. After excluding people 

who did not provide a blood sample (n = 2), whose blood was insufficient to measure 

both biomarkers (n = 1), those with a CRP concentration higher than 10 mg/L in their 

serum (n = 27), who did not provide information on cognitive or structural social capital 

(n = 29), who did not provide information on age, household size and household income 

(n = 4), the size of the final sample used in the analysis was 734. 

 First, a Student’s t-test for continuous variables and Pearson’s chi-square test 

for categorical variables were calculated to determine if there were any differences in 

the study variables between people left behind and those not left behind. 
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 A mixed effects regression analysis with a random effects model to account 

for multiple individuals in each community was used to investigate the association 

between log-transformed EBV antibody titer and being left behind as a result of 

out-migration among the rural population in Fujian Province. Models were developed 

following the procedure described below. Model 1 included biological characteristics 

(age, age squared, sex and log-transformed CRP concentration), demographic variables 

(marital status, education, household income and household size) and the proportion of 

those left behind in the community (as a percentage) as covariates. CRP concentration 

was included as an accelerated inflammatory status can drive EBV reactivation (Bennett 

et al., 2012). The CRP concentration values were log transformed to normalize their 

distribution. Social capital variables were then included in the analysis to examine their 

potential buffering effect on the association between being left behind and EBV 

antibody titer; Model 2 included individual-level cognitive social capital while Model 3 

included individual-level structural social capital. Models 4 and 5 additionally included 

community-level cognitive and structural social capital, respectively. To investigate the 

association between being left behind and the K6 score, a Poisson regression analysis 
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with a robust variance estimator was conducted while adjusting for age, sex, marital 

status, educational attainment, household income, household size and proportion of 

those left behind in the community. As recommended by the scale guidelines, a cut-off 

score of 13 or greater was used to indicate the presence of severe distress (Kessler et al., 

2002) and a cut-off score of 7 or greater was defined as mild distress (Pirraglia et al., 

2011). These analyses also used a random effects model to account for multiple 

individuals within a community and were conducted among 553 participants aged 70 

years or younger. 

 All statistical analyses were conducted using Stata 13.1. The level of 

statistical significance was set at p < 0.05 (two-tailed). 

 

 

2.9. Research ethics 

 The participation of the local residents was voluntary, using informed consent 

procedures and respondents were informed that they could withdraw from the study at 

any time. The research protocol was officially approved by the appropriate sectors of 
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the Chinese government. The field surveys were conducted after obtaining approval 

from the Ethics Committee for Medical Research at the University of Tokyo (No. 

10515-(1)) and the Ethics Committee of the Institute of Tropical Medicine at Nagasaki 

University (No. 120910100). 
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Chapter 3 Results 

 

3.1. Characteristics of the study participants 

The basic characteristics of the participants are shown in Table 3. People left 

behind (n = 280) comprised 38.1% of the total population (N = 734). The mean age was 

58.9 years (SD = 12.9) with people left behind being older than their not left behind 

counterparts (62.4 vs. 56.7, p < 0.001). Male participants comprised 38.7 % of the total 

sample with the proportion being higher among those left behind (43.6% vs. 35.7%, p = 

0.033). More than four-fifths of the participants (80.8%) were married, while the 

remainder were either widowed or divorced (15.4%), or not married (3.8%), with more 

of the not left behind being not married (5.3% vs. 1.4%). Just under 40% of the 

participants attended elementary school, 23.3% graduated from junior high school or 

had a higher education, while 37.1% were illiterate. The left behind had lower overall 

educational attainment (e.g., illiteracy was more prevalent among people left behind 

compared with those not left behind [42.1% vs. 33.9%]). Household income did not 

differ between the left behind and the not left behind (high - 56.1% vs. 55.5%). Mean 
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household size (including migratory working family members) was 4.82 persons (SD = 

2.38), and was significantly higher among those left behind (5.34 vs. 4.49, p < 0.001). 

There were no statistically significant differences between the left behind and the not 

left behind in relation to the social capital indicators; more than 60% of the participants 

answered the question on individual cognitive social capital in the affirmative, while 

more than three-quarters of them did so when responding to the question about 

individual structural social capital. Community-level social capital did not differ 

between the left behind and the not left behind both in relation to structural social 

capital and cognitive level social capital. Median EBV antibody titer and CRP 

concentration were 125.0 (interquartile range [IQR] = 74.0 – 241.6) ELISA units and 

0.68 (IQR = 0.33 – 1.51) mg/L, respectively. People left behind had higher EBV 

antibody titer compared to people not left behind (136.7 ELISA units vs. 118.2 ELISA 

units, p = 0.020).  

 

[Table 3. Basic characteristics of the participants (N = 734)] 
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Information on the physical health status and health-related lifestyles of people 

left behind and people not left behind is reported in Table 4. Two-thirds (67.2%) of the 

participants were engaged in farming, with the figure being slightly higher among 

people left behind (70.4% vs. 65.2%). People not left behind were more likely to run 

small shops in their communities (5.5% vs. 2.1%) and have a part-time job requiring 

light physical activity (11.5% vs. 4.6%) compared to people left behind. Self-rated 

physical activity was slightly lower among those who were left behind although this 

difference was not statistically significant. WHR was significantly higher among left 

behind females (n = 158, p < 0.001), whereas no difference was found among the male 

participants. Other lifestyle factors including diet (sources of protein), smoking, alcohol 

consumption, mobile phone usage (monthly payments), and place of birth (research 

community or not) did not differ between people left behind and people not left behind. 

The participants consumed pork more than three times per week and eggs 

approximately two times a week. In terms of other meats, neither beef nor lamb was 

commonly consumed in the study communities. Less than 15% of the participants were 

smokers or former smokers. Alcohol was consumed once a week or more frequently by 
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more than one-quarter of the participants. In addition, one-quarter of them did not use a 

mobile phone while 20% spent more than 40 RMB per month on their mobile phones. 

 

[Table 4. Comparison of lifestyle factors between people left behind  

and people not left behind (N = 734)] 

 

Description of people left behind in relation to migrants’ characteristics is 

shown in Table 5. Among the 734 participants, 280 were categorized as being left 

behind; most of them were left behind by a son (88.9%) or grandchildren (27.5%), and 

41.8% had migrant family members work in Nanping City, 64.6% had family members 

outside Nanping but in Fujian Province, and 37.1% had family members working 

outside the Province. There were no cases of international migration. As for remittance, 

26.4% of families received no remittance (this group included those with student 

migrants), while over 80% of people left behind received less than 3,000 RMB per year 

in remittance. More than half of the migrants engaged in sedentary part-time jobs, while 

others were self-employed (e.g., drivers, run a restaurant), were formal employees (e.g., 
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teachers, employed by a company or governmental office), or engaged in part-time jobs 

with heavy physical activity (e.g., construction laborer). 

 

[Table 5. Description of people left behind in relation to migrants’ characteristics  

in rural Fujian, China in 2015 (n = 280)] 

 

 

3.2. Factors associated with EBV antibody titer 

A mixed effects regression analysis with a random effects model to account for 

multiple individuals in each community was used to examine the association between 

being left behind and EBV antibody (Table 6). In Model 1 which adjusted for all 

covariates, being left behind was significantly associated with EBV antibody titer 

(coefficient = 0.14, 95% CI = 0.01 – 0.27, p = 0.038). There was a quadratic 

relationship between age and EBV antibody titer (Age: coefficient = 0.04, 95% CI = 

−0.07 – 0.00, p = 0.051; Age squared: coefficient = 3.58 10-4, 95% CI = 0.51 10-4 – 

6.65 10-4, p = 0.022), which indicated that EBV antibody titer was lowest at the age of 
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approximately 50.22 years and higher among those who were both younger and older. 

Female sex was associated with higher EBV antibody titer in Model 1 (coefficient = 

0.14, 95% CI = 0.00 – 0.27, p = 0.047). CRP concentration was not associated with 

EBV antibody titer (coefficient = 0.05, 95% CI = −0.00 – 0.11, p = 0.070). The 

proportion of those left behind in the community was not associated with EBV antibody 

titer or any of the socioeconomic variables i.e., marital status, education, household 

income and household size were not associated with EBV antibody titer.  

A mixed effects regression analysis that incorporated social capital indicators 

was used to investigate the association between being left behind and EBV antibody 

titer (Models 2 to 5). Participants with higher individual-level structural social capital 

had a significantly higher level of EBV antibody titer in Models 3 and 5 (coefficient = 

0.20, 95% CI = 0.05 – 0.35, p = 0.009 in Model 3; coefficient = 0.21, 95% CI = 0.06 – 

0.36, p = 0.006 in Model 5), while community-level structural social capital was 

negatively associated with EBV antibody titer; people living in communities with 

greater structural social capital had a lower level of EBV antibody titer (coefficient = 

−1.20, 95% CI = −2.40 – −0.00, p = 0.050 in Model 5). The inclusion of 
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individual-level structural social capital in the analysis did not attenuate the association 

between being left behind and EBV antibody titer (coefficient = 0.14, 95% CI = 0.01 – 

0.26, p = 0.038 in Model 3), while the further inclusion of community-level structural 

social capital did little to attenuate the association. On the other hand, neither 

individual- nor community-level cognitive social capital was associated with EBV 

antibody titer (Models 2 and 4).  

In Models 3 and 5, the association between education and EBV antibody titer 

became significant; people with greater educational attainment had lower EBV antibody 

titer (Less than elementary school: coefficient = −0.15, 95% CI = −0.29 – −0.00, p = 

0.048 in Model 3, coefficient = −0.15, 95% CI = −0.30 – −0.01; p = 0.040 in Model 5, 

compared to those who were illiterate). 

 

[Table 6. Association between being left behind, EBV antibody titer  

and the social capital variables (N = 734)] 

 

Among 589 participants aged 70 years or younger, 553 (93.9%) completed the 
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K6 questionnaire. Among them, 22.2% of them were categorized as mild-to-moderate 

distress (the K6 score of 7 – 12) while 7.6% of them were categorized as severe distress 

(i.e., the K6 score of 13 or higher). The analysis that used the K6 score of 7 or higher as 

an outcome among participants aged 70 years or younger (n = 553) showed that there 

was a significantly higher prevalence of distress among people left behind (prevalence 

ratio = 1.47, 95% CI = 1.28 – 1.69) (Table 7). However, such an association was not 

found in relation to severe distress (prevalence ratio = 1.00, 95% CI = 0.62 – 1.60).  

 

[Table 7. Association between being left behind and  

the Kessler 6 Psychological Distress Scale score (n = 553)] 
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Chapter 4 Discussion 

 

4.1. Summary of the study findings 

This study found that in rural Fujian, China people left behind by family 

members who migrated to the other locations had a higher level of psychological stress 

when using EBV antibody titer, a biomarker of psychological stress, as an assessment 

tool. This finding was supported by the analysis which used a questionnaire-measured 

distress status (i.e., the K6 score) as the outcome and showed that the experience of 

being left behind was linked particularly with subclinical psychological distress among 

participants aged 70 years or younger. It was also shown that structural social capital 

was associated with psychological stress among the study participants. More 

specifically, community-level structural social capital was inversely associated with 

psychological stress, whereas individual-level structural social capital was positively 

associated with psychological stress. This suggests that community-level structural 

social capital protects people from psychological stress whereas individual-level 

structural social capital is rather linked with psychological stressors in rural Fujian, 
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China. The effects of structural social capital were observed among the study population 

as a whole irrespective of the family’s specific migration status; in other words, social 

capital was not shown to function as a buffer against psychological stress due to family 

separation among people left behind in this research location. 

 

 

4.2. Psychological stress among people left behind in rural Fujian, China 

In this study people left behind had a significantly higher level of 

psychological stress as measured by EBV antibody titer compared to those living in 

households with no migrants. This is in line with the results from some previous studies 

conducted in China and other countries. For example, Guo et al. (2009) used 

longitudinal data for 1,237 older people aged 60 years or above in rural China to show 

that older parents who had more migrant children in 2001 tended to have more 

depression in 2013 (as measured by the Center for Epidemiologic Studies–Depression 

(CES-D) scale (coefficient = 0.20, p < 0.05)). He et al. (2016) also conducted a 

cross-sectional survey in rural China among 509 left-behind people aged 65 years or 
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older in 2014, and found that 36.9% of those left-behind suffered from depression as 

assessed by the Geriatric Depression Scale (GDS); this figure was higher than that 

reported among older people in the general population in rural China (23.6%), 

calculated in a meta-analysis that included 81 studies from 1987 to 2012 (Li et al., 

2014). Similar results have also been reported in other countries. Adhikari et al. (2011) 

showed that left-behind parents aged 60 years or above in Thailand had poorer 

self-reported mental health than those with no migrant children (OR = 1.10, 95% CI = 

1.05 – 1.17). Using longitudinal Indonesian data (1997 to 2007), Lu (2012) found that 

left behind spouses (most of whom were women) and parents had more depressive 

symptoms as assessed by the CES-D scale (OR = 2.05, 95% CI = 1.17 – 3.59). A 

cross-sectional study conducted in several South-East Asian countries (i.e., Indonesia, 

the Philippines and Vietnam) in 2008 to 2009 also highlighted that stay-behind 

caregivers of children were about twice as likely to suffer from common mental 

disorders (measured with the Self-Reporting Questionnaire [SRQ-20]) as caregivers in 

non-migrant households; the association was most evident when focusing exclusively 

on caregivers in Indonesia: when compared to not being left behind by migrants the 
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ORs for common mental disorders were 2.01 (95% CI = 1.18 – 3.42) when fathers were 

left behind, 1.90 (95% CI = 1.12 – 3.23) when mothers were left behind and 1.93 (95% 

CI = 1.05 – 3.55) when others (e.g., grandparents and other relatives) took care of the 

children (Graham et al., 2015). 

It is also true however, that there are some studies which have shown that the 

migration of family members can have a protective effect on the psychological health of 

people left behind, although these studies were not conducted in China. For example, 

Abas et al. (2009) used cross-sectional data (EURO-D) collected in 2006 to 2007 to 

show that in rural Thailand, rural-to-urban migration of children was protective against 

depression among their left behind parents. Specifically, they found that parents who 

had all of their children migrate to other locations were less likely to experience 

depression compared to those parents who had some or no children migrate. They also 

reported that having migrant children was associated with receiving more remittance, 

and that this might be one of the possible mechanisms through which the migration of 

more family members resulted in a better psychological outcome, compared to in those 

families with fewer children being away.  
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Other studies have also found that remittance has a buffering effect against 

psychological burden among people left behind. For example, in China, Lu et al. (2012) 

used CES-D data (as a continuous variable) from 2008 to show that remittance buffered 

against the negative impact of having children migrate to other locations; thus, although 

left-behind older people still had more depression compared to those who were not left 

behind (coefficient = 2.38, 95% CI = 0.34 – 4.42), there were fewer depressive 

symptoms among people in households receiving remittance i.e. using people not left 

behind as a reference, the coefficient for those with remittance was 1.53 (95% CI = 

−0.94 – 3.99) but 2.65 (95% CI = 0.29 – 5.01) for those without remittance. Graham et 

al. (2015) also showed that among caregivers left behind, receiving remittance was 

inversely associated with common mental disorders (OR = 0.63, 95% CI = 0.45 – 0.87 

[when using those with no remittance as a reference]) in a combined sample of 

South-East Asian countries (Indonesia, the Philippines and Vietnam).  

In this study, those who were left behind in rural Fujian did not receive much 

remittance – in approximately 80% of households the sum was less than 3,000 RMB 

(equivalent to 471 USD as of September 1, 2015) annually. Furthermore, there was no 
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significant association between remittance and EBV antibody titer among people left 

behind (i.e., having 1,000 or more RMB per year was not associated with EBV antibody 

titer [when using those who received remittance of less than 1,000 RMB as a reference; 

p = 0.54]). There are two possible scenarios here in relation to the null association 

between EBV antibody titer and the remittance being sent to people left behind; the first 

possibility is that though people left behind expect their family members to remit money, 

the sum sent is not sufficient to meet the demands of those who remain and thus, there 

is no variation in terms of psychological stress. The second possibility is that people left 

behind do not rely on remittance and their migrant family members are not expected to 

remit money and thus, there is also no variation in terms of psychological stress. As 

mentioned in the Introduction, there are two contrasting explanations regarding the 

factors determining migration (i.e., push and pull factors). Given this, it is possible, that 

the impact of remittance may differ according to whether the migration was 

characterized more by either push or pull factors; if households expect migrant family 

members to remit money, it is likely that the impact of remittance on psychological 

stress will be visible when variation in remittance is large enough to be tested. If 
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households are wealthy and they do not rely on remittance, it is less likely that the 

impact of remittance on psychological stress would be observed.  

As the participants in this study did not differ in terms of the effects of 

remittance (or at least did not differ in terms of its effects on psychological stress) but 

the members of migratory families had higher levels of stress then it is possible that the 

overall effect of family members’ migration may have been detrimental in relation to 

psychological stress with the negative impacts outweighing the positive impacts. 

Migration can be detrimental as it results in family separation, which can induce 

loneliness, isolation, and the loss of basic family support (He & Ye, 2014). In China, 

this phenomenon has been well characterized by the term “empty-nest elderly”, which 

describes the situation where older people either live alone or with only a spouse 

without their children or grandchildren, i.e., the people most severely affected by the 

loss of family members in terms of those left behind. For example, Wu et al. (2010) 

have shown that there is a high prevalence (80.94%) of loneliness among the 

empty-nest elderly in rural China. Cheng et al. (2015) have also described poorer 

psychosocial adjustment among empty-nest elderly in China where they have a higher 
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level of loneliness, depression, lower social support, family support and a lower quality 

of life (QOL) than non-empty nest older adults. He and Ye (2014) investigated the 

situation of left-behind older parents in China, while paying particular attention to 

factors such as the amount of remittance and the frequency of communication. They 

found that the level of remittance was low in most of the households (80% received less 

than 1,000 RMB per year) and that there was little communication despite the 

widespread use of mobile phones. This study also showed that 54.0% of people left 

behind spent less than 20 RMB per month using their mobile phones and that 33.9% of 

them rarely made contact with family members who had migrated to other areas. As 

stated by He and Ye (2014), it seems as if the traditional collective system which 

Chinese rural communities have maintained, that is based on familial relationships, has 

been changing in the course of modernization, and that families no longer function as a 

safety network or source of support for older people in rural China. Many older people 

in rural communities have literally been left behind to fend for themselves and are 

psychologically stressed as a result of this. This was also confirmed in a sensitivity 

analysis conducted only among older people which used two cut-off ages – 65 (based 
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on the World Health Organization definition of older people (World Health 

Organization, 2010)) and 50 (based on the U-shaped association observed between age 

and EBV antibody titer which was lowest in those participants aged around 50 years) 

which revealed a positive association between being left behind and EBV antibody titer 

(see Appendix 3).   

 It should be stated that there may have been several possible scenarios that 

could have led to reverse causality in relation to the association between being left 

behind and psychological stress. First, it is possible that unhealthy people, who might 

also have been psychologically stressed, were more likely to be left behind (i.e., not be 

migrants). For example, Laland and Brown (2006) have shown that people with mental 

illness or depression are more likely to stay in their home community. Second, those 

who were from low socioeconomic status households and psychologically stressed 

because of their low standard of living could have been more likely to be left behind by 

family members who decided that the poor economic situation of their family 

necessitated that they earn money in other locations. However, as Du (2000) has shown 

that the poorest people in rural communities are not the ones who are most likely to 
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migrate, this explanation might not be applicable here. 

 

 

4.3. Social capital and psychological stress among residents in rural Fujian, China 

4.3.1. Community-level structural social capital 

In this study, some of the social capital variables were associated with 

psychological stress. First, higher community-level structural social capital was 

associated with lower psychological stress, which was in line with the result of a study 

conducted among 655 adults (16 years or older) in 13 villages in the Bolivian Amazon 

where village social capital was inversely associated with negative emotions (Godoy et 

al., 2006). In that study, village social capital was evaluated as the aggregated mean of 

individual responses to questions on social capital, that concerned (1) the number of 

gifts given to other households, (2) the number of times participants had proffered their 

labor to help other households, and (3) the number of times participants had engaged in 

communal work, while negative emotions were assessed in relation to the frequency of 

sadness, anger and fear experienced in the past seven days. In a regression analysis 
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where sadness, anger and fear were the outcomes, the coefficients for village social 

capital were −0.34 (p < 0.0001), −0.28 (p < 0.0001), and −0.24 (p < 0.002), respectively. 

Another study, which was conducted in Japan, also reported that community-level 

structural social capital had a positive effect on psychological well-being (Hamano et al., 

2010). In that study a multilevel analysis was conducted among 5,956 people nested in 

199 neighborhoods which showed that there was a positive association between 

community-level structural social capital and self-reported mental health which was 

measured by the 36-Item Short Form Survey (SF-36) questionnaire. In particular, higher 

membership in sports, hobby, recreation, or cultural groups was linked to better mental 

health after adjusting for individual confounders (coefficient = 8.73, p < 0.001). In 

addition, Lofors and Sundquist (2007) also showed a positive effect of community-level 

structural social capital on depression in Sweden while using cohort data from 4.5 

million people aged 25 to 64; they calculated the average voting rates in local 

government elections by the smallest Swedish geographical units (the small area for 

market statistics [SAMS], a division based on municipalities, sub-divisions in larger 

municipalities and on electoral districts in the smaller municipalities) which they used 
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as an indicator of community-level structural social capital, to investigate the 

association between voting rates and hospitalization due to depression. They found that 

when compared to those people living in communities with high voting rates (i.e., 

where there was higher community-level social capital), people living in communities 

with middle or low voting rates had significantly higher odds ratios for depression 

(males: OR = 1.16, 95% CI = 1.09 – 1.23; females: OR = 1.11, 95% CI = 1.06 – 1.17). 

There are also however, some previous studies conducted in Western 

countries which have shown that community-level structural social capital is not 

necessarily associated with better health. For example, Stafford et al. (2008) 

investigated the role of community-level structural social capital on common mental 

disorders in England and Scotland; using data from 9,082 people aged 16 years and 

above and operationalizing community-level social capital as the participation rates in 

organized activities in 239 electoral wards, they found it had no statistically significant 

association with common mental disorders. While the exact reason for the discrepancy 

in the results between their study and this study is unclear, these contrasting results 

suggest that different types of social capital indicators (Table 1) may vary in terms of 
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their capacity to assess social capital in different contexts. For example, as the lifestyles 

of people living in developed societies are more complex and diversified than those of 

people living in rural communities in developing societies (e.g., our study location), it is 

possible that a single marker of structural social capital (e.g., the participation rate in 

organized activities in Stafford et al. (2008)) might not sufficiently capture the various 

aspects of community-level structural social capital found in developed societies. If this 

is the case, then our approach in which we evaluated structural social capital based on 

fieldwork observations and interviews with local health professionals may have been 

appropriate and have enabled us to better capture the various aspects of village social 

capital, and thus find a significant association between structural social capital and 

psychological stress.  

The association between community-level structural social capital (the 

occurrence of social interaction in the community (i.e., attendance at funerals, marriages 

and sharing meals)) and psychological stress observed in this study suggests that living 

in communities with higher levels of active social interaction can reduce psychological 

stress among residents. Although the exact mechanisms underlying this association need 
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to be elucidated in this particular setting, earlier research in other locations has 

highlighted that social interaction reduces psychological stress through the increased 

sense of companionship and belonging it engenders (Thoits, 2011; Yang et al., 2015), 

which can act to prevent social isolation within a community. In terms of the current 

study this might be important as social isolation has been associated with greater 

psychological stress (Cacioppo & Hawkley, 2003). 

 

4.3.2. Individual-level structural social capital 

On the other hand, higher individual-level structural social capital was 

associated with greater psychological stress. This is in line with the findings reported in 

several studies that have shown a positive association between individual-level 

structural social capital and psychological health. For example, Mitchell and LaGory 

(2002) showed that in impoverished communities (i.e., assessed in census blocks) in the 

U.S., individual-level structural social capital (defined in terms of group membership) 

was associated with depressive symptoms measured using the CES-D; they suggested 

that those individuals who had strong bonding social capital were often not autonomous 
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within their relationships and might suffer from having too many obligations and being 

in a closed network and that in these circumstances, active participation may not 

necessarily be beneficial for well-being. Myroniuk and Anglewicz (2015) assessed 

health-related quality of life longitudinally among 2,328 people in rural Malawi with the 

Short Form-12 Health Survey questionnaire (SF-12). Using social participation in 2008 

(e.g., attendance at a funeral or wedding ceremony) as a form of structural social capital 

and health-related QOL in 2010 as an outcome, they found that social participation 

predicted a worse psychological health status two years later (females: coefficient = 

−0.06, p < 0.05; males: coefficient = −0.02, p < 0.1) although it was associated with 

better physical health. 

Although it should be noted that a number of previous studies have shown 

that individual-level structural social capital has a protective effect on psychological 

health (Hamano et al., 2010; Murayama et al., 2013; Takagi et al., 2013; Yip et al., 

2007), one of the reasons for the positive association observed in this study and in some 

previous studies might be related to the fact that the demands and obligations that can 

on occasion be associated with social interaction can sometimes outweigh the positive 



  78 

benefits and became a source of psychological stress. The co-existence of positive and 

negative effects of social interaction was previously detected in tight-knit traditional 

societies (such as in small rural communities in the U.S. in the 1970s) and was 

explained using Durkheim’s social class theory (Durkheim, 1995) where social 

cohesiveness was seen as protecting people from psychological burdens whereas social 

regulation was regarded as a mechanism that could increase the psychological burden of 

people by restricting their behavior and limiting their desires (Kawachi & Berkman, 

2001). As described in the Introduction, in our study communities older people and 

children predominated, and thus, given the comparative absence of working age adults, 

it is feasible that those individuals actively engaging in social activities such as 

weddings or funerals or frequently sharing meals with neighbors might have also been 

burdened by a bigger (community) workload, more obligations and hence greater stress. 

The bonding nature of these relationships might also have been associated with greater 

social regulation and hence more psychological stress among those people in the study 

communities, a phenomenon which has been termed the “dark side” of social capital 

(van Deth & Zmerli, 2010).  
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The conflicting findings concerning individual- and community-level 

structural social capital in this study suggest that in rural Fujian, structural social capital 

is associated with psychological stress but that its effect varies depending on the level it 

is measured at. Although living in a community with active social interaction may 

benefit the residents psychologically, social interaction in the form of strongly bonded 

relationships may be a source of psychological stress due to the potential demands and 

obligations that can be associated with it. Moreover, it can be speculated that as the 

number of rural-to-urban migrants will continue to increase in the coming decades, it is 

possible that the migration trend might increasingly impose a strain on those who 

provide and maintain structural social capital. This may worsen the health of the very 

persons who provide social capital and eventually lead to the erosion of community 

social capital. This result contrasts with the findings by Subramanian et al. (2002) who 

reported that in the U.S., individual-level social capital was associated with better health 

outcomes at a given degree of community-level social capital. Furthermore, in their 

study, there was a significant cross-level interaction between community- and 

individual-level trust (i.e., living in a highly cohesive community was protective for 
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trusting individuals but was detrimental for mistrusting individuals). We assume that the 

inter-relationships between individual-level social capital, community-level social 

capital and their health consequences might be determined by the nature of social 

capital in each context (e.g., if human relationships are characterized as being more 

individualistic or collectivistic). The reason there was no cross-level interaction in this 

study (p = 0.86, Appendix 4) might have been associated with such differences, while a 

lack of statistical power due to the small number of investigated communities might 

also account for these conflicting findings.  

It should also be mentioned that in rural China it is important to minimize the 

burden on individual members due to the potential demands and obligations that can be 

associated with individual-level social capital, while at the same time maintaining 

community-level social capital. While Chinese society has become more diversified and 

stratified in terms of people’s lifestyles in the course of economic development (Inoue 

et al., 2016), there are still many communities which possess their own community 

salon where people can interact with each other (e.g., chatting, drinking tea, playing 

majong, and watching TV) (Wan et al., 2007). If the local government can subsidize 
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these activities, this might help with the maintenance of community-level structural 

social capital without giving rise to or exacerbating individual-level psychological 

stress. 

 

4.3.3. Individual-level and community-level cognitive social capital 

Although this study showed that cognitive social capital was not significantly 

associated with psychological stress at either the individual or community level, some 

previous studies have shown a statistically significant association between cognitive 

social capital and better psychological health at both levels (De Silva et al., 2005), one 

of which was conducted in China (Yip et al., 2007). Specifically, in a study that 

included 2,401 people aged 16 to 80 years living in 192 rural Shandong communities, 

individual- and community-level cognitive social capital were both inversely associated 

with poor mental health as measured by the GHQ-12 (individual level: OR = 0.58, 

z-score = 2.28 (equivalent to p = 0.023); community level: OR = 0.71, z-score = 3.92 

(equivalent to p < 0.001)). Two other studies conducted among older people in Japan 

have also shown that lower community-level trust and reciprocity were associated with 



  82 

higher psychological distress (Kobayashi et al., 2015), and self-reported mental health 

(Hamano et al., 2010).  

As Yip et al. (2007) conducted their study in China in a similar research 

setting to this study and found a statistically significant association between cognitive 

social capital (trusting people from the same village) and psychological health, at both 

at the individual and community level, it is possible that the non-association observed in 

this study may have been due to a lack of statistical power. It is also worth considering 

that effects of the spatial unit at which cognitive social capital was conceptualized (e.g., 

within community, city or country) might be specific to each research setting. For 

example, while conducting research among residents in impoverished communities in 

the U.S., Mitchell and LaGory (2002) showed that the trust participants exhibited 

towards their neighbors in the same community was higher than that towards people in 

general. Thus, as cognitive social capital may differ by measurement unit, future 

research should focus on the different effects of cognitive social capital in different 

spatial units such as the community, town, or city and identify the unit which best 

predicts residents’ health. 
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4.3.4. Possible reverse causality or confounding related to social capital 

It should be noted that reverse causality might also exist in relation to the 

association between social capital and psychological health. For example, people with 

mental illness, who may be more likely to experience psychologically stress (Link et al., 

1999), might also have problems in interacting with other people, and thus have less 

social capital. While a review by Ehsan and De Silva (2015) concluded that the 

association between social capital and mental illness was not solely due to reverse 

causality, this possibility cannot be ruled out in the current study due to its 

cross-sectional nature. 

 

4.3.5. Social capital as a buffer against psychological stress 

As for the buffering effect of social capital on psychological stress among 

people left behind, we found little evidence that social capital buffered against 

psychological stress due to family separation following household members’ migration. 

Specifically, the inclusion of the social capital variables in the analytic models did not 

substantially attenuate the association between being left behind and EBV antibody titer 
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(the coefficients for the association between them was not changed after controlling for 

social capital variables). In addition, the interaction term between community-level 

structural social capital and being left behind was not significant (p = 0.83; Appendix 4), 

which indicates that the association between being left behind and psychological 

stress did not differ between those living in communities with higher social capital and 

those in communities with lower social capital. Family separation and social capital 

seem therefore to be important, but independent determinants of psychological health in 

rural China.  

This finding concurs with the result from an earlier study by Godoy et al. 

(2006). In that study, it was hypothesized that the association between income 

inequality and poor health was due to the erosion of community social capital, with this 

hypothesis being tested among 655 adults residing in 13 communities in the Bolivian 

Amazon. Godoy and colleagues found that income inequality at the community level 

(measured with the Gini coefficient) was positively associated with negative emotions 

(sadness, anger and fear) among residents (e.g., sadness: coefficient = 1.83 [SE = 0.68], 

p < 0.01) and that these associations were not attenuated when village social capital was 
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incorporated in the statistical analysis (measured as the frequency of gift giving, asking 

other households for help with labor and participation in communal work, i.e., 

community-level structural social capital). They concluded that social capital did not 

buffer the effect of community-level income inequality on negative emotions. 

In contrast to Aida et al. (2011) and Hikichi et al. (2016) who found that 

social capital had a buffering effect on psychological well-being, this study, like the 

study by Godoy et al. (2006) found no such effect. One of the possible explanations for 

this difference might relate to the fact that an insufficient number of communities were 

investigated in this study. While Aida et al. and Hikichi et al. conducted their studies 

among 79 and 99 communities, respectively, the number of communities investigated in 

our study was 7 while Godoy et al. investigated 13. These numbers might have been 

insufficient in terms of capturing the association between community-level social 

capital and the variation in psychological well-being associated with psychological 

stressors (i.e., being left behind in our study and income inequality in the study by 

Godoy et al.). Another possibility for these conflicting findings, which is closely related 

to the first point, might relate to the fact that both this study and the study by Godoy et 
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al. were conducted in rural communities in developing countries, where most people 

usually live in small, close-knit communities, and where there is thus smaller variation 

in community-level social capital across study communities, compared with the 

variation observed in developed countries such as Japan. While, in this study, it was 

shown to be associated with individual psychological stress (irrespective of whether 

people were left behind or not), the variation in community-level social capital might 

not have been large enough to detect the difference in psychological stress between 

people left behind and people not left behind. Taken together, this suggests that future 

research studies should include a larger number of communities which vary in terms of 

their social capital, so that the association between social capital and inter-individual 

variation in psychological stress within communities can be better determined. 

 

 

4.4. Biological factors explaining variations in EBV antibody titer 

 The present study showed that age and sex were statistically significant 

biological determinants of EBV antibody titer. CRP concentration was marginally 
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associated with EBV antibody titer. 

 

4.4.1. Age  

Some previous research focusing on the adult population has indicated that a 

positive association exists between age and EBV antibody titer. For instance, in a 

previous study conducted in rural Hainan, China, the author (A.Y.), found a positive 

association between age and EBV antibody titer among 221 adults aged 20 to 59. 

Similarly, using data from 143 adults aged 18 to 79 in rural Siberia, Sorensen et al. 

(2009) showed that there was a positive association between age and EBV antibody titer. 

When comparing EBV antibody titer among 1,457 adults aged 25 to 90 in the U.S., 

Stowe et al. (2010) showed that there was an age gradient with EBV antibody titer 

being lowest among people younger than 45 years, at an intermediate level among those 

aged 45 to 64 years, and highest among people aged 65 years or older. The finding of 

higher EBV levels among older people was also reported in an earlier study by Glaser et 

al. (1985) who showed that older people (mean age of 72) in the U.S., had higher EBV 

antibody titer than their younger controls (mean age of 23). On the other hand, there are 
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also many previous adult studies that have not shown a significant association between 

age and EBV antibody titer. For example, Fagundes et al. (2014) reported that there was 

no difference in EBV antibody titer among U.S. adults (N = 183) with a mean age of 

55.91 (SD = 10.36) years, while Borders et al. (2010) showed that among U.S. women 

of reproductive age (N = 205), there was no difference in the level of EBV antibody 

titer between women aged 25 years or older and less than 25 years. 

In the current study, a U-shaped (convex) relationship was observed between 

EBV antibody titer and age; EBV antibody titer was lowest in participants aged around 

44 to 50 years (depending on the models), and higher among those individuals who 

were either younger or older. One possible interpretation of this finding is that those 

younger people who were left behind might have been psychologically stressed due to 

their high levels of obligation, increased workloads or felt lonely as a result of the 

outmigration of their same generation community peers, while the older population 

might have had higher levels of psychological stress because of health problems or 

functional limitations etc. Future studies should examine the impact of age 

group-specific stressors on psychological stress in these communities, as this may lead 
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to a better understanding of the U-shaped association between age and psychological 

stress. 

 

4.4.2. Sex 

 In general, a number of studies have shown that women have a worse mental 

health status; for example, females are more likely than males to have depression 

(Nolen-Hoeksema, 2001), fear and anxiety (McLean & Anderson, 2009), and panic 

disorder (Yonkers et al., 1998). There are also some studies indicating the EBV 

antibody titer is higher among females. For example, Inoue et al. (2014) found that EBV 

antibody titer was higher among females aged 20 to 59 years compared to in their male 

counterparts in rural Hainan, China. In addition, U.S. National Health and Nutrition 

Examination Survey (NHANES) data for children and adolescents aged 6 to 19 (n  = 

 8,417) has been used to show that EBV antibody titer is higher in females (Dowd et al., 

2013).  

 Consistent with the findings from previous studies, in this study, female 

participants had higher EBV antibody titer than male participants, which might be 
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explained in two different ways; females are actually exposed to more stressors and/or 

females are more susceptible to stressors than males. In terms of the former, an earlier 

study conducted in China indicated that the increase in workload due to migration of 

family members was greater among females left behind than for their male counterparts 

(Chang et al., 2011), which suggests that the increased physical burden that arises due to 

the loss of household labor may fall disproportionately on females, which in turn, would 

increase their psychological burden. As for the latter, previous studies have indicated 

that females have consistently higher EBV antibody titer in relation to a wide range of 

stressors which suggests EBV antibody titer is higher in females than in males other 

things being equal. For example, McDade et al. (2000b) found that a sex difference was 

observed in EBV antibody titer even after controlling for exposure to urbanization (a 

stressor in their study), nutritional status, or the presence of infectious disease. It is 

known that females have more vigorous cellular immune responses which regulate EBV 

antibody reactivation, and that females are more resistant to many kinds of infections 

(Ansar Ahmed et al., 1985); given this it is plausible that compared to males, females in 

general might have an increased cell-mediated immune response to stressors, including 
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psychological ones. 

In rural China, a high suicide rate has been reported among women. Indeed, 

China is one of the few countries in the world where the rate of suicide is higher among 

females than males (Pearson & Liu, 2002; Yip et al., 2005). He et al. (2016) have also 

shown that the prevalence of depression among older people left behind was higher 

among women (45.10%) than men (33.43%) in rural China. These studies suggest that 

in rural China women may be more socially vulnerable to the effects of psychological 

stressors. 

 

4.4.3. CRP concentration 

 There was a marginally significant association between CRP concentration 

and EBV antibody titer (coefficient = 0.05, 95% CI = −0.01 – 0.11). There are few 

previous studies which have indicated that a significant correlation exists between them. 

For example, although Inoue et al. (2014) found that they were significantly associated 

in community members in rural Hainan, China when controlling for overall QOL using 

the WHOQOL-BREF questionnaire (coefficient = 0.081, p = 0.036, n = 218), the 
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majority of previous study have not found a significant association (Bennett et al., 2012; 

Miller et al., 2005) and many studies have not even adjusted for CRP concentration 

(Borders et al., 2010; Fagundes et al., 2014; Lee, 2016). In this study we adjusted for 

CRP concentration as it has been recently suggested that there are biological 

mechanisms that may connect EBV antibody titer and CRP concentration (Bennett et al., 

2012); chronic psychological stress can lead to a deterioration in cellular immune 

function by disturbing HPA axis function and the secretion of hormones such as cortisol, 

which leads to the reactivation of EBV as described in the Introduction. At the same 

time, the dysfunction of the HPA axis may also, in theory, enhance inflammation i.e., 

the secretion of CRP (Johnson et al., 2013).  

 

 

4.5. Sociodemographic factors explaining variations in EBV antibody titer 

Educational attainment was a significant predictor of EBV antibody titer in 

this study, while marital status, household size and relative household income were not. 
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4.5.1. Socio-economic status 

In Fujian, people with higher educational attainment had lower EBV antibody 

titer. As yet, few studies have investigated the association between educational 

attainment or income and EBV antibody titer, and of these, only one study, that focused 

on women diagnosed with breast cancer or awaiting diagnostic results in the U.S., found 

a significant association between educational attainment and EBV antibody titer 

(Fagundes et al., 2012). In developing countries in general, higher education and a 

better economic situation are associated with better psychological health. In a review 

article on the association between poverty and common mental disorders in low- and 

middle-income countries, Lund et al. (2010) reported that among the 115 studies they 

reviewed, 79% showed positive associations between common mental disorders and a 

series of socio-economic factors potentially related to poverty, such as education, 

income, employment, housing and the living environment and food insecurity. In 

relation to people left behind, Graham et al. (2015) found that among left-behind child 

caregivers in Indonesia, greater educational attainment (OR = 0.61, 95% CI = 0.41 – 

0.92) and greater wealth (Middle: OR = 0.64, 95% CI = 0.48 – 0.87; High: OR = 0.59, 
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95% CI = 0.40 – 0.86 compared to low) were protective factors against psychological 

stress arising from the migration of family members. In this study, there was no 

interaction between educational attainment and being either left behind or not being left 

behind, and the inclusion of an interaction term did not change the significant 

association between EBV antibody titer and being left behind (data not shown). 

 

4.5.2. Marital status and household size 

A study conducted by Kiecolt-Glaser et al. (1988) investigated the association 

between marital status and EBV antibody titer among 32 separated or divorced men 

(mean age = 34.0, SD = 1.5) and 32 socio-demographically matched married men 

(mean age = 33.7, SD =1.4) in the U.S. They found that divorced or separated men had 

significantly higher EBV antibody titer than married men (mean EBV antibody titer = 

248.5, SE = 59.3 vs. mean = 92.1, SE = 24.4). In contrast, Borders et al. (2010) showed 

that there was no association between EBV antibody titer and marital status among 205 

reproductive-age women in the U.S.  

In this study, there was no association between marital status and EBV 
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antibody titer, and the results were consistent when separate analyses were undertaken 

for each sex (data not shown). This might have been because of the fact that the 

participants in this study were older than those who participated in the above-mentioned 

studies and that most of the participants had a partner (80.8%). For example in a recent 

study by Lu et al. (2012) where the participants were younger than those in our study 

(i.e., adults aged 18 to 64) they found that marital status was associated with depression 

(CES-D score) among people left behind in rural China: compared to people who had 

never married, both currently married people (coefficient = −3.93, 95% CI = −7.34 – 

−0.52) and those who were divorced, separated or widowed (coefficient = −5.35, 95% 

CI = −10.45 – −0.24) had lower depression (with depression itself having been 

previously linked with higher EBV antibody titer (Haeri et al., 2011)). 

Although we included household size as a covariate since it has been shown 

to be one of the key components of family support in China (Zimmer & Kwong, 2003), 

it was not statistically significantly associated with EBV antibody titer (coefficient = 

−0.10, 95% CI = −0.23 – 0.04). However, it should be emphasized that there was a 

significant interaction between household size and household income in relation to EBV 
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antibody titer (coefficient for interaction = −0.24, p = 0.058, data not shown); 

specifically, when the household size of people living in a lower income household was 

5 or more people, EBV antibody titer was higher than among people living in a higher 

income household with 5 or more people. This finding supports the argument advanced 

by Abas et al. (2009) that where a household’s economic situation is poor, having fewer 

mouths to feed or less people to support may reduce the psychological burden on family 

members. Future research should focus on examining the combined effects of 

household economic situation and household size as they may be related to the 

difference in reasons for migration in each household (i.e., push or pull factors), and 

thus possibly affect the impact of migration on the psychological health of family 

members. 

 

 

4.6. Strengths and limitations of the present study and future research directions 

This study extends earlier research on the health impact of rural-to-urban 

migration in several ways. First, this is the first study to examine the effect of family 
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members’ migration on the psychological well-being of those left behind in rural 

communities by using EBV antibody titer as a marker of stress. We believe that this 

makes a significant contribution to the research in this field as this method is 

independent from language ability and can be applied to any age group and in any areas 

of the world. As pointed out in previous research, when self-rated health is used as an 

outcome, common method bias, that is, the potential for confounding by unobserved 

individual characteristics can occur, i.e., people with higher self-rated health also tend 

to have higher cognitive social capital (Berkman et al., 2014), so the use of an objective 

outcome measure may provide more concrete evidence of underlying associations. 

Second, in this study information on the migration of family members was obtained 

using a detailed questionnaire that inquired about the migration history of all of the 

household members, whereas previous studies have usually used a dichotomous 

variable (e.g., whether or not study participants had a family member who was away for 

migratory work). Adhikari et al. (2011) used a bivariate outcome: having no migrant 

child or having at least one migrant child; Guo et al. (2009) used two variables, one of 

which was a dummy variable that indicated whether a participant had any migrant 
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children or not, while the second referred to the number of the participant’s children 

who were migrants. However, since there were some migrants who often returned home 

(e.g., once a month) in our research area, we clarified how long they had been 

continuously away from the village at the time of the survey. Third, this study 

investigated the effect of social capital on psychological stress in rural communities in 

China. As many developing countries are experiencing rapid population movement, 

especially in rural areas, where resources for health are limited, studying the effect of 

social capital in relation to psychological stress may increase understanding about how 

to protect and promote health among rural communities in developing countries. 

This study also has several limitations. First, the cross-sectional nature of this 

study prevented us from making any causal inferences. As mentioned in the discussion, 

reverse causality might also have been important in this context, longitudinal research is 

needed to better understand any potential associations. Indeed, reverse causality may 

have also been an issue in relation to social capital, the amount of remittance, 

communication with migrants and their associations with psychological stress. For 

example, additional analyses revealed that those who were left behind and rarely 
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communicated with migrants had significantly lower psychological stress than those 

who were left behind and communicated with migrants more regularly (coefficient = 

−0.27, 95% CI = −0.49 – −0.07, n = 280; data not shown in Tables). This suggests that 

people who rarely communicate with migrants may not have felt lonely and did not 

need to communicate with them. Second, we measured EBV antibody titer with a single 

measurement which might have limited our capacity to evaluate psychological stress. 

However, it should also be emphasized that when compared to other biomarkers of 

psychological stress, EBV antibody titer has been shown to be stable across time (it 

does not have a circadian rhythm (McDade et al., 2000b) and has a half-life of 

approximately 20 days in serum (Cacioppo et al., 2002)) and has also been associated 

with validated psychological questionnaires (Cao et al., 2009; Esterling et al., 1992; 

Lutgendorf et al., 2001). Another limitation relating to the EBV antibody measurement 

was that we did not have data on the occurrence of stressful life events which were not 

related to the experience of being left behind but which might have increased EBV 

antibody titer (e.g., experiencing the death of a family member or friend). Third, our 

participants might not have fully represented people living in rural communities in 
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China or in Fujian as this study was conducted in seven communities in only one city in 

Fujian and we did not use a random sampling procedure. We were also not able to get 

information on their households which prevented us from conducting analyses 

accounting for multiple members in each household. It should be also mentioned that 

some people such as those who spent most of the week in town and came back to the 

community occasionally might not have been included in the study, which might have 

resulted in the age of our participant sample being biased upwards. As for the social 

capital variables, the number of communities in which we calculated social capital was 

limited and future research studies should include more communities to test the 

generalizability of the findings. It should also be mentioned that the community 

participation rates in this study were not high and that this might have biased our study 

results if those individuals with less social capital were less likely to participate. Fourth, 

we did not have data on some explanatory variables which might have helped us to 

better describe the situation in relation to population movement and subsequent 

psychological stress. For example, information on household income was subjectively 

assessed using a 10-point scale in comparison to the other people in the same 
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community. While this measure was validated against more detailed income 

information obtained from household heads (self-reported), there was still insufficient 

accuracy, which prevented us from conducting more detailed analyses (e.g., 

categorizing households into those who sent migrants due to push or pull factors). 

Methodological limitations associated with the use of EBV antibody titer 

should also be mentioned. For example, EBV antibody titer does not function as a 

biomarker if the participant is not infected with the virus; this would cause the study 

participants to be misclassified. However, as the participants were all judged to have 

been infected with the virus (i.e., having antibody titer of > 20 ELISA units), this study 

was not subject to this limitation. It should also be mentioned that although it is the least 

invasive of the blood sampling methods, the sampling of dried blood spots (i.e., by 

finger prick) is still a more physically invasive method, compared to use of a 

questionnaire. This may have therefore been a disadvantage by discouraging some 

people from participating in the survey. 

There are also some limitations relating to the measurement of social capital 

that should be mentioned. For example, for structural social capital, we did not collect 
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information on respondents’ relationship with the groom or bride, or about the people 

respondents usually ate together with. When a person did not engage in either form of 

social participation (i.e., eating together or attending weddings/funerals), he or she was 

given a score of zero, while attending more than one wedding was regarded (and 

scored) in this study in the same way as attending only one wedding. While these 

questions were determined based on discussions with our research partners in Fujian, 

future research should aim to use more refined measures so as to capture the more 

nuanced characteristics of social capital in different settings. 

This study has suggested several possible issues which should be focus of 

future research. First, future studies should try to better characterize the migration of 

family members. As previously stated, as migration can occur for different reasons (e.g., 

due to push or pull factors), it is possible that the effects of migration on family 

members will also vary as will a family’s need for, or expectation of remittance. For 

example, in terms of China specifically, as the lifestyles of people have become 

increasingly diversified in the last few decades, even in rural communities, where 

people used to previously live an equally impoverished life under the political and 
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economic instruction of the local government organization (the People’s Commune), it 

is important to contextualize migration with more information. Second, in future, it may 

also be important to consider differences in the effect of family members’ migration on 

well-being by specific characteristics (e.g., by whom or for how long people were left 

behind, the type of migratory labor migrants were engaged in) as the psychological 

impact of out-migration among people left behind might differ by these attributes. Third, 

a greater focus needs to be placed on how to measure social capital and evaluate its 

health impact in developing countries. Given the potentially differing outcomes of 

different forms of social capital (e.g., individual level vs. community level, cognitive vs. 

structural and bonding vs. bridging), a focus on this issue may be important in future 

research to fully elucidate the association between social capital and health in 

developing countries. For example, the different association observed in this study 

between individual and community-level structural social capital and EBV antibody 

titer emphasizes this point; it is important to identify factors that can act to maintain 

community-level social capital while at the same time minimizing the burden on 

individual members otherwise it will result in the erosion of social capital. Fourth, 
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future research should clarify what elevated psychological stress, of the sort observed in 

this study, might actually mean in clinical terms. Specifically, while we showed that 

people left behind had greater psychological stress compared with those who were not 

left behind, we are unsure whether this higher level of psychological stress would 

actually result in clinically diagnosable diseases such as depression and other mental 

disorders. Fifth, future research should compare results of biomarkers such as EBV 

antibody titer and those of self-reported outcomes. The finding observed in this study in 

relation to the experience of being left behind was replicated when using the K6 scale 

despite the fact that self-reported questionnaires in general have been shown to be more 

vulnerable to respondents’ personality, perception and social�desirability (Furnham, 

1986). However, the comparisons of the results�obtained from different methodologies 

(both subjective and objective measures) would help us better understand how different 

aspects of stress can be captured by each outcome measure. Furthermore, we are not 

sure whether the effects of being left behind can be reversed when family members 

come back to the community or how long the effects last. This highlights the 

importance of prospective research among the members of migrant families to 
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determine such factors as how psychological stress affects different family members, 

whether it is maintained across time, and its health effects and the possible mechanisms 

underlying them. And it is also important to extend the research on the association 

between being left behind and psychological stress to other settings as psychological 

stress among people left behind as a result of community out-migration might not be 

specific to China or Fujian but might also be seen in other locations in China or other 

developing countries, where people have experienced rapid economic development and 

population movement. 
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Chapter 5 Conclusion 

 

This study found that in rural Fujian, China people left behind by family 

members who had migrated to other locations had a significantly higher level of 

psychological stress than people who were not left behind, as reflected in increased 

Epstein-Barr virus antibody titer. Thus, in this setting, the positive impact which has 

been associated with family members’ migratory work in some previous studies was not 

evident in terms of psychological stress, but rather, migratory work was associated with 

psychological strain among those people left behind. Its negative impact thus seemingly 

outweighs its positive impact. 

While it did not buffer against the psychological stress of being left behind, 

community-level structural social capital protected residents from psychological stress, 

i.e., living in a community with higher structural social capital was associated with 

lower psychological stress. On the other hand, participants with higher individual-level 

structural social capital had more psychological stress than participants who engaged in 

less social interaction. These findings suggest that while living in a community with 
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active social interaction may benefit the residents psychologically, social interaction in 

the form of strongly bonded relationships may be a source of psychological stress due to 

the potential demands and obligations that can be associated with it. 

Given that population aging and the outflow of the younger generation will 

continue to increase in the coming decades in rural communities in developing countries, 

future research should examine which factors might be protective against the effects of 

psychological stress associated with family members’ outmigration. It is important to 

identify factors that can act to maintain or increase community-level social capital while 

at the same time minimizing the burden on individual members. 
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Figure 1. Map of Fujian
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Figure 2. GDP per capita in Fujian Province 
Source: Fujian Statistical Year Book 2015 
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Table 1. Forms and dimensions of social capital and their operationalization in empirical studies 
 

Types of social capital Description 
  
Level of measurement  

   Individual-level social capital Resources accessed by the individual through their ego-centered networks.  

   Community-level social capital A property of the whole social network, for example, a network of connected residents in 
a community, which can bring benefits to individuals embedded in it.  

  

Whether subjective or objective 

   Cognitive social capital Individual attitudes, perceptions, and cognitions about the group to which a person 
belongs (e.g., the trustworthiness of others). 

   Structural social capital Actual behaviors, e.g., whether individuals participate in informal and formal social 
organizations (i.e., social participation).  

  

Types of typical relationship among the members 

   Bonding social capital Resources that are accessed within networks or groups in which the members share 
similar background characteristics such as class or race/ethnicity.  

   Bridging social capital Resources that are accessed across networks that cross (or "bridge") class, race/ethnicity, 
or other social characteristics, which enable residents to access resources outside their 
immediate social environment. It is a concept that explicitly links social capital to 
structural inequalities in power, resources, and authority. 

  
This table was produced referring to Berkman et al., 2014. 
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Table 2. The number of participants in each study community in rural Fujian, 2015 
 

 Number of 
participants 

Reported(1) Estimated(2) 

Registered population De facto population Adults (�18 years) Participation rate 
(%) 

Community 1 102 740 200 144 70.8 

Community 2 107 648 220 158 67.7 

Community 3 100 500 200 144 69.4 

Community 4 91 570 200 144 63.2 

Community 5 113 800 300 216 52.3 

Community 6 93 600 200 144 64.6 

Community 7 191 1,220 600 432 44.2 

Total 797 5,078 1,920 1,382 61.7 
(1) The size of the registered population and estimated population currently living in each village were provided by village doctors. 
(2) Information on the number of reported inhabitants currently living in each community and information on the age structure of 
Nanping City was used to calculate the expected number of adults who were eligible to participate in this study (Statistical Yearbook of 
Nanping 2015). The estimated participation rate in each community was then calculated.
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Table 3. Basic characteristics of the participants (N = 734) 
 

�  
Total sample  

(N = 734) 
People left behind  

(n = 280) 
People not left behind  

(n = 454) p-value(1) 

Age (in years) 58.9 [12.9] 62.4 [10.9] 56.7 [13.5] < 0.001 

Sex (male) 284 (38.7) 122 (43.6) 162 (35.7) 0.033 

Marital status      
   Not married 28 (3.8) 4 (1.4) 24 (5.3) 0.028 

   Has a partner 593 (80.8) 230 (82.1) 363 (80.0)  
   Divorced or widowed 113 (15.4) 46 (16.4) 67 (14.8)  
Education      
   Illiterate 272 (37.1) 118 (42.1) 154 (33.9) 0.031 

   Less than elementary school 291 (39.6) 109 (38.9) 182 (40.1)  
   Junior high school or high 171 (23.3) 53 (18.9) 118 (26.0)  
Household income (high) 409 (55.7) 157 (56.1) 252 (55.5) 0.881 

Household size(2) 4 [3 – 6] 5 [4 – 6] 4 [3 – 6] < 0.001 

Individual-level social capital     

   Cognitive social capital (high) 450 (61.3) 162 (57.9) 288 (63.4) 0.132 

   Structural social capital (high) 563 (76.7) 215 (76.8) 348 (76.7) 0.967 

Community-level social capital(3)     

   Cognitive social capital 0.61 [0.05] 0.61 [0.05] 0.61 [0.05] 0.993 

   Structural social capital 0.77 [0.08] 0.76 [0.09] 0.77 [0.08] 0.212 
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EBV antibody titer (ELISA unit) (2) 125.0 [74.0 – 241.6] 136.7 [79.7 – 273.2] 118.2 [71.3 – 223.1] 0.020 

CRP concentration (mg/L) (2) 0.68 [0.33 – 1.51] 0.75 [0.38 – 1.48] 0.61 [0.31 – 1.55] 0.783 
Mean and standard deviation for continuous variables and number of participants and the percentage for categorical variables are shown 
(mean [SD]/n(%)).  
(1) Student’s t-test for continuous variables and Pearson’s chi-square test for categorical variables were used to examine if there were 
differences between people left behind and people not left behind. 
(2) Median and interquartile range are shown for household size, EBV antibody titer and CRP concentration. 
(3) Community-level social capital was calculated as the mean value of individual-level social capital responses from the same 
community members. 
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Table 4. Comparison of lifestyle factors between people left behind and people not left behind (N = 734) 

 

 
Total sample  

(N = 734) 
People left behind  

(n = 280) 
People not left behind  

(n = 454) p-value(1) 

Employment status     
   No employment 179 (24.4) 70 (25.0) 109 (24.0) 0.004 

   Farming 493 (67.2) 197 (70.4) 296 (65.2)  
   Small business 31 (4.2) 6 (2.1) 25 (5.5)  
   Formally employed 10 (1.4) 4 (1.4) 6 (1.3)  
   Part-time job (Heavy) 41 (5.6) 17 (6.1) 24 (5.3)  
   Part-time job (Sedentary) 65 (8.9) 13 (4.6) 52 (11.5)  
   Army 1 (0.1) 1 (0.4) 0 (0.0)  
   Others 6 (0.8) 2 (0.7) 4 (0.9)  
Self-rated physical activity     
   Low 230 (31.3) 100 (35.7) 130 (28.6) 0.091 

   Middle 215 (29.3) 72 (25.7) 143 (31.5)  
   High 288 (39.2) 108 (38.6) 180 (39.6)  
Body Mass Index 23.3 ± 3.26 23.1 ± 3.13 23.4 ± 3.34 0.191 

Waist-hip ratio      

   Among males (n = 284)(2) 0.90 ± 0.06 0.90 ± 0.06 0.90 ± 0.06 0.976 

   Among females (n = 450)(3) 0.92 ± 0.08 0.94 ± 0.08 0.91 ± 0.08 <0.001 
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Diet (Sources of protein) (days per week)     
   Pork 3.36 ± 2.57 3.38 ± 2.47 3.34 ± 2.63 0.841 

   Beef 0.06 ± 0.37 0.04 ± 0.22 0.07 ± 0.44 0.191 

   Lamb 0.02 ± 0.17 0.01 ± 0.12 0.03 ± 0.19 0.347 

   Chicken/Duck/Goose 0.81 ± 1.39 0.80 ± 1.36 0.81 ± 1.41 0.911 

   Eggs 1.96 ± 2.25 1.83 ± 2.16 2.04 ± 2.30 0.219 

   Seafood 0.34 ± 0.96 0.27 ± 0.75 0.38 ± 1.06 0.116 

   Freshwater fish 0.57 ± 1.19 0.51 ± 1.05 0.61 ± 1.27 0.289 

Smoking      
   Currently smokes 98 (13.4) 43 (15.4) 55 (12.1) 0.054 

   Has stopped 49 (6.7) 25 (8.9) 24 (5.3)  

   Never 587 (80.0) 212 (75.7) 375 (82.6)  

Alcohol (Once a week or more) 192 (26.2) 78 (27.9) 114 (25.1) 0.411 

Mobile phone usage (RMB/month)(4)     
   Do not use 186 (25.3) 79 (28.2) 107 (23.6) 0.157 

   1 – 20 181 (24.7) 72 (25.7) 109 (24.0)  
   21 – 40 220 (30.0) 84 (30.0) 136 (30.0)  
   > 40  147 (20.0) 45 (16.1) 102 (22.5)  
Place of birth (Research community) 456 (62.1) 178 (63.6) 278 (61.2) 0.526 
Mean and standard deviation for continuous variables and number of participants and the percentage for categorical variables are shown.  
(1) Student’s t-test for continuous variables and Pearson’s chi-square test for categorical variables were used to examine if there were 
differences between people left behind and people not left behind. 
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(2) Number of males left behind was 122, males not left behind was 162. 
(3) Number of females left behind was 158, females not left behind was 292. 
(4) 1 RMB = 0.16 USD as of 2015. 
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Table 5. Description of people left behind in relation to migrants’ characteristics in rural 

Fujian, China in 2015 (n = 280) 

 
 n % 
Relationship(1)   
   Parents 4 1.4 
   Children 249 88.9 
      Son (227) (81.1) 
      Daughter (43) (15.4) 
   Grandchildren 77 27.5 
   Brothers & sisters 3 1.1 
   Spouse 9 3.2 
Place of migration of family members(1)    
   Inside Nanping 117 41.8 
   Outside Nanping in Fujian 181 64.6 
   Outside Fujian 104 37.1 
Remittances (RMB) (2) /year   
   No remittance 69 26.4 
   1 – 1000 89 31.8 
   1001 – 3000 68 24.3 
   3001 – 10000 45 16.1 
   10001 – 9 3.2 
Type of migrant labor of family members(1)    
   Self-employed 75 26.8 
   Formal employee 57 20.4 
   Part-time job (Heavy) 68 24.3 
   Part-time job (Sedentary) 152 54.3 
   Farming/Fishing 3 1.1 
   Army 9 3.2 
   Other 18 6.4 
(1) The figures do not sum to 100% in the section as respondents could choose more than 
one category. 
(2) 1 RMB = 0.16 USD as of 2015. 
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Table 6. Association between being left behind, EBV antibody titer and the social capital variables (N = 734) 
 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Being left behind 0.14 * 
(0.01, 0.27) 

0.13 * 
(0.00, 0.26) 

0.14 * 
(0.01, 0.26) 

0.13 * 
(0.00, 0.26) 

0.14 * 
(0.01, 0.26) 

Individual-level      

   Cognitive social capital  −0.06 
(−0.18, 0.07)  −0.05 

(−0.17, 0.07)  

   Structural social capital   0.20 ** 
(0.05, 0.35)  0.21 ** 

(0.06, 0.36) 

Community-level      

   Cognitive social capital    −0.82 
(−2.52, 0.89)  

   Structural social capital     −1.20 * 
(−2.40, −0.00) 

Age (in years) −0.04 
(−0.07, 0.00) 

−0.03 
(−0.07, 0.00) 

−0.04 * 
(−0.07, −0.00) 

−0.04 
(−0.07, 0.00) 

−0.04 * 
(−0.07, −0.00) 

Age squared 
3.58�10-4 * 
(0.51�10-4 ,  
6.65�10-4 ) 

3.50�10-4 * 
(0.43�10-4, 
 6.57�10-4) 

3.76�10-4 * 
(0.70�10-4,  
6.81�10-4) 

3.50�10-4 * 
(0.43�10-4,  
6.58�10-4) 

3.67�10-4 * 
(0.62�10-4,  
6.73�10-4) 

Sex (ref. Male) 0.14 * 
(0.00, 0.27) 

0.14 * 
(0.00, 0.27) 

0.14 * 
(0.00, 0.27) 

0.14 * 
(0.00, 0.27) 

0.13 * 
(0.00, 0.27) 

Marital status (ref. Has a partner)      



�

�

136	

   Not married −0.18 
(−0.52, 0.17) 

−0.18 
(−0.52, 0.16) 

−0.11 
(−0.46, 0.23) 

−0.18 
(−0.53, 0.16) 

−0.09 
(−0.44, 0.25) 

   Divorced or widowed 0.02 
(−0.16, 0.21) 

0.02 
(−0.17, 0.21) 

0.05 
(−0.13, 0.24) 

0.02 
(−0.17, 0.21) 

0.06 
(−0.13, 0.24) 

Education (ref. Illiterate)      

   Less than elementary school −0.12 
(−0.27, 0.02) 

−0.13 
(−0.27, 0.02) 

−0.15 * 
(−0.29, −0.00) 

−0.12 
(−0.27, 0.02) 

−0.15 * 
(−0.30, −0.01) 

   Junior high school or more −0.13 
(−0.32, 0.06) 

−0.13 
(−0.32, 0.06) 

−0.16 
(−0.35, 0.03) 

−0.13 
(−0.32, 0.06) 

−0.16 
(−0.35, 0.03) 

Household income (ref. Low) −0.04 
(−0.16, 0.08) 

−0.04 
(−0.16, 0.09) 

−0.04 
(−0.16, 0.08) 

−0.04 
(−0.16, 0.09) 

−0.03 
(−0.16, 0.09) 

Household size (log-transformed) −0.11 
(−0.24, 0.03) 

−0.10 
(−0.24, 0.03) 

−0.12 
(−0.25, 0.01) 

−0.10 
(−0.24, 0.03) 

−0.12 
(−0.25, 0.01) 

CRP concentration (log-transformed) 0.05 
(−0.00, 0.11) 

0.05 
(−0.01, 0.11) 

0.05 
(−0.00, 0.11) 

0.05 
(−0.01, 0.11) 

0.05 
(−0.00, 0.11) 

Proportion of those left behind in the 
community (in percentage) 

0.00 
(−0.03, 0.03) 

0.00 
(−0.03, 0.03) 

0.01 
(−0.02, 0.04) 

0.00 
(−0.02, 0.03) 

−0.01 
(−0.04, 0.02) 

Coefficient and 95% confidence interval are shown.  
A random effects model was used to account for multiple individuals in each community. 
**: p < 0.01; *: p < 0.05 
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Table 7. Association between being left behind and the Kessler 6 Psychological Distress 
Scale score (n = 553) 
 

 Mild distress(1) Severe distress(1) 

Being left behind 1.47 ** (1.28, 1.69) 1.00 (0.62, 1.60) 

Age (in years) 1.01 (0.99, 1.02) 1.07 ** (1.03, 1.11) 

Sex (ref. Male) 1.30 (0.83, 2.03) 1.87 * (1.12, 3.11) 

Marital status (ref. Has a partner)   

   Not married 1.86 ** (1.28, 2.71) 2.68 (0.36, 20.01) 

   Divorced or widowed 1.05 (0.65, 1.70) 0.97 (0.48, 1.95) 

Education (ref. Illiterate)   

   Less than elementary school 0.93 (0.72, 1.21) 0.59 ** (0.41, 0.86) 

   Junior high school or more 0.61 ** (0.50, 0.75) 0.34 ** (0.15, 0.75) 

Household income (ref. Low) 0.47 ** (0.36, 0.60) 0.29 ** (0.22, 0.38) 

Household size (log-transformed) 1.05 (0.82, 1.33) 0.90 (0.55, 1.47) 

Proportion of those left behind  
in the community (in percentage) 1.00 (0.96, 1.04) 1.06 ** (1.04, 1.09) 

Prevalence ratio and 95% confidence interval are shown.  
A random effects model was used to account for multiple individuals in each 
community. 
**: p < 0.01; *: p < 0.05 
(1) The Kessler 6 Psychological Distress Scale score (range: 0 – 24) were obtained from 
553 people aged 70 years or younger. The cut-off score of 7 or higher indicates the 
presence of mild distress while that of 13 or higher indicates the presence of severe 
distress. 
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Appendix 1. Validating the EBV antibody titer measurement protocol  

 

 

Methods: 

Eick et al. (2016) have established a protocol for the measurement of EBV 

antibody titer in DBS samples (Protocol A). As protocol A uses two commercial kits 

(i.e., the Diamedix EBV ELISA kit (Fisher Scientific, Hanover Park, IL, Cat. #720-600) 

and the Mikrogen recomWell EBV VCA IgG kit, Cat. #7204) and the Diamedix kit was 

not available in China, an alternative protocol (Protocol B) which only uses the 

Mikrogen kit was suggested by the same research team (i.e., Eick and colleagues) via 

personal communication.  

To validate this alternative protocol, Protocol B, a comparison of the results 

obtained when using the two protocols was undertaken by the author (A.Y.) in the 

laboratory at the Department of Human Ecology, the University of Tokyo, by using 13 

samples obtained from the members of the Department of Human Ecology. DBS 

samples were collected on a specific type of filter paper (903 Protein Saver Cards, 

Whatman) following a simple finger prick by a nurse in November 2015. The DBS 

samples were then stored at –20°C in the laboratory until they were measured. EBV 

antibody titer in the same DBS sample was measured following the two protocols and 

compared by calculating a Pearson correlation coefficient. Details of the measurement 

procedures for Protocol A and B have been reported previously (Eick et al., 2016) and 

are reported again in the main text of this Dissertation (Methods 2.4.), respectively. 
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Results: 

The Pearson correlation coefficient for the results of two protocols was 0.88 

(N = 13). After consulting with Eick and colleagues it was decided to use Protocol B for 

the measurement of EBV antibody titer in China, as these protocols are now regarded as 

being comparable. 

 
 

 

Figure A1. A scatter plot showing the association between EBV antibody titer in DBS 

samples measured by Protocol A and B. 
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Appendix 2. Examining the consistency of different measures of self-rated 

household income status 

 

 

Methods: 

This study asked participants about their household income status in 

comparison with other households in the same community (N = 797). Specifically, 

participants were asked the following question; “Suppose the household income of the 

poorest in the community is 0 and that of the richest is 10, how would you rate your 

household income on a scale that runs from 0 to 10?”  

Furthermore, we asked the household heads (n = 161) to provide detailed 

information about their household income. The income from various sources was 

inquired about separately and then summed up to obtain the total annual income, which 

included monetary income from (a) regular employment (per month); (b) retirement pay 

(per month); (c) farming (surplus rice); (d) farming (cash crops other than rice); (e) 

forestry; (f) livestock; (g) fishing; (h) short-term migratory work outside the community 

(while living in the community); (i) long-term migratory work outside the community 

(while living outside the community); (j) income from small shops (usually selling daily 

commodities, preserved foods, and beverages); (k) government subsidies; (l) other 

sources.  

To check the consistency of self-reported income across measures, a 

least-squares regression analysis was conducted to check the association between 

self-rated relative household income and log-transformed annual household income (n = 

161). 
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Results: 

The median value and interquartile range of annual household income was 

11,500 (4,800 – 24,000) RMB (1 RMB = 0.16 USD as of 2015). A least-squares 

regression analysis revealed that there was a significant correlation between self-rated 

household income and log-transformed actual household actual income (coefficient = 

0.244, p < 0.001). Thus, we used self-rated household income as a proxy for household 

income in the study communities. 

 
 

 
 

Figure A2. A scatter plot showing the association between self-rated household income 

and information on household income obtained during interviews with the household 

heads in rural Fujian, China in 2015.   
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Appendix 3. Association between being left behind and EBV antibody titer among 

older people 

 

 
50 years or older 

(n = 560) 
65 years or older 

(n = 255) 

Being left behind 0.17 * 
(0.02, 0.31) 

0.29 * 
(0.07, 0.51) 

Age (in years) 0.01 **  
(0.00, 0.02) 

0.01  
(−0.01, 0.03) 

Sex (ref. Male) 0.12 
(−0.04, 0.28) 

0.12 
(−0.12, 0.36) 

Marital status (ref. Has a partner)   

   Not married −0.38 
(−0.92, 0.16) 

−0.35 
(−0.98, 0.27) 

   Divorced or widowed 0.02 
(−0.18, 0.22) 

−0.07 
(−0.31, 0.18) 

Education (ref. Illiterate)   

   Less than elementary school −0.14 
(−0.31, 0.02) 

−0.24 
(−0.49, 0.01) 

   Junior high school or more −0.05 
(−0.28, 0.18) 

−0.49 * 
(−0.93, −0.06) 

Household income (ref. Low) 0.00 
(−0.14, 0.15) 

0.08 
(−0.14, 0.30) 

Household size (log-transformed) −0.13 
(−0.28, 0.02) 

−0.22 * 
(−0.42, −0.03) 

CRP concentration (log-transformed) 0.06 
(−0.00, 0.13) 

0.11 * 
(0.02, 0.21) 

Proportion of those left behind in the 
community (in percentage)  

0.00 
(−0.03, 0.04) 

−0.01 
(−0.06, 0.04) 

Coefficient and 95% confidence interval are shown. 
A random effects model was used to account for multiple individuals in each 
community. 
**: p < 0.01; *: p < 0.05 
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Appendix 4. Interaction plots in relation to structural social capital 

 
 

 
Figure A3. Interaction between being left behind and community-level structural social 
capital on EBV antibody titer. 
 
 

 

 
Figure A4. Cross-level interaction of structural social capital on EBV antibody titer. 
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Appendix 5. Questionnaire 
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