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Abstract 

Migration is a fundamental demographic process that has been linked to 

cognitive function among the immigrant populations in developed countries. However, 

there is limited understanding of how migration and cognitive function are related 

among internal migrants in developing countries. The purpose of this dissertation is to 

provide some of the first evidence of the association between rural-urban migration and 

cognitive function among middle aged and older adults in China and India. We also 

examined whether the association between migration and cognitive function can be 

explained by a variety of factors such as sociodemographic background, health 

behaviors, and physical health status.  

I first conducted a comprehensive review of the literature on the association 

between migration and cognition among middle-aged and older adults. Based on the 

current evidence, we developed a general conceptual framework to understand the 

factors contributing to the association. I identified five potential mechanisms from the 

literature: 1) socioeconomic status, 2) psychosocial factors, 3) behavioral factors, 4) 

physical and psychological health status, and 5) environmental factors. I also included 

several underlying factors in this conceptual framework such as early-life conditions, 

gender, and genetic factors. Overall, I found that factors linking migration and cognitive 
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function are multidimensional and complex. I encouraged future research to further test 

these mechanisms and refine this framework using empirical data. 

To examine the association between migration and cognitive function among the 

internal migrant populations in China and India, I conducted a cross-national 

comparison study using the 2007-2010 World Health Organization Study on global 

AGEing and adult health (SAGE) data. I included 12,937 adults aged 50 or over from 

China and another 6,244 from India. I categorized migration status into six groups: 

urban residents, rural residents, urban-to-urban migrants, rural-to-urban migrants, 

rural-to-rural migrants, and urban-to-rural migrants. I generated a global cognitive 

function score by combining the following five cognitive tests: immediate and delayed 

recall tests, digit span tests (forward and backward), and verbal fluency test. I also 

assessed a variety of covariates in the analyses that included sociodemographic 

characteristics, psychosocial factors, health behaviors, and physical health status. 

In the Chinese sample, I found that urban residents and urban-to-urban migrants 

had the highest level of cognitive function; whereas rural residents and rural-to-rural 

migrants had the poorest cognitive function. The findings also showed that people who 

migrated to/within rural areas before age 20 had poorer cognitive function than those 

who migrated later in their adulthood. I found similar associations in the Indian sample. 

Urban residents and urban-to-urban migrants had the highest levels of cognition; while 

rural residents and people who migrated to (or within) rural areas had the poorest 
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cognitive function. In both countries, I found that these patterns remain largely 

unchanged after adjusting for multiple study covariates. 

In this dissertation, I also assessed gender differences in the association between 

migration and cognitive function. While doing a cross-country comparison, I observed a 

consistent female disadvantage in cognitive function in both countries. I found that 

female rural residents and female rural-to-rural migrants had the poorest cognitive 

function in both the Chinese and Indian samples. Among Chinese men, I found that 

rural residents had poorer cognitive function than urban residents, while urban-to-

urban migrants had the highest level of cognition; however, for male counterparts in 

India, rural-to-rural migrants had the lowest level of cognitive function. 

In sum, I found that cognitive function among middle aged and older adults in 

China and India differ significantly according to their migration status. The association 

between migration and cognitive function is complex and differs by gender and country.  
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1. Introduction 

1.1 Aging Population in a Global Context 

The world’s population is aging.  Globally, the proportion of people aged 60 or 

older will increase from 12% in 2015 to 22% by 2050 (World Health Organization 

[WHO], 2015). The latter represents a total number of 2 billion worldwide (WHO, 2015). 

Additionally, the distribution of the older adult population will shift from developed 

countries to Low- and Middle-Income Countries ([LMICs], Figure 1) (United Nations, 

Department of Economic and Social Affairs, 2015). By 2050, over 80% of the elderly will 

be living in LMICs such as China and India (Sosa et al., 2012). 

The aging population in China has been growing dramatically in the past few 

decades. Between 2000 and 2013, the number of Chinese older adults age 65 or above 

increased from 90 million to 202 million (Gu, 2016). This segment of the population is 

predicted to increase to over 300 million by 2050, accounting for 30% of the total 

population (Gu, 2016).  

A similar trend was observed in India: it is estimated that the number of older 

adults aged 60 or older will increase from 93 million in 2013 to 296 million by 2050 

(Dommaraju, 2016). Together, over 300 million adults aged 60 years or over are currently 

living in China or India, accounting for about one third of the world’s aging population, 
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and this number is projected to continue growing in the next 15 years (United Nations, 

Department of Economic and Social Affairs, 2015).  

 

Figure 1 Projected Change in the Population Aged 60 Years or Over Between 

2015 and 2030 Versus the Level of Gross National Income Per Capita in 2014 

1.2 Burden of Cognitive Impairment 

Along with an increasing number of older adults, the number of elderly with 

cognitive impairment is also projected to increase. Worldwide, the number of persons 

with dementia reached 35.6 million in 2010 (Prince et al., 2015), and in 2050, it is 

estimated that the number will reach 115.8 million–71% of those will be living in 

currently defined LMICs (WHO, 2012).  
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According to the latest World Alzheimer Report, in 2015, China has the largest  

number of persons with dementia (9.5 million), and this population is expected to 

double every 20 years (Prince et al., 2015).  There are another 4.1 million persons with 

dementia in India (USA: 4.2 million) and this number is expected to continue to increase 

at a particularly rapid rate (Prince et al., 2015).  

The burden of cognitive impairment and dementia has significant medical, 

social, and economic implications. Persons with cognitive impairment are at a greater 

risk of experiencing declines in activities of daily living and behavioral symptoms such 

as agitation or aberrant motor behavior (Cotter, 2007). Compared with those with other 

chronic conditions, persons with cognitive impairment report twice as many hospital 

admissions (Cotter, 2007; Gary, Hill-Briggs, Batts-Turner, & Brancati, 2005). Accordingly, 

the large population of adults with dementia will also contribute to significant strains on 

health and long-term care systems—especially in LMICs, where the costs of caring for 

persons with dementia are the highest (WHO, 2012). Thus, understanding contributing 

factors to cognitive decline is a critical step towards developing targeted interventions to 

slow the disease progression and to decrease the burden of care for family members and 

health care systems in LMICs such as China and India. 
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1.3 Migration 

Concurrently, the increase in population aging is taking place in the context of 

rapid urbanization, specifically in LMICs. By 2050, urbanization is estimated to add 

another 2.5 billion people to urban areas, with approximately 90% of this increase 

focused in Asia and Africa (United Nation, 2015). One of the driving forces of the 

growing urban population is internal migration (United Nation, 2015).  

Migration is one of the three demographic processes (mortality, fertility, and 

migration) that contribute directly to assess population changes. Increasing number of 

migrants both within countries and internationally have been observed worldwide 

(United Nations Department of Economic and Social Affairs, 2013). It is estimated that 

the number of international migrants reached 232 million in 2013 (United Nations 

Department of Economic and Social Affairs, 2013). There were another 740 million 

migrants who moved within countries (United Nations Department of Economic and 

Social Affairs, 2013). Overall people tend to move from less developed areas (e.g. rural 

settings, developing countries) to more developed locations (urban settings, developed 

countries). 

Internal migration can be categorized into four groups: rural to urban, urban to 

urban, rural to rural, and urban to rural. The most common type in developing countries 

is the rural to urban migration. Urbanization and peri-urbanization—the urbanization of 
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former rural areas on the fringe of cities or towns—contribute to the increasing demand 

of workforce (International Organization for Migration, 2015). Migrants are often 

attracted by urban settings because of employment and education opportunities (The 

Demographia, 2015). In China, millions of people migrated from rural areas to cities for 

better education or occupation (Chan, 2012). India has 25 of the 100 fastest-growing 

cities in the world, and people migrated into cities for economic opportunities (A. 

Rameez & Varma, 2014). Similar patterns were also observed in Southeast Asian and 

Sub-Saharan African countries (Garcia, Pindolia, Lopiano, & Tatem, 2015; International 

Organization for Migration, 2015).  

1.3.1 Internal Migration in China 

Since the economic reform in 1979, China has experienced dramatic economic 

growth and social changes (Cai, 1999). An accelerated urbanization process occurred in 

the last three decades, and the rural-to-urban migrant population expanded significantly 

since the early 1980s, rising rapidly during the first half of the 1990s, and again at the 

beginning of the twenty-first century (Chan, 2011; Service Management Division of the 

National Population and Family Planning Commission for the Migrant Population, 

2011). In 2010, the internal migrant population in China reached 221 million (Figure 2), 

accounting for nearly 1/6 of the total population (Service Management Division of the 

National Population and Family Planning Commission for the Migrant Population, 
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2011). The New York Times described the internal migration in China as one of most 

extensive human migrations in the world (Johnson, 2013). 

 

Figure 2 Number of Migrants and Average Increase Rate, 1982-2010 

The internal migration in China showed certain geographical patterns that also 

had changed over time. From 1990 to 1995, only 28% of migration was inter-provincial. 

However, this number increased dramatically to 44.2% in the following 5 years (Chan, 

2012). The migration stream is primarily from low-income inland provinces to 

metropolitan areas and more developed coastal regions especially Zhujiang 

(Guangdong) and Changjiang Delta (Jiangsu, Shanghai, Zhejiang) as these regions have 

become the core of the “world’s factory” (Chan, 2011).  
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Studies have shown that the characteristics of internal migrants in China vary by 

age (Dou & Liu, 2015; Tong & Piotrowski, 2012). Younger migrants in China are more 

likely to be risk takers, more motivated, less likely to have children, better educated, and 

genetically healthier than their rural counterparts who did not migrate (Meng, Manning, 

Li, & Effendi, 2010; Tong & Piotrowski, 2012). A higher proportion of males are seen in 

the migrant population, though there has been an increase in the number of female 

migrants in China (Fan, 2000; Meng et al., 2010). Female migrants are relatively younger 

than their male counterparts and their main reason for migration is to do business or 

factory work (Meng et al., 2010). Most of the younger migrants tend to be temporary or 

circular migrants in that they move to urban settings during slack seasons and go back 

to rural areas to do farm work during busy seasons (Gong, Kong, Li, & Meng, 2008; 

Tong & Piotrowski, 2012).  

Although most migrants in China fall into the working age population, about 

6.6% of the older adults choose to migrate in their later life, and this number is expected 

to increase in the future (Dou & Liu, 2015). Similar to younger migrants, older migrants 

tend to be younger and better educated than those who did not migrate (Dou & Liu, 

2015). However, elderly migration is more likely to happen among older adults who 

currently live in the cities, which is different from the migration pattern among younger 

migrants (Dou & Liu, 2015). One plausible explanation is that the current social welfare 



 

 

8 

system in China only allows urban residents to keep their pensions after migration. 

Rural residents will lose their subsidies if they move out of their villages. 

1.3.2 Internal Migration in India 

Like China, the number of internal migrants in India has been increasing 

dramatically in recent decades. As Figure 3 illustrates, the internal migrant population in 

India has almost doubled since 1971 (Bhagat, 2015). The proportion of internal migrants 

remains at a prominent level but quite stable. The internal migrants in India account for 

about 30% of the total population (Bhagat, 2015).  

 

Figure 3 Number of Internal Migrants Based on Place of Last Residence, India 

1971–2007/2008 

A high level of rural-to-rural migration has been observed in South Asian 

countries including India, where agriculturally poor areas send workers to irrigated 
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areas (Deshingkar & Grimm, 2004). In India, despite increasing urbanization that led to a 

significant growth in rural to urban migration, the predominant internal migration is 

still rural to rural migration (Bhagat, 2015).  In addition, most of the rural to rural 

migration happens within states and only 15% of these migrants move across the state 

borders (Bhagat, 2015).  Among all the intra-state migration, intra district migration 

(72.4%) is the predominant type (Bhagat, 2015). 

Prior literature has documented the gender differences in the migration patterns 

in India. Rural to urban migration was the largest stream (39.0%) for the male 

population in 2007-2008. However, in 2000, the major stream in male migrants was rural 

to rural migration, accounting for 34.2% of the total movement in the male population 

(Bhagat, 2015). The primary reason for this change might be urbanization. As 

employment and education are listed as the two main reasons for men to migrate, rapid 

urbanization in India has created more working opportunities that can attract men from 

rural areas or townships to move into cities (Mohapatra, 2010).  Conversely, the 

percentage of female migrants across the four types of internal migration barely changed 

between 2000 and 2007. Rural to rural migration is the predominant stream accounting 

for up to 70% of all female migration, and the main reason for this type of migration is 

marriage (Bhagat, 2015; Mohapatra, 2010).   
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Internal migrants in India demonstrate heterogeneity in their socioeconomic 

status such as education and income. Most migrants between 16 and 40 years of age, and 

are more likely to be semi-permanent or temporary migrants (Abbas Rameez & Varma, 

2014). In most cases, they work in a few key subsectors, including construction, domestic 

work, agriculture processing, textile and manufacturing, transportation, and mining 

(Abbas Rameez & Varma, 2014) 

1.4 China and India 

China and India share some similarities in the internal migration patterns. In 

both countries, overall, people tend to move from less developed rural areas to urban 

settings (Jones, 2016).  In addition, there are some “restrictions” of migration that exist in 

both countries. In China, the household registration system makes it difficult for people 

from rural areas to settle down in cities permanently, which increases the costs and 

reduces the potential benefits to migration (Jones, 2016). Although India does not have 

the same household registration, and the Constitution of India guarantees all citizens the 

freedom of movement, barriers still exist that prevent people from migrating from one 

location to another (Bhugra, 2004).  Some religious or ethnic groups that consider 

themselves as indigenous “sons of the soil" tend to use political power to overcome their 

fears of those more highly skilled, better educated migrants who moved to the current 

location from other places (Fearon & Laitin, 2011).  
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Still, there are differences in the migration patterns between China and India. 

First, the major type of migration differs. In China, rural to urban and urban to urban 

migration account for over 80% of the total migration (Zheng & Yang, 2016). Although 

rapid urbanization in India has led to a significant growth in rural to urban migration, 

the predominant internal migration is still rural to rural migration (Bhagat, 2015). In 

addition, India differs from China in the more differentiated patterns of migration for 

men and women (Jones, 2016). As discussed in previous sections, around 70% of female 

migrants in India move from one rural area to another for the purpose of marriage 

(Bhagat, 2015), which is not the case for male migrants. 

China and India are two large middle-income countries that represent 36% of the 

world’s population (Central Intelligence Agency, 2015). Both countries are under rapid 

economic development and experiencing an increasing aging population. Still China 

and India have different political structures and healthcare systems. India is a federal 

republic country in South Asia that has a public-private mixed healthcare system with 

the private sector providing most healthcare services (Marten et al., 2014). Out-of-pocket 

spending accounts for nearly 72% of the healthcare expenses rather than through 

insurance (Marten et al., 2014). Meanwhile, China, a communist nation in East Asia, has 

achieved universal health coverage with more than 95% of its population insured (Yu, 

2015). Despite the accomplishment in universal health coverage, differences in health 
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insurance still exist. For example, the New Rural Cooperative Health Insurance, which 

predominantly covers rural populations in China, has lower outpatient coverage than 

urban employee and government medical insurance (Marten et al., 2014). Because of the 

differences and similarities between China and India, it will be very informative to make 

comparisons between these two countries in terms of the association between migration 

and cognitive function. 

1.5 Purpose Statement and Dissertation Chapters 

Migration is a complex process that has been shown to have tremendous 

influences on an individual’s socioeconomic, cultural, and physical environment. In 

turn, these changes have been shown to contribute to changes in trajectories of physical 

health and cognitive function at older ages (Clarke, O’Malley, Johnston, & Schulenberg, 

2009; Haas & Rohlfsen, 2010).  

The purpose of this dissertation is to better understand the association between 

migration and cognitive function among middle aged and older adults in China and 

India. The overarching rationale for this dissertation is to examine the interplay between 

two major demographic transitions in the world’s two most populous nations: (1) rapid 

population aging and (2) significant economic growth and urbanization. Together, these 

major socioeconomic and demographic changes occurring in China and India provide 

unique contexts to conduct individual and comparative studies on the association 
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between migration and cognitive function within and between these two countries. This 

dissertation represents a crucial step toward developing tailored and innovative 

practices to preserve cognitive health among the aging population in China and India. 

More importantly, it provides empirical evidence to improve health policies that address 

health disparities in later-life and promote healthy aging among vulnerable populations 

in LMICs.  

This dissertation provides the background and an overarching description of the 

research project in Chapter 1, followed by four manuscripts that present the findings in 

Chapters 2, 3, 4, and 5 respectively.  Chapter 6 is a synthesis of the findings from the 

four manuscripts, identified study limitations, and implications for future research and 

practice. 

The first manuscript (Chapter Two) reviews the current evidence around the 

association between migration and cognitive function. I developed a conceptual 

framework to understand the factors contributing to the association between migration 

and cognitive function. A manuscript from this chapter is under review for publication 

in Global Health Research and Policy and the text is reprinted in the dissertation with 

permission.  

The second manuscript (Chapter Three) examines the associations between 

residential mobility, age at migration, and cognitive function using the WHO Study on 
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global AGEing and adult health (SAGE)-China Wave 1. This manuscript has been 

published in Research on Aging and the text is reprinted in the dissertation with 

permission.  

In the third manuscript (Chapter Four), I used the SAGE-India Wave 1 data to 

assess how people’s current and past residential places are associated with cognitive 

function in the adult Indian population. This manuscript has been published in 

Neuroepidemiology and the text is reprinted in the dissertation with permission.  

In the fourth manuscript (Chapter Five), I examined the gender differences in 

associations between migration and cognitive function. Using the SAGE Wave-1 data, 

we compared the results in men and women between the Chinese and the Indian 

populations.   
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2. Migration and Cognitive Function: A Conceptual 
Framework 

2.1 Abstract 

2.1.1 Background 

Migration is a fundamental demographic process that can have an immediate 

and lasting impact on individual health and well-being. There is now an increasing body 

of evidence linking migration with cognitive function in older adults. In this paper, we 

synthesized the current evidence to develop a general conceptual framework to 

understand the factors contributing to the association between migration and cognitive 

function.  

2.1.2 Methods 

A comprehensive review of the literature was conducted on the associations 

between migration and cognition among middle-aged and older adults. 

2.1.3 Results 

Five potential mechanisms were identified from the literature: 1) socioeconomic 

status—including education, occupation, and income; 2) psychosocial factors—including 

social networks, social support, social stressors, and discrimination; 3) behavioral 

factors—including smoking, drinking, and health service utilization; 4) physical and 

psychological health status—including chronic conditions, physical function, and 

depression; and 5) environmental factors—including both physical and social 
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environment. Several underlying factors were also identified—including early-life 

conditions, gender, and genetic factors. 

2.1.4 Conclusions 

The factors linking migration and cognitive function are multidimensional and 

complex. Additional studies are needed to further examine these mechanisms to further 

extend and refine our general conceptual framework. 

2.2 Background  

Migration is the geographic movement of individuals across a specified 

boundary for the purpose of establishing a new residence (International Organization 

for Migration, 2015).  Migrant populations, both within countries and internationally, 

have been increasing for the past few decades (United Nations Department of Economic 

and Social Affairs, 2013). According to recent estimates, there were more than 232 

million international migrants in 2013; and another 740 million internal migrants 

worldwide (United Nations Department of Economic and Social Affairs, 2013). As these 

migrant populations get older, many will experience cognitive decline and impairment 

with advancing age (Prince et al., 2015; Spallek, Zeeb, & Razum, 2014; Treas & 

Gubernskaya, 2016). Thus, it is important to understand how migration may relate to 

initial levels of cognitive function and the rate of cognitive change over time (Deary et 

al., 2009). A variety of factors—such as sociodemographic background, health behaviors, 

and genetic traits—can influence levels of cognitive function and changes over time 
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(Livingston et al., 2017). Likewise, the migration process is related to many of these 

factors and, therefore, may be important mechanisms in the association between 

migration and cognitive function.  

The purpose of this paper is to present a general conceptual framework of the 

linkages between migration and cognitive function. We conduct a comprehensive 

review of the literature and discuss the possible mechanisms that may explain the 

association between migration and cognitive function. Furthermore, synthesizing the 

current evidence to provide a conceptual framework will help elucidate important 

mechanisms and provide guidance for researchers to develop effective approaches to 

prevent cognitive decline among older adult populations. 

2.3 Current Literature on Migration and Cognitive Function 

Our previous systematic review synthesized the current literature on migration 

and cognitive function (Xu, Zhang, & Wu, 2017). We found that there is a lack of a 

conceptual framework that elucidate the potential pathways between migration and 

cognitive function in the current literature (Xu, Zhang, et al., 2017). Given the sheer 

number of migrants across the globe, it is important to develop a conceptual framework 

to examine the underlying linkages that connect migration and cognition. Building on 

our published systematic review, we further reviewed current empirical findings and 

developed a general conceptual framework of the relationships between migration and 
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cognitive function. We did not include all the literature but highlighted several studies 

that illustrate each potential mechanism. 

2.4 Potential Mechanisms Impacting Relationships Between 
Migration and Cognitive Function 

The potential pathways through which migration affects cognitive function are 

complex and multifactorial. The mechanisms can be categorized in terms of 

socioeconomic, psychosocial and behavioral factors, physical and psychological health, 

and environmental factors. Figure 4, which is an extension and elaboration of the figure 

in our previous systematic review, depicts factors that are associated with an 

individual’s cognitive function and how the migration process may change some of 

those factors.  
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Figure 4 Conceptual Framework of Potential Mechanisms to Explain the Relationships between Migration and Cognitive 

Function 
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2.4.1 Socioeconomic status (SES) 

Socioeconomic factors are often assessed in the literature using measures such as 

educational attainment, income level, and occupational status (Treas & Gubernskaya, 

2016). A number of studies have shown that adult SES such as education, income, and 

occupation are protective factors against cognitive decline (Deary et al., 2009; Gow, 

Avlund, & Mortensen, 2014; Koster et al., 2005; Potter, Plassman, Helms, Foster, & 

Edwards, 2006). These socioeconomic factors might also serve as motivations for people 

to migrate and achieve socioeconomic advancement, which is often described as upward 

social mobility (Alcántara, Chen, & Alegría, 2014). 

2.4.1.1 Education 

A common reason for migration is to achieve higher or better education (Bhagat, 

2015; Chan, 2012). People who receive higher levels of education demonstrated better 

cognitive function (Cagney & Lauderdale, 2002; Lee, Buring, Cook, & Grodstein, 2006). 

One possible explanation is that brain function is stimulated through learning activities 

or social engagement (Fratiglioni, Paillard-Borg, & Winblad, 2004). Therefore, higher 

education is related to more cognitive reserve that helps people maintain their brain 

function (Valenzuela & Sachdev, 2006).  

2.4.1.2 Income 

In addition to education, migrants tend to move from poor areas to more 

developed places to receive higher payment than what they could earn back home 

(Chan, 2012; Garcia et al., 2015; International Organization for Migration, 2015). Prior 
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research has found that controlling for education and other factors, higher income has 

been independently associated with higher scores in cognition tests (Deary et al., 2009; 

Koster et al., 2005). Higher income level may allow people to afford a good quality diet 

and better living environment that, in turn, may have a positive impact on cognitive 

health (Golant, 2008; Shatenstein et al., 2012).  It is also possible that migration can lead 

to an improvement in financial status that increases the likelihood for migrants to use 

health services (Chen, 2013; Richter et al., 2014), resulting in more preventative care 

reducing the risk of diseases that negatively affect cognitive function in later life (Pottie 

et al., 2016). 

2.4.1.3 Occupation 

Another reason for migration is enhanced employment opportunities (Bhagat, 

2015; Chan, 2012). Studies have reported the association between a highly-skilled 

occupation and better cognitive function while adjusting for education and income 

factors (Gow et al., 2014; Potter et al., 2006).  Occupation often reflects different work 

exposures and activities (Winkleby, Jatulis, Frank, & Fortmann, 1992). It is likely that 

migration results in changes in occupations. Therefore, migrants may benefit from 

intellectual stimulation by working on different tasks and learning new activities, which 

are associated with better cognitive function (Cagney & Lauderdale, 2002; Fratiglioni et 

al., 2004; Lee et al., 2006; Schooler, Mulatu, & Oates, 2004). 
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However, upward social mobility might not be seen in other types of migration, 

such as involuntary migration due to natural disasters, or migration for the purpose of 

marriage or family union (Myers, Slack, & Singelmann, 2008; Pedraza, 1991; Tienda & 

Booth, 1991). For example, women who migrate in order to get married do not 

necessarily experience an increase in their SES (Chattopadhyay, 1997; Pedraza, 1991). 

Therefore, these migrants may not benefit from the protective effects of SES on their 

later-life cognitive function. 

2.4.2 Psychosocial factors 

Migration involves many psychosocial changes (Bhugra, 2004). The following 

section describes how these migration-related psychosocial changes are associated with 

cognitive function.  

2.4.2.1 Perceived discrimination 

A number of studies have documented the hostility and discrimination that 

migrants experience (Chou, 2012; Zhong et al., 2016). For example, rural-to-urban 

migrants in China have often been denied access to many of the social welfare programs 

such as health insurance and unemployment benefits that were available to their urban 

counterparts, even if they were doing the same job (Meng et al., 2010). Among 

immigrants, discrimination and segregation in host countries are also often reported 

(Flippen & Parrado, 2015; Negi, 2013). Perceived discrimination may result in social 
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isolation; and previous studies found that social isolation is a risk factor for cognitive 

impairment and dementia (DiNapoli, Wu, & Scogin, 2014; Shankar & Hamer, 2013).  

2.4.2.2 Social support 

Previous research has reported that migrants often experienced various stressful 

life events, such as separating from family, both during and after the migration process 

(Lu, Hu, & Treiman, 2012). Family separation is likely related to reduced social support 

(Hurtado-de-Mendoza, Gonzales, Serrano, & Kaltman, 2014; Jasinskaja-Lahti, 2006; 

Negi, 2013). Small social networks and less social support have been shown to be a risk 

factor of cognitive decline (Crooks, Lubben, Petitti, Little, & Chiu, 2008; Yeh & Liu, 2003; 

Zhu, Hu, & Efird, 2012). It is also possible that adequate social support and a large social 

network can facilitate an individual’s access to health care and promote healthy 

behaviors, ultimately reducing the impact of other risk factors that affect cognitive 

function (Kuiper et al., 2015).  

2.4.2.3 Stress 

In addition to experiencing reduced social networks and social support, migrants 

are often under great stress during the migration process (Aroian & Norris, 2000; Hattar-

Pollara & Meleis, 1995). Studies have shown that stressful life events may affect elderly 

participants' inhibitory control in attentional and sensorimotor domains and therefore 

influence their cognitive function (Marshall, Cooper, & Geeraert, 2015). However, a 

longer stay in a hosting place has been shown to be associated with less stress and an 
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improved social network (BKim, Sangalang, & Kihl, 2012). As a result, the effects of 

these negative psychosocial factors such as reduced social network and increased stress 

on cognitive function may decrease as migrants stay longer in hosting places.  

2.4.3 Behavioral factors 

Changes in health behaviors are often observed in migrant populations. Migrants 

from less developed areas are likely to adopt westernized life styles that can negatively 

affect health, such as high calorie intake, physical inactivity, sedentary employment, and 

tobacco use (Akresh, 2007; Allen et al., 2014; Gorman, Lariscy, & Kaushik, 2014). These 

high-risk lifestyles lead to disorders that directly affect an individual’s cognitive 

function (Otaegui-Arrazola, Amiano, Elbusto, Urdaneta, & Martínez-Lage, 2014; 

Tuligenga et al., 2014), and also serve as mediators in the relationship between migration 

and cognitive function.  

2.4.3.1 Dietary factors 

Dietary acculturation has been observed among immigrants (Akresh, 2007; Cuy 

Castellanos, 2015). Studies that examined the change of dietary patterns among 

immigrants in the United States indicate that immigrants tend to consume more calorie-

dense food but less fruits and vegetables after arriving in the United States (Akresh, 

2007; Cuy Castellanos, 2015). In addition, a longer stay in the United States has been 

associated with more westernized dietary patterns (Cuy Castellanos, 2015). Research 

shows that similar patterns occur in the rural-to-urban migrant populations in 
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developing countries (Bowen et al., 2011; Skoro, Smith, Jin, & Feng, 2014; Unwin et al., 

2010).  Previous studies have reported that regular intake of fruits, vegetables, and fiber 

is associated with better cognitive function (Luchsinger, Noble, & Scarmeas, 2007; 

Otaegui-Arrazola et al., 2014), while westernized food consumption is related to poorer 

cognitive performance (Kanoski & Davidson, 2011; Torres et al., 2012). Therefore, 

migration may trigger changes in migrants’ dietary behaviors that generate negative 

effects on their later-life cognitive function.  

2.4.3.2 Smoking. 

An increasing prevalence of smoking has been observed among migrant 

populations. Studies in China and Guatemala have indicated that moving into cities is 

associated with higher likelihood of smoking (Cui, Rockett, Yang, & Cao, 2012; Torun et 

al., 2002). Female immigrants appear more likely to smoke than their counterparts who 

remain in home countries (Choi, Rankin, Stewart, & Oka, 2008; Gorman et al., 2014). A 

wealth of data has shown the negative effect of smoking on cognitive function (Anstey, 

Von Sanden, Salim, & O’Kearney, 2007; Nooyens, van Gelder, & Verschuren, 2008; 

Peters, Poulter, et al., 2008; Sabia et al., 2012), which may occur due to increased risk of 

cardiovascular diseases and inflammation (Horvat et al., 2015).  

2.4.3.3 Alcohol consumption 

Unlike smoking, light-to-moderate alcohol consumption has been shown to 

reduce the risk of developing dementia (R. Peters, Peters, Warner, Beckett, & Bulpitt, 
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2008; Ronksley, Brien, Turner, Mukamal, & Ghali, 2011). One possible explanation is that 

light-to-moderate drinking might be cardio protective (Roerecke & Rehm, 2012; 

Ronksley et al., 2011). However, previous research has yielded inconsistent results on 

the association between heavy drinking and cognitive function (Horvat et al., 2015; 

Kesse-Guyot et al., 2012). Therefore, the relationship between alcohol consumption and 

cognitive function might be an inverted U-shape (Horvat et al., 2014).  Still, an increasing 

trend of alcohol consumption has occurred in both immigrant and internal migrant 

populations compared with people who did not migrate (Bryant & Kim, 2013; Torun et 

al., 2002).   

2.4.3.4 Physical activities 

A growing body of literature has demonstrated lower physical activity among 

rural-to-urban migrants compared to rural residents, which may be explained by 

sedentary employment in the cities (Torun et al., 2002; Yamauchi & Umezaki, 2005). 

Similarly, immigrants are also found to be less likely to participate in physical activities, 

and longer stays in a hosting country would increase this likelihood (Dogra et al., 2010; 

Tremblay, Bryan, Pérez, Ardern, & Katzmarzyk, 2006). Physical activities have long-

term positive effects on later-life cognitive function (Angevaren, Aufdemkampe, 

Verhaar, Aleman, & Vanhees, 2008; Tolppanen et al., 2014; Zhu et al., 2014). One possible 

linkage between physical activity and cognition is that physical activity leads to 
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improvements in cardiorespiratory fitness that are beneficial for cognitive function (Zhu 

et al., 2014). 

2.4.3.5 Health services utilization 

Despite the negative health behaviors that are related to migration, people who 

move to more developed areas or countries might improve their access to better health 

services. It is believed that health services in developed countries are generally better 

than developing countries (Peters et al., 2008). Similarly, in developing countries where 

massive internal migration occurs, the best health care is centralized in urban areas 

(Vlahov et al., 2007; Zhang & Kanbur, 2005). Although migrants from developing 

countries or rural areas might have access to better health care after migration, the use of 

these services might not be improved immediately. It may take some time for the 

migrants to be fully aware of and gain access to the available healthcare resources (Lu, 

2010; Newbold, 2005).   

2.4.4 Physical and psychological health 

As discussed in previous sections, migration may trigger changes in several risk 

and protective factors, including SES, psychosocial, and behavioral factors. These 

migration-associated factors not only directly interact with cognitive function, but also 

have impacts on individuals’ physical and psychological health and ultimately influence 

cognitive function (Helmes, Ostbye, & Steenhuis, 2013; Tuligenga et al., 2014).  
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2.4.4.1 Physical function 

A growing body of literature has demonstrated the association between physical 

function and cognitive function. For example, a recent study has demonstrated that 

decline in gait and balance function preceded decline in neurological processing speed 

tasks (Finkel, Ernsth-Bravell, & Pedersen, 2016). Therefore, factors that are associated 

with an individual’s physical function may have indirect effects on cognitive function. 

Physical function is associated with several factors such as SES (Beydoun & Popkin, 

2005; Smith & Goldman, 2007), health behaviors (Seeman, Merkin, Crimmins, & 

Karlamangla, 2010; Smith & Goldman, 2007), and social support (Ashida & Heaney, 

2008). These factors are likely to change during the migration process. Therefore, 

migration may indirectly affect an individual’s cognitive function through the pathways 

that we described above.   

2.4.4.2 Obesity 

Changes in health behaviors, such as adopting a westernized diet and being 

physical inactive, are likely to increase the risk of obesity in the migrant populations 

(Commodore-Mensah, Samuel, Dennison-Himmelfarb, & Agyemang, 2014; Ebrahim et 

al., 2010). In addition, a longer stay in the hosting place has been shown to be 

significantly associated with obesity or overweight (Delavari et al., 2013; Goel, 

McCarthy, Phillips, & Wee, 2004). The linkage between obesity and cognitive function is 

well-established (Kanoski & Davidson, 2011; Nguyen, Killcross, & Jenkins, 2014). 



 

29 

Therefore, obesity could mediate the effect of health behavior changes that occurred 

along with the migration process on later-life cognitive function.     

2.4.4.3 Chronic diseases 

Similar mediating effects can be found in chronic diseases. On one hand, the 

changes in migration-related health behaviors not only contribute to the risk of obesity 

and overweight in the migrant populations; these high-risk lifestyles are also associated 

with the development of chronic diseases like cardiovascular disease and diabetes 

(Afable-Munsuz, Mayeda, Pérez-Stable, & Haan, 2014; Buja et al., 2013; Sabia et al., 

2012). On the other hand, if people experience improvement in their SES that is due to 

migration, they might be more likely to use preventive care (Pylypchuk & Hudson, 

2009). Also, migration can lead to improvement in access to healthcare (Vlahov et al., 

2007; Zhang & Kanbur, 2005), which can promote better prevention and management of 

chronic diseases (Beaglehole et al., 2008). Increasing evidence suggests that chronic 

diseases such as hypertension, diabetes, and arrhythmias are related to greater risk of 

cognitive impairment and dementia (Ballard, Rowan, Stephens, Kalaria, & Kenny, 2003; 

Helmes et al., 2013; Iadecola, 2014; Kaffashian et al., 2011, 2013; Knopman et al., 2009; 

Tuligenga et al., 2014). Although the precise mechanisms underlying the association 

between chronic diseases and cognitive function remain unclear, one common 

explanation is that both micro- and macro-vascular complications increase the risk of 

cognitive impairment (Exalto, Whitmer, Kappele, & Biessels, 2012).  
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2.4.4.4 Mental health  

Previous research has established linkages between migration-related 

psychosocial factors and mental health (Chou, 2012; Edge & Newbold, 2013; Jasinskaja-

Lahti, 2006; Leong, Park, & Kalibatseva, 2013). For example, perceived discrimination 

has been found to be a risk factor for depressive symptoms (Edge & Newbold, 2013; 

Mewes, Asbrock, & Laskawi, 2015). The reduced social networks among immigrants 

also has been shown to have negative effects on mental health (Guruge, Thomson, 

George, & Chaze, 2015; Kim et al., 2012). However, as migrants stay longer in the 

hosting places, it is possible that they will rebuild their social networks, which will 

reduce the negative effects on mental health (Kim et al., 2012). Additionally, longer stays 

have been shown to be related to more use of mental health services that would help 

improve mental health status (Leu et al., 2008; Park, Cho, Park, Bernstein, & Shin, 2013). 

Evidence from previous studies suggests that depressive symptoms are associated with 

mild cognitive impairment and dementia (Jorm, 2001; Panza et al., 2010). It is possible 

that the changes in psychosocial factors during or after migration will negatively impact 

migrants’ mental health status, and therefore increase the risk of cognitive impairment. 

However, these negative impacts on cognitive function could be reduced gradually as 

their length of stay increases.  
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2.4.5 Environmental factors 

Moving from one area to another often leads to changes in both physical and 

social environment. The following section discusses the possible linkages between 

migration, changes in environmental factors, and cognition. 

2.4.5.1 Social environment 

For immigrants, the similarities in social environment between sending and 

receiving countries determine the amount of change that immigrants experience in 

psychosocial and behavioral factors that are associated with physical and psychosocial 

health, and, thus, with cognitive function. For example, immigrants from low-income 

countries are more likely to experience discrimination when they migrate to a high-

income country (Kim & Noh, 2014). Behavioral changes among immigrants also differ 

by the countries of origin. For example, the prevalence of smoking varies between Asian 

and Latino immigrants in the United States; and the gender gap in smoking prevalence 

is greater among Asian than Latino immigrants (Gorman et al., 2014). In addition, 

country of origin has been shown to be a significant factor that influences changes in 

dietary patterns among immigrants (Holmboe-Ottesen & Wandel, 2012).  

2.4.5.2 Physical environment 

Increasing evidence has suggested that certain physical environments can be a 

potential risk factor for cognitive impairment. Prior studies have found that people who 

work in agricultural settings are more likely to be exposed to pesticide that increases the 



 

32 

risk of cognitive decline (Kim, Lee, Lee, Jacobs, & Lee, 2015). In addition, people who 

live in rural areas especially in developing countries still often use open fires for cooking 

(Bruce, Perez-Padilla, & Albalak, 2000; Das, Jagger, & Yeatts, 2016; Fullerton, Bruce, & 

Gordon, 2008).  Open fire as a major source of indoor pollution has been shown to be 

associated with poorer cognitive function (Kioumourtzoglou et al., 2015). Therefore, 

when people move out of rural areas with these types of environmental exposures, they 

may protect their cognitive function in later life. However, there is some new evidence 

suggesting that exposure to air pollution such as particulate matter or traffic-related air 

pollution in urban areas might accelerate cognitive decline in older ages (Oudin et al., 

2016; Weuve et al., 2012).  As a result, people who move into cities might also face new 

environmental risk factors of cognitive decline.  Research in this area is still at early 

stages. Future research should investigate whether migration and cognition could be 

linked through changes in physical environment.  

2.5 Underlying Factors 

In addition to the many factors that might change during the migration process, 

there are other time-invariant factors that might affect an individual’s cognitive function. 

For example, early-life conditions, gender, and genetic factors may each affect cognitive 

function via various pathways.  
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2.5.1 Early-life conditions 

Studies have shown that early-life exposures to negative events (e.g. hunger and 

malnutrition) are likely to increase the risk of cognitive decline (Han & Shibusawa, 2015; 

Zhang et al., 2009). People who live in low- and middle-income countries are more likely 

to experience negative early-life exposures. Even people who survived such negative 

exposures (e.g. infectious diseases) during their childhood, show a higher risk of 

developing cognitive impairment later on than those who didn’t experience negative 

exposures (McEniry, 2013). In addition, a parent’s educational level has been shown to 

influence the trajectories of cognitive aging (Melrose et al., 2015; Zhang, Gu, & Hayward, 

2008). Recent studies demonstrated that physical measures in early life such as birth 

length and head circumference are also associated with later-life cognitive function 

(Raikkonen et al., 2013; Zhang et al., 2009). It is possible that these measures indicate 

early brain development, which accounts for nearly 50% of a person’s total cognitive 

ability (Brayne, 2007).   

2.5.2 Gender 

Prior research has found that women reported worse cognitive function than 

men, especially in the oldest old age range (Ferri et al., 2005; Mathuranath et al., 2010). 

Gender is an underlying factor that influences the relationship between migration and 

cognitive function through several pathways. First, the migration patterns might differ 

between men and women. For example, in India, gender differences have been observed 
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in the migration trends.  In male populations, rural-to-urban migration is the largest 

stream (39.0%) and employment and education are the top two reasons for migration 

(Bhagat, 2015). However, in women, rural-to-rural migration is the predominant stream 

accounting for 70% of all the female migration, primarily for the purpose of marriage 

(Bhagat, 2015; Mohapatra, 2010). Therefore, changes in SES between male and female 

migrants might be different due the reasons for migration and geographic patterns: men 

are more likely to experience upward social mobility (Tienda & Booth, 1991), and 

ultimately have better cognitive function (Ferri et al., 2005; Mathuranath et al., 2010).  

Gender differences have also been found in changes in health behaviors. For 

example, research indicates that male immigrants are more likely to adapted to 

westernized diets than their female counterparts (Akresh, 2007; Cuy Castellanos, 2015).  

Additionally, the impact of migration on an individual’s smoking behavior differs by 

gender, with male migrants less likely to smoke than females (Choi et al., 2008; Gorman 

et al., 2014). As a result, the gender differences in health behaviors among migrants may 

produce different influences on later-life cognitive function.  

2.5.3 Genetic factors 

Research has established linkages between dementia and two genes—

apoliporotein E (APOE) and neuronal sortilin-related receptor (SORL1) (Bertram, 

McQueen, Mullin, Blacker, & Tanzi, 2007; Farrer et al., 1997; Rogaeva et al., 2007).  

Studies have shown that APOE ε4 increases the risk of dementia. However, the effect 
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varies by sex, race/ethnicity, age, and geographic location (Corbo & Scacchi, 1999; 

Eisenberg, Kuzawa, & Hayes, 2010; Rogaeva et al., 2007; Rosvall et al., 2009; Sheffler, 

Moxley, & Sachs-Ericsson, 2014).  The SORL1 gene has been found as the second most 

important gene related to cognitive function (Kalaria et al., 2008; Rogaeva et al., 2007). 

Studies that covered a broad range of locations and ethnicity groups have shown SORL1 

is a risk gene in cognitive decline (Bettens et al., 2008; Ning et al., 2010; Rogaeva et al., 

2007) 

2.6 Conclusions 

The association between migration and cognition is multidimensional and 

complex. This study identifies several pathways which potentially explain the linkages 

between migration and later-life cognitive function. An individual’s cognitive function is 

associated with SES, psychosocial and behavioral factors, and physical and 

psychological health status. These factors mediate the relationship between migration 

and cognitive function. The migration process may lead to changes in SES, psychosocial 

and behavioral factors, and these changes will either positively or negatively influence 

an individual’s cognitive function. Such changes may also impact cognitive function 

indirectly by improving or harming a person’s physical and psychological health. Age at 

migration (or the length of stay in the new location) is associated with levels of change in 

SES, psychosocial and behavioral factors, and physical and psychological health status. 

Additionally, environmental factors may potentially mediate the relationship between 
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migration and cognition. Underlying factors, such as an individual’s early-life 

exposures, gender, or genetic factors, which will not change through migration, are 

related to later-life cognitive function. One of the main outcomes of this paper is a 

conceptual framework of the potential mechanisms between migration and cognitive 

function and related underlying factors. Using this framework, the relative importance 

of the identified pathways may be empirically tested. 
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3. Residential Mobility and Cognitive Function Among 
Middle-aged and Older Adults in China  

3.1 Abstract 

3.1.1 Objectives 

To assess the association between rural-urban residential mobility and cognitive 

function among middle-aged and older adults in China. 

3.1.2 Method 

We used data from the World Health Organization Study on global AGEing and 

adult health (SAGE) that included adults age 50+ from China (n = 12,410). We used 

multivariate linear regressions to examine how residential mobility and age at migration 

were associated with cognitive function.  

3.1.3 Results 

Urban and urban-to-urban residents had the highest level of cognitive function; 

whereas rural and rural-to-rural residents had the poorest cognitive function. Persons 

who migrated to/within rural areas before age 20 had poorer cognitive function than 

those who migrated during later adulthood. Socioeconomic factors played a major role 

in accounting for the disparities in cognition; however, the association remained 

significant after inclusion of all covariates.  
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3.1.4 Discussion 

Residential mobility and age at migration have significant implications for 

cognitive function among middle-aged and older adults in China.  

3.1.5 Key words 

Social determinants of health; mobility; cognition; China 

3.2 Introduction 

Cognitive function is an important indicator of later-life health and well-being 

and has received increased attention due to the growing population of older adults. 

There are clear linkages between cognitive impairment and greater risks of physical 

disabilities, disease comorbidities, hospital admissions, and subsequent mortality 

(Cotter, 2007; Prince et al., 2014). Differences in later-life cognitive function are related to 

a wide range of social, environmental, and behavioral factors over the life course (Deary 

et al., 2009; Plassman, Williams, Burke, Holsinger, & Benjamin, 2010). Better cognition in 

later life is associated with higher levels of education, occupational position (and work 

complexity), and more social activities (Andel, Silverstein, & Kareholt, 2015; Deary et al., 

2009). Furthermore, exposures to negative events—such as hunger, malnutrition, and 

rural living environment—may also increase the risk of cognitive decline at older ages 

(Han & Shibusawa, 2015; Zhang et al., 2008; Zhang et al., 2009). 

Residential mobility is a fundamental demographic transition that can occur at 

any time during the life course and can have lasting consequences for health (Spallek et 
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al., 2014). The moving process may influence cognitive function through various 

changes in socioeconomic resources, environmental factors, and lifestyles. To date, most 

studies that examined the relationship between residential mobility and cognitive 

function have focused on immigrant populations. A recent systematic review shows 

mixed results on the associations (Xu, Zhang, et al., 2017). On one hand, some studies 

show that immigrants exhibit poorer cognitive function than native-born residents 

(Black et al., 1999; Haan, Zeki Al-Hazzouri, & Aiello, 2011; Stouten, Veling, van der 

Helm, Laan, & van der Gaag, 2013). On the other hand, studies also find no significant 

association between immigration and cognition (Chertkow et al., 2010; Kave, Eyal, 

Shorek, & Cohen-Mansfield, 2008). It is possible that the inconsistent evidence may be 

due to wide variations in study design, sample characteristics, and/or measures. 

Differences in the length of stay may have different effects on cognitive function (Hill, 

Angel, Balistreri, & Herrera, 2012; Zahodne, Schofield, Farrell, Stern, & Manly, 2014). For 

example, the influence of age at migration is not uniform on later-life cognitive function 

in men and women. Hill et al. (Hill et al., 2012) found that Mexican-American men who 

immigrated to the United States in middle age had better baseline cognitive function 

and a slower decline in cognition than U.S-born Mexican American men. However, this 

association was not observed among the female population.  

Few studies have examined whether and to what extent residential mobility 

within a country (internal migration) is associated with cognitive function in later life. 



 

40 

Results from two studies conducted in India were inconclusive. In the first place, rural-

to-urban migrants in India had lower prevalence of dementia than urban residents 

(Raina, Razdan, & Pandita, 2010); in the second place, no such association between 

residential mobility and cognitive function was observed (Raina et al., 2014). Although 

informative, these studies focused on targeted areas in India and their generalizability to 

the wider population of India (or other developing countries) is unclear. Therefore, our 

knowledge remains limited regarding how residential mobility within country impacts 

later-life cognitive function—particularly in developing countries with high rates of 

migration.  

3.2.1 Conceptual Framework 

The associations between residential mobility and cognitive function are complex 

and multidimensional. Drawing from a life-course perspective, there are three 

conceptual models that provide some guidance for understanding how social, physical, 

and environmental exposures in early-life have long-term consequences for health and 

well-being in later-life (Kuh, Ben-Shlomo, Lynch, Hallqvist, & Power, 2003). First, the 

critical period model suggests that exposures that occur during a critical time period, 

usually a vulnerable developmental phase in the life course, can have long-term effects 

on disease risks (Kuh et al., 2003). Second, the cumulative risk model posits that risk 

exposures and/or protective factors accumulate over time (Kuh et al., 2003). Finally, the 

chain of risk model posits that sequential exposures over the life course can increase the 
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risks of certain diseases because of a hypothesized “chain reaction” of linked exposures 

and outcomes (Kuh et al., 2003).  

A recent study has comprehensively identified a number of risks and protective 

factors associated with cognitive impairment, such as educational attainment, smoking 

status, and depressive symptoms over the life course (Livingston et al., 2017). It is 

argued that migrating from one location to another can lead to changes in these risks 

and protective factors during critical periods of the life course, which in turn, may have 

cumulative effects on later-life cognitive function. For example, individuals often 

relocate to advance their socioeconomic standing and enhance their upward social 

mobility (Alcántara et al., 2014). Such improvements in socioeconomic status (SES) can 

accumulate throughout the life course and, in turn, have lasting benefits to cognitive 

function in later life (Deary et al., 2009). However, from a chain of risk standpoint, there 

is also research to suggest that residential mobility is associated with increasing risks for 

chronic diseases such as hypertension and diabetes (Stanek et al., 2009) There is 

increasing evidence that development of these chronic diseases is associated with 

subsequently poorer cognitive function (Tuligenga et al., 2014). As such, residential 

mobility also can be implicated as a potential risk factor for cognitive impairment 

3.2.2 Health and Residential Mobility in China 

China is a rapidly developing nation with the largest population of older adults 

in the world (WHO, 2015).  In China, older adults are commonly defined as those age 60 
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and older (WHO, 2015). According to a recent report, more than 200 million older adults 

age 60 and older (16.8% of the total population) reside in China, and this number is 

expected to increase to more than 300 million within the next 30 years (WHO, 2015). 

Meanwhile, China has also undergone significant social and demographic changes in 

response to its dramatic economic growth since the late 1970s (Gong et al., 2012; Tang et 

al., 2008). With this recent modernization, China has witnessed massive internal 

migration: Estimated at over 221 million in 2010, it is projected to double by 2020 (Meng 

et al., 2010). By and large, migration within China involves mobility between (and 

within) urban and rural settings. Although the number of older adult migrants is 

expected to increase, most of the migration in China occurs in early and middle-adult 

life (Dou & Liu, 2015).    

Research on residential mobility and health in China has primarily focused on 

communicable diseases such as HIV/AIDS and occupational diseases (Hu, Cook, & 

Salazar, 2008; Li, Li, Wang, Shao, & Dou, 2014).  To our knowledge, there have been no 

studies conducted on the association between residential mobility and cognitive 

function in the context of China.  We argue that two aspects of residential mobility may 

impact cognition in later life: type and age at migration. Of the four types of residential 

mobility in China (urban-to-urban, rural-to-urban, rural-to-rural, and urban-to-rural), 

the predominant patterns of relocation involve rural-to-urban and urban-to-urban 

transitions (Zheng & Yang, 2016).  Accordingly, most previous studies on residential 
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mobility in China have focused on adults who move to urban areas (Chen, 2011; Gu, 

Feng, Sautter, & Qiu, 2017; Xu, Luo, & Wu, 2016). It is well documented that rural-to-

urban and urban-to-urban migrants often relocate to/within major urban areas for better 

access to educational and employment opportunities in early adulthood (Chen, 2011; 

Duan, Gao, & Zhu, 2015). Therefore, we expect that improvements in SES would have a 

positive impact on maintaining cognitive function throughout the life course (Deary et 

al., 2009). However, we also recognize that this upward social mobility process often 

requires good health (Hill et al., 2012). Therefore, rural-to-urban and urban-to-urban 

migrants tend to be healthier, younger, and have better cognitive function (Chen, 2011). 

Moving from rural to urban areas may be associated with improvement in living and 

working environment, such as less exposure to pesticide and indoor pollution (Bruce et 

al., 2000; Kim et al., 2015). These improved living and working environments may yield 

a positive influence on cognitive function. However, there is also some evidence to 

suggest that rural-to-urban migrants have lower access to utilization of healthcare 

(Chen, 2013; Xu, Luo, & Wu, 2015) and limited social support (Zhong et al., 2016) than 

urban residents. Whether such inequities in healthcare influence cognitive function in 

later life remains unknown. One of the few comparisons of urban residents, rural-to-

urban migrants, and urban-to-urban migrants. Chen (2011) showed that urban-to-urban 

migrants reported better physical health but worse psychological health than urban 
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residents. In that study, there was no significant difference in health status between 

urban residents and rural-to-urban migrants (Chen, 2011).  

The two populations, rural-to-rural and urban-to-rural migrants, are the least 

studied.  Unlike most individuals who move to/within urban areas, individuals who 

migrate within rural areas (rural-to-rural) in China are often relocating for purposes of 

marriage (Zheng & Yang, 2016). In this case, these individuals may experience greater 

levels of stress by living in an unfamiliar environment, and the loss of social support 

through separation from their biological family and friends they had in their early adult 

life—which over time may adversely affect cognitive function (DiNapoli et al., 2014). 

Lastly, there is limited literature on the implications of relocating from urban-to-rural 

areas in China. One possibility is that these individuals are returning to their rural 

hometown or countryside due to illness or inner family demands (Chen, 2011; Dou & 

Liu, 2015; Hu et al., 2008). Another possibility is that urban residents relocated to rural 

areas between 1966-1976 during the period of “Up to the Mountains and Down to the 

Countryside Movement” (Gee, 2011). This was an involuntary movement where urban 

youth were sent to the countryside to receive re-education from the poor and lower-

middle peasants (Gee, 2011). Based on these arguments, we would expect that urban-to-

rural migrants would exhibit relatively poorer cognitive function, possibly due to illness 

or downward social morbidity.  
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From a life course perspective, the timing of the mobility can also have a 

significant influence on cognitive function. Age at migration largely shapes the duration 

of exposure to an environment and its associated resources (or risks). It also may 

indicate an important life transition (or turning point) at a critical stage in the life course 

(Spallek et al., 2014). For example, relocating to urban areas (i.e., cities) to pursue 

educational or career opportunities early in the life course may provide valuable 

socioeconomic resources that can anchor a trajectory of upward social mobility (Duan et 

al., 2015). In turn, these resources and advantages may accumulate over time and 

promote better cognitive function into later life.  Alternatively, moving to rural areas at a 

young age (e.g., “Up to the Mountains and Down to the Countryside Movement”) may 

sever ties with the migrant’s resources and/or lead to the migrant incurring adversities 

that may be consequential to cognition at later ages.  Relocating to a rural area at an 

older age, however, may be relatively less detrimental to cognitive function. To date, 

however, there is no literature on how age at migration is associated with cognitive 

function at older ages in China. 

This study uses data from a nationally representative sample of adults aged 50 

and older in China to investigate how urban-rural residential mobility is associated with 

cognitive function in later life.  Based on the few studies described above and the 

broader literature on the impact of early-life conditions on later-life health outcomes, 

two general hypotheses guide our analysis. First, individuals residing in or moving to 
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rural areas will have poorer cognitive function than individuals who reside in urban 

areas. Second, migration at an early age will contribute to longer exposure in a given 

residential setting (urban/rural) and strengthen the influence of migration type on 

cognitive function. Finally, we assessed whether the associations are attributable to 

common risk factors for cognitive impairment: socioeconomic factors, psychosocial 

resources, behavioral factors, and physical health status (Livingston et al., 2017).  

3.3 Methods 

3.3.1 Data  

Data for the study come from the World Health Organization’s (WHO) Study on 

global AGEing and adult health (SAGE) being conducted by the WHO Evidence, 

Measurement and Analysis unit. Launched in 2002, SAGE is a multi-country 

longitudinal study designed to collect comprehensive information on the health and 

well-being of adult populations. Using a stratified multi-stage cluster sampling design, 

SAGE-China Wave 1 recruited a large nationally representative sample of adults aged 50 

years and older. Collecting household and individual data through face-to-face 

interviews, the response rate for SAGE-China Wave 1 was approximately 93% and 

included 13,175 adults aged 50 or older. For the purposes of this analysis, individuals 

who did not complete the cognitive function tests or had missing information regarding 

their residential status (5.8%) were excluded from the analyses. Therefore, a total of 

12,410 participants were included in the analyses.  
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3.3.2 Measures 

3.3.2.1 Dependent variable.  

Cognitive function was measured by the following five tests in the SAGE-China 

Wave 1 study.  

Digits Span Test (Forward and Backward). Each participant was presented with 

8 series of numbers in the Digit Span Forward test and was asked to immediately repeat 

the numbers. In a Digit Span Backward test, participants repeated the numbers in 

reverse order. The longest series of numbers that participants repeat without error 

represented the total score. The maximum possible scores for forward and backward 

digit span tests are 9 and 8, respectively.  

Verbal fluency. Verbal fluency was assessed by asking participants to name as 

many kinds of animals as possible within one minute. The total score is the total number 

of unique animals named.  

 Immediate and delayed recall. A list of 10 nouns was read three times and 

participants were asked to recall as many words as possible from the list—regardless of 

the order after each reading. Participants were asked to recall the list again 10 minutes 

later. The maximum possible score is 30 for immediate recall and 10 for delayed recall.  

For regression analyses, we derived z-scores for each test and created a global 

cognitive score by calculating the average of the five cognitive tests (Cronbach’s alpha = 

.69).  
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3.3.2.2 Independent variables  

Residential mobility. Residential mobility was determined by three questions: 1) 

current place of residence (rural/urban), 2) whether the participant has always lived in 

this place (yes/no), and 3) where the participant lived before the current place (possible 

answers included: a) in the same community, b) in another city in this region, c) in 

another rural area in this region, d) in another city outside this region but in this 

country, e) in another rural area outside this region but in this country, and f) outside 

the country). Following previous literature, we categorized urban residents as those who 

had lived in the same community in an urban area all of their life (Oyebode et al., 2015).  

Conversely, participants were categorized as rural residents if they reported living in the 

same community in a rural area all their life. Rural-to-urban residents were those who 

were urban residents at the time of data collection and had previously lived in a rural 

area. Similarly, urban-to-rural residents were categorized as those who were rural 

residents at the time of data collection and had previously lived in an urban area. 

Finally, we also included two categories to account for persons who moved within 

urban and rural areas. Urban-to-urban residents and rural-to-rural residents were those 

who resided in urban and rural areas, respectively, but had been living another 

urban/rural community. 

Age at migration. Participants who were neither urban nor rural residents were 

asked how long they have been living in their current location. Based on the length of 
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stay and age at the time of the interview, we created three categories within each 

migration group (rural-to-urban, urban-to-urban, rural-to-rural, and urban-to-rural) to 

indicate the participants’ age at migration: before age 20, between ages 20 and 49, and 

age 50 or later. A 14-group categorical variable was generated that incorporate both 

respondents’ residential mobility status and age at migration. The ages used for cutoff 

points were selected to differentiate important stages of the life course—including early 

life (primary schooling ages), young adulthood (primary working ages), and middle to 

late adulthood (primary retirement ages in China). 

Demographic background. Demographic characteristics included age (in years) 

and gender (male/female).  

Socioeconomic factors. Socioeconomic variables included education (less than 

primary, primary only, or secondary or higher), income categorized into quintiles, 

occupational status (never worked, white-collar occupation, or non-white-collar 

occupation (International Labour Organization, 2004; Zhang et al., 2008). We also 

included two indicators of early-life socioeconomic conditions: mother’s education (any 

education or none) and father’s education (any education or none).  

Psychosocial factors. Psychosocial factors included marital status (married or 

not married), family support, and depressive symptoms. Family support measured 

whether the participant’s household received any financial or in-kind support from 

family and relatives. For depressive symptoms, participants were first asked if they had 
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received a clinical diagnosis of depression; participants were then asked a series of 

questions regarding depressive symptoms (e.g., loss of appetite) based on the DSM-IV. 

A dichotomous variable was used to indicate whether the participant reported any 

depressive symptoms or not. 

Health behaviors. Three variables were used to measure health behaviors: 

smoking status (current smoker or not), alcohol consumption (current drinker or not), 

and level of physical activity. In the SAGE study, physical activity was measured by the 

length, frequency, and intensity of physical activity in a typical week. Participants were 

categorized into two groups: adequate physical activity (at least 150 minutes of 

moderate-intensity or at least 75 minutes of vigorous-intensity aerobic physical activity 

per week) or insufficient physical activity (WHO, 2010). 

Physical health. Physical health status included measures of chronic disease and 

functional limitations. Three dichotomous variables were used to indicate if participants 

reported having been diagnosed with stroke, diabetes, and/or heart disease. An 

additional dichotomous variable was used to indicate the diagnosis of hypertension 

(based on self-reported diagnosis as well as blood pressure values). Functional 

limitations were measured using the WHODAS 2.0 (Arokiasamy et al., 2015). 

Participants were asked how much difficulty they had in the last 30 days in doing 16 

daily activities—such as getting dressed, moving around inside the home, and getting 

up from lying down—with responses that ranged from none (coded 1) to 
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extreme/cannot do (coded 5). We first dichotomized responses (0 = no difficulty vs. 1 = 

any difficulty) and then calculated a summary score. Based on the total score of the 

WHODAS 2.0, a dichotomous measure was used to categorize participants with any 

physical limitations (Arokiasamy et al., 2015).  

3.3.3 Data Analyses  

The frequency of missing values across all variables was less than 9%, with the 

exception of occupational status (14.4% missing). Therefore, all analyses used multiple 

imputation to account for missing data. Preliminary analyses produced similar results 

when using listwise deletion to handle missing data. Descriptive statistics for the study 

covariates were computed for all participants and by residential status. Distributions of 

scores for each cognitive test and the summary score of global cognitive function were 

also investigated for all participants and by residential status. We used chi-square tests 

and ANOVA as appropriate to assess bivariate differences across residential groups.  

Multiple linear regression models were used to examine the relationship 

between the type and age of migration and cognitive function. The analyses were 

conducted in two stages.  First, we examined how residential status and migration types 

were associated with cognitive function. Baseline demographic adjustments included 

age and sex (Model 1) and subsequent nested models included covariates for SES 

(Model 2), psychosocial factors (Model 3), behavioral factors (Model 4), and physical 

health (Model 5).  A final model included all study covariates (Model 6). Based on the 
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first stage, the second stage of analysis further included age at migration for those who 

migrated.  The same modeling strategy was used to assess the extent to which the 

associations may be attributable to socioeconomic, psychosocial, behavioral factors, 

and/or physical health factors. Preliminary analyses also examined using the raw score 

of each cognition test as the dependent variable to assess the associations. The results 

were essentially similar to those we presented in this study.   

Survey weights provided by SAGE were used in the descriptive analyses to 

adjust for sampling design and the over/under-representation of some population 

groups.  For the multivariate analyses, results from unweighted models were presented 

to avoid inflated standard errors (Solon, Haider, & Wooldridge, 2013).  All analyses 

were performed using Stata 14.2 (StataCorp LLP, College Park, TX, USA). 

3.4 Results 

The characteristics of the study sample are presented in Table 1. Overall, we 

found that urban and urban-to-urban residents were better educated, had higher levels 

of income, were more likely to be white-collar workers, and were more likely to have 

parents with some level of education relative to other residential groups. Conversely, 

rural-to-rural residents generally had a worse socioeconomic profile. Adults in rural 

areas had somewhat greater psychosocial resources than adults in urban areas; whereas 

depressive symptoms were significantly higher among those who live in rural areas—

particularly among those who migrated to rural areas. There were also significant 
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variations in health behaviors across the residential groups. In terms of health status, 

rural-to-rural residents exhibited the highest rates of hypertension and physical 

disability; whereas urban and urban-to-urban residents exhibited the highest rates of 

diabetes. On average, residential mobility occurred most frequently between the ages of 

20-49 across the four migration groups. Adults who moved to urban areas (i.e., rural-to-

urban and urban-to-urban residents) were more likely to relocate during adulthood (age 

20 or older); whereas adults who migrated to rural areas (i.e., rural-to-rural and urban-

to-rural residents) were more likely to relocate much earlier in the life course (before age 

20). 

Table 2 presents the descriptive statistics for the individual tests of cognitive 

function and global cognition scores. Results showed significant differences between 

residential groups for each cognitive assessment. Urban-to-urban residents reported the 

highest scores in 4 out of 5 cognitive function tests, with the exception of the backward 

Digit Span Test. On average, rural-to-rural residents had the poorest performance on all 

of the cognitive function tests. 

.  
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Table 1 Proportions/Means of Covariates by Residential Status from WHO SAGE China Wave 1 (2007/10) 

Variables 
Total 

n = 12,410 

Urban 

n = 4,429 

Rural 

n = 5,513 

Urban 

to urban 

n = 1,011 

Rural 

to urban 

n = 530 

Rural 

to rural 

n = 820 

Urban 

to rural 

n = 107 

p value 

Demographic Background         

Age, mean (SD) 62.5 (8.9) 62.9 (9.2) 61.5 (8.4) 65.3 (9.2) 65.5 (9.6) 61.9 (7.9) 62.3 (9.7) <.001 

Female, % 50.3 54.5 38.5 54.2 61.0 88.2 65.2 <.001 

Socioeconomic factors         

Education, %        

<.001 
    No education 22.7 13.2 20.1 12.6 22.8 41.5 37.3 

    Primary or less 41.4 33.5 50.4 24.6 32.9 44.1 42.0 

    Secondary or above 36.0 53.3 21.5 62.7 44.3 14.4 20.7 

Income quintile, %        

<.001 

    Lowest 16.6 8.9 23.1 8.0 13.3 22.9 19.6 

    Second 18.5 11.4 24.3 10.9 15.5 23.4 34.9 

    Middle 20.7 19.1 21.9 23.0 16.6 21.4 12.1 

    Fourth 23.6 25.5 21.4 24.0 25.8 26.6 19.7 

    Highest 20.7 35.1 9.4 34.2 28.8 5.8 13.8 

Occupation, %         

    Never worked 11.0 5.1 15.0 7.0 14.8 15.9 12.9 

<.001 
    White-collar workers 15.7 26.8 5.8 32.6 28.8 1.8 6.9 

    Non-white-collar 

workers 
73.3 68.1 79.2 60.3 56.4 82.3 80.2 

Father received any 

education, % 
30.7 46.9 17.8 48.2 28.8 17.4 27.5 <.001 

Mother received any 

education, % 
12.4 21.9 5.0 22.1 9.4 4.3 10.1 <.001 

Psychosocial factors         

Married, % 85.3 84.1 86.3 85.4 84.0 85.1 83.5 .520 
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Having family support, 

% 
35.9 17.7 49.6 20.4 26.2 56.0 47.5 <.001 

Having depressive 

symptoms, % 
15.6 9.5 19.7 11.3 11.3 25.1 23.5 <.001 

Health behaviors           

Current smoker, % 30.0 23.3 41.7 17.0 17.5 10.9 26.2 <.001 

Current drinker, % 34.3 28.8 43.2 29.2 25.6 17.9 26.3 <.001 

Adequate physical 

activity, % 
73.9 72.5 74.1 71.4 72.1 82.2 67.9 .001 

Physical Health         

Stroke, % 3.0 3.3 2.5 4.1 5.3 2.2 2.1 .035 

Heart disease, % 7.9 9.1 5.5 13.1 13.4 8.6 10.2 <.001 

Hypertension, % 61.9 58.7 63.8 61.0 60.2 67.3 61.0 .011 

Diabetes, % 6.5 10.1 2.8 12.2 8.8 5.6 2.1 <.001 

Having physical 

disabilities, % 
12.6 6.4 17.2 8.9 11.1 18.1 16.8 <.001 

Age at migration, n 2,468   1,011 530 820 107  

Before the age of 20, % 16.7   10.1 15.0 22.6 28.2 

<.001 Between 20-49, %  64.9   57.6 63.2 73.3 58.3 

Age 50 or after, % 18.4   32.2 21.8 4.1 13.5 

      Abbreviations: SD, standard deviation;  

Note: Values reported as percentages unless noted otherwise; 
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Table 2 Means (Standard Deviation) of Cognitive Function by Residential Mobility 

 

Total 

n = 12,410 

Urban 

n = 4,429 

Rural 

n = 5,513 

Urban  

to urban 

n = 1,011 

Rural 

to urban 

n = 530 

Rural 

to rural 

n = 820 

Urban  

to rural 

n = 107 p value 

Digit Span Test 

(F) a 

7.00 (1.54) 7.34 (1.49) 6.77 (1.53) 7.39 (1.46) 7.12 (1.59) 6.39 (1.34) 6.68 (1.71) <.001 

Digit Span Test 

(B) b  

3.37 (1.38) 3.70 (1.42) 3.17 (1.32) 3.66 (1.36) 3.49 (1.43) 2.77 (1.07) 3.17 (1.39) <.001 

Verbal fluency c 12.82 (4.78) 13.62 (5.01) 12.16 (4.54) 14.02 (5.14) 13.30 (5.04) 11.81 (3.75) 11.94 (4.90) <.001 

Immediate recall d 16.17 (4.97) 16.88 (5.05) 15.64 (4.91) 17.09 (4.80) 16.44 (1.35) 15.10 (4.15) 15.92 (6.33) <.001 

Delayed recall e 4.96 (2.22) 5.23 (2.25) 4.75 (2.21) 5.27 (2.22) 5.05 (2.37) 4.62 (1.88) 4.82 (2.76) <.001 

Global cognition f 0.28 (0.98) 0.51 (1.01) 0.11 (0.94) 0.55 (0.95) 0.37 (1.06) -0.09 (0.76) 0.11 (1.08) <.001 

Abbreviation: SD, standard deviation. 
a Total correct (min=0; max=9)  
b Total correct (min=0; max=8) 
c Total correct (min=0) 
d Total correct (min=0; max=30) 
e Total correct (min=0; max=10) 
f Average of the z-score from the five tests above 
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Table 3 presents the results of multivariate linear regression models for global 

cognitive function by residential mobility.  Adjusting for demographic background, 

Model 1 showed that rural, rural-to-rural, and urban-to-rural residents had significantly 

poorer cognitive function than urban residents. Urban-to-urban residents, on the other 

hand, showed significantly better cognitive function compared to urban residents. These 

patterns were largely unchanged after accounting for psychosocial factors (Model 3), 

health behaviors (Model 4), and physical health status (Model 5). However, the 

associations between residential groups and cognitive function weakened substantially 

when taking into account socioeconomic factors (Model 2). In particular, we found no 

differences in cognitive function among urban, urban-to-urban, rural-to-urban, and 

urban-to-rural residents. Although rural and rural-to-rural residents continued to have 

poorer cognitive function, the estimated coefficients were largely attenuated (-0.50 to -

0.05 in rural residents, -0.58 to -0.14 in rural-to-rural residents) after taking into account 

socioeconomic factors. When adjusting for all study covariates (Model 6), rural-to-rural 

residents continued to exhibit significantly worse cognitive function than urban 

residents. We also found that older adults with a history of rural-to-urban migration had 

significantly better cognitive function than older adults who remained in urban areas (p 

<.05). 
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Table 3 Multiple Linear Regressions of Cognitive Function by Residential Mobility  

 Model 1  Model 2 Model 3 Model 4 Model 5 Model 6 

Residential mobility (Ref: Urban: no mobility)      

    Rural: no mobility -0.50 (0.02)*** -0.05 (0.02)** -0.47 (0.02)*** -0.50 (0.02)*** -0.46 (0.02)*** -0.04 (0.02) 

    Urban-to-urban  0.08 (0.03)** 0.05 (0.03)  0.08 (0.03)* 0.08 (0.03)* 0.09 (0.03)** 0.05 (0.03) 

    Rural-to-urban -0.03 (0.04) 0.07 (0.04) -0.03 (0.04) -0.03 (0.04) -0.01 (0.04) 0.07 (0.04)* 

    Rural-to-rural -0.58 (0.03)*** -0.14 (0.03)*** -0.54 (0.03)*** -0.58 (0.03)*** -0.55 (0.03)*** -0.11 (0.03)*** 

    Urban-to-rural -0.44 (0.09)*** -0.08 (0.08) -0.41(0.09)*** -0.44 (0.09)*** -0.40 (0.09)*** -0.05 (0.08) 

Demographic Background       

    Age -0.04 (0.00)*** -0.03 (0.00)*** -0.04 (0.00)*** -0.04 (0.00)*** -0.04 (0.00)*** -0.02 (0.00)*** 

    Female -0.24 (0.02)*** -0.07 (0.02)*** -0.21 (0.02)*** -0.26 (0.02)*** -0.22 (0.02)*** -0.05 (0.02)* 

Socioeconomic factors       

    Education (Ref: no 

education) 

      

        Primary or less  0.36 (0.02)***    0.35 (0.02)*** 

        Secondary and above  0.62 (0.03)***    0.62 (0.03)*** 

    Income quintile (Ref: 

lowest) 

      

        Second  0.09 (0.02)***    0.09 (0.02)*** 

        Middle  0.16 (0.02)***    0.14 (0.02)*** 

        Fourth  0.34 (0.02)***    0.31 (0.02)*** 

        Highest  0.45 (0.03)***    0.40 (0.03)*** 

    Occupation (Ref: never 

worked) 

      

        White-collar workers  0.37 (0.04)***    0.36 (0.03)*** 

        Non-white-collar workers  0.17 (0.02)***    0.18 (0.02)*** 

    Father received any 

education 

 0.15 (0.02)***    0.15 (0.02)*** 

    Mother received any 

education 

 0.09 (0.03)**    0.09 (0.03)*** 

Psychosocial factors       
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    Married   0.20 (0.02)***   0.09 (0.02)*** 

    Having family support   -0.04 (0.02)*   -0.01(0.02) 

    Having depressive 

symptoms 

  -0.22 (0.02)***   -0.13 (0.02)*** 

Health behaviors         

    Current smoker    -0.08 (0.02)***  -0.02 (0.02) 

    Current drinker    0.05 (0.02)*  0.02 (0.02) 

    Adequate physical activities    -0.04 (0.02)*  -0.04 (0.02)* 

Physical Health       

    Stroke     -0.15 (0.04)*** -0.19 (0.04)*** 

    Heart disease     -0.11 (0.03)*** -0.11 (0.03)*** 

    Hypertension     -0.02 (0.02) -0.04 (0.02)* 

    Diabetes     0.05 (0.03) -0.02 (0.03) 

    Having physical disabilities     -0.39 (0.03)*** -0.30 (0.03)*** 

Constant 3.33 (0.06)*** 1.28 (0.07) *** 3.00 (0.07)***  3.41 (0.06)*** 3.10 (0.06)*** 1.07 (0.08) *** 

Note: Estimated coefficients (standard errors) are reported.  

The dependent variable, cognitive function, was measured by a standardized global cognition score. 

Model 1: Adjusted for demographic characteristics; Model 2: Model 1+Socioeconomic factors; Model 3: Model 1 +Psychosocial factors; Model 4: 

Model 1+ Health behaviors; Model 5: Model 1+ Physical health; Model 6: full model. 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Using the same analytic approach as above, Table 4 shows the associations 

further taking into account of age at migration. For illustrative purposes, Figure 5 plots 

the results from Model 1 adjusting for demographic background.  Results demonstrated 

that urban-to-urban residents who relocated before age 20 had significantly better 

cognitive function in older adulthood than urban residents. Rural residents, rural-to-

rural residents (at all ages of migration), and urban-to-rural residents who relocated 

before age 50 had significantly worse cognitive function than urban residents. In 

particular, adults who migrated to or within rural areas had incrementally poorer 

cognitive function when migration occurred at successively younger ages.  Results 

remained largely consistent after accounting for psychosocial factors (Model 3), health 

behaviors (Model 4), and physical health (Model 5); however, the inclusion of 

socioeconomic factors in Model 2 attenuated some of the associations. Likewise in the 

fully adjusted analyses (Model 6), only two key associations remained significant.  

Urban-to-urban residents who relocated at a young age (before age 20) had significantly 

better cognitive function than long-term urban residents.  On the other hand, rural-to-

rural residents who relocated in middle adulthood (ages 20-49) had significantly worse 

cognitive function than urban residents. 
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Table 4 Multiple Linear Regressions of Cognitive Function by Residential Mobility and Age at Migration 

 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Urban: no mobility (ref.) 

Rural: no mobility -0.50 (0.02)*** -0.05 (0.02)** -0.47 (0.02)*** -0.50 (0.02)*** -0.46 (0.02)*** -0.04 (0.02) 

Urban-to-urban       

       age < 20 0.22 (0.09)** 0.16 (0.08)* 0.22 (0.09)* 0.22 (0.09)* 0.24 (0.09)** 0.18 (0.08)* 

age 20-49 0.05 (0.04) 0.04 (0.04) 0.05 (0.04) 0.05 (0.04) 0.06 (0.04) 0.05 (0.04) 

age 50+ 0.09 (0.05) 0.02 (0.05) 0.07 (0.05) 0.08 (0.05) 0.09 (0.05) 0.01 (0.05) 

Rural-to-urban       

age < 20 0.07 (0.10) 0.12 (0.09) 0.06 (0.10) 0.07 (0.10) 0.10 (0.10) 0.14 (0.09) 

age 20-49 -0.03 (0.05) 0.06 (0.05) -0.04 (0.05) -0.03 (0.05) -0.01 (0.05) 0.07 (0.05) 

age 50+ -0.08 (0.09) 0.07 (0.08) -0.09 (0.09) -0.09 (0.09) -0.10 (0.09) 0.04 (0.08) 

Rural-to-rural       

age < 20 -0.63 (0.06)*** -0.09 (0.06) -0.58 (0.06)*** -0.63 (0.06)*** -0.61 (0.06)*** -0.07 (0.06) 

age 20-49 -0.58 (0.04)*** -0.17 (0.04)*** -0.54 (0.04)*** -0.58 (0.04)*** -0.55 (0.04)*** -0.15 (0.04)*** 

age 50+ -0.34 (0.15)* 0.12 (0.14) -0.29 (0.15)* -0.33 (0.15)* -0.31 (0.15)* 0.14 (0.14) 

Urban-to-rural       

age < 20 -0.48 (0.16)** 0.02 (0.15) -0.46 (0.16)** -0.47 (0.16)** -0.45 (0.16)** 0.03 (0.14) 

age 20-49 -0.45 (0.11)*** -0.16 (0.10) -0.41 (0.11)*** -0.45 (0.11)*** -0.40 (0.11)*** -0.13 (0.10) 

age 50+ -0.26 (0.27) 0.17 (0.25) -0.23 (0.27) -0.25 (0.27) -0.25 (0.27) 0.17 (0.25) 

Constant 3.33 (0.06)*** 1.28 (0.07) *** 3.00 (0.07)***  3.42 (0.06)*** 3.11 (0.06)*** 1.07 (0.08) *** 

Note: Estimated coefficients (standard errors) are reported.  

The dependent variable, cognitive function, was measured by a standardized global cognition score. 

Model 1: Adjusted for demographic characteristics; Model 2: Model 1+Socioeconomic factors; Model 3: Model 1 + Psychosocial factors; Model 4: 

Model 1+ Health behaviors; Model 5: Model 1+ Physical health; Model 6: full model. 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Figure 5 Predicted Score of Global Cognition with 95% Confidence Interval by 

Residential Mobility and Age at Migration 

3.5 Discussion  

In recent decades China has witnessed a commensurate increase in the number 

of older adults and the number of internal migrants.  The purpose of this study was to 

examine whether and to what extent residential mobility and the timing of migration 

have an impact on cognitive function among older adults in China.  The results showed 

that stability and change in residential status were associated with cognitive function in 

middle-aged and older adults.  Socioeconomic factors accounted for much of the 

associations; however, some of the differences attributed to the types of residential 

mobility remained significant after adjusting for a number of psychosocial, behavioral, 

and physical health factors. Furthermore, the associations varied according to age at 

migration for the distinct types of residential mobility.  

Note: Results adjusted for age and sex 
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Older adults with a history of moving to rural areas had generally poorer 

cognitive function than older adults who resided in urban areas.  This finding is 

consistent with previous studies showing that rural residence is significantly related to 

low SES and poor health status (Wen & Gu, 2011; Zhang et al., 2008). Older adults who 

moved from urban areas to rural locations showed comparably poorer cognitive 

function than urban residents. We speculate that these older adults may have moved to 

rural areas during the period that has been described as “Up to the Mountains and 

Down to the Countryside Movement” (Gee, 2011).  It is likely that these individuals are 

generally older and more susceptible to cognitive changes. We also found that older 

adults with a history of moving within rural areas had significantly poorer cognitive 

function than urban residents after adjusting for multiple covariates. Considering that 

more than 80% of these (rural-to-rural) residents were women, and most migrated 

between the ages of 20-49, we suspect that the majority of these movements were related 

to marriage. Previous research shows that rural women who migrate due to marriage 

may not acquire an increase in their socioeconomic standing (Fan & Huang, 1998; 

Pedraza, 1991). Although separation from one’s biological family due to relocation also 

may contribute to a loss of social support and more psychological distress, the results of 

our analysis did not support this argument.  It is also possible that rural-to-rural 

mobility at an early age (before age 20) may signal the relocation of families with low 

SES to another farm/agricultural setting out of economic or environmental necessity.  
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Therefore, we suspect that a combination of factors may contribute to socioeconomic 

adversities that are detrimental to the cognitive health of older adults who moved to or 

within rural areas.  

Adults living in urban areas had better overall cognitive function than adults 

living in rural areas. Our results further show that those who migrated to an urban 

setting—from either urban or rural areas—exhibit comparably high(er) levels of 

cognitive function than those who have lived in an urban area all their life.  The 

explanations for these findings may be twofold.  First, some of these respondents were 

likely part of the internal migration movement after the economic reform. During that 

time, there was great demand for labor in the cities (Chan, 2012; Gu et al., 2017).  

Consequently, large numbers of young adults moved from rural areas or small 

townships to larger cities to seek jobs or obtain education (Chan, 2012). Therefore, 

migrating to an urban area may reflect (or confer) an improvement in SES and related 

resources to protect cognitive health.  More complex work and job environments in 

urban areas could also lead to improvements in cognitive function (Gow et al., 2014). 

Second, relocating to an urban area may also reflect a self-selection process that enables 

residential mobility among adults with favorable cognitive health (Chan, 2012). We 

encourage additional studies to further validate and assess these findings and their 

explanations. 
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Age at migration did not have a uniform influence on the associations between 

residential groups and cognitive function. For individuals who migrated to/within rural 

areas (i.e., urban-to-rural and rural-to-rural), we found that relocating earlier in the life 

course was associated with lower levels of cognitive function than relocating to rural 

areas at later ages.  Furthermore, it appears that socioeconomic factors account for most, 

but not all, of the associations.   

For individuals who migrated to/within urban areas (i.e., rural-to-urban and 

urban-to-urban), we found generally higher levels of cognitive function for those who 

relocated at younger ages relative to those who relocated at older ages.  In particular, 

individuals who moved within urban areas (urban-to-urban) in early life had 

significantly better cognitive function than those who remained in the same urban 

setting. This finding suggests that early-life movement within urban locations—possibly 

after the economic reform to pursue higher education or career opportunities—promotes 

the highest levels of later-life cognition.  This finding is also consistent with research 

showing that immigrants who migrated to the host country at a younger age and with 

greater acculturation have better cognitive function in later life than non-migrants (Hill 

et al., 2012). We conducted additionally analyses to explore the association between 

length of living in urban/rural residence and cognitive function. We operationalized 

length of stay as a weighted ratio to account for the wide variability in sample age and 

the linear dependence among age, length of residence, and cognitive function.  These 
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results were similar with the current findings based on age at migration. Future research 

may need to further investigate whether/how length of stay may play a role in the 

association between migration and cognitive function. 

Two other notable findings suggest that early-life socioeconomic background 

(parents’ educational level) and adult SES (respondents’ education, income, and 

occupation) play a major role in residential stability/change and subsequent cognitive 

health.  On one hand, individuals who spent their entire lives in rural areas (i.e., rural 

residents and rural-to-rural migrants) had parents with the lowest levels of education, 

and, presumably, the lowest prospects for upward mobility. Indeed, further analysis 

revealed that the especially low levels of cognitive function among rural residents and 

rural-to-rural migrants (particularly before age 20) were attenuated most by parents’ 

education.  On the other hand, we found that individuals who migrated within urban 

areas (particularly before age 20) had earned the highest levels of education, and, 

presumably, relocated to follow educational or occupational prospects.  Likewise, 

additional analysis revealed that the relatively high levels of cognitive function among 

individuals who migrated within urban areas in early life were most attributable to the 

respondents’ own educational attainment.  Together, these findings are consistent with 

previous research on the importance of early-life conditions for later-life cognitive 

outcomes (Horvat et al., 2014; Luo & Waite, 2005; Zhang et al., 2008).  
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Major strengths of this study include the large nationally representative sample 

of middle-aged and older adults in China, the inclusion of a comprehensive set of 

cognitive measures, and a wide range of covariates that are associated with cognitive 

impairment (Livingston et al., 2017). Most existing population-based studies on the 

association between migration and cognitive function have relied primarily on the Mini 

Mental State Examination (MMSE) to assess cognitive health (Xu, Dupre, Gu, & Wu, 

2017; Zhang et al., 2008).  Although widely used in studies of aging in China, the MMSE 

has limited sensitivity in detecting mild cognitive impairment and may be less reliable in 

contexts with heterogeneity in educational attainment, literacy, and fluency.  Our study 

also is unique in capturing distinct patterns of residential stability and change over the 

life course.  In doing so, we build upon prior studies that often focused solely on 

rural/urban differences (or migrant-only populations), and we provide new insights into 

how early- and later-life changes in residence impact cognitive function at older ages.  

Several limitations are also acknowledged.  First, the analyses were based on 

cross-sectional observational data; therefore, we recognize that interpretations of 

causality should be guarded.  Relatedly, the SAGE-China data only included 

information on the participants’ most recent migration experiences. Thus, we could not 

account for multiple or “circular” relocations over the life course, or accurately capture 

respondents who were temporarily living with their adult children at the time of data 

collection. We also recognize that our study cannot fully account for the potential 
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reclassification of urban areas due to rapid urbanization in China. In addition, the 

massive internal migration in China started in 1990s (Chan & Zhang, 2009). It is likely 

the SAGE Wave 1 cohort did not capture much of this population, of which the vast 

majority were young, since they had not entered into their 50s by the time of data 

collection. Therefore, the associations between residential mobility and cognition that 

were observed in this study might be conservative.  Finally, although the study included 

a wide range of covariates, it is possible that additional unmeasured factors may have 

contributed to the associations. For example, no genetic data (e.g., APOE 4), healthcare 

access and utilization data, or other factors that may be correlated with cognitive 

impairment were available (Farrer et al., 1997; Prince et al., 2014; Qin et al., 2014). Data 

on an individual’s reasons for migration and other qualitative aspects of the migration 

experience were also unavailable.  Therefore, we encourage additional studies using 

longitudinal data to further examine these and other factors that may contribute to 

migration-related differences in cognitive function.  

3.6 Conclusions 

Cognitive impairment has significant implications for individuals, families, and 

society (Deary et al., 2009). The current study provides new evidence that contributes to 

our understanding of how residential mobility and timing relate to later-life cognitive 

function among middle-aged and older adults in China.  We found that the residential 

disparities in cognitive function varied by age at migration and largely persisted after 
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adjustment for multiple risk factors.  Although our study is limited to China, these 

results may also inform our understanding of how early- and later-life transitions 

impact cognitive health in other developing countries. We encourage additional studies 

to further validate these findings and explore the mechanisms that may be contributing 

to the associations.  
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4. Place of Residence and Cognitive Function Among 
the Adult Population in India 

4.1 Abstract  

4.1.1 Background 

Place of residence has been linked to cognitive function among adults in 

developed countries.  This study examined how urban and rural residence was 

associated with cognitive function among adults in India.  

4.1.2 Methods 

World Health Organization Study on global AGEing and adult health (SAGE) 

data were used to examine cognition among 6,244 community-residing adults age 50 + 

in six states in India. Residential status was categorized as urban, rural, urban-to-urban, 

rural-to-urban, rural-to-rural, and urban-to-rural. Cognition was assessed by immediate 

and delayed recall tests, digit span test, and verbal fluency test. Multilevel models were 

used to account for state-level differences and adjusted for individual-level 

sociodemographic, psychosocial, and health-related factors. 

4.1.3 Results 

Urban residents and urban-to-urban migrants had the highest levels of cognition; 

whereas rural residents and those who migrated to (or within) rural areas had the 

lowest cognition. The differences largely persisted after adjustment for multiple 
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covariates; however, rural-to-urban migrants had no difference in cognition from urban 

residents once socioeconomic factors were taken into account. 

4.1.4 Conclusion 

Cognition among adults in India differed significantly according to their current 

and past place of residence. Socioeconomic factors played an important role in the 

cognitive function of adults in urban areas. 

4.2 Introduction 

According to India’s 2011 census, more than 70 million people are aged 60 or 

older in India; and this number is projected to double in the next 30 years (United 

Nations, 2013). One of the critical challenges of an aging society is the increasing number 

of older adults with some level of cognitive impairment (World Health Organization, 

2015). Persons with poor cognitive function are more likely to develop dementia and are 

at a higher risk of being disabled and dependent (M. Prince et al., 2013; Sousa et al., 

2010). In India, the cost of care for older adults with Alzheimer’s disease or related 

dementias exceeded that of depression or other non-communicable diseases—including 

hypertension and diabetes (Sousa et al., 2010). Consequently, the intensive and long-

term care needs of older adults with poor cognitive function will significantly burden 

the healthcare system in India as this population continues to grow.  

To date, cognitive health of older adults in India is understudied. Large-scale 

studies of cognitive function in India are scarce and only a handful of studies have been 
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based on national samples. For example, recent research from the Longitudinal Aging 

Study in India has shown significant sex and geographic differences in late-life cognitive 

function among Indian older adults (Lee, Shih, Feeney, & Langa, 2014; J. Lee & Smith, 

2014). However, the differences in cognition was not fully explained by sex and 

geographic location. Other factors, such as within-country migration, could impact later-

life cognitive function (Raina et al., 2014, 2010; Xu, Dupre, et al., 2017).  

Internal migrants in India make up almost one third of its entire population 

(Bhagat, 2016; Bhagat, 2015). Most of the migrants are adults; males tend to migrate for 

employment related reasons, whereas females predominantly migrate for marriage and 

family related reasons (Bhagat, 2016; Bhagat, 2015). In addition, there is increasing 

interest in migration as a potentially important factor that may affect health status 

among Indian populations (Bhagat, 2016).  

Studies conducted in other countries show that health status of within-country 

migrants maybe influenced by potential upward social mobility or substandard 

conditions including unhealthy lifestyles, limited social support, and increased risk 

factors for chronic diseases (Bhugra, 2004; Deshingkar & Grimm, 2004; Lu & Qin, 2014; 

Oyebode et al., 2015). These positive and negative factors have been shown to be related 

to cognitive function (Gow et al., 2014; Koster et al., 2005; Sabia et al., 2012; Shankar & 

Hamer, 2013; Tuligenga et al., 2014). Recent studies in India have found that rural-to-

urban migrants have better socioeconomic status (SES) compared to rural residents 
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(Sullivan et al., 2011).  On the other hand, migrating from a rural to an urban area is 

associated with higher cardiometabolic risks and higher prevalence of diabetes (Ebrahim 

et al., 2010; Kinra et al., 2011; Mohan et al., 2016; Oyebode et al., 2015; Zheng et al., 2012). 

There are limited studies evaluating the influence of within-country migration (i.e. 

change of residential status).  Only two studies based on small, regional samples 

compared the prevalence of cognitive impairment between rural residents, urban 

residents, and migrants (Raina et al., 2014, 2010). The results from these two studies 

were inconclusive—one study showed a higher prevalence of cognitive impairment in 

urban than in rural and migrant populations (Raina et al., 2010), while the other showed 

no statistically significant differences in the prevalence of cognitive impairment among 

the three groups (Raina et al., 2014).  Since migration happens in various patterns, it is 

essential to comprehensively examine migration patterns beyond more commonly 

examined rural-to-urban pattern on cognitive function using a more comprehensive 

examination of cognitive function, as well as using a large and nationally representative 

sample. Considering the differences in health metrics such as cardiovascular risk factors 

reported among migrant populations, and the increasing proportion of older adults in 

India, examining the differences in cognitive function between Indian older adults in 

different residential locations is important to inform cognitive impairment prevention 

strategies and healthy aging policies.  
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The residential population in India can be categorized into six major groups: 

urban residents, rural residents, urban-to-urban migrants, rural-to-urban migrants, 

rural-to-rural migrants, and urban-to-rural migrants, based on their migration patterns.  

The aim of this study was to examine the association between residential status and 

cognitive function in a nationally representative sample of Indian adults age 50 and 

above. While SES, social support, and health behaviors have been found to be associated 

with cognitive function in other developing counties, we also examined the extent to 

which factors such as SES, social support, and health behaviors explain any observed 

patterns among the Indian population. 

4.3 Methods 

4.3.1 Study Sample 

Data from the WHO Study on global AGEing and adult health (SAGE) India 

were used to examine the association between residential status and cognitive function 

(Kowal et al., 2012). SAGE India Wave 1 included a nationally representative sample of 

7,150 adults age 50 and older from six states. The overall response rate was over 85%. 

Detailed information about the SAGE background, instruments and methodology is 

available elsewhere (Kowal et al., 2012). For this study, we restricted our analyses to 

respondents with available information on residential status and cognitive function 

(87%). Therefore, our final analytical sample included a total of 6,244 adults aged 50 or 

older.  
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4.3.2 Cognitive Function  

Cognitive function was assessed by the global cognition test. It is composed of 

digital spin test (forward and backward), verbal fluency test, and immediate and 

delayed recall test. We generated z-scores from each test and then averaged the five z-

scores to calculate the overall score of the global cognition test. Higher scores indicate 

better cognitive function. 

4.3.3 Residential Status 

Following prior literature, urban residents were defined as those living in the 

same urban community all of their life (Oyebode et al., 2015). Similarly, rural residents 

were those living in the same rural area all of their life. Rural-to-urban migrants were 

respondents who lived in rural areas before moving to their current urban location. We 

defined urban-to-urban migrants as those who were urban residents at the time of data 

collection but had moved from other urban areas to their current residential locations. A 

similar approach was used to define rural-to-rural residents. Finally, urban-to-rural 

residents were respondents who were living in rural areas at the time of data collection 

but reported previously living in urban settings.  

4.3.4 Covariates 

We included both individual- and state-level covariates in the analyses. 

Individual-level factors included demographic background, socioeconomic 

characteristics, psychosocial and behavioral factors, and physical health status. 
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Demographic background included age and sex. Measures of SES included education 

(no education, primary or less, or secondary or above), income (categorized by 

quintiles), living environment (categorized with three dichotomous indictors for [a] 

having a hard floor, [b] piped drinking water, or [c] durable walls), and parental 

education (categorized with two dichotomous indicators for whether the respondent’s 

mother or father received any formal education).  

Psychosocial and behavioral factors included current marital status (married or 

not), household size (#), social cohesion, family/community support, depressive 

symptoms, current smoking (yes or no), current alcohol consumption (yes or no), and 

whether the respondent receives adequate physical activity (coded 1 if at least 150 

minutes of moderate-intensity or at least 75 minutes of vigorous-intensity aerobic 

physical activity per week) (WHO, 2010).  Depressive symptoms were measured by the 

DSM-IV (American Psychiatric Association, 2000). A dichotomous variable was used to 

indicate whether the participant reported any depressive symptoms or not.  Social 

cohesion was measured with a summary scale based on 9 questions related to the 

frequency of various social activities (e.g., attending religious services, having friends 

over) (Kowal, Ng, & Chatterji, 2010). The total score ranged from 9 to 45, with higher 

scores indicating better social cohesion. Family and community support was categorized 

with two dichotomous indicators for whether the respondent had received any financial 

or in-kind support from family members or community. 
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Physical health status included body mass index ([BMI] using categories for 

Asian populations: underweight [<18.5 kg/m2], normal [18.5-22.9 kg/m2], overweight [23-

27.4 kg/m2], and obese [≥ 27.5 kg/m2]) (Barba et al., 2004), diagnosed hypertension (yes or 

no), diabetes (yes or no), heart disease (yes or no), stroke (yes or no), and physical 

function. Physical function was measured by the 12-item version of World Health 

Organization Disability Assessment Schedule (WHODAS) 2.0 and categorized 

respondents as having any physical disability if they needed help with 1 or more items 

(Arokiasamy et al., 2015).  

We also included several state-level covariates to account for potential 

differences across geographic areas in India (Lee et al., 2015; Lee & Smith, 2014)—

including age composition, sex ratio, urbanicity, and literacy rate.  Appendix A 

summarizes the characteristics of the six states and the distribution of residential group 

within each state.  Preliminary analyses showed that multiple state-level indicators were 

highly collinear/redundant in the multilevel models (based on six states) and did not 

change the overall results. Therefore, the final analyses included an indicator for the 

states’ proportion of urban residents based on values that were averaged from the 2001 

and 2011 Census data in India. 

4.3.5 Statistical analysis  

Weighted descriptive statistics were used to show the characteristics of the 

overall study sample and stratified by residential group. We then used multilevel 
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regression models to examine the association between residential status and cognitive 

function while accounting for state-level variations. The models were estimated 

sequentially to assess how demographic background, SES, psychosocial and behavioral 

factors, and physical health status contributed to the associations.  Subsequent analyses 

were performed to assess the interaction between sex and residential status. The 

Bayesian information criterion (BIC) was used to evaluate the goodness-of-fit across the 

non-nested models. Multiple imputation methods were used to address missing data 

(<15% across all covariates) and reduce potential bias in the estimates. Alternative 

approaches to handling missing data (e.g., listwise deletion) were used in preliminary 

analyses and the results were very similar. All multilevel modelling was performed 

using Stata SE 14.2. 

4.4 Results 

Table 5 presents the overall distributions of respondent characteristics by their 

residential status: urban residents (n=991), rural residents (n=2,982), urban-to-urban 

migrants (n=283), rural-to-urban migrants (n=307), rural-to-rural migrants (n=1,513), and 

urban-to-urban migrants (n=168). Respondents were 61.2 years old on average and 

48.5% were female. Compared to adults in urban areas, adults in rural areas had 

generally lower levels of SES, more family/community support, higher rates of smoking 

and drinking, lower BMI, and generally higher rates of physical disability. In terms of 

cognitive function, urban residents exhibited the highest score on global cognition (0.34, 
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SD=0.85), followed by urban-to-urban migrants (0.23, SD=1.00). Rural-to-rural migrants 

had the poorest cognitive function (-0.45, SD=0.91) among the six residential groups
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Table 5 Characteristics of Study Respondents by Residential status, India 

Variables 
Total Urban Rural 

Urban to 

urban 

Rural to 

urban 

Rural to 

rural 

Urban to 

rural 
P 

value 
n = 6,244 n = 991 n = 2,982 n = 283 n = 307 n = 1,513 n = 168 

Demographic background 

    Age, mean (SD) 61.2 (8.7) 61.1 (7.2) 61.3 (8.8) 61.8 (9.3) 62.3 (10.2) 61.0 (9.5) 60.9 (8.8) .498 

    Female 48.5 37.5 25.8 74.0 85.0 90.9 70.7 <.001 

Socioeconomic factors 

    Education 
       

<.001 
        No education 50.3 30.0 46.6 30.0 60.4 78.8 47.5 

        Primary or less 25.0 29.2 27.5 28.1 22.8 15.2 31.0 

        Secondary or above 24.6 40.7 25.9 41.9 16.8 6.0 21.4 

    Income quintile 
       

<.001 

        Lowest 18.0 10.3 20.5 8.3 14.2 22.6 14.3 

        Second 19.0 9.5 22.4 9.3 16.8 23.2 13.3 

        Middle 19.0 22.6 18.8 8.9 14.9 19.5 15.3 

        Fourth 19.9 25.1 20.1 16.6 16.9 15.3 28.1 

        Highest 24.1 32.4 18.2 57.0 37.2 19.4 29.1 

    Living environment 
        

        Hard floor 52.2 74.1 43.4 82.9 72.0 40.5 57.5 <.001 

        Piped drinking water 23.3 46.3 15.3 63.9 34.3 9.7 18.2 <.001 

        Durable walls 62.4 75.3 55.6 86.6 75.0 57.1 70.6 <.001 

    Father received any 

education 
34.4 49.6 27.4 66.6 38.6 26.8 46.9 <.001 

    Mother received any 

education 
10.0 49.3 5.7 33.8 10.8 5.2 13.4 <.001 

Psychosocial and behavioral factors 

    Married 77.3 81.0 82.4 75.2 57.5 67.8 73.4 <.001 

    Having family support 26.2 21.5 26.6 22.2 30.0 29.6 27.7 .315 

    Having community 6.7 3.7 8.0 3.6 4.3 7.3 8.4 .183 
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support 

    Household size, mean 

(SD) 
6.8 (4.2) 6.6 (3.5) 6.9 (4.3) 6.6 (4.7) 6.4 (3.6) 7.0 (4.7) 6.2 (4.1) .594 

    Social cohesion, mean 

(SD) 
17.8 (5.0) 18.0 (4.3) 18.8 (5.3) 16.5 (5.2) 15.3 (5.1) 16.5 (4.4) 18.0 (5.0) <.001 

    Having depressive 

symptoms 
40.0 34.3 38.7 39.6 31.0 48.3 48.6 .042 

    Current smoker 50.1 45.0 61.8 21.1 34.4 40.3 37.0 <.001 

    Current drinker 15.4 12.3 23.6 7.4 3.7 5.2 11.0 <.001 

    Adequate physical 

activity 
80.0 74.5 81.1 81.0 82.5 82.1 78.0 .053 

Physical health          

    BMI 
       

<.001 

        Underweight 38.3 29.9 42.6 26.6 21.9 42.5 33.7 

Normal 39.4 40.8 41.1 30.0 34.9 37.9 38.0 

Overweight 15.2 18.9 12.6 31.0 20.6 13.0 19.0 

Obese 7.0 10.4 3.7 12.4 22.6 6.6 9.3 

    Stroke 1.8 2.4 1.7 1.9 2.8 1.3 1.3 .572 

    Heart disease 5.6 8.7 4.6 7.1 6.5 4.0 8.4 .073 

    Hypertension 28.2 27.2 26.7 31.8 31.2 30.4 32.1 .229 

    Diabetes 7.1 12.0 5.5 15.1 8.1 4.1 9.0 <.001 

    Having physical 

disabilities 
52.6 43.7 48.8 49.6 57.3 67.4 58.5 <.001 

Global cognition, mean 

(SD) 
0.01 (1.00) 0.34 (0.85) 0.07 (0.97) 0.23 (1.00) -0.11 (1.04) -0.45 (0.91) 0.07 (0.99) <.001 

Abbreviations: SD, standard deviation;  

Note: Values reported as percentages unless noted otherwise 
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Table 6 presents the estimated coefficients from the multilevel models of global 

cognition. Compared to urban residents, results show that adults in rural areas had 

significantly lower levels of cognitive function (parameter estimate for rural residents 

[Model1] = -0.48, SE = 0.04; [Model 5] = -0.08, SE = 0.03). Similarly, the parameter 

estimate for rural-to-rural migrants was -0.59 (SE = 0.06) in the demographics adjusted 

model (Model 1), and -0.18, (SE = 0.05) controlling for all covariates (Model 5). 

Compared to urban residents, being an urban-to-urban migrant had a significant and 

positive association with cognition (parameter estimate = 0.17, SE = 0.07), whereas being 

a rural-to-urban migrant was associated with worse cognition (parameter estimate = -

0.18, SE = 0.07) adjusting for age and sex differences.  These patterns largely remained 

after adding psychosocial and behavioral factors (Model 3), and physical health factors 

(Model 4) in the model. Urban-to-rural migrants showed significantly worse cognition 

than urban residents in models accounting for psychosocial and behavioral factors, and 

physical health differences. However, no significant differences in cognitive function 

between urban residents, urban-to-urban, rural-to-urban, and urban-to rural migrants 

were found in the fully adjusted model. To better illustrate these findings, the predicted 

score of global cognition for the unadjusted and fully adjusted models are plotted in 

Figure 6. In the fully adjusted model, respondents’ and parents’ education attainment, 

income, social cohesion, and being married, overweight or obese, and physically active 

were positively associated with cognitive function. Being older, a female, underweight, 
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and having hypertension or physical disabilities were negatively associated with 

cognitive function. For state-level factors, the percentage of a state’s urban population 

was positively, but not significantly associated with the cognition status of its residents. 

 

Figure 6 Predicted Global Cognition Score by Residential Status, SAGE India 

Wave 1

Note: Fully adjusted model included demographic characteristics, SES, psychosocial factors, health 

behaviors, physical health, and state level characteristics 
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Table 6 The Association Between Residential Status and Cognitive Function (multilevel regression)  

  Model 1 Model 2 Model 3 Model 4 Model 5 

Individual level  
          

Residential status (Ref: Urban) 
         

Rural -0.48*** (0.04) -0.08* (0.03) -0.45*** (0.04) -0.35*** (0.04) -0.08* (0.03) 

Urban-to-urban 0.17** (0.07) -0.004 (0.06) 0.18** (0.07) 0.16* (0.06) 0.02 (0.06) 

Rural-to-urban -0.18* (0.07) -0.06 (0.06) -0.19** (0.07) -0.17** (0.06) -0.09 (0.06) 

Rural-to-rural -0.59*** (0.06) -0.18*** (0.05) -0.57*** (0.06) -0.45*** (0.05) -0.18*** (0.05) 

Urban-to-rural -0.28*** (0.10) -0.08 (0.08) -0.30*** (0.09) -0.19* (0.08) -0.10 (0.08) 

Age -0.03*** (0.00) -0.02*** (0.00) -0.02*** (0.00) -0.02*** (0.00) -0.01*** (0.00) 

Female -0.56*** (0.03) -0.26*** (0.03) -0.44*** (0.03) -0.51*** (0.03) -0.17*** (0.03) 

Education (Ref: No 

education)           

Primary or less 
  

0.44*** (0.03) 
    

0.40*** (0.03) 

Secondary and above 
  

0.87*** (0.03) 
    

0.79*** (0.03) 

Income quintile (Ref: 

Lowest)           

Second 
  

0.11** (0.04) 
    

0.10** (0.03) 

Middle 
  

0.19*** (0.04) 
    

0.18*** (0.04) 

Fourth 
  

0.24*** (0.04) 
    

0.22*** (0.04) 

Highest 
  

0.41*** (0.04) 
    

0.37*** (0.05) 

Hard floor 
  

-0.02 (0.03) 
    

-0.01 (0.03) 

Piped drinking water 
  

-0.01 (0.03) 
    

-0.02 (0.03) 

Durable walls 
  

0.04 (0.03) 
    

0.02 (0.03) 

Father received any 

education   
0.13*** (0.03) 

    
0.11*** (0.03) 

Mother received any 

education   
0.19*** (0.04) 

    
0.19*** (0.04) 

Married 
    

0.18*** (0.03) 
  

0.10*** (0.03) 

Received family support 
    

-0.07** (0.03) 
  

-0.02 (0.02) 

Received community 
    

-0.11** (0.04) 
  

-0.01 (0.04) 
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support 

Household size 
    

-0.002 (0.00) 
  

-0.01* (0.00) 

Social cohesion  
    

0.03*** (0.00) 
  

0.02*** (0.00) 

Having depressive 

symptoms     -0.10*** (0.02)   
-0.01 (0.02) 

Current smoker 
    

-0.13*** (0.02)   0.01 (0.02) 

Current drinker 
    

-0.12*** (0.03)   -0.06 (0.03) 

Adequate physical 

activities     0.23*** (0.03) 
  0.21*** (0.03) 

BMI (Ref: Normal) 
          

Underweight 
      

-0.19*** (0.03) -0.06* (0.02) 

Overweight 
      

0.26*** (0.03) 0.13*** (0.03) 

Obese 
      

0.31*** (0.05) 0.11* (0.04) 

Stroke 
      

0.04 (0.08) -0.01 (0.07) 

Heart disease 
      

0.05 (0.05) 0.01 (0.05) 

Hypertension 
      

-0.11*** (0.02) -0.07** (0.02) 

Diabetes 
      

0.17*** (0.04) 0.05 (0.04) 

Having physical 

disabilities       -0.23*** (0.03) 
-0.11*** (0.02) 

State level 
          

Urban Population 0.004 (0.00) 0.01 (0.01) 0.004 (0.00) 0.002 (0.00) 0.01 (0.00) 

Goodness-of-Fit 30280.42 26703.19 27871.51 28123.98 23510.95 

Abbreviations: BIC, Bayesian information criterion. 

Note: Estimated coefficients (Standard Error) are reported. 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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4.5 Discussion 

Only a limited amount of research has examined cognitive function and its 

associated factors among adults in India. We were the first to use the nationally 

representative sample of Indian old adults to investigate the association between 

residential status and cognition. We observed differences in cognitive function by 

residential status. Urban residents and urban-to-urban migrants had the highest level of 

cognition; whereas rural-to-rural migrants had the lowest cognition status among the six 

groups. Rural residents also showed significantly worse cognitive function than urban 

residents. Our study did not show a significant association between migration and 

cognitive function among urban-to-urban, rural-to-urban, and urban-to-rural migrants 

as compared to urban residents. These findings remained even after taking into account 

of demographic background, SES, psychosocial and behavioral factors, and physical 

health differences; and socioeconomic factors accounted for much of the associations. 

The results of our study suggest differences in cognition according to residential 

status:  better cognitive function is associated with living in urban areas. In the model 

adjusted for demographic factors, urban-to-urban residents had better cognition 

whereas rural-to-urban residents had worse cognition compared with urban residents. 

Adjusting for SES, however, the difference in cognitive function was no longer 

significant. The findings suggest that, on one hand, these differences may be largely due 

to the socioeconomic disadvantages among rural-to-urban migrants compared with 
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urban residents (Sullivan et al., 2011). On the other hand, moving from one urban area to 

another may reflect an increase in socioeconomic standing, such as education and 

income (Bhagat, 2015). Accordingly, previous research has shown that people who 

received higher education had better cognitive function (Cagney & Lauderdale, 2002; 

Lee et al., 2006). A plausible explanation brain function is stimulated through enhanced 

learning activities or social engagement (Fratiglioni et al., 2004). Likewise, individuals 

with higher education are more likely to achieve higher levels of health literacy that can 

be translated to healthier lifestyles and ultimately better health status.  Relatedly, 

individuals with economic advantages are more like to use health services to promote 

better health status. It also is well documented in the literature that higher income is 

independently associated with higher scores on cognition tests (Deary et al., 2009; Koster 

et al., 2005). However, these results do not support the findings from previous research 

in India that urban residents have a higher rate of cognitive impairment than rural 

residents and migrants (Raina et al., 2010). The inconsistency might be because the 

previous study only reported unadjusted prevalence rates using data from one state 

(Kashmiri Pandit), and used a screening measure of cognitive function (Mini-Mental 

State Examination) and an unspecified clinical diagnostic tool as the outcome measure 

(Raina et al., 2010).  

Previous studies have reported rural-urban differences in cognitive function 

among older adults in India (Lee et al., 2014; Lee & Smith, 2014). However, there is no 
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single study that examined the association between rural-to-rural migration and 

cognitive function in India. In our study, rural-to-rural migrants exhibited the worst 

cognition among the all groups, even after adjusting for a wide range of covariates.  In 

our study sample, the rural-to-rural migrants are more likely to be women and have low 

SES.  Women and low SES have been shown to be associated with to worse cognitive 

function. (Lee et al., 2015, 2014; Lee & Smith, 2014). Additionally, migration and 

cognition may be linked through psychosocial factors. For example, it is possible that 

women migrated within rural areas for the purposes of marriage (Bhagat, 2015).  

Separating from one’s biological family may in turn cause greater levels of stress, lower 

levels of social cohesion, and the loss of social support that could adversely affect 

cognitive function (DiNapoli et al., 2014; Nguyen, Rist, & Glymour, 2016). Subsequent 

analyses were performed to assess whether sex differences played a role in our findings 

(data not shown). When added the interactions between migration and sex, the only sex 

difference in cognition was in rural residents. rural women had worse cognitive function 

than rural men. In addition, the results showed that the categories of covariates largely 

behaved the same for men and women in accounting for the associations.  

Parents’ educational level was significantly associated with better cognitive 

function, which is consistent with previous research on the importance of early-life 

conditions for cognitive outcomes—especially in developing countries (Lee & Smith, 

2014; Zhang et al., 2008). Similar to previous research (Insel, Palmer, Stroup-Benham, 
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Markides, & Espino, 2005; Rosano et al., 2005), adequate physical activity and not having 

hypertension were found to be protective factors of cognitive function in this study. 

Additionally, being married and having higher levels of social cohesion were positively 

associated with cognitive function, which support findings from prior research (Feng et 

al., 2014; Håkansson et al., 2009; Nguyen et al., 2016). Interestingly, different from 

previous findings in many other countries, being overweight/obese was positively 

associated with cognition—a finding that may particularly reflect the Indian culture.  In 

India, adults with higher BMI are perceived to be at higher levels of socioeconomic 

status. People with socioeconomic advantage in India are more likely to afford and 

consume energy-dense diets and are less likely to be physically active (Bowen et al., 

2011; Sullivan et al., 2011); thus increasing the likelihood of developing obesity (Hu, Li, 

Colditz, Willett, & Manson, 2003).  In our study, people with higher BMI (and diabetes) 

were more likely to be urban residents, rural-to-urban migrants, or urban-to-urban 

migrants. It is possible that higher BMI may be in part a proxy for better SES—such as 

higher income—and could possibly explain the positive association observed between 

BMI and cognition. Accordingly, our final model showed that the association between 

BMI (and diabetes) and cognition was significantly attenuated with the inclusion of SES 

and other covariates in the analysis. 

Geographic differences in cognitive function in India have been documented in 

previous literature (Lee et al., 2015; Lee & Smith, 2014; Mathuranath et al., 2010). Earlier 
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studies showed cross-state variations were less consistent across different cognitive 

skills (Lee & Smith, 2014). In this study, the proportion of urban population in each state 

was not significantly associated with cognitive function; however, the direction of the 

coefficient suggested that residents of states with a higher proportion of urban 

population showed better cognition, which is similar to the findings from previous 

research (Lee et al., 2015; Lee & Smith, 2014; Mathuranath et al., 2010). A state’s higher 

proportion of urban population (see Appendix A) may reflect better economic 

development and infrastructure and an urban environment that has been positively 

associated with better health (Lee et al., 2014; Lee & Smith, 2014). However, these results 

need to be investigated and validated by future studies. 

There is limited literature on the urban-to-rural migrants in India (and 

elsewhere). In this study, there was no significant difference in cognitive function 

between this group and urban residents. Sensitivity analyses were performed by only 

including significant covariates in the final model; and the results were essentially the 

same as those presented in the manuscript.  Although the sample size of some groups 

was small (e.g., urban-to-rural migrants), we are confident that the findings are robust. 

Without knowing the reasons for and/or implications of relocating from urban-to-rural 

areas in India, it is unclear whether and how this form of migration is associated with 

cognitive function. In addition, given the paucity of the literature, the current study 

focuses on the overall sample to better understand the association between place(s) of 
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residence and cognitive function and identify potential pathways between migration 

and cognition. It is beyond the scope of the study to provide a robust analysis of possible 

differences in the associations according to different age groups, education levels, race, 

etc.  However, this is an important area for future research to assess the robustness of 

these findings.  

Some limitations should be considered when interpreting the current findings. 

The assessment of residential status was based on the respondents’ current location and 

most recent migration. Therefore, multiple or “circular” migratory patterns over the life 

course were not captured in this study. In the absence of indicators of reasons for 

migration, the migration variable used in this study may not have adequately captured 

all aspects of people’s migration history. Although we made every effort to include all 

possible confounding factors that may relate to cognition, additional unmeasured factors 

such as genetic factors, occupational status, environmental pollution, and healthcare 

utilization may have contributed to the associations (Kalaria et al., 2008). The 

respondents from SAGE Wave 1 were relatively young, with a mean age of 61.2, it is 

likely the impact of residential status on cognition is conservative because the selectively 

young older adults. Lastly, due to the cross-sectional nature of the analysis, 

interpretation of the results requires caution. Additional longitudinal studies are 

required to further examine these and other factors that may contribute to migration-

related differences in cognitive function.  
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4.6 Conclusion 

The results of this study demonstrated substantial variations in cognitive 

function related to place(s) of residence in India. These findings highlight the complex 

association between internal migration and cognitive function and may have important 

implications for promoting healthy cognitive aging among adults in India. 
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5. The Role of Gender in the Association Between 
Migration and Cognition: a Cross-Country Comparison 

5.1 Abstract 

5.1.1 Objective 

This study aims to examine the role of gender in the association between 

migration and cognitive function among adults in China and India.  

5.1.2 Methods 

Data from the World Health Organization Study on global AGEing and adult 

health (SAGE) study were used that included adults age 50 + from China (N=12,937) and 

India (N=6,244). Migration status included: urban residents, rural residents, urban-to-

urban, rural-to-urban, rural-to-rural, and urban-to-rural migrants. Cognitive function 

was assessed by immediate and delayed recall tests, digit span tests, and verbal fluency 

test. Ordinary least square regression models were used to adjust for sociodemographic 

characteristics, psychosocial factors, health behaviors, and physical health status. 

5.1.3 Results 

Controlling for multiple covariates, significant differences in cognitive function 

were found between men and women, and across migration groups. A consistent female 

disadvantage was found in China and India for cognitive function. Women who were 

rural residents or rural-to-rural migrants had the poorest cognitive function in both the 

Chinese and the Indian samples. Among males in China, rural residents had poorer 
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cognitive function than urban residents, while urban-to-urban migrants had highest 

cognition scores; however, for male counterparts in India, rural-to-rural migrants had 

the poorest cognitive function. 

5.1.4 Conclusions  

The results suggest that the association between migration and cognitive 

function differs by gender and country. In our study populations, major 

sociodemographic characteristics play a key role in accounting for the differences in 

cognitive function. 

5.2 Introduction 

Over 300 million adults aged 60 years or over are currently living in China or 

India, accounting for about one third of the world’s aging population; and this number 

is projected to continue increasing in the next 15 years (United Nations, Department of 

Economic and Social Affairs, 2015). As more people are entering into older ages, more 

people are at a higher risk of experiencing cognitive impairment. According to recent 

estimates, there are over 9.5 million persons with dementia in China and another 4.1 

million in India (Prince et al., 2015). The burden of older adults with some levels of 

cognitive impairment continues to put enormous strains on healthcare systems.  

Gender differences in later-life cognitive function have been well-documented 

(Kalaria et al., 2008; Lei, Hu, McArdle, Smith, & Zhao, 2012; Livingston et al., 2017; 

Oksuzyan, Singh, Christensen, & Jasilionis, 2017; Sosa et al., 2012; Zhang, 2006), and a 
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number of recent studies in China and India have found that women have significantly 

poorer cognitive function in later-life than their male counterparts (Lee et al., 2014; Lei et 

al., 2012; Oksuzyan et al., 2017; Zhang, 2006).  However, the reasons for these differences 

are unclear and gender disparities still persist after accounting for multiple factors 

including socioeconomic status and health conditions (Lee et al., 2014; Lei et al., 2012; 

Oksuzyan et al., 2017; Zhang, 2006). 

In addition to the population aging and the coming dementia epidemic in China 

and India, both countries have been experiencing rapid sociodemographic changes 

(Bosworth & Collins, 2008). With urbanization and economic development, the internal 

migrants in China and India have been increasing dramatically in the past few decades 

(Bhagat, 2016; Bhagat, 2015; Chan & Zhang, 2009; International Organization for 

Migration, 2015).  Currently, internal migrants account for one sixth of the total 

population in China and one third in India; and these populations are projected to grow 

in the next 20 years (Bhagat, 2016; Zheng & Yang, 2016).  Although China and India 

share certain similarities in the increase in internal migrant populations, India differs 

from China in the more significantly differentiated patterns of migration for men and 

women (Jones, 2016). In India, rural to urban migration is the most common stream in 

male migrants, whereas rural to rural migration is the dominant form of migration in 

female migrants in India (Bhagat, 2015).  
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Increasing evidence has suggested that migration may have a profound impact 

on later-life cognitive function (Graves et al., 1999; Hill et al., 2012; Xu, Zhang, et al., 

2017; Zeki Al Hazzouri et al., 2011).  Recent studies in China and India have found that 

different migration patterns could be associated with cognitive function in various ways 

(Xu, Dupre, Ostbye, Vorderstrasse, & Wu, 2017; Xu, Dupre, et al., 2017; Xu, Ostbye, 

Vorderstrasse, Dupre, & Wu, 2018). However, existing research regarding gender 

differences in the association between migration and cognition is scarce and primarily 

focuses on immigrant populations. One study that focused on Mexican immigrants 

found that only men who migrated in middle-life have a slower rate of cognitive decline 

(Hill et al., 2012).  No study has been found that compares the association across nations. 

The two major socioeconomic and demographic changes occurring in China and India 

provide unique contexts to conduct comparative studies on the association between 

migration and cognitive function in the world’s two most populous nations. 

The purpose of this study is to provide the first comparative investigation of the 

role of gender in the association between migration and cognitive function among the 

adult population in China and India. We used data from a nationally representative 

sample of older adults from the WHO Study on global AGEing and adult health (SAGE). 

We first examined how cognitive function differed by migration status, gender, and 

country. Next, we examined the interaction effects among migration, gender, and 

country on cognitive function. We also examined whether these differences can be 
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explained by major sociodemographic, psychosocial, behavioral, and physiological risk 

factors.  

5.3 Methods 

We used data collected in the SAGE of adults aged 50 or older. SAGE Wave 1: 

2007-2010 included nationally representative samples of 13,175 respondents from China 

and another 7,150 from India. The overall response rate in individual surveys was over 

85% (Kowal et al., 2012). Detailed information about the SAGE background, sampling, 

and questionnaires is documented elsewhere (Kowal et al., 2012). We analyzed the data 

from SAGE Wave 1 that included a total of 18,654 adults aged 50 or older with no 

missing information on migration status and cognitive function (92%).  

Following prior studies’ approach, we generated a Cognitive Composition Score 

(CCS) to measure respondents’ cognitive function (Lee et al., 2014). The CCS is a 

summary of five individual cognitive tests: digital spin tests (forward and backward), 

verbal fluency test, and immediate and delayed recall tests. The total score of CCS 

ranged from 0 to 47, with higher scores indicating better cognitive function. 

Using a similar approach as suggested in previous studies, we categorized 

respondents’ migration status into six groups (Oyebode et al., 2015; Xu, Ostbye, 

Vorderstrasse, Dupre, & Wu, 2018). We defined urban residents as those living in the 

same urban community all their life. Similarly, rural residents were respondents who 

had been living in the same rural area all their life. We defined rural-to-urban migrants 
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as respondents who were currently living in an urban area but reported living in a rural 

area before moving to their current locations. Urban-to-urban migrants were those who 

had relocated from other urban areas to their current urban locations. We used a similar 

approach to define rural-to-rural migrants. Finally, we characterized urban-to-rural 

migrants as respondents who were currently living in rural areas but reported living in 

urban settings previously.  

We included multiple covariates including demographics, socioeconomic status 

(SES), psychosocial and behavioral factors, and physical health status in the analyses. 

Demographic background included age (as a continuous variable) and gender. SES 

included measures of education (no education, primary or less, or secondary or above), 

income quintiles, and parental education (two binary indicators to assess whether 

respondents’ mother or father received any formal education).  

Psychosocial and behavioral factors included marital status (currently married or 

not), household size (#), social cohesion, family/community support (yes or no), having 

depressive symptoms, current smoking (yes or no), current alcohol consumption (yes or 

no), and adequate physical activity (yes or no). We generated a dichotomous variable to 

assess whether respondents reported any depressive symptoms based on DSM-IV 

(American Psychiatric Association, 2000).  SAGE included 9 questions related to social 

cohesion that captured the frequency of different social activities (e.g., having friends 

over, working with others in the neighborhood). We created a social cohesion summary 
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scale based on the 9 questions (Kowal et al., 2010). The total score ranged from 9 to 45, 

with higher scores indicating higher levels of social cohesion. We considered 

respondents as having family or community support if they reported having received 

any financial or in-kind support from family members or community.  For physical 

activity, we defined adequate amount as at least 150 minutes of moderate-intensity or at 

least 75 minutes of vigorous-intensity aerobic physical activity per week based on the 

WHO recommendation (World Health Organization, 2010). 

Physical health status included body mass index (BMI), chronic diseases, and 

physical function. We categorized BMI into four groups according to the WHO 

classification for Asian populations: underweight (<18.5 kg/m2), normal (18.5-22.9 

kg/m2), overweight (23-27.4 kg/m2), and obese (≥ 27.5 kg/m2) (Barba et al., 2004). We 

used 4 dichotomous indicators of chronic diseases in the analyses: hypertension (yes or 

no), diabetes (yes or no), angina (yes or no), and stroke (yes or no). Finally, we created a 

binary indicator to capture respondents’ physical function using the 12-item version of 

World Health Organization Disability Assessment Schedule (WHODAS) 2.0 (coded as 1 

if they needed help with 1 or more items) (Arokiasamy et al., 2015; Xu, Ostbye, 

Vorderstrasse, Dupre, & Wu, 2018). 

5.3.1 Statistical Analysis  

We used weighted descriptive statistics to show the characteristics of the study 

sample separately for men and women and by country. We then assessed whether 
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respondents’ cognitive function differed by gender and country and whether there was 

an interaction effect between gender and country (Appendix B). The results indicated 

that both the main effects (gender, country) and the interaction (gender*country) were 

significant. To account for significant differences by gender and country, we performed 

stratified analyses using unweighted ordinary least square regression models to 

examine the association between migration and cognitive function. Furthermore, we 

assessed how demographics, SES, psychosocial and behavioral factors, and physical 

health status contributed to the association. We used Bayesian information criterion 

(BIC) to evaluate the model fit. To reduce potential bias in the estimates due to missing 

cases (<15% across all covariates), we applied multiple imputation methods in the 

analyses. We found similar estimates using alternative strategies (e.g., listwise deletion) 

to account for missing data. All of the analyses were performed using Stata SE 15.1. 

5.4 Results 

Characteristics of the study respondents are presented for men and women by 

country in Table 7. In both countries, women were generally more likely to be migrants 

and had fewer socioeconomic resources —with the exception of income in Chinese 

women—than their male counterparts.  Compared with men, women in both countries 

were also less likely to be married, smoke, or drink, but more likely to live in smaller 

households, have depressive symptoms, or have lower levels of social cohesion. Women 

in China had more chronic conditions and higher BMI than their male counterparts; 
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whereas Indian women tended to have lower BMI and fewer chronic conditions except 

for hypertension. In both countries, women reported a higher level of physical disability 

than men. The proportions of the Indian population who had no education, reported 

having depressive symptoms, had underweight BMI, and experienced physical 

disability were higher than those of their Chinese counterparts. The CCS for cognitive 

function was lower among women than among their male counterparts, but the female 

disadvantage was smaller in China than in India (2.2 for China vs 4.0 for India). 

Appendix C shows the descriptive statistics of each cognitive test by migration status 

and country among men and women.  

Table 7 Characteristics of Study Sample 

 China (n = 12,410)  India (n = 6,244)  
     

 Men 

(n = 5,812) 

Women 

(n = 6,598) 

p 

value 

Men 

(n = 3,180) 

Women 

(n = 3,064) 

p 

value 

Migration Status   <.001   <.001 

    Urban residents 31.8 37.8 23.9 15.2 

    Rural residents 55.9 34.7 64.2 24.8 

    Urban-urban migrants 7.0 8.2 2.4 7.2 

    Rural-urban migrants 2.8 4.3 1.2 7.1 

    Rural-rural migrants 1.9 14.0 4.0 42.1 

    Urban-rural migrants 0.5 1.0 1.4 3.6 

CCS, mean (SD) 45.3 (11.3) 43.1 (11.4) <.001 39.2 (8.7) 35.2 (8.7) <.001 

Age, mean (SD) 62.1 (8.4) 62.8 (9.3) <.001 61.3 (8.5) 61.1 (9.0) .524 

Education level,   <.001   <.001 

    No education 12.6 32.6 29.7 72.3 

    Primary or less 44.8 37.9 30.7 19.0 

    Secondary and above 42.6 29.5 39.6 8.8 

Income quintile   .383   .016 

    Lowest 16.4 16.7 16.9 19.1 

    Second 18.9 18.0 18.6 19.3 

    Middle 20.9 20.5 18.7 19.4 

    Fourth 23.8 23.4 21.5 18.3 

    Highest 20.0 21.4 24.3 24.0 

Father received any 31.5 30.1 .159 35.8 32.0 .029 
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education 

Mother received any 

education 

12.4 12.2 .722 10.4 9.3 .276 

Married 90.5 80.1 <.001 91.3 62.3 <.001 

Received family support 35.1 36.6 .119 25.0 27.6 .015 

Received community support 2.5 2.3 .507 6.3 7.0 .244 

Household size, mean (SD) 2.7 (1.2) 2.7 (1.4) .033 7.0 (4.4) 6.7 (4.0) .011 

Socio cohesion Index, mean 

(SD) 

15.4 (3.5) 15.1 (3.7) <.001 19.6 (5.1) 16.0 (4.2) <.001 

Having depressive 

symptoms 

14.2 17.1 <.001 37.2 42.9 .001 

Current smoker 56.5 3.7 <.001 67.1 32.0 <.001 

Current drinker 57.1 11.7 <.001 27.8 2.2 <.001 

Adequate physical activities 75.3 72.5 .001 80.9 79.1 .290 

BMI   <.001   .001 

    Underweight 4.3 4.3 39.3 36.9 

    Normal 41.3 33.8 42.1 36.8 

    Overweight 42.2 42.9 13.7 16.7 

    Obese 12.1 18.9 4.8 9.6 

Stroke 3.5 2.5 .012 2.0 1.6 .398 

Heart disease 6.0 9.8 <.001 6.8 4.2 .001 

Hypertension 61.3 62.5 .195 26.9 29.6 .079 

Diabetes 5.5 7.4 .015 8.4 5.7 .001 

Having physical disabilities 10.3 15.2 <.001 41.5 61.7 <.001 

Note: Values are expressed as percentages unless otherwise indicated. BMI indicated body mass index; 

CCS indicates cognitive composition score; SD, standard deviation. 

 

Figure 7 illustrates cognitive function by migration status in men and women 

from both countries (plotted from estimates in Tables 8 and 9). A consistent female 

disadvantage was found in China and India for cognitive function. In addition, the 

Indian population in general showed poorer cognitive function than the Chinese 

population in both men and women.   

The age adjusted models conducted among female participants showed that 

rural residents, rural-to-rural migrants, and urban-to rural migrants had significantly 

poorer cognitive function than urban residents (Table 8). Indian women who were rural-
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to-urban migrants also demonstrated poorer cognitive function than urban residents. 

When adjusting for all study covariates, the differences in cognition were attenuated; 

still, rural residents and rural-to-rural migrants exhibited significantly poorer cognitive 

function than urban residents in both countries. 

 

 

Figure 7 Comparison of Cognitive Function by Migration Status and Gender 

in China and India 

In men (Table 9), we also found that adjusting for age, rural residents and rural-

to-rural migrants had significantly poorer cognitive function than urban residents in 

both countries. However, after accounting for all covariates, the differences in cognitive 

function remained only between rural-to-rural migrants and urban residents among 

Indian men, and between rural residents and urban residents among Chinese men. 

Additionally, we found that among males in China, urban-to-rural migrants had poorer 

Note:  results from fully adjusted models: adjusted for age, education, household income, parental 

education, marital status, family/community support, household size, depression, smoking 

history, alcohol consumption, exercise, body mass index, stroke, heart disease, hypertension, 

diabetes, and functional status 
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cognitive function than urban residents, while urban-to-urban migrants had the highest 

cognition scores.  The advantage in cognitive function among Chinese men who were 

urban-to-urban migrants remained largely unchanged after accounting for numerous 

covariates. 
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Table 8 Parameter Estimates for Cognitive Function by Migration Status Among Women in China and India 

 China India 
   

 Model1 Model 2 Model 1 Model 2 

Migration Status (Ref: Urban residents)        

Rural residents -6.54*** (0.29) -1.96*** (0.32) -5.45*** (0.51) -1.66*** (0.49) 

Urban-urban migrants 0.57 (0.47) 0.57 (0.43) 0.40 (0.72) -0.80 (0.66) 

Rural-urban migrants -0.56 (0.60) 1.06 (0.55) -2.36*** (0.67) -0.99 (0.62) 

Rural-rural migrants -6.80*** (0.42) -2.60*** (0.43) -5.19*** (0.47) -1.61*** (0.46) 

Urban-rural migrants -4.89*** (1.20) -1.33 (1.11) -2.29** (0.87) -0.75 (0.80) 

Age -0.49*** (0.01) -0.25*** (0.02) -0.22*** (0.02) -0.09*** (0.02) 

Education (Ref: No education)         

Primary or less   3.28*** (0.30)   2.71*** (0.39) 

Secondary and above   6.46*** (0.38)   7.11*** (0.60) 

Income quintile (Ref: Lowest)         

        Second   1.32*** (0.37)   1.20* (0.47) 

        Middle   2.21*** (0.37)   1.75*** (0.48) 

        Fourth   4.09*** (0.39)   2.66*** (0.49) 

        Highest   4.96*** (0.41)   3.48*** (0.52) 

Father received any education   1.30*** (0.31)   0.70 (0.40) 

Mother received any 

education 

  1.69*** (0.41)   0.78 (0.55) 

Married   1.18*** (0.31)   1.15*** (0.31) 

Received family support   -0.28 (0.27)   0.31 (0.30) 

Received community support   0.65 (0.83)   0.30 (0.48) 

Household size   -0.63*** (0.09)   -0.10* (0.04) 

Socio cohesion Index   0.32*** (0.03)   0.16*** (0.03) 

Having depressive symptoms   -0.76* (0.31)   0.01 (0.29) 

Current smoker   -0.65 (0.61)   -0.85** (0.30) 

Current drinker   0.54 (0.37)   -2.93*** (0.83) 

Adequate physical activities   0.20 (0.26)   2.25*** (0.36) 
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BMI (Ref: Normal)         

        Underweight   0.08 (0.55)   -0.68* (0.32) 

        Overweight   -0.01 (0.26)   0.82 (0.43) 

        Obese   -0.67 (0.46)   0.42 (0.65) 

Stroke   -1.25 (0.68)   -0.15 (1.08) 

Heart disease   -1.57*** (0.39)   -0.46 (0.68) 

Hypertension   -0.47 (0.24)   -0.84** (0.30) 

Diabetes   -0.34 (0.46)   1.07 (0.56) 

Having physical disabilities   -2.40*** (0.37)   -0.86** (0.31) 

Constant 76.97*** (0.86) 50.25*** (1.36) 52.39*** (1.12) 34.90*** (1.48) 

Goodness-of-Fit         

       BIC value 90197.4 80295.71 44373.76 38847.37 

Observations 6598 6598 3064 3064 

Abbreviations: BIC, Bayesian information criterion. 

Note: Estimated coefficients (standard errors) are reported.  

Model 1 adjust for age.  Model 2 adjusts for age, education, household income, parental education, marital status, 

family/community support, household size, depression, smoking history, alcohol consumption, exercise, body mass index, 

stroke, heart disease, hypertension, diabetes, and functional status.  

* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 9 Parameter Estimates for Cognitive Function by Migration Status Among Men in China and India 

 China India 
   

 Model1 Model 2 Model 1 Model 2 

Migration Status (Ref: Urban residents)        

Rural residents -5.04*** (0.30) -1.31*** (0.34) -3.45*** (0.38) -0.67 (0.37) 

Urban-urban migrants 1.74** (0.54) 0.99* (0.50) 1.67 (0.94) 0.44 (0.85) 

Rural-urban migrants 0.28 (0.75) 0.67 (0.69) -0.98 (1.10) -1.18 (0.98) 

Rural-rural migrants -5.32*** (1.08) -1.11 (1.01) -5.28*** (0.77) -1.54* (0.70) 

Urban-rural migrants -5.72** (1.76) -2.74 (1.64) -2.24 (1.18) -1.03 (1.06) 

Age -0.44*** (0.01) -0.24*** (0.02) -0.25*** (0.02) -0.12*** (0.02) 

Education (Ref: No education)         

Primary or less   3.86*** (0.41)   2.19*** (0.35) 

Secondary and above   6.66*** (0.46)   5.36*** (0.40) 

Income quintile (Ref: Lowest)         

        Second   0.75 (0.40)   0.70 (0.45) 

        Middle   1.56*** (0.41)   1.67*** (0.47) 

        Fourth   4.25*** (0.42)   2.14*** (0.47) 

        Highest   5.37*** (0.46)   4.04*** (0.51) 

Father received any education   1.83*** (0.34)   0.15 (0.33) 

Mother received any 

education 

  0.91* (0.44)   1.05* (0.48) 

Married   1.43*** (0.42)   1.18** (0.41) 

Received family support   -0.00 (0.30)   0.26 (0.30) 

Received community support   1.36 (0.88)   -0.22 (0.48) 

Household size   -0.59*** (0.10)   0.01 (0.04) 

Socio cohesion Index   0.36*** (0.04)   0.17*** (0.03) 

Having depressive symptoms   -1.27*** (0.38)   0.14 (0.29) 

Current smoker   -0.17 (0.27)   0.55 (0.29) 

Current drinker   0.47 (0.26)   -0.61* (0.30) 

Adequate physical activities   -0.03 (0.29)   2.11*** (0.35) 
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BMI (Ref: Normal)         

        Underweight   0.41 (0.62)   -0.95** (0.30) 

        Overweight   1.09*** (0.31)   1.19* (0.48) 

        Obese   -0.34 (0.72)   0.13 (0.97) 

Stroke   -2.31*** (0.65)   -0.59 (0.83) 

Heart disease   -1.08* (0.50)   0.37 (0.58) 

Hypertension   -0.38 (0.27)   -0.49 (0.29) 

Diabetes   0.22 (0.54)   -0.20 (0.50) 

Having physical disabilities   -3.41*** (0.46)   -1.34*** (0.30) 

Constant 75.37*** (0.97) 48.66*** (1.50) 57.32*** (1.07) 37.10*** (1.44) 

Goodness-of-Fit         

       BIC value 82165.93 72853.69 35577.39 31969.63 

Observations 5812 5812 3180 3180 

Abbreviations: BIC, Bayesian information criterion. 

Note: Estimated coefficients (standard errors) are reported.  

Model 1 adjust for age.  Model 2 adjusts for age, education, household income, parental education, marital status, 

family/community support, household size, depression, smoking history, alcohol consumption, exercise, body mass index, 

stroke, heart disease, hypertension, diabetes, and functional status.  

* p < 0.05, ** p < 0.01, *** p < 0.001 
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We also performed a sensitivity analysis by using cognitive function z-scores as 

the outcome variable. We derived z-scores from each test and then calculated the 

average of the five cognitive tests to create a global cognitive score (See Appendix D).  

The results using z-scores were similar to those we presented in this study. 

5.5 Discussion 

 Our study is the first investigation of the role of gender in the association 

between migration and cognitive function among the adult populations in China and 

India.  We found that cognitive function was significantly different by migration status 

in men and women.  Some of the differences also varied by country and persisted after 

adjustment for multiple socioeconomic, psychosocial, behavioral, and health risk factors.  

These findings have important implications that may be crucial to planning programs 

and policies to promote cognitive health in vulnerable populations in developing 

countries. 

In line with previous research in China and India (Lee et al., 2014; Lei et al., 2012; 

Oksuzyan et al., 2017; Zhang, 2006; Xu, Ostbye, Vorderstrasse, Dupre, & Wu, 2018), we 

found that women in both countries who resided in rural areas had significantly poorer 

cognitive function than urban residents controlling for all study covariates. In our 

sample, we found a higher proportion of women with no education in the rural resident 

group than in the urban resident group in China (48.8% vs.18.0%) and in India (72.9% 

vs. 43.8%). This cognitive disadvantage that we observed among female rural residents 
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might be explained by the negative impacts of living in rural settings, such as limited 

access to educational attainment, workforce participation, and health care (Lee et al., 

2014; Zhang et al., 2008). We also found that women who migrated within rural areas 

exhibited the poorest cognitive function both in China and in India. The explanations for 

these findings may be twofold.  First, similar to rural residents, women who moved 

within rural areas are likely to be influenced by the rural living environment that could 

have negative impacts on cognitive function (Lee et al., 2014; Zhang et al., 2008). In 

addition to that, marriage is the dominant reason for women to move from one rural 

area to another in both countries (Bhattacharya, 2000; Chan, 2012). We speculate that 

women who migrated within rural areas for marriage might experience separation from 

their biological families and friends that can be related to reduced social support. 

Therefore, they might not have plenty of opportunities to engage in social activities and 

expand their social connections outside of the household. Prior research has shown that 

social support and social engagement are associated with better cognitive function 

(Krueger et al., 2009; Yeh & Liu, 2003). Together, we suspect that a combination of 

factors including socioeconomic disadvantages, a lack of social support and social 

engagement are detrimental to the cognitive health of older women who moved within 

rural areas. 

Our results for men showed differences in the association between migration and 

cognitive function between China and India. Among male populations in China, we 
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found that rural residents had poorer cognitive function than their urban counterparts, 

which may be partially due to the negative impact of living in rural settings as 

previously discussed (Zhang et al., 2008; Zhang, 2006). We also found that Chinese men 

who were urban-to-urban migrants exhibited the highest level of cognitive function. It is 

likely that some proportion of these respondents migrated from migrated from small 

townships to metropolitan areas or moving within metropolitan areas for college 

education and employment opportunities after the economic reform (Chan, 2012; Gu et 

al., 2017). Therefore, these urban-to-urban migrants may benefit from improvements in 

their SES and related resources that can have a long-lasting positive impact on cognitive 

function.  In addition to the benefits from upward social mobility, migrating from one 

urban area to another may also reflect a self-selection process: individuals who migrated 

are likely to be healthier and have better cognitive function (Tong & Piotrowski, 2012). 

Still, additional studies are needed to further test these explanations. In Indian men, we 

found that after adjusting for all study covariates, rural-to-rural migrants still had 

significantly poorer cognitive function than urban residents. Prior studies have 

suggested that male rural-to-rural migrants in India are likely to be laborers from poorer 

regions travelling for agricultural activities such as rice cultivation (Bhattacharya, 2000; 

Srivastava & Bhattacharyya, 2003). In our Indian sample, the male rural-to-rural 

migrants exhibited the lowest socioeconomic standing among the 6 groups. Therefore, 
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we speculate that the poor cognitive function we observed in the male rural-to-rural 

migrant group might be partially explained by their socioeconomic disadvantages.  

Our findings also demonstrated that women consistently had lower cognitive 

function than men in both countries, which is consistent with the findings from prior 

literature.  The gender differences in cognition that we found in China and India can be 

partially explained by the well documented gender inequality in economy, health, and 

education in both countries (World Economic Forum, 2017). We also found that Indian 

adults exhibited worse cognitive function than their Chinese counterparts. While limited 

prior research has particularly examined this topic, it is plausible that this finding is 

related to the fact that China is more economically developed and has a higher literacy 

rate than India (World Bank, 2018). Additionally, China demonstrates better 

performance on a variety of health metrics and higher health insurance coverage, which 

may partially explain the better cognitive function that we observed in the Chinese 

sample (GBD 2016 Causes of Death Collaborators et al., 2017; GBD 2016 Mortality 

Collaborators et al., 2017; GBD 2016 Risk Factors Collaborators et al., 2017; Goeppel, 

Frenz, Grabenhenrich, Keil, & Tinnemann, 2016). Similar to previous research 

(Oksuzyan et al., 2017), we found that the gender differences in cognitive function were 

larger in India than in China. We suspect that the larger gender differences may be due 

to a higher level of gender inequality in socioeconomic status in India (World Economic 

Forum, 2017). In our sample, we found a larger difference between men and women in 
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the percentage of respondents with no education in India (Male: 29.7%, Female: 72.3%) 

compared to in China (Male: 12.6%, Female: 32.6%).        

We acknowledge several limitations of this study. First, we recognize that the 

analyses were based on cross-sectional data. Therefore, the current findings should be 

interpreted with caution. We also acknowledge that the assessment of migration status 

was based on the respondents’ current location and most recent migration. Therefore, 

we were not able to capture multiple or “circular” migrations in this study. Relatedly, 

we recognize that no information on the reasons for migration—a critical piece in an 

individual’s migration history—was included in this study due to the data limitation in 

SAGE.  We also lacked data on genetic factors, environmental exposures, community 

characteristics, and other factors that are related to cognitive function.  Therefore, we 

encourage additional studies to use longitudinal data to further examine the factors that 

may be contributing to the role of gender in the association between migration and 

cognitive function. 

Increasing numbers of older adults with some levels of cognitive impairment 

have put enormous strain on the healthcare system in China and India as well as other 

developing countries.  We found women exhibit poorer cognitive function than men in 

both countries. We also found that migration is associated with cognitive function.  This 

association varies by gender and country and the differences in cognitive function 

persist after adjustment for multiple risk factors.  Results from our study also provide 
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valuable new insights about factors that are associated with cognitive function among 

men and women in developing countries.  Healthy aging policies in China and India 

should continue promoting gender equality and focus more on the vulnerable rural-to-

rural migrant population.
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6. Conclusion 

The purpose of this dissertation is to provide a better understanding of the 

association between migration and cognitive function among middle aged and older 

adults in China and India. This purpose was achieved through 1) the development of a 

conceptual framework that presents the linkages between migration and cognitive 

function; and 2) analyses of the WHO SAGE Wave-1 China and India data that examine 

the association between migration and cognitive function and the factors related to the 

association.  

6.1 Summary of Findings 

In Chapter 2, I presented a conceptual framework with five potential 

mechanisms that are related to the association between migration and cognitive 

function: 1) socioeconomic status, 2) psychosocial factors, 3) behavioral factors, 4) 

physical and psychological health status, and 5) environmental factors. In this 

conceptual framework, we also presented several underlying factors such as early-life 

conditions, gender, and genetic factors that we identified from the current literature. 

Overall, the conceptual framework helps us better understand the factors contributing to 

the complex association between migration and cognitive function.  

Chapter 3, 4, and 5 are three data-based manuscripts that examined the 

association between migration and cognitive function among the adult population in 

China and India. Using 2007-2010 WHO SAGE Wave-1 data, I conducted a cross-
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national comparison study between China and India. In the Chinese sample, I found 

that urban residents and urban-to-urban migrants had the highest level of cognitive 

function; whereas rural residents and rural-to-rural migrants had the poorest cognitive 

function. After controlling for multiple study covariates, rural-to-urban migrants 

showed significantly higher cognitive function than urban residents. In the SAGE China 

study, I also examined how age at migration was related to cognitive function within 

each migration group. The findings showed that people who migrated to/within rural 

areas before age 20 had poorer cognitive function than those who migrated later in their 

adulthood.  

I found similar associations in the Indian sample. Our findings showed that 

urban residents and urban-to-urban migrants had the highest levels of cognition; while 

rural residents and people who migrated to (or within) rural areas had the poorest 

cognitive function after adjusting for all study covariates. Although prior research 

suggested state-level variations in cognitive function, our findings did not support this 

argument.  

In both countries, I found that these patterns remain largely unchanged after 

adjusting for multiple study covariates. In addition, I found that SES played the most 

important role in the association between migration and cognitive function in both 

countries.  
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In Chapter 5, I assessed gender differences in the association between migration 

and cognitive function among the adult populations in China and India. I found a 

consistent female disadvantage in cognitive function in both countries. Female rural 

residents and female rural-to-rural migrants had the poorest cognitive function in both 

the Chinese and the Indian samples. Among Chinese men, I found that rural residents 

had poorer cognitive function than urban residents, while urban-to-urban residents had 

the highest level of cognition; however, among the male population in India, rural-to-

rural residents had the lowest level of cognitive function. 

In summary, I found that migration is independently associated with cognitive 

function among middle aged and older adults in China and India. Different migration 

patterns have different influences on later-life cognitive function. The association 

between migration and cognitive function is complex and differs by gender and country.  

6.2 Limitations 

I also acknowledged several limitations of this dissertation.  First, this 

dissertation used cross-sectional observational data; therefore, I recognize that 

interpretations of causality should be guarded.  Additionally, SAGE-Wave 1 data only 

included the following three questions that are related to respondents’ migration status: 

1) current place of residence (“rural” or “urban”), 2) whether the participant has always 

lived in this place (“yes” or “no”), and 3) where the participant has lived before (“in 

same community,” “in another city in this region,” “in another rural area in this region,” 



 

118 

“in another city outside this region but in this country,” “in another rural area outside 

this region but in this country,” and “outside the country”).  Therefore, I was only able 

to assess respondents’ most recent migration experience; multiple or “circular” 

relocations over the life course were excluded. Relatedly, information on reasons for 

migration and other aspects of their migration experience were unavailable in SAGE.  I 

also recognize that the vast majority of our study sample were relatively young. It is 

possible that the association between migration and cognitive function that were 

observed in this study might be conservative.  Finally, although I included a wide range 

of covariates in the analyses, additional unmeasured factors such as genetic factors (e.g., 

APOE 4), healthcare utilization, air pollution, or other factors may be contributing to the 

association. 

6.3 Future Directions 

6.3.1 Implications for Future Research 

Although worldwide both the aging population and the internal migrant 

population are increasing rapidly, research on the influence of migration on cognitive 

function is still in early stages. The following section discusses some potential 

implications for future research.  

This dissertation provided new knowledge on health disparities in cognitive 

function among middle aged and older adults in China and India. Comparisons among 

groups with different migration status allowed us to examine how changes in 
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environment might be associated with health status in later life. Based on the results 

from this dissertation, future research that assesses health disparities in later-life 

cognitive function especially in LMICs should not only compare cognitive function 

between rural and urban residents, but also take into consideration of the internal 

migrant populations.  

Future research should focus on using prospective longitudinal data to further 

examine the relationship between migration and cognitive decline. Factors that are 

associated with baseline cognitive performance may not be necessarily be related to the 

rate of cognitive decline. In addition, as we suggested in Chapter 2, the linkages between 

migration and cognitive function should be further tested using empirical data. 

Therefore, it is ideal to examine an individual’s cognitive function before, during, and 

after migration in order to identify the whole trajectory of cognitive function and how 

migration might alter the trajectory. Future research on migration and cognition could 

also make a significant contribution by including more comprehensive measures of the 

migration process. Most previous studies defined migration status based on 

respondents’ previous and current locations (Fuller-Thomson & Kuh, 2014; Hernández, 

Pasupuleti, Deshpande, Bernabé-Ortiz, & Miranda, 2012).  Future research should try to 

include information on when and why people migrate to capture the whole migration 

process. This information will allow researchers to identify what and when changes 

would occur during the migration process. Qualitative research would be a promising 
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approach that enable researchers to obtain detailed information about people’s 

migration history and their migration process, which can be supplemental to large 

epidemiological studies.  

I also mentioned in Chapter 2 that research on how environmental factors might 

mediate the relationship between migration and cognitive function is scarce. Still, some 

early evidence has suggested a linkage between air pollution and increased risk of 

dementia. It might be worth further exploration as to whether migrating from rural 

areas into cities could increase the risk of cognitive impairment due to exposures to air 

pollution.  

In addition, future research should incorporate more sensitive and valid 

measures of cognitive function. SAGE is one of the few large survey studies that 

included a comprehensive set of cognition measures. The Mini-Mental Status Exam 

(MMSE) is commonly used in population based studies conducted in LMICs (Han & 

Shibusawa, 2015; Zhang et al., 2009). However, research has shown the ceiling and floor 

effect of this instrument in detecting cognitive decline (Arevalo-Rodriguez et al., 2015; 

Hoops et al., 2009). Therefore, using more sensitive cognition tests or clinical diagnostic 

tools should be encouraged in future research to promote early detection of mild 

cognitive impairment or dementia.  
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6.3.2 Implications for Policy and Practice 

Overall, this dissertation contributed knowledge about the differences in 

cognitive function across groups with different migration status in China and India.  

Findings from this dissertation have potential implications for clinical practice and 

policies.  

First, this dissertation showed that migration status is associated with cognitive 

function. This finding provided supportive evidence to the move towards ‘needs based’ 

rather than age-determined health and social services in China and India. Both primary 

health care providers and specialists should be aware that cognitive impairment/decline 

may be more commonly experienced in certain migrant populations (e.g. rural-to-rural 

migrants). Therefore, promoting early screening for potential cognitive impairment in 

clinical practice and making sure this practice covers these migrant populations is 

crucial. As prior research suggested, early screening increases the recognition of 

dementia among both health care providers and patients (Borson et al., 2013; Lin, 

O’Connor, Rossom, Perdue, & Eckstrom, 2013). As a result, early screening can help 

both parties to work on modifiable factors that may help slow down the rate of cognitive 

decline.  

In addition, this dissertation identified factors associated with cognitive function 

that can be used to design tailored interventions or programs to promote cognitive 

health.  For example, migration can be a stressful process that may have negative 
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impacts on individuals’ psychological well-being. In this case, migrants (e.g. rural-to-

urban migrants, rural-to-rural migrants) might benefit from interventions such as 

community-based psychological services that help them cope with stress and improve 

mood. In addition to that, place based social activities might be helpful to some migrants 

to expand their social networks, which might have positive impacts on their cognitive 

function.  

Findings from this dissertation also demonstrated a significant gender disparity 

in later life cognitive function in both countries. Governments and NGOs in China, 

India, and other LMICs should continue the current programs to promote gender 

equality and to empower all women and girls in multiple aspects (the Sustainable 

Development Goal 5).  In addition to that, more efforts are needed to help women and 

girls from rural areas achieve equitable access to educational attainment, employment 

opportunities, and health care. These programs and policies will potentially reduce 

gender disparities in cognitive function among middle aged and older adults in LMICs.
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Appendix A Demographic Characteristics of Six States in India 

 Assam Karnataka Maharashtra Rajasthan 
Uttar 

Pradesh 
West Bengal 

 n = 626 n = 866 n = 1,069 n = 1,308 n = 1,273 n = 1,102 

Residential statusa,%  
      

    Urban residents 7.8 21.9 37.8 8.0 8.3 12.5 

    Rural residents 61.5 47.0 51.7 39.2 50.0 44.3 

    Urban-urban migrants 4.6 4.3 2.8 3.4 3.5 8.9 

    Rural-urban migrants 3.2 5.9 1.9 8.5 3.2 5.8 

    Rural-rural migrants 19.3 16.4 4.7 38.2 31.3 27.5 

    Urban-rural migrants 3.5 4.5 1.1 2.8 3.7 1.0 

       

Age Composition b,%       

    0-14 34.3 28.8 29.7 36.3 37.4 29.4 

    15-59 60.1 63.4 61.6 57.1 56.2 63.2 

    60+ 5.7 7.9 8.8 6.6 6.5 7.4 

Sex ratio b 944.5 966.5 923.5 923.5 903.0 940.5 

Literacy Rate b,% 68.1 71.3 80.0 63.6 62.9 73.1 

Urban Population b,% 13.5 36.3 43.8 24.2 21.6 30.0 

Source: a SAGE India wave 1; b The average number of data from 2001 and 2011 Census of India 

  

 



 

124 

Appendix B Cognitive Function by Gender and Country 

 Model 1 Model 2 

Female -0.27*** (0.01) -0.20*** (0.02) 

India -0.81*** (0.01) -0.70*** (0.02) 

Female # India   -0.22*** (0.03) 

Constant 0.42*** (0.01) 0.38*** (0.01) 

Observations 18654 18654 

Standard errors in parentheses  

* p<0.05 ** p<0.01 *** p<0.001 
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Appendix C Means (Standard Deviation) of Cognitive Function by Residential 

Mobility 

China: Men 

Total 

n = 5,812 

Urban 

n = 1,936 

Rural 

n = 3,082 

Urban  

to urban 

n = 448 

Rural 

to urban 

n = 214 

Rural 

to rural 

n = 97 

Urban  

to rural 

n = 35 p value 

         Digit Span Test (F) a 7.14 (1.51) 7.36 (1.47) 6.97 (1.53) 7.44 (1.35) 7.18 (1.51) 6.80 (1.55) 7.14 (1.72) <.0001 

Digit Span Test (B) b  3.63 (1.41) 3.85 (1.34) 3.48 (1.47) 3.77 (1.24) 3.80 (1.20) 3.07 (1.42) 3.31 (1.35) <.0001 

Verbal fluency c 13.15 (5.05) 14.25 (5.22) 12.23 (4.73) 14.47 (5.18) 14.01 (4.91) 12.78 (4.88) 12.06 (4.97) <.0001 

Immediate recall d 16.33 (4.95) 17.02 (4.85) 15.86 (4.97) 17.19 (4.59) 16.19 (5.04) 14.74 (4.75) 14.49 (6.09) <.0001 

Delayed recall e 5.00 (2.23) 5.23 (2.18) 4.84 (2.26) 5.17 (2.16) 5.08 (2.08) 4.47 (2.27) 4.63 (2.81) <.0001 

Global cognition f 0.38 (0.97) 0.58 (0.97) 0.22 (0.95) 0.60 (0.92) 0.47 (0.96) 0.05 (0.99) 0.10 (1.07) <.0001 

CCS g 45.25 (11.29) 47.71 (11.33) 43.38 (10.91) 48.04 (10.82) 46.26 (11.38) 41.88 (11.53) 41.63 (12.32) <.0001 

         

China: Women 

Total 

n = 6,598 

Urban 

n = 2,493 

Rural 

n = 2,431 

Urban  

to urban 

n = 563 

Rural 

to urban 

n = 316 

Rural 

to rural 

n = 723 

Urban  

to rural 

n = 72 p value 

         Digit Span Test (F) a 6.88 (1.57) 7.21 (1.53) 6.60 (1.57) 7.19 (1.46) 6.92 (1.56) 6.48 (1.51) 6.49 (1.63) <.0001 

Digit Span Test (B) b  3.27 (1.42) 3.60 (1.34) 3.05 (1.49) 3.41 (1.22) 3.29 (1.31) 2.78 (1.34) 3.14 (1.28) <.0001 

Verbal fluency c 12.07 (4.65) 13.40 (4.92) 10.58 (3.96) 13.39 (4.86) 13.01 (4.39) 11.13 (4.02) 11.04 (3.97) <.0001 

Immediate recall d 15.98 (5.05) 16.80 (5.07) 15.20 (5.06) 16.84 (4.79) 16.15 (4.86) 14.95 (4.61) 16.43 (5.58) <.0001 

Delayed recall e 4.90 (2.26) 5.21 (2.29) 4.58 (2.22) 5.21 (2.23) 4.87 (2.18) 4.68 (2.17) 4.96 (2.40) <.0001 

Global cognition f 0.18 (0.98) 0.45 (1.01) -0.08 (0.92) 0.41 (0.92) 0.25 (0.97) -0.11 (0.84) 0.07 (0.94) <.0001 

CCS g 43.10 (11.37) 46.23 (11.69) 40.01 (10.54) 46.03 (10.88) 44.23 (11.13) 40.03 (9.71) 42.06 (11.02) <.0001 

         

India: Men 

Total 

n = 3,180 

Urban 

n = 590 

Rural 

n = 2,241 

Urban  

to urban 

n = 88 

Rural 

to urban 

n = 63 

Rural 

to rural 

n = 145 

Urban  

to rural 

n = 53 p value 
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Digit Span Test (F) a 4.70 (1.08) 4.99 (1.07) 4.62 (1.06) 5.27 (1.14) 4.75 (1.03) 4.52 (1.09) 4.62 (0.97) <.0001 

Digit Span Test (B) b  2.64 (1.32) 3.09 (1.23) 2.49 (1.30) 3.43 (1.22) 2.98 (1.08) 2.32 (1.54) 2.85 (1.18) <.0001 

Verbal fluency c 11.08 (3.46) 11.36 (3.80) 11.00 (3.40) 11.67 (3.54) 11.17 (3.01) 10.61 (3.10) 11.55 (3.07) <.0001 

Immediate recall d 16.04 (4.23) 17.34 (4.23) 15.70 (4.18) 17.66 (4.00) 16.56 (3.76) 14.84 (4.16) 15.75 (3.42) .047 

Delayed recall e 4.74 (1.90) 5.27 (1.87) 4.60 (1.89) 5.20 (1.68) 4.98 (1.81) 4.39 (1.96) 4.53 (2.14) <.0001 

Global cognition f -0.32 (0.77) -0.04 (0.76) -0.40 (0.76) 0.09 (0.72) -0.19 (0.64) -0.55 (0.75) -0.31 (0.75) <.0001 

CCS g 39.19 (8.70) 42.05 (8.81) 38.41 (8.56) 43.24 (8.26) 40.44 (7.03) 36.68 (8.08) 39.30 (8.23) <.0001 

         

India: Women 

Total 

n = 3,064 

Urban 

n = 401 

Rural 

n = 741 

Urban  

to urban 

n = 195 

Rural 

to urban 

n = 244 

Rural 

to rural 

n = 1,368 

Urban  

to rural 

n = 115 p value 

         Digit Span Test (F) a 4.11 (0.99) 4.52 (1.15) 3.98 (0.93) 4.56 (1.01) 4.25 (1.01) 3.96 (0.91) 4.15 (1.05) <.0001 

Digit Span Test (B) b  1.71 (1.43) 2.37 (1.41) 1.74 (1.40) 2.32 (1.52) 1.97 (1.46) 1.34 (1.33) 1.95 (1.38) <.0001 

Verbal fluency c 9.92 (3.58) 10.55 (3.65) 9.46 (3.31) 10.62 (3.22) 10.35 (3.45) 9.79 (3.77) 10.07 (3.01) <.0001 

Immediate recall d 15.03 (4.24) 16.55 (4.27) 14.38 (4.14) 16.61 (3.63) 15.20 (4.08) 14.59 (4.21) 16.04 (4.42) <.0001 

Delayed recall e 4.42 (1.93) 5.10 (1.88) 4.15 (1.90) 5.19 (1.75) 4.82 (1.78) 4.15 (1.91) 4.72 (1.93) <.0001 

Global cognition f -0.74 (0.77) -0.35 (0.80) -0.86 (0.74) -0.34 (0.78) -0.59 (0.78) -0.90 (0.71) -0.59 (0.71) <.0001 

CCS g 35.17 (8.73) 39.08 (9.10) 33.71 (8.39) 39.29 (8.39) 36.59 (8.67) 33.83 (8.30) 36.93 (8.17) <.0001 

Abbreviation: SD, standard deviation.  
a Total correct (min=0; max=9)  
b Total correct (min=0; max=8) 
c Total correct (min=0) 
d Total correct (min=0; max=30) 
e Total correct (min=0; max=10) 
f Average of the z-score from the five tests above 
g Cognitive Composite Score (CCS): the total number of correct responses on all cognitive tests 
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Appendix D Comparison of Cognitive Function by 

Migration Status and Sex in China and India (Z-scores) 

 

Note: results from fully adjusted models. Z-scores: derived from each test and then calculated the average of 

the five cognitive tests to create a global cognitive score 
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