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Background: The study aimed to understand the factors affecting the health and
healthcare of the first cohort of migrant workers in China using the concept of
the cumulative disadvantage framework.

Methods: Data from the China Migrants Dynamic Survey (2017) were used to
analyze the process of cumulative disadvantage of health and healthcare among
migrant workers. The study also analyzed the spatial lag problem between
localized medical insurance policies and healthcare accessibility.

Results: The results revealed a significant negative association between the
mobility of the first cohort of migrant workers and their health status. Long-
term exposure to hazardous work had a greater negative impact on their health.
Chinese migrant workers faced significant obstacles in accessing healthcare due
to the lack of portability in health insurance.

Conclusion: The study emphasizes the urgent need for addressing the structural
barriers hindering healthcare access and outcomes for migrant workers. It is
crucial to promote a more equitable and sustainable healthcare system in China
to ensure migrant workers’ health and well-being.

the first cohort of migrant workers, cumulative disadvantage, life course, mobility,
health

1. Introduction

Migrant workers have made significant contributions to China’s economic and social
development, improving their families’ overall living conditions and alleviating rural poverty,
while effectively restraining the rapid development of urban/rural disparities in the economy
(1). However, as a socially vulnerable group (2), migrant workers face difficulties arising from
lagging social policies and a lack of social rights (3), particularly in terms of health issues (4).
As of the end of 2021, there were approximately 292 million migrant workers in China,
accounting for 39% of China’s total employed population (5). The average age of migrant workers
is 41.7 years old, with those aged 40 and below accounting for 48.2%, and those aged 40-50
accounting for 27.3% of all migrant workers (6). The concept of the first cohort of migrant
workers refers to the rural population who were born before 1980 and started to work outside
around 1985 (7). In the 1980s, the number of floating population in China rapidly increased as
a result of accelerated industrialization and urbanization processes, leading to the largest-scale
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influx of rural migrant workers in Chinese history, often referred to as
the “migrant worker wave.” (8) These mobile populations were the first
group of rural farmers to enter cities in search of employment
opportunities following China’s reform and opening-up policy. They
migrated to urban areas with the aim of improving their family’s living
conditions and made significant contributions to China’s economic
development (1). However, due to household registration restrictions,
they rarely obtained urban residency status or enjoyed the social
welfare benefits provided by the urban social welfare system (3). They
remained registered as rural residents, solely working in urban areas,
and would return home when there were no job opportunities
available (4). While working in cities, they saved as much as possible,
minimizing their own expenses, and accumulated income to support
their children’s education, schooling, and marriage. They primarily
focused on their family’s needs and neglected their own well-being.
This distinctive characteristic of the first-cohort migrant workers in
China represents their commitment to sacrificing personal expenses
for the sake of their family’s welfare (9).

On the other hand, the second cohort of migrant workers refers
to those born after 1980 and who entered urban areas for work after
2,000 year. Their motivation for migrating to cities is more driven by
personal development and the pursuit of an urban lifestyle, with
economic gains no longer being their primary objective (10).

Thus, the trend of migrant workers toward aging is apparent, and
as a 4D (dirty, dangerous, damaging, and difficult) employment group
(11), they face greater health risks and challenges than the general
population and have a lower capacity to cope with health risks (12).

This study was based on the unique life experiences of the first
cohort of migrant workers. Using the data of CMDS (2017), with
migrant workers’ self-rated health as the dependent variable and
spatial and temporal dimensions as analytical perspectives, this study
adopted a life course approach to construct a theoretical framework
for analyzing the first cohort of migrant workers’ health.

Can existing health care policies protect their health? What factors
influence their health? This paper uses quantitative method to
examine factors influencing the first cohort of migrant workers health,
specifically, we inquire what will they rely on? In the process, we shed
light on the social rights, social stratification systems, and cumulative
disadvantage in health as well as the access and management of
healthcare in China.

1.1. The accumulation of disadvantages
and life course

Flaskerud and Winslow defined the concept of vulnerable groups
as groups that lack sufficient resources and have higher rates of illness
and death. They mainly considered the health status of a particular
group in a specific social structure, emphasizing the influence of
society on individual health maintenance and social rights (13). In the
definition of the concept, the core indicators of vulnerable groups are
their ability to access resources, their health status, and the risks they
face. This concept has been applied to research on the health statuses
of various groups, and discussed regarding the relationship between
health status and its effects. One theory of cumulative disadvantage is
closely related to the concept of vulnerable groups; this theory posits
that vulnerable groups acquire typical cumulative disadvantages
throughout their life course (14). The focus of the theory of cumulative
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disadvantage is to identify the process by which opportunities for
inequality lead to the continuous accumulation of a disadvantaged
status throughout an individuals life (15). O’'Rand believes that a
person’s social status and related benefits widen the differences
between individuals or groups over time and with age, leading to the
accumulation of disadvantages. Currently, the theory of cumulative
disadvantage is often used in conjunction with life course theory (16).
Many researchers have focused on the accumulation of disadvantages
when exploring individuals’ life courses (17). In essence, an important
potential theme in life course analysis is the concept of accumulating
advantages (or disadvantages), which means that individuals obtain
privileges (or disadvantages) based on their social status in early life
(18). People in different groups occupy different positions in
occupational development and hierarchical structures, so their
vulnerability to social order or livelihood opportunities resulting from
large-scale social changes is also different (15). Social system changes
have different effects on individuals in different life stages, and thus,
different age groups are significantly affected by the unique impact of
this social change process, which is, at least in part, determined by
their advantageous (or disadvantageous) status in the social structure
(19). Therefore, the life course can be used as a unique age-stratified
indicator of risks and a sign of a unique and cohort-related social
position in the opportunity structure, forming a “risk chain” (20). At
the same time, childhood experiences affect individuals’ adult physical
and mental health (21, 22). In adulthood, there is a high correlation
between social and economic status, lifestyle, and health status (23,
24). The life course is a carrier that indicates different roles,
responsibilities, and expectations at different ages (25, 26). An
individual’s life course is shaped by the interaction between social
mechanisms and individual traits, among which “turning point
events” (27), such as migration and retirement, are the markers that
can change the direction of an individual’s life trajectory (28).
Therefore, poverty in older individuals is the result of the accumulation
of disadvantages throughout their life course (29, 30). This perspective
links individuals’ temporary states at different stages of life and
different observation points to form a continuous life course (31). In
recent years, the life course perspective has shown significant
advantages in explaining the poverty status of older people (32, 33),
indicating that older people’s poverty can be attributed not only to
current conditions, but also to the accumulation of disadvantages
throughout their lives, especially in those with sustained negative life
experiences (34). This perspective attempts to bridge a gap between
individuals at the micro level and at the macro level, integrating
accumulated and constructed life courses.

1.2. Migrant workers’ economic income
and health maintenance ability

Research on the relationship between health and income has
primarily focused on industrialized countries, with most findings
strongly supporting the impact of health on employment or income
(35, 36). From a micro perspective, a possible mechanism by which
health affects income is that healthy individuals can directly increase
labor productivity (37), whereas changes in work habits during illness
may lead to a suboptimal income function and result in income loss
(38). There is a positive correlation between health and economic
income, wherein a good health status promotes income, and a
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significant deterioration in health reduces household income (39).
Income, in turn, affects health development through living standards
and medical conditions (40), thus forming a cyclical system between
the health and income of migrant workers (41, 42). Compared with
those in good health, migrant workers with poor health earn only
63.43% of their average annual income from migrant work (43). In
terms of the use of medical resources by migrant workers (44),
research has found that the probability of low-income groups using
the healthcare system is much lower than that of high-income groups
(45, 46). Feng and Yu found that the effect of income inequality on
health has a lagging effect and can be described as a “U-shaped”
relationship (47), where the impact of income inequality on health is
mainly negative when income inequality is high (48).

1.3. The accumulation of healthy
weaknesses in of migrant workers

The Grossman health capital theory suggests that health is not
only an investment; it is also a consumption good. While each person’s
initial endowment of health may differ, their personal choices can
affect their subsequent level of health, and their socio-economic status
and educational level can also cause differences in health
production (49).

Due to their lack of innate education, rural migrant workers who
enter the secondary labor market face obvious environmental injustice
issues, as their living and working conditions are often affected by
severe pollution (50). The health risks associated with the hazardous
environment to which they are exposed include infectious diseases,
production accidents, and occupational hazards, all of which threaten
the health and life of rural migrant workers (51). Furthermore, long
working hours and engagement in high-intensity physical labor
negatively impact their health (52, 53). Research shows that the overall
health levels of rural migrant workers declined during the period of
1997-2006. As a result of this health decline, rural migrant workers
often chose to return to their hometowns for economic reasons (54).
However, compared to rural medical conditions, urban medical
conditions have a greater effect on promoting the health of rural
migrant workers. Therefore, this choice further exacerbates the health
vulnerability of rural migrant workers (55).

1.4. Medical insurance and utilization of
medical services for migrant workers

The medical insurance system in China shows a relationship with
social identity, with regional and identity differences being noted,
which leads to differences in the effectiveness of medical services
among different populations and regions (56). Research by Ye
Minghua using macro-level data from China showed that, from 1991
to 2000, medical services in both urban and rural areas were
considered luxury goods. It was not until the establishment of the new
rural cooperative medical care system in rural areas that medical
services became a necessity for rural residents in 2004, allowing them
to enjoy medical service benefits with very low incomes (57). The new
rural cooperative medical care system has increased farmers’
utilization of medical services and significantly improved the health
of high-income populations, while the impact on middle- and

Frontiers in Public Health

10.3389/fpubh.2023.1221082

low-income participating farmers has not been significant (58). In a
study of healthcare resource utilization among rural migrant workers,
Wang et al. found that 11% of migrant workers had never sought
medical services when they fell ill, 65% chose self-medication, and
although 24% chose to seek medical attention, 48% of them went to
unlicensed private clinics or grassroots health organizations. Only
when faced with serious illnesses were these rural migrant workers
forced to seek medical services. Among those who needed
hospitalization, 30% refused treatment, and 23% chose to return to
their hometown or elsewhere for medical treatment (59). In academic
research, scholars have paid more attention to and primarily discussed
the relationship between migrant workers’ insurance participation and
health. There has been less discussion about the spatial separation and
health relationships associated with the first cohort of rural migrant
workers’ health maintenance.

1.5. Movement and health of migrant
workers

In studies on immigrant health and duration of stay, there is a
phenomenon known as the “salmon bias effect” or “healthy migrant
effect,” which refers to the inverse health selection effect that exists
among immigrants during the process of migration (60). This effect
suggests that the health status of migrants is selectively better than that
of other residents in their place of origin and the general population
(61), due to the selective migration of healthier individuals during the
migration process However, due to the influence of factors such as
lifestyle, health behaviors, and socioeconomic status at the destination,
this health advantage gradually diminishes over time (62). Therefore,
immigrants whose health conditions significantly deteriorate are often
unable to stay in their destination countries for a long time. Some
studies have also pointed out that the link between migration and
health is mainly due to the pressure associated with migration.

In the research on the migration behavior and health of Chinese
rural migrant workers, Liu Juanjuan studied the impact of health risks
on rural labor migration and found that, the greater the health risk,
the less willing rural laborers are to migrate outwards. Those who
perceive themselves to be in better health are more likely to seek work
opportunities outside their hometowns (63).

According to survey data on rural migrant workers in the eight
districts of Beijing collected by Yuan Huina, approximately
one-quarter of the migrant workers experienced a decline in their
health status after migration. The study also found a cyclical
relationship between health and income among migrant workers (39).
Specifically, those who initially had better health statuses had a higher
unit earnings rate, but declines in their health statuses led to a decrease
in their unit earnings rate (37). Moreover, rural migrant workers with
lower socioeconomic statuses were more likely to experience a
declines in health (42).

A similar cyclical effect was also found in a study by Yin Qing
(64) on the relationship between health and income among rural
residents in China. The present study discusses the relationship
between the mobility of migrant workers in China and their health. It
is noted that migrant workers in China have high mobility, in terms
of both geographic and occupational mobility. While this mobility can
be seen as upward and self-selected, it also comes with instability, risk,
and stress, which can affect the health of migrants. Measures of
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cross-provincial migration and job changes are used to reflect migrant
workers’ mobility, as well as the length of time spent away from
their hometowns.

It should be noted that research has shown that the deterioration
of migrant workers” health can place a heavy burden on both the
individual and their families. In addition, we suggest that the burden
of ill health can be transferred to rural areas when sick migrant
workers return home, exacerbating the urban/rural health gap.
Existing research has focused on various factors related to migrant
workers’ health, such as healthcare systems, social capital, income,
occupational diseases, and work-related injuries. However, there is a
lack of theoretical frameworks that comprehensively examine migrant
workers’ health issues.

The current study suggests that analyzing the health of migrant
workers from a generational perspective may be useful, as there are
differences between the health of the first cohort of migrant workers
and that of second-generation migrant workers. The unique life
experiences of the first cohort of migrant workers and their
environment mean that their health statuses and the factors that affect
it are different from those of second-generation migrant workers.

This research aimed to fill gaps in the existing literature by
focusing on the health of the first cohort of migrant workers and
introducing the concept of “health vulnerability accumulation.”
We aimed analyze the health status of the first cohort of migrant
workers in detail, focusing on several dimensions, such as the
accumulation of health vulnerability over time, and spatial lags in
healthcare insurance, occupational differences, and work duration.

Based on the above analysis, this study proposes the
following hypotheses:

Hypothesis 1: The spatial lag effect of medical insurance affects the
ability of migrant workers to maintain their health.

Hypothesis 2: The cumulative disadvantages of the first cohort of
migrant workers in terms of health are related to their length
of employment.

Hypothesis 3: Sacrificing health for income is an unavoidable
choice for migrant workers.

2. Study design and data description

2.1. Construction of the model of
cumulative disadvantages for the first
cohort of migrant workers

This study, which is based on an individual life course perspective,
discusses the influence of social factors on personal life opportunities.
Given the unique life course of the first cohort of migrant workers,
especially their disadvantaged position as social outsiders and weak
actors in the labor market, they have become a vulnerable group in
society due to the accumulation of factors such as age, skills, health,
and social exclusion, exhibiting typical characteristics of the
accumulation of disadvantages in health. We attempted to analyze the
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uniqueness and related factors of the health problems of the first
cohort of migrant workers using a disadvantaged accumulation model
that is highly compatible with their life course, and by exploring the
factors that affect their health maintenance during the process of
migration for work.

Due to the lack of long-term tracking survey data, this study
selected cross-sectional data to establish a targeted explanatory
framework for the factors that influence the health of the first cohort
of migrant workers based on relevant indicators and data. Although
the first cohort of migrant workers is highly suited to the conceptual
model of vulnerable groups in terms of livelihood, resource
accessibility, health status, and risk risk-coping ability, due to
limitations in length and research topics, this study mainly discussed
the process of health disadvantage accumulation among the first
cohort of migrant workers, temporarily leaving the issues of livelihood
resource accessibility and risk-coping ability for further
specialized research.

Disadvantage accumulation is the process by which the
disadvantaged status that results from unequal opportunities
accumulates over the course of a person’s life (65). As a person’s social
status and related interests change over time and with age, differences
between individuals or groups become more pronounced (13). The
key factor in the accumulation of disadvantages in the migrant worker
group in this study is the time-based disadvantage accumulation of
the first cohort of migrant workers. These workers face policies of
exclusion, occupational hazards, and economic disadvantage during
their continuous migration, which accumulate over their life course
and make them more likely to fall into poverty and accumulate higher
health risks as they age.

From a specific analytical perspective, their work time was used
as the longitudinal accumulation line, and their health care
accessibility was used as the spatial lag zone to further clarify the
factors that contribute to their health disadvantage accumulation
process in both the longitudinal and horizontal boundaries. The
process by which health disadvantages accumulate in the first cohort
of migrant workers also involves constant interaction between
individuals and their social environments, existing social policies, and
economic incomes (see Figure 1).

2.2. Data sources and variables

The data for this study came from the China Migrants Dynamic
Survey (2017), and we focused on rural migrant workers aged 40
and above. The specific definition used for inclusion in our study
was those over 40 years old with a rural household registration. Jin
Xiaoyi et al. defined the first cohort migrant workers in terms of
their physical health, job type, and social security. They found that
migrant workers over the age of 45 face significant pressures in
employment, medical care, and income. In the working life of
migrant workers, their income reaches its peak at the age of 35,
after which it stabilizes and then declines (66). This decline
happens earlier than for urban residents, who maintain their peak
income until the age of 45, indicating that migrant workers lose job
opportunities and earning capacity too early in the job market. The
first cohort of migrant workers who are over 50 years of age faced
amplified health risks and market livelihood risks, and their ability
to resist risks is weakened as a result. Their opportunities to
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FIGURE 1
The conceptual model of migrant workers’ cumulative disadvantage in health.

continue working in urban areas decreased, and their livelihood
risks increased. For the purposes of this study, rural migrant
workers over 40years old were selected. After processing the
variables, the resulting sample contained 36,668 observations. The
basic characteristics of the sample were as follows: the average age
of the respondents was 47.19years; their average duration of
education was 8.04 years; on average, they worked 60.10 h weekly;
they had moved to an average of 2 cities; their logarithmic average
income was CNY 8.024; 38% of the respondents were engaged in
hazardous occupations; 46.1% had had an illness in the past year;
87.4% had insurance; 70.3% had received health education; 28.2%
had created a health file; 32.6% had moved for economic reasons;
50.5% had moved together with their family; 35.8% reported
having social exchanges locally; and 25.5% had signed labor
contracts. Among them, male migrant workers accounted for
62.5% of all the respondents, and married migrant workers
accounted for 94.5% of all the respondents.

2.3. Variable setting and measurement

2.3.1. Dependent variable

In the research design of this study, the health status of migrant
workers was considered the dependent variable, and self-assessment
by the workers was used to obtain the data (67). Although there may
have been some measurement error in self-reported health status,
previous studies have suggested that it is a better indicator for
predicting health status and is more robust than objective health
measures (68). In the 2017 National Dynamic Monitoring Survey of
the Health and Family Planning of the Floating Population
questionnaire, the health status of migrant workers was divided into
four categories: healthy, basically healthy, unhealthy but able to live
independently, and unable to live independently. In this study, migrant
workers who were classified as “basically healthy” were considered to
have potential health risks or suboptimal health status (69), Disease is
often regarded as a deviation from the normal standards of physical
and mental well-being, based on common sense and everyday
experience. Conversely, good health is defined as the absence of illness
(70) and those classified as “unhealthy but able to live independently”
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and “unable to live independently” were combined into the category
of “unhealthy status” and assigned a value of 0. Those classified as
“healthy” were defined as having a “healthy status” and assigned a
value of 1.

2.3.2. Explanatory variables

We measured the explanatory variables considering three aspects.

Firstly, with respect to time indicators, this study examined the
cumulative relationship between the health status of the first cohort of
migrant workers and the duration of migration and weekly working
hours. The duration of migrant workers migration and weekly
working hours were used as indicators to measure the dimensions of
their work time and weekly working hours. The time when they first
left their registered household was used as an indicator to measure the
duration of their migration. The duration of migration was calculated
as 2017 minus the answer to question 302. The data from question
201 in the questionnaire were used as a variable to measure weekly
working hours.'

Secondly, the relationship between health and medical service
accessibility was examined considering the dimension of spatial
differences in medical services for migrant workers. This study used
the floating range of the first cohort of migrant workers and the
distance to medical and nearby medical service points as variables.
These two variables represented the accessibility of medical services
for migrant workers.

Since the survey data were collected from our sample in 2017,
considering that the medical insurance available to farmers was the
new rural cooperative medical insurance or the urban resident
medical insurance, this study did not use where migrant workers
participated in medical insurance as a variable. Instead, the floating
range of the first cohort of migrant workers was taken as a spatial
variable to examine the distance from their home to their place of
insurance, which was used as an indicator of the impact of health

1 When was the first time you left your domicile (county level)? Have you ever
done more than 1h of paid work in the week before the May Day holiday

this year?
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and medical service accessibility on the health of the first cohort of
migrant workers. For this variable, out-of-province migration was
assigned a value of 1, while non-provincial migration was assigned
a value of 0.

The second spatial indicator reflects the impact of medical service
accessibility on the health of rural migrant workers. In theory, the
longer it takes for rural migrant workers to travel from their place of
residence to the nearest medical service institution, the worse the
accessibility of public services and basic health conditions are, and the
lower the health maintenance level of rural migrant workers becomes,
which affects their health. The distance from a respondent’s place of
residence to their nearest medical service institution was coded as
follows: within 15min=1; 15-30min (inclusive)=2; 30min
(exclusive)-1h (inclusive) = 3; more than 1h=4.

Thirdly, the relationship between the accumulation of
disadvantages in the first cohort of migrant workers and their
health was examined considering the dimensions of their
occupational characteristics and monthly income. The monthly
income indicator was measured by the question, “How much was
your wage income/pure income in the previous month (or previous
employment)?” To avoid errors in the questionnaire and data,
we performed a logarithmic transformation of the data. The
respondents’ main occupations were measured by the question,
“What is your current main occupation?” We divided the
occupations of the first cohort of migrant workers into hazardous
and non-hazardous occupations based on the occupation’s degree
of harm to the body. Where hazardous occupations=1 and
non-hazardous occupations = 0. Our occupational classification is
primarily based on the theory of “skill segmentation” in the vertical
labor market (71). In the labor market, employment situations can
be categorized into non-routine cognitive, non-routine manual,
routine cognitive, and routine manual occupations (72, 73).
Building upon this framework and considering the Chinese labor
market context, as well as the employment realities of migrant
workers, this study further subdivides the employment of migrant
workers into routine cognitive work and routine manual work.
Following the design of previous relevant studies, occupations
involving high pollution, high damage, high risk, and intense
physical labor in industries such as processing, manufacturing, and
construction are classified as hazardous work that poses significant
health risks. Other occupations are classified as routine cognitive
work, which is considered non-hazardous (72, 74).

2.3.3. Control variables

To more accurately analyze the lagging and cumulative factors of
the first cohort of migrant workers™ health in time and space, this
study introduced three sets of control variables and gradually
incorporated them to observe the factors affecting the health of the
first cohort of migrant workers.

The first set of control variables includes the personal
characteristics of the migrant workers, such as their age, years of
education, marital status, and occupation, in order to reflect the
individual factors that affect the health of the first cohort of
migrant workers.

The second set of control variables reflects the family and social
support factors of the first cohort of migrant workers, including
mobility patterns, whether they moved with their families, and social
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communication, to reflect the influence of social support and family
conditions on the health of the first cohort of migrant workers.

The third set of control variables reflects the personal medical
accessibility of the first cohort of migrant workers, including whether
they had established resident medical health records, whether they
had received medical health education, etc., to reflect the relationship
between medical accessibility for the first cohort of migrant workers
and their health (Table 1).

2.4. Data analysis methods

In order to test our hypothesis, a logit probability model was
employed, with the health variable as a dummy variable, two levels as
healthy and unhealthy. Health; values are 1 and 0, where 1 represents
a healthy status and 0 represents an unhealthy status.

The probability of being in a healthy state:

1
1+exp[—(a + ﬂX,')]’

P(health; =1)=F (a + BX;) =

and

P(health; =1)

Sl i S A X;.
nP(healthi:O) o+ P

The logit probability model was set up as follows:

P(health; =1)

logithealth ;=Inr; =a + BX; + yuj,nj =——— =
g i i BXi+ pi,mi P(healthi:O)

&

Here, 7 is the odds ratio or probability ratio. X; represents the
set formed by various explanatory variables,  represents the set
formed by the coefficients of the various explanatory variables, and u;
represents the random disturbance term.

The logistic regression model, compared to the tobit and probit
models, is the most widely used model in current applications. The
cumulative probability function of the logistic model is continuously
differentiable, and it has better out-of-sample predictive performance.
Due to its non-linear and explicit probability characteristics, the
logistic model can be solved quickly. When there are no changes in the
choice set of the model but only changes in the levels of variables, it is
convenient to calculate the probabilities of being healthy or unhealthy
in the new environment. The logistic model has the property of
Independence of Irrelevant Alternatives (ITA), which assumes that the
odds ratios of unrelated alternatives are independent. Therefore, when
the health status of migrant workers can have multiple possibilities,
the inclusion of additional health conditions does not affect the odds
ratios of other health conditions. Thus, Model (1) can be easily
extended to accommodate multiple health conditions. In light of this,
in the robustness tests of Hypotheses 1 and 2 in Section 4, we will
classify the health conditions as follows: Health; are set as follows: 1
- unable to perform daily activities, 2 — unhealthy but able to perform
daily activities, 3 - basic health, and 4 - healthy.
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TABLE 1 Statistical description of the variables (N = 36,668).

10.3389/fpubh.2023.1221082

Variable Assignment or definition Observed Mean (ratio) Standard
value deviation
Dependent variable
Self-rated health Healthy =1, unhealthy =0 36,668 0.756 0.429
Independent variables
Working hours per week Migrant workers work hours per week 36,665 60.104 18.990
Length of employment The time when migrant workers leave their hometown 36,668 15.130 8.942
Mobility outside the province Out-of-province = 1, non-provincial =0 36,668 0.592 0.492
Distance from medical institutions Within 15min =1, for the 15-30 min =2, for 30 min-1h =3, over 36,668 1.190 (83.5, 14.9, 1.75, 0.457
1h=4 0.26)
Hazardous occupation Yes=1,n0=0 36,668 0.380 0.485
Monthly income Migrant worker wage income takes logarithmic treatment 36,060 8.024 0.608
Control variables
Married Yes=1,n0=0 36,668 0.945 0.227
Gender Male=1, female=0 36,668 0.625 0.484
Age Actual age of migrant workers 36,668 47.185 5.621
Level of education Illiteracy =0, elementary school =6, middle school =9, senior 36,668 8.040 (2.84, 14.30, 2.830
middle school =12; junior college = 15, undergraduate college =16, 43.66, 21.9, 10.46, 6.42,
graduate student=20 0.52)
The number of floatings Number of cities where migrant workers have worked 36,665 2.134 2.530
Illness within a year Yes=1,n0=0 36,668 0.461 0.498
Health education Yes=1,no=0 33,867 0.703 0.457
Health records Yes=1,n0=0 33,867 0.282 0.450
The floating of reason Economic reasons = 1, social reasons =0 36,668 0.326 0.469
Family migration Yes=1,n0=0 36,668 0.505 0.500
Sign a labor contract Yes=1,n0=0 36,668 0.255 0.436
Fixed employer Yes=1,n0=0 36,668 0.383 0.487

The percentages of each category are shown in parentheses for the multi-category variables. For the binary variables, the mean represents the percentage of the first category, while the

proportion of the second category is omitted.

In order to accurately estimate the parameter S, this study
used a stepwise approach to add variables and observe changes in
coefficients after each regression to assess the robustness of
parameter estimates, drawing on Acemoglu et al. (75).
Additionally, the study employed Baron and Kenny’s framework
for analyzing moderation effects by gradually adding control
variables and observing changes in the regression coefficients
and their significance for both the main and moderator variables
(interaction terms), to explore the reasons for the formation of
the vulnerability of migrant workers (76). Similarly, based on a
regression equation with the first cohort of migrant workers’ self-
assessed health status as the dependent variable and variables
with spatiotemporal characteristics, such as migration duration
and medical insurance participation location, as independent
variables, we constructed a regression equation by successively
adding control variables, such as M1 and M2. We then compared
the changes in coefficients between the latter and former
equations, thereby analyzing the explanatory power of each set of
variables, including differences in self-assessed health status
among the first cohort of migrant workers. The OLS method used
for obtaining the regression coefficients may have suffered from
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omitted variable bias, but since the omitted variables were mostly
the same for the two regression equations compared (except for
the addition of variable M in the latter equation), the impact of
omitted variable bias would have been limited (77).

3. Analysis of data results

3.1. Descriptive statistics of health of first
cohort of migrant workers

In this study, the definition of the first cohort of migrant workers
referred to 36,668 individuals who were over 40 years old, had a rural
household registration, and worked as employees. Among them,
31,344 individuals self-reported their physical health as good,
accounting for 70.37% of the sample.” This indicated that the physical
health of the first cohort of migrant workers was relatively good, but

2 Data source: Data of 2017 China Migrants Dynamic Survey.
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their self-reported health was lower than that of the new generation
of migrant workers. This is partly due to the aging of the first cohort
leading to a higher degree of health loss. On the other hand, the logic
behind the migration of the first cohort of migrant workers was
different from that of second-generation migrant workers. The former
aimed to obtain economic benefits, while the latter aimed to gain
developmental opportunities. Therefore, their family responsibilities
and ethical obligations were different. The first cohort of migrant
workers adhered to the traditional culture of filial piety and had
intergenerational family support and development responsibilities.
Therefore, they rarely used their income for personal consumption,
especially for health expenses, and delayed their health needs as much
as possible in order to obtain maximum income, which led to greater
health problems for themselves.

Furthermore, in terms of working hours, only 17.05% of the
first cohort of migrant workers worked 40h or less per week,
which was lower than the average of 21.05% for all migrant
workers in this period of time. The percentage of first-generation
workers who worked between 40 and 60 h per week was 38.11%,
which was also lower than the average of 40.91% for all migrant
workers. The percentage of first-generation workers who worked
more than 60 h per week was 44.74%, which was higher than the
average of 38.04% for all migrant workers (77). From the
statistical data, it can be seen that the average time that the first
cohort of migrant workers spent working was lower than the
average for migrant workers during standard working hours, or
slightly higher working hours per week. However, their average
working time was much higher than that of all migrant workers
when they worked more than 60h per week. Overall, 80% of
migrant workers worked overtime, with almost no rest time. If
calculated based on 1 day of rest on the weekend, their daily
working time was more than 10h. Excessive working hours
seriously eroded the physical health of the first cohort of
migrant workers.

3.2. Spatiotemporal extrusion regression
analysis of the first cohort of migrant
workers under the accumulation of
disadvantages

The health issues of the first cohort of migrant workers included
the long-term accumulation of disadvantages and the result of
pressures on health caused by spatial and temporal lag from a policy
perspective. The essential process by which these disadvantages
accumulated lay in the economic and occupational vulnerabilities of
these migrant workers — namely, the health disadvantages caused by
engaging in heavy physical labor while working outside of their rural
homes. Therefore, this accumulation process was not only a time-
based accumulation; it was also affected by multidimensional factors.
To ensure the robustness of the estimation results and to avoid the
interference of multicollinearity, four models were produced by
gradually introducing explanatory variables and control variables. All
four models showed a significant negative correlation between the
duration and range of migration and health. The estimation results are
presented in Table 2.

Model 1 is a basic regression model that used external working
time, engagement in hazardous occupations, out-of-province mobility,
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weekly working hours and distance from the hospital as core
explanatory variables to verify Hypotheses 1-3.% The regression results
showed that the weekly working hours and external working time
(duration away from home) were significantly negatively correlated
with health status at the 1% and 0.1% levels, respectively. This
indicated that, the longer the weekly working hours and the duration
away from home, the lower the probability of good health. The
regression results supported Hypothesis 1. Out-of-province mobility
and distance from the hospital were both significantly negative at the
1% level, supporting Hypothesis 2. Engagement in hazardous
occupations was significantly negative at the 1% level, also supporting
Hypothesis 2. Monthly income was significantly positive at the 1%
level, indicating that, the higher the income, the greater the probability
of good health. This suggested that individuals with higher incomes
had stronger health maintenance abilities, helping to alleviate the
accumulation of health disadvantages. The regression results of Model
1 fully supported the hypothesis of the health disadvantage
accumulation of migrant workers. Although scholars have conducted
related research on the health status and working time of migrant
workers, there is a lack of empirical research with large-sample survey
data. Our sample, taken from the first cohort of migrant workers in
China, generally had an external working time of more than 20 years,
and they engaged in more 4D-type work, with overtime as a common
phenomenon. This study further clarified the process by which the
health disadvantages of the first cohort of migrant workers
accumulated by selecting specific research objects from
nationwide data.

Considering the working life history of the first cohort of migrant
workers, they were a typical “low-skilled, low-educated, low-income,
and high-risk” population. They are known as “second-class citizens”
in the job market (78). Due to the special history of the earliest group
of migrant workers, the first cohort of migrant workers experienced a
“process of recognition” when entering the city, which means they
gradually moved from being excluded to being recognized (79). In the
low-income and high-loss labor environments, the longer the first
cohort of migrant workers’ external mobility time, the greater their
health losses, and the lower their health self-evaluation (9). From this
perspective, the external mobility time of migrant workers is
essentially a process of health disadvantage accumulation. That is,
their investment in health maintenance was minimal, while their
health losses increased day by day. Under such an accumulation of
health disadvantages, the health outcomes of the first cohort of
migrant workers were obviously not optimal.

Model 2 added medical education, health records, gender, age,
marital status, and other first-type control variables of our first
designated category to control for the individual characteristics.” The

3 Due to the primary goal of income for the first-generation migrant workers
in their migration, income is a critical control variable related to the core
explanatory variable. Omitting this variable would result in significant estimation
bias. Therefore, Model 1 includes income as a control variable.

4 These control variables not only influence the health level of migrant
workers but also have correlations with the core explanatory variables. For
instance, in cases where families do not migrate, migrant workers face
challenges in taking care of their children when they relocate to distant

provinces, and in such situations, left-behind family members are responsible
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TABLE 2 Regression analysis of the health and mobility of the first cohort of migrant workers.

Model 1 Model 2 Model 3 Model 4
Health Health Health Health
b/se b/se b/se b/se
Health
Hazardous occupation —0.079%* —0.147%%* —0.096** —0.088%*
(0.026) (0.028) (0.030) (0.030)
Floating outside the province —0.108%** —0.119%%#* —0.130%** —0.124%%%
(0.017) (0.018) (0.018) (0.018)
Distance from medical institutions —0.198%*%* —0.185%** —0.177%%%* —0.174%%%
(0.026) (0.028) (0.028) (0.028)
Length of employment —0.018%** —0.019%#* —0.018%** —0.018%**
(0.001) (0.001) (0.002) (0.002)
Working hours per week —0.002%* —0.002%* —0.003%#* —0.003%#*
(0.001) (0.001) (0.001) (0.001)
Monthly income 0.516%** 0.353 %% 0.343 %% 0.332%%*
(0.021) (0.022) (0.022) (0.022)
Income change 0.053%%* 0.093%** 0.113%%* 0.090%33*
(0.020) (0.021) (0.022) (0.022)
Medical education 0.056 0.056 0.010
(0.029) (0.029) (0.031)
Health records 0.11 1% 0.112%# 0.043
(0.031) (0.031) (0.033)
Gender 0.2247%7%% 0.228%%* 0.243%*%*
(0.029) (0.029) (0.029)
Age —0.052%%%* —0.053%%* —0.052%*%
(0.002) (0.002) (0.002)
Level of education 0.029%:#3 0.027°%#3 0.021%%*
(0.005) (0.005) (0.005)
Married 0.098 0.092 0.090
(0.057) (0.058) (0.058)
Family migration —0.245%%%* —0.244%%%
(0.033) (0.033)
The floating of reason —0.068* —0.271%%*
(0.031) (0.042)
The number of floating 0.017%* 0.017%*
(0.006) (0.006)
Fixed employers 0.166%**
(0.045)
Sign labor contract 0.207%%*
(0.041)
_cons —2.236%** 0.9827%** 1.143%%% 1.213%%%*
(0.177) (0.240) (0.242) (0.242)
N 36,057 33,307 33,307 33,307
r3
P 2.08e-190 6.14e-303 1.29¢-310 8.40e-323

t statistics in parentheses. *p <0.05, *¥p <0.01, ***p <0.001.
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regression results showed that the signs and significance of the core
variables in Model 1 did not differ significantly from those in Model
2, and the conclusions of Hypotheses 1-2 remained robust. In Model
2, the estimates of the mobility range (out-of-province mobility) and
mobility time (working time) variables were negative and significant
at the 0.1% level. We can therefore conclude that, the longer the
external mobility time of migrant workers, the worse their health self-
evaluation. That is, the larger the mobility ranges and the longer the
durations of time away from home, the greater the time and economic
costs of medical expense reimbursement, thus exacerbating the
accumulation of health disadvantages for migrant workers.

To further control the influence of the selection characteristics of
the first cohort of migrant workers, the second- and third-category
control variables, such as family migration, reasons for migration, the
number of migrations, and the signing of labor contracts, were added
to Models 3 and 4. After these control variables were added, there were
no significant changes in the parameter symbols and significance
levels of the core explanatory variables in the models, and the
estimation results were robust. The mobility range and mobility time
variables remained significantly negative at the 1% level.

According to the various models in Table 2, the parameter
symbols of the income variables and income change variables were
significantly positive at the 5% level, indicating that income plays a
crucial role in health maintenance. However, the income of the first
cohort of migrant workers was generally lower than that of urban
residents, and the role of income in health maintenance was not strong
enough to offset the cumulative damage to health caused by the weak
position of migrant workers. Data showed that medical services only
became a necessity for rural residents as late as 2004. This
transformation was critical in the establishment of the new rural
cooperative medical insurance, which allowed rural residents to enjoy
corresponding medical service benefits even on extremely low
incomes. The income level of migrant workers peaked at the age of 35
and then showed a stable decline, falling earlier than urban residents’
income, indicating that migrant workers lose employment
opportunities and income capacity too early in the job market. Their
lower income, coupled with their low health maintenance capacity,
further exacerbates the accumulated health disadvantages of the first
cohort of migrant workers. At the same time, in terms of the age
dimension, there was also a significant negative correlation between
age and health within the first cohort of migrant workers, showing
that health declines with increasing age. Of course, even if
occupational and economic factors are excluded, a negative correlation
between age and health problems regarding individual physiological
functions also exists. However, for the first cohort of migrant workers,
due to their unique life course, their occupations and low economic
status undoubtedly exacerbate the health disadvantages caused by the

for farming the land. Being in close proximity to home during busy farming
seasons allows for immediate support. Furthermore, migrant workers who
have established health records and received health education have a better
understanding of their health issues and are aware of the occupational
requirements and hazards. They can choose to avoid certain positions or reduce
their time spent in such occupations. For instance, individuals with respiratory

conditions tend to avoid jobs with high levels of dust.
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correlation between age and health beyond what is due to
natural factors.

According to Models 3 and 4, their reason for migration is
significantly related to health, which also verified that the critical
factors for the first cohort of migrant workers’ mobility were economic
rather than social. Migrant workers only choose areas and industries
with higher incomes, and do not consider other impact of other
factors on health.” This is the rational strategy of “survival first” for
migrant workers, and it is almost their only choice, indicating that
migrant workers may sacrifice health for income. In terms of the
number of migrations, health status was significantly positively
correlated with the number of migrations these workers made,
indicating that, the more they migrated, the higher their self-rated
health, which partially validated the “salmon bias” explanation; that
is, the healthier the migrant workers are, the more they will chase
better opportunities by constantly moving. Because they have better
physical health, they are more willing to invest time and other costs in
searching for jobs. Those who are unhealthy can only lower their
expectations, go with the floating, reduce the number of migrations
they make, and pursue short-term benefits, thus becoming unable to
change their weak position and likely to fall into a predicament as they
age and their physical condition declines, increasing the possibility of
a vicious cycle.

According to Models 3 and 4, the health level of migrant workers
was significantly negatively associated with family migration at the
0.1% level. The self-rated health of the first cohort of migrant workers
undertaking migrations with their the families was significantly lower
than that of non-family migration migrant workers who did not
migrate with their families. Whether family migration affects health
is the result of comprehensive family dynamic decision making, which
is related not only to health but also to income. Insufficient income
cannot meet the expenses of a family, including those for
children’s education.

Due to the collinearity between the family migration mode and
income, adding the family migration variable increases the variance
of parameter estimation and reduces the precision of our estimate of
the effect of the income variable due to collinearity. The standard error
relative to the parameter’s estimated value thus increases in this
situation.’

The results obtained regarding family migration also raised some
questions for the existing research in the academic community. In the
existing research, rural-to-urban migration is seen as an important
way to improve the health and mental health of migrant workers (80,
81). However, the results of this study showed that, for the first cohort
of migrant workers, migrating with their family had a negative impact
on their health. The family stress theory may better explain the impact
of family migration on the health of the first cohort of migrant

5 Due to the correlation between household migration patterns and income,
adding household migration variables can increase the variance of parameter
estimates due to collinearity, thus reducing the accuracy of parameter
estimates. The inclusion of household migration variables also decreases the
estimated value of income variables affected by collinearity and increases the
relative standard error. As a result, the actual contract signing rate may
be even lower.

6 The actual contract signing rate may be lower.
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workers. The first cohort of migrant workers were in the low-end job
market with low incomes, and they tried to maximize the comparative
benefits between rural and urban areas by squeezing their own
consumption. However, regarding home-based migration, a family’s
living expenses in the city are obviously higher than those in the
countryside. Single migrant workers can be more frugal in terms of
accommodation, food, and daily life. However, when they migrate
with their family, their offspring need to study close to where the
parents work, incurring more expenses. Therefore, the first cohort of
migrant workers had to further compress their health expenditures,
seek more dangerous or worse jobs to strive for higher incomes, and
provide more economic support for their offspring’s development in
the city. Family stress, therefore, further strengthened the health
vulnerability of the first cohort of migrant workers.

Model 4 added labor contracts and fixed employers as control
variables to on the basis of the previous model to further examine the
health status and job stability of the first cohort of migrant workers.
The regression results were significant, such that having a formal
contract and a fixed employer could significantly improve health at the
0.1% level. In general, having a formal labor contract may increase
income. A formal contract and a fixed employer also mean a safe
working environment and good social relationships, which can
increase confidence and a sense of security, and improve health.
Migrant workers with higher incomes can live in more convenient
environments, including locations that are closer to medical
institutions. The presence of a labor contract and a fixed employer has
a key impact on the health of migrant workers. The benefit of labor
contracts and fixed employers for migrant workers lies in whether
they can provide relatively stable health security and future job
expectations for migrant workers. Existing studies also show that the
health status of migrant workers is positively correlated with the
signing of labor contracts. In signed labor contracts, the medical
insurance of migrant workers can be reimbursed locally and can
be included in the employee’s medical insurance, thereby solving the
problems of the spatial lag and non-portability of medical insurance.
However, the low actual contract signing rate among migrant workers
may hinder the realization of these benefits.

4. Tests of the robustness of the

accumulation of health disadvantages
and spatio temporal laE in the first
cohort of migrant workers

The regression model results above demonstrate that there are
significant spatial differences in the health status of the first cohort of
migrant workers, which can be observed with the gradual addition of
other factors. In essence, these differences relate to the current medical
insurance system, suggesting that the New Rural Cooperative Medical
Scheme (NRCMS) exhibits a spatial lag effect in maintaining the
health of migrant workers. Additionally, the health of the first cohort
of migrant workers is subject to the cumulative effect of time
vulnerability. More loss-intensive and longer jobs result in greater
health losses for migrant workers and poorer self-evaluations of
health. To further test the robustness of the baseline regression results,
this study changed the setting of the dependent variable and
conducted a robustness test by replacing the dependent variable and
re-regressing it. The results of the robustness test shown in Table 3
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indicated that changing the setting of the dependent variable did not
affect the baseline regression results. Specifically, even when
controlling for other factors, the health of the first cohort of migrant
workers is still affected by the spatiotemporal lag represented by the
typical variables of migration range and duration, and there is also a
time vulnerability accumulation mechanism in terms of health. The
robustness test supported Hypotheses 1, 2.

Model 5 re-categorized the health status of migrant workers and
redefined the health variables as follows: 1=unable to take care of
oneself, 2=unhealthy but able to take care of oneself, 3 =basically
healthy, and 4 =healthy. To distinguish the health variables in Model
5 from those in Table 2, the health variable in Model 5 was named
Health 1. The results showed that the insurance location, migration
duration, social interactions, and income from family migration are
significantly related to health status. The parameter symbols did not
change from Model 2.

Model 6 experienced a slight increase in the standard error,
resulting in the t-value just falling below the critical threshold of 5%.
In Model 7, an illness was used as an indicator of health, with 1 =no
illness and O=having an illness. The health variable was named
Health3. After adding various control variables and regressing the
dependent variable of Health3, the results showed that mobility
duration, mobility range, income, and other factors were significantly
correlated with having an illness, and medical education and medical
records significantly influenced the illness status of migrant workers.
Consistent with many models in Table 2, income status also affected
the health maintenance ability of the first cohort of migrant workers,
with lower income being associated with poorer health status.

5. Further discussion of income and
health

Tables 2, 3 show that the variables regarding the reasons for
migration are significantly negative, revealing that migrant workers
who move for economic and income reasons may harm their health.
However, this does not necessarily mean that increasing income will
harm health; instead, it indicates that the relationship between income
and health is conditional. Of course, most people in the labor market
meet this condition, leading to its neglect in the health domain, but
the first cohort of migrant workers is an exception.

Income, as a key variable, plays a significant role in the health
evaluation of migrant workers in the context of their accumulated
health vulnerabilities. In academic research on the relationship
between migrant workers’ health and income, most studies have
indicated that lower income has a greater impact on health (63, 66).
However, there are also some workers who sacrifice their health to
obtain a higher income by extending working hours or engaging in
dangerous 4D work (37, 39). The bidirectional relationship between
health and income has always been a focus of discussion in research
on the relationship between the two factors.

In this study, to test Hypothesis 3, to further reduce the
bidirectional influence between working hours, income, and health,
two methods were adopted. One was the analysis of moderating
effects, using income as a moderating variable to analyze whether
income has a detrimental effect on health when working hours are
extended. The other method was to find proxy variables for sacrificing
health to obtain income. Income is obtained by labor under the
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TABLE 3 Tests of the robustness of the accumulation of health disadvantages and spatio temporal lag in the first cohort of migrant workers.

Model 5 Model 6 Model 7
Health 1 Health 2 Health 3
b/se b/se b/se
Main
Floating outside the province —0.071%*%* —0.101%** —0.130%**
(0.016) (0.015) (0.018)
Distance from medical institutions 0.033 —0.068** —0.193%
(0.025) (0.024) (0.028)
Length of employment —0.019%* —0.0227% —0.018##
(0.001) (0.001) (0.002)
Working hours per week —0.007%### —0.005%#* —0.002%*
(0.001) (0.001) (0.001)
Monthly income. 0.167#** 0.2867%** 0.3627%#+*
(0.020) (0.019) (0.023)
Income change 0.046* 0.072%%* 0.102% %
(0.018) (0.017) (0.022)
Hazardous occupation —0.152%#% —0.134+#% —0.090%*
(0.025) (0.023) (0.030)
Medical education —0.068%* —0.029 —0.056
(0.025) (0.024) (0.029)
Health records 01374 0.124%%% 0.107%#%
(0.026) (0.024) (0.031)
Gender 0.148%%* 0.194%%* 0.231%%*
(0.025) (0.023) (0.029)
Age —0.002 —0.027#%* —0.052%*%*
(0.002) (0.002) (0.002)
Level of education 0.008 0.021%#% 0.028%#
(0.004) (0.004) (0.005)
Married —0.264%%% —0.124* —0.096
(0.051) (0.048) (0.058)
Family migration —0.369%#+* —0.350%#* —0.246%
(0.029) (0.026) (0.033)
The floating of reason —0.25] %% —0.242%% —0.179%%*
(0.030) (0.029) (0.035)
The number of floating 0.0177% 0.001 0.018%*
(0.006) (0.005) (0.006)
Sign labor contract 0.076* 0.059* 0.269%#%
(0.032) (0.029) (0.037)
cutl —0.018 —0.490* 0.9597%#%
(0.215) (0.206) (0.245)
cut2 1.186%#* 3.248%#%
(0.206) (0.248)
cut3 2.840% % 8.965%#+*
(0.208) (0.560)
cut4 4.681%%%*
(0.217)
N 33,307 33,307 33,307
3
P 5.30e-200 4.94e-324 0

t statistics in parentheses. *p <0.05, **p <0.01, ***p <0.001. Models 5 and 6 were estimated using the ordinal selection model.
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condition of unchanged health status. Labor input is represented by
working hours, and income obtained by labor input is income
obtained by sacrificing health. The residual obtained by regressing
income on variables such as working hours represented the income
obtained by sacrificing health. This residual method has been widely
used in related studies (82-84). The specific equation is as follows:

Inincome; = Py + Paworktiome; + X6z +u; (2)

Other variables influencing income are included in Eq. 2. The
estimated residuals from Eq. 1 can serve as a proxy for the portion of
income obtained at the cost of sacrificing health. Subsequently, using
the residuals as the explanatory variable for health, we analyzed the
factors contributing to the vulnerability of the health of the first cohort
of migrant workers from the perspectives of policy-induced spatial lag
and the duration of migrant workers” out floating. The regression
results are shown in Table 4.

According to Table 4, the income equation of Model 9 included
a series of variables that influence income, such as working hours,
mobility range, occupational characteristics, human capital
(education, health), social capital (whether workers experience
social interactions in the local area), production capital (whether
there is insurance coverage and whether there are dividends), and
social security level (whether workers are enrolled in social
security). Therefore, other factors influencing income are hidden in
the residuals, including income obtained at the cost of sacrificing
health. Thus, the residuals obtained from Model 9 can be used as a
proxy for income obtained at the cost of sacrificing health. In order
to accurately characterize the vulnerable position of the first cohort
of migrant workers who sacrificed their health for income out of
necessity, Model 9 excluded variables related to hazardous
industries or occupations (hazardous occupations) that may
be detrimental to health and included these detrimental factors in
the residuals. Model 10 did not include the variable of income
obtained at the cost of sacrificing health, while Model 11 included
this variable. Model 12 included the interaction term between
income obtained at the cost of sacrificing health and weekly
working hours, to reflect the dual effect of engaging in hazardous
occupations such as 4D works and damaging health by increasing
working hours. Model 13 included both the variable of income
obtained at the cost of sacrificing health and the interaction term
between this variable and weekly working hours.

The estimation results of Models 10-13 showed that income
obtained at the cost of sacrificing health was significantly negative
at the 1% significance level after controlling for wage income and
other variables, verifying the fact that migrant workers generally
exchange health for income, and confirming the accumulation of
vulnerabilities among migrant workers. Hypothesis 3 has been
validated. The interaction term between income obtained at the cost
of sacrificing health and weekly working hours in Models 12 and 13
was also significantly negative at the 0.1% level, indicating that the
working environment of migrant workers (e.g., 4D work) is
correlated with weekly working hours, and the combination of the
two further reduces health levels, or that the detrimental working
environment worsens the health levels of migrant workers by
prolonging working hours. The estimation results of the interaction
term also suggested that migrant workers do not receive sufficient
income compensation for their poor working environment. If the
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compensation were high enough, migrant workers would choose to
reduce working hours to restore their health and maintain labor
force levels. However, in reality, the detrimental working
environment and long working hours have a cumulative effect, and
migrant workers do not choose to substitute working environment
for working hours, but rather continue to increase working hours
and choose poorer working environments to ensure necessary
income. Furthermore, for these individuals, it also shows that
income does not significantly increase with working hours, working
environment, or work intensity. In terms of the employment sector,
the first cohort of migrant workers were mainly concentrated in
labor-intensive, low-income industries, engaging in high-intensity,
high-risk, low-wage jobs. In some construction sites, about 90% of
the workers were the first cohort of migrant workers. These
characteristics of the first cohort of migrant workers make them
typical representatives of excessive labor and low income in the job
market (85).

Tables 2, 3 respectively validate the hypotheses presented earlier
through regression models and robustness tests, respectively. Specifically,
we found that the health of the first cohort of migrant workers is subject
to spatial lag and vulnerable accumulation mechanisms. The spatial lag
was reflected in a significant negative correlation between the range of
mobility and self-rated health of the first cohort of migrant workers.
Vulnerability accumulation was primarily shaped by factors such as low
income, hours of overtime worked per week, 4D-type jobs, and time spent
away from home, which cumulatively contributed to the health
vulnerability of the first cohort of migrant workers. Furthermore, this
vulnerability became increasingly apparent as this cohort aged.
Throughout their working lives, the market disadvantage and excessive
labor involved in their jobs contributed to the process of the accumulation
of health vulnerabilities.

6. Discussion and conclusion
6.1. Discussion

Our study is the first to utilize nationwide large-scale data to
demonstrate the phenomenon of accumulated vulnerability in the
health status of first-cohort migrant workers. Previous studies have
primarily focused on the social relationships and economic income
of migrant workers (2, 3), without considering the unique health
issues faced by first cohort of migrant workers, the issue of
accumulating health vulnerabilities. For migrant workers, the
accumulation of vulnerabilities poses a harm to their health that is
greater than the sum of its parts (1+1>2). Previous research has
only considered the issue of individual vulnerabilities (4, 86), while
the combination of various disadvantages can lead them to actively
choose work environments that are detrimental to their health in
order to earn income. This short-term behavior and the lack of
consideration for their future well-being result in a pessimistic
outlook for their later years in life. Additionally, our study discusses
the relationship between the familial migration of migrant workers
and their health, we found that when migrant workers migrate with
their families, it has an impact on their health. Our study expand
the research perspective on family-based migration of migrant
workers. Internationally, scholars have often discussed the health
issues of cross-border migration and have also shown concern for
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Model 8 Model 9 Model 10 Model 11 Model 12
Variables Lincome Health Health Health Health
Monthly income 0.123%#* 0.666%** 0.601%** 0.681%%*
(4.953) (15.72) (15.17) (16.07)
Sacrifice the income earned from your health —0.968*** —0.616%**
(—15.06) (=5.620)
Interaction term between sacrificing health and weekly work —0.0135%** —0.00601%**
hours
(~14.88) (—3.841)
Working hours per week 0.00156%#* —0.00178**
(7.889) (—2.076)
Floating outside the province 0.116%# 0.171%# 0.0632* 0.0736%* 0.0595%
(17.34) (5.386) (1.907) (2.235) (1.797)
New rural cooperative location 0.0413%*%* 0.151%%* 0.129%%** 0.123%* 0.124%*
(4.067) (3.178) (2.655) (2.521) (2.549)
Length of employment —0.216%** —0.240% % —0.234%%% —0.239%%*
(~6.139) (~6.668) (~6.519) (—6.647)
Distance from medical institutions 0.0205%*%* —0.155%#%* —0.176%*%* —0.171%%% —0.175%*%
(2.757) (~4.639) (~5.142) (~4.988) (—5.108)
Married 0.0516%** 0.0228 —0.115 —0.105 —0.121
(3.562) (0.304) (~1.492) (~1.368) (—1.573)
Gender 0.245%%% 0.205%%* 0.0203 0.0300 0.0105
(35.32) (5.942) (0.549) (0.821) (0.285)
Age —0.0905%** —0.349%*%* —0.274%%% —0.283%*%* —0.272%%%
(—21.71) (—17.60) (—13.04) (—13.60) (—12.95)
Level of education 0.02827%%*%* 0.0230%** 0.00286 0.00410 0.00165
(21.15) (4.017) (0.471) (0.682) (0.272)
11l within a year —0.0362%#%%* —0.843%** —0.825%%% —0.826%%* —0.824%%%
(=5.514) (~26.57) (~25.53) (~25.55) (—25.48)
Participate in the new rural insurance —0.144%# —0.218% —0.126%* —0.133%* —0.121%*
(-14.31) (~3.838) (~2.193) (=2.319) (=2.115)
Health education 0.0778%* 0.103%# 0.09897# 0.103%#*
(2.231) (2.900) (2.778) (2.885)
Health records —0.0254%** 0.0971%%* 0.119%** 0.111%%* 0.117%%*
(—3.574) (2.706) (3.251) (3.050) (3.202)
The floating of reason 0.0359%*%* 0.128%** 0.0233 0.00975 0.0109
(4.565) (3.517) (0.661) (0.276) (0.308)
Family migration 0.0628%** —0.0181 —0.0656* —0.0674* —0.0700%*
(9.282) (~0.534) (~1.893) (~1.947) (—2.019)
Family economic status 0.284%%* 0.508%* 0.475%%% 0.511%%*
(8.427) (13.15) (12.60) (13.22)
Family difficulties 0.608 0.469 0.510 0.476
(1.074) (0.804) (0.872) (0.813)
Local social interaction 0.0614%3% 0.0677%* 0.0176 0.0215 0.0149
(9.141) (2.054) (0.521) (0.637) (0.442)
(Continued)
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TABLE 4 (Continued)
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Model 8 Model 9 Model 10 Model 11 Model 12
Engaged in the industry —0.0284
(—0.658)
The health of migrant workers 0.119%%*
(15.23)
Whether there is contracted land —0.0318%%*
(—4.609)
Are there any dividends 0.105%**
(4.862)
Constant 7.555%%* —1.020 —3.523%%* —3.163%%* —3.553%%*
(271.3) (—1.612) (—5.240) (—4.740) (—5.270)
Observations 31,299 22,472 22,029 22,029 22,029
R-squared 0.14 0.0644 0.0024 0.7646 0.1172

¢ statistics in parentheses. *p <0.05, **p <0.01, ***p <0.001.

the health and occupational issues of immigrants (9, 58). However,
they have not conducted data-driven comparative analyses on the
relationship between immigrants occupations and health
Furthermore, there has been limited discussion on the portability
of policies related to Chinese immigrant health issues and the
influence of traditional Chinese culture, such as filial piety culture,
on their health factors. Specifically, first-cohort migrant workers
primarily allocate their income to sustaining their family’s income,
often allocating fewer funds for their own health issues.

6.2. Policy implications

From a policy perspective, the tension between the high
mobility of migrant workers and the regional limitations of the
medical insurance system creates a rigid situation in which the use
of medical insurance by migrant workers is limited by their
mobility. This rigidity significantly inhibits the health maintenance
ability of migrant workers, resulting in the inclusion of spatial lag
in the typical characteristics of health maintenance for migrant
workers. Additionally, the limitations imposed by the New
Cooperative Medical Scheme (NCMS) on the place of residence and
household registration further exacerbate the dilemma between the
mobility of rural residents and their access to medical resources,
leading to significant difficulties for migrant workers in obtaining
medical care. In reality, many individuals in the first cohort of
migrant workers faced a difficult decision between maintaining
their health and sustaining their livelihood. For them, giving up
their mobility was equivalent to giving up their only means of
accessing economic resources. Thus, many migrant workers chose
to sacrifice their medical benefits to ensure the sustainability of
their livelihood (87).

In the context of China’s aging society, it is crucial to further
stimulate the labor capacity of middle-aged and older adult groups,
and break the non-benign cycle of health, mobility, and employment
among the first cohort of migrant workers. It is necessary to reduce
the impact of health problems on China’s labor supply market, and
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enhance the medical security system and health maintenance ability
of the first cohort of migrant workers. Therefore, the following
policy recommendations are proposed:

First, at the level of the overall planning of urban and rural
residents’ social medical insurance, efforts should be made to
achieve provincial-level or large regional-level coordination.
Anhui Province’s migrant worker floating is mainly concentrated
in the Yangtze River Delta region, where the cross-regional
coordination of residents’ social medical insurance can
be achieved. The Bohai Economic Rim could also address the
mobility and medical needs of migrant workers in the north,
making medical insurance more adaptable to the high-mobility
characteristics of migrant workers, and eliminating the binary
tension between their native residence home and their need for
high mobility. This will provide convenience in the health
maintenance of migrant workers and eliminate the effect of lag in
the treatment of health issues.

Second, a special medical initiative action for migrant workers
should be launched to enhance the health maintenance ability of
the first cohort of migrant workers. Research has shown that
establishing health records and receiving relevant health education
in the workplace could significantly enhance the health
maintenance ability of the first cohort of migrant workers.
Establishing nearby community medical locations could also
significantly improve their health status. It is necessary to enforce
a health examination system for the first cohort of migrant
workers, with their workplaces as the first responsible party.
Special projects for the health maintenance of migrant workers
should be established, and enterprises and social forces should
be mobilized to participate.

Third, health knowledge and routine medical care for the first
cohort of migrant workers should be promoted to enhance their
medical literacy. Improving the health literacy of migrant workers
can help achieve the early diagnosis and treatment of health
problems and eliminate the accumulation of health vulnerabilities.
Following the concept of promoting health education and health
literacy for the “whole population” and “full life cycle,” targeted
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screening for health risks and activities to improve health risk
awareness should be conducted for older migrant workers.

6.3. Study limitations and contributions

6.3.1. Study limitations

This study was based China Migrants Dynamic Survey (2017).
This study has some limitations.

First, this is a cross-sectional study, which to some extent has
limited our chance to explore the comparison of health status among
migrant workers before and after migration due to the lack of
respondents health information before 2017.

Meanwhile, interpretation of the findings implying causality
should take caution. A longitudinal study may yield a better
understanding of the relationship between migrant workers’ mobility
and their health.

Second, the existing data mainly focuses on the health of migrant
workers, and lacks the health data of urban populations during the
same period, which limits our opportunity to make comparisons
between the health status of migrant workers and urban populations.

Third, there may be other factors that affect the health of the first
cohort of migrant workers, but our study is limited to the questionnaire
items, which also affects our study of the specificity of the health status
of the first cohort of migrant workers.

6.3.2. Contributions

Despite of its limitations, this study contributes to the existing
literature by providing a more comprehensive understanding of the
factors that contribute to the poor health outcomes of Chinese
migrant workers. Specifically, the study highlights the unequal access
to social rights, particularly healthcare, as a major underlying cause of
migrant workers’ poor health beyond the limitations of China’s
universal healthcare system. By shedding light on this issue, the study
underscores the need for systemic changes to address the structural
barriers that hinder healthcare access for migrant workers and
promote greater equity in healthcare delivery in China.
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