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ABSTRACT  Using the National Income Dynamics Study (NIDS) longitudinal dataset, this study undertakes a
difference-in-differences ( DiD ) evaluation of the impact of rural-urban migration on mental and physical health
in South Africa. The contribution of the study is in considering sample selection bias as well as the causal direc-
tion of the relationship through the use of propensity score matching techniques and restricted sample DiD esti-
mation. This study finds that the rural-urban migrants, within the South African NIDS sample, experience a
decline in reported physical and mental health outcomes. The study identifies social isolation and difficult living
conditions as some of the factors behind the adverse health outcomes. The findings underscore the fact that while
favourable economic outcomes will likely occur as a result of migration efforts (such as employment opportuni-
ties and increased income), it comes at a cost of both physical and mental health.

KEYWORDS: Impact evaluation; mental health; subjective health; rural-urban migration; South Africa

1. Introduction

The spatial, economic, and social organisation of South Africa has been moulded by the histor-
ical segregation of race and ethnic groups under the Apartheid government (Davies, 1981).
These racist policies resulted in the deepening divide between the labour market, education and
health-care systems in the urban and rural areas. As a result, many rural households were
forced to find access to urban economies (Collinson, 2010). Often times, this is done without
the ability to formally relocate, leading to oscillating trends of migration that characterise the
South African context (Posel, 2004; Smith, 2003; Wilson, 2001).

While urbanisation may present positive effects of improved levels of education, health care
access, and employment opportunities; rural-urban migrants still face the more challenging task
of finding both adequate accommodation and absorption into the urban labour force. The
migration process may bring about separation from family and the need to make lifestyle
adjustments, which in-turn introduce new physical and mental health risks to the migrating
population. Overcrowding and poor quality of housing has led to a rise in disease in South
African informal settlements; this is further perpetuated by increased pollution levels,
lack of running water supplies, and poor sanitation conditions (Gong, 2012; Smith, 2003).
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These environmental risk factors are typically inversely related to positive health outcomes
(Kristiansen, Mygrind, & Krasnik, 2007). Furthermore, rural-urban migrants of South Africa
are often observed to retain ties with their homelands, and like most African countries, an
increase in the mobility between sectors is strongly correlated with high and increasing rates of
contracting communicable and non-communicable diseases (Posel, 2004; Vearey, Modisenyane,
& Hunter-Adams, 2017).

On one hand, rural living conditions may lead to the poor underlying health levels of rural
dwellers; in conjunction with a lack of health-care resources, this may prompt rural-urban
migration. On the other hand, migration that is prompted by economic endeavours may lead to
the exposure of several health diminishing factors (Vearey et al., 2017). Despite its necessity and
relevance, South African literature is lacking in robust empirical analysis of the effects of rural-
urban migration and its possible association with changes in health outcomes for the migrating
population. The gaps in the existing South African body of knowledge typically extend toward
the following; a) Studies do not include subjective measures specifically related to depression
risk and physical health outcomes; b) Studies do not make use of a counterfactual, by way of
constructing appropriately matched control and treatment cohorts, which is necessary to evalu-
ate the impact of rural-urban migration on the reported health outcomes; or c) Studies fail to
break the chain of simultaneity inherent to migration and health investigations.

This study will address these gaps in the South African body of knowledge, specifically
through subjective measures of mental and physical health, using a longitudinal dataset that
enables a difference-in-differences (DiD) impact evaluation framework. Further, the contribu-
tion of the study is in considering sample selection bias as well as the causal direction of the
relationship through the use of propensity score matching techniques and restricted sam-
ple analysis.

2. Literature review

While rural-urban migration may foster favourable economic outcomes, such as new employ-
ment opportunities, higher income level attainment, and better access to education; the impact
on health outcomes is more ambiguous. Positive physical health outcomes may manifest
through the following mechanisms: (a) urban economies offer better access to healthcare serv-
ices, which enables early diagnosis and treatment of illnesses; (b) favourable urban employment
opportunities may translate into higher earnings and better allow migrants to afford a higher
standard of living.

However, migration theories explain that positive self-selection (Healthy Migrant hypothesis)
(Evans, 1987; Lu, 2008; Lu & Qin, 2014; Oyebode et al., 2015; Tong & Piotrowski, 2012) and
tendency for unhealthy migrants to return to rural origins (Salmon Bias) (Lu, 2008) may pre-
sent an upward bias in the positive health results seen in literature. To this point, it is important
to address all sources of potential bias when estimating the impact of migration on health.

On the other hand, the reasons for a decline in migrant physical health outcomes are mani-
fold; a) The adoption of a Western lifestyle, in light of attaining higher income levels. Western
diets are associated with decreased consumption of less fruits and vegetables, and increased con-
sumption of sugar, fat, and processed meat (Salant et al., 2003); (b) The negative effects associ-
ated with housing displacement, individuals who fail to attain adequate housing expose
themselves to a range of environmental risk factors, namely; overcrowding, lack of water and
sanitation, and other poor living conditions (Kristiansen et al., 2007); (c) Mobility increases
risk of contracting communicable diseases (Posel, 2004; Vearey et al., 2017); (d) The adoption
of unhealthy coping mechanisms, increased feelings of anonymity and detachment from sur-
rounding society and the associated responsibilities thereof, may lead to the adoption risky
behaviours such as the use of drugs, excessive alcohol consumption or risky sexual engagements
(Kristiansen et al., 2007).
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Also, migration is often categorised as a critical life event which can lead to increased levels
of stress, which may manifest in not just physical, but also mental health problems (Berry,
1997; Elo et al., 2003). Newly settled migrants are susceptible to adjusting their risk perceptions.
This is often compounded by overwhelming feelings of loss and dealing with the psycho-social
issues (relating to unemployment or loneliness) which may further compromise the migrants’
inclination to relate current risk behaviour to future health (Kristiansen et al., 2007).
Acculturative stress also may compromise good mental health outcomes (Salant et al., 2003),
however, this is not fully supported by literature. Acculturation may reduce mental distress
over time, given that mental health may be compromised by the stress of adapting to unfamiliar
societies. But in the same light, highly acculturated individuals may experience poor mental
health effects due to prolonged periods of exposure to stressful conditions (Escobar et al., 2000;
Fennelly, 2007; Koneru, De Mamani, Flynn, & Betancourt, 2007; Salant et al., 2003). On the
other hand, McCullough, Kurzban, & Tabak (2013) points to the social revenge mechanism as
a driver of migration which could result in improved mental health when the benefit from mov-
ing away from harmful relationships outweigh the benefits of the relationship.

Existing empirical literature from international and South African studies have assessed the
interaction between migration and health through the lens of various health outcomes, namely;
(a) subjective measures of physical health (Biao, 2007; Chen, 2011; Hu, Cook, & Salazar, 2008;
Lu, 2010; Lu & Qin, 2014; Zhang, Liu, & Wu, 2015); (b) subjective wellbeing and mental health
outcomes (Chen, 2011; Lu & Qin, 2014; Mulcahy & Kollamparambil, 2016; Wolf et al., 2017;
Zhang et al., 2015) and (c) specific health indicators extending towards blood pressure, Body
Mass Index (BMI), Human Immunodeficiency Virus (HIV), (Coffee, Lurie, & Garnette, 2007,
Ebrahim et al., 2010; Ljungvall & Gerdtham, 2010; Lu, 2008, 2010; Salmond, et al., 1985).
There is nevertheless a gap in literature, in terms of analysis using the impact evaluation frame-
work, in the study of physical and mental health, with due consideration to various sources of
estimation bias.

China has a comparable history to that of South African in terms of restricting the geograph-
ical mobility of its population. Findings in existing Chinese literature show that because sick
migrants tend to return to traditional dwelling areas, rural-urban migrant studies often report a
physical health advantage (Biao, 2007; Chen, 2011; Hu et al., 2008). Logit and ordinal logit
regressions employed to assess the association between dichotomous reported health outcomes
and rural-urban migration show a limited support of the healthy migrant paradox (Lu & Qin,
2014; Zhang et al., 2015). However, no attempts to break simultaneity are made, and associ-
ation of health outcomes between urban residents and the migrant cohort is not significant for
majority of the model specifications.

The panel data study by Mulcahy and Kollamparambil (2016) evaluates the impact of rural-
urban migration on subjective well-being in South Africa. It is found that subjective wellbeing
decreases after migration efforts as a result of false expectations, the emotional burden of mov-
ing away from family, and a reduction in social capital. The econometric specifications combat
self-selection bias and issues of attrition. However, the study does not extend towards self-
reported physical health outcomes nor does it evaluate specific mental health outcomes such as
depressive symptoms.

3. Data and descriptive statistics
3.1. Data

This study employs data from the South African National Income Dynamics Study (NIDS),
surveys conducted between the years 2008 and 2017. This is a panel dataset which tracks house-
hold and individual level data over five-waves, collected at approximately two-year intervals.
Broadly, the analysis of this study is based on a five-period quasi-experimental data design. For
purposes of the analysis, the treatment group comprises of rural-urban migrants who migrate
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from rural to urban areas between waves two and three and thereafter do not change location.
The rural dwellers who do not migrate form the control group. The post-treatment period com-
prises of waves three, four and five.

This paper makes use of subjective physical health and self-reported depressive symptoms as
the outcome variables. The physical outcome measure is based on the survey question “How
would you describe your health at present?” with response options provided as: excellent, very
good, good, fair or poor. For purposes of this study this self-reported health status is converted
into a dichotomous variable taking a value of one if the individual has expressed his/her health
as being good, very good or excellent; zero if the individual has rated their health as being fair
or poor. The depressive symptoms variable, used to measure mental health outcome, is com-
prised of the ten items on the Center for Epidemiological Studies Depression (CESD-10) scale.
Each question could be responded to as “not at all”, “several days”, “more than half the days”
or “nearly every day”. The responses are coded from 0 to 3, creating the outcome variable of
CESD-10 scale with a range of 0-30, with increasing values indicating higher risk of depression.
Andresen, Malmgren, Carter, and Patrick (1994) recommend cut-offs that range from 8 to 10
for indications on risk of positive screening for depression. However, a number of studies that
have used the CESD-10 provided in the NIDS data use a cut of 10 (Ardington & Case, 2010;
Asante, Andoh-Arthur, Asante, & Andoh-Arthur, 2015; Kilburn, et al., 2018; Peltzer et al.,
2013; Tomita & Burns, 2013). Furthermore, recommended cut-offs can vary by region and in a
validation study done in South Africa, Bhana et al. (2019) recommend cut-offs of 11-13,
depending on language. This analysis prefers the use of depressive score to keep the controversy
regarding the appropriate threshold at bay. Nevertheless, as a robustness check, the study also
presents the impact evaluation results using a cut-off of 10 and above.

The study is restricted to analysing rural-urban migration, which is defined in terms of geo-
graphical location; rural or urban. The rural category extends towards farmlands or traditional
areas of dwelling. Individuals who have moved more than once during the five-waves of data
collection are dropped from the sample so as to control for oscillating trends of migration
(Collinson, Tollman, Kahn, & Clark, 2003). To avoid migration for purposes of accessing
urban healthcare facilities due to old age, the sample is restricted to individuals within the age-
group of 16-65 years. Also, by considering individuals who are of working age, one is able to
select those who engage in migration activities of their own free-will (Kollamparambil, 2017).
In this way, the sample reflects individuals that are more likely to have engaged in migration
activities for economic reasons, rather than age related healthcare reasons. Various other con-
trol variables- guided by literature on subjective physical (Morudu & Kollamparambil, 2020;
Staudinger, Fleeson, & Baltes, 1999; Callan, Hyunji, & William, 2015) and mental health
(Burger, Posel, & von Fintel, 2017; Kollamparambil, 2021)- are harvested from NIDS
(Appendix Table Al for details).

3.2. Descriptive statistics

Table 1 provides detailed descriptions of the characteristics of the individuals who form part of
both panel datasets. The table illustrates differences between rural dwellers (control group) and
rural-urban migrants (treatment group). Given the differences in sample size based on data
availability between physical and mental health, we present separate descriptive statistics
for each.

Majority of the migrating population are between twenty and forty years of age for both
samples. Majority of the treatment group have gone through high school and attained a
matriculation certificate (67% and 68% respectively). Migrant populations tend to have better
employment outcomes, compared to that of their rural dweller counterparts; with over 50% of
migrants finding employment, while under 40% of rural dwellers are employed in both samples.
Average household size is lower for migrants in both samples.
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Table 1. Descriptive statistics

Physical health sample

Depression risk sample

Rural Rural-Urban Rural Rural-Urban
dwellers migrants t-test dwellers migrants t-test

Age category

18-19 10.3% (559) 16% (36) wox 11% (380) 16.6% (20) ok

20-40 35.4% (1910) 60% (208) Hokx 37% (1263) 60% (72) Hokk

40-60 42.8% (2315) 22% (63) ok 41% (1412) 27.6% (26) Hrx

60+ 11.4% (616) 2% (6) ok 11% (361) 2% (2) ok
Race

African 95.2% (5142)  92.6% (287) - 96% (3282) 93% (112) -

Coloured 2.6% (143) 6.4% (19) - 2.4% (81) 6% (7) -

Indian 1.3% (72) 1% (7) - 1% (35) 1% (1) -

White 0.8% (43) 0% (0) - 0.5% (18) 0% (0) -
Gender

Female 69% (3722) 71% (199) - 68% (2324) 72% (86) -
Education

None 17% (925) 6.4% (13) *E - 14.3% (490) 5.8% (7) ok

Primary School 28% (1493) 7.3% (15) Hokx 27% (924) 7.5% (9) HrE

High School 49% (2600) 16% (33) *E - 50.6% (1728) 13.3% (16) ok

Matric 6% (291) 68% (138) ok 6% (202) 68.4% (82) ok

Bachelors/Diploma 1% (58) 1% (2) - 1.4% (49) 1.7% (2) -

Postgraduate 0.4% (24) 1.5% (3) - 0.6% (19) 3.3% (4) -

Other 0.1% (7) 0% (0) - 0.1% (4) 0% (0) -
Economic activity

Employed 36% (1949) 51% (105) ok 37% (1254) 53% (64) o
Household

Average household size (6.26) (4.6) ok (6.20) 4.3) HHE

Sample size (N) 5400 204 3416 120

Source: NIDS Dataset.

A higher proportion of the migrant treatment group rated their health as good prior to
migration, compared to rural dwellers (Figure 1). However, this changes dramatically post
migration from wave 3. A lower proportion of the migrant group reported good-health post
migration. This proportion also seems to be declining for the migrant group in the post migra-
tion waves.

The average depression risk scores (Figure 2) illustrate significant increase among the treat-
ment group of migrants post migration from wave 3. In the waves prior to migration (wave
two) the rural-urban migrant cohort exhibits a lower average depressive symptom scores com-
pared to their rural dweller counterpart. After migration, the rural-urban migrant cohort expe-
rienced a sharp increase in the average depressive symptoms scores and, the migrant group
records a higher average score compared to their rural dweller counterpart.

4. Methodology

A quasi-experimental design based DiD model is used to explore the effect of rural-urban
migration on the health outcomes of migrants. The double differencing in DiD allows to elimin-
ate the individual-specific bias, as well as time-trend bias (Angrist & Pischke, 2008). However,
failing to select appropriate control groups or not creating an appropriate counterfactual may
yield biased results in the presence of self-selection (Wapenaar & Kollamparambil, 2019). This
necessitates the employment of Propensity Score Matching (PSM) to account for observed con-
founding factors. When this is done adequately one may infer that, based on observable
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characteristics, individuals who are similar enough, but differ in terms of treatment alone
(migration), may experience a difference in health status, which may then be attributed to the
effects of the intervention. Lastly, restricted sample estimation is undertaken to control for pos-
sible bias arising through simultaneity-led endogeneity. The baseline DiD model is written as:

Y = oo + B; Xy + di Treat; + dy Post,; + ds(Treat),(Post), + & (1)

Where;

1. Y; 1s indicative of the health outcome of interest

2. oy is the constant term,

3. B Xi is the vector of controls included as per respective literature on the predictors of
subjective physical health and mental health.

4. d\Treat; is a dummy equal to | for the treatment group of migrants across all waves

5. dyPost, is a dummy equal to 1 for the time periods after treatment has occurred across
treatment groups

6. ds is the coefficient of interaction term indicating impact or a difference-in-differences

7. &, represents the error term
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The control variables included in the subjective physical health model is guided by studies like
Staudinger et al. (1999), Callan et al. (2015) and, Morudu and Kollamparambil (2020). These
include demographic controls (age, gender, race, marital status), individual self-regulatory char-
acteristics (alcohol use, smoking), socio-economic status (per capita household income, employ-
ment status, educational attainment, private medical insurance) and environmental factors
(dwelling condition). In addition to these, studies like Kollamparambil (2021) and Burger et al.
(2017) have shown that other factors like religiosity, safety perception, future income expecta-
tions are key drivers of mental health in South Africa. As such, the mental health model is aug-
mented by these variables. The detailed variable definitions are provided in Appendix
Table Al.

While linear DiD estimations are selected for the physical and mental health models, given
the binary and continuous nature of the respective outcome variables, as a robustness test, non-
linear DiD result is also presented for mental health outcome variable based on binary form
using a cut off of CESD-10 > 11.

The DiD methodology rests on two vital assumptions. The first is the “parallel-lines” trends
assumption which is tested in accordance with the Autor (2003) method:

Yi = uy + Aotime + y Xy + Treatyu + Treatxtime.A + n;, 2)

Where,

time is the time trend ranging from years 1 to 5

Treat;; is a dummy equal to 1 for the treatment group of migrants across all waves

Equation 2 includes the interaction between treatment variable and the dummy variable for
each year. Accepting the null HO: A=0 (for the pre-treatment periods, 1 and 2 waves) implies
accepting that the parallel-trend assumption is not violated whenever one assumes no
“anticipation effects”. For estimation purposes, the benchmark is taken as the interaction vari-
able (time2* treatment) immediately prior to migration. If the coefficient of the interaction
terms (timel*treatment) prior to the treatment is statistically equal to zero one can reasonably
expect the parallel trend to hold (Angrist & Pischke, 2008). The results in Supplementary
Tables S1 and S2 indicate that this is the case.

The second assumption required for DiD is that there is random assignment into treatment
and control groups. This brings about the need to control for all observed confounding factors
that may contribute towards self-selection into treatment. Towards this end, we use Propensity
Score Matching (PSM) based DiD model. Matching extensions allow for the control of observ-
able confounding factors, therefore eliminating potential bias introduced through self-selection
(Gertler, 2016).

Model I presents the base DiD estimation, and Model II is the clustered standard errors esti-
mation of Model I. A fixed effects estimation (Model III) is also presented that accounts for
unobserved individual heterogeneity, as a comparison to Model 1.

Model IV extends the DiD by way of introducing Kernel based Propensity Score Matching
(PSM) which acts to find best matches between control and treatment groups based on
observed characteristics. This will allow comparisons between likened individuals to be made.
PSM rests on the assumption of significant overlap (Angrist & Pischke, 2008). Motivation for
meeting this requirement is presented in Supplementary Table S3 and Figures S1-S2.

Standard DiD also suffers from the potential for self-selection which leads to imbalances in
characteristics between the treatment and control groups (Rosenbaum & Rubin, 1983). This
necessitates measures be taken to account for potential structural differences between the two
cohorts. The propensity score matching based DiD is to overcome the shortfalls of the standard
DiD. Matching establishes appropriate counterfactuals for the treated on the basis of pre-treat-
ment observable characteristics. To overcome the ‘curse of dimensionality’ induced by the use
of a range of explanatory variables, a balancing score is created for each individual which
reduces the vector of covariates to a single value that measures the likelihood of treatment
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status (Wapenaar & Kollamparambil, 2019). Balancing tests were conducted following estima-
tion of the propensity score (Supplementary Table S4). The matching process led to a fall in
mean bias due to covariate imbalances from 20.4 per cent to 6.6 per cent. The DiD equation 1
is re-estimated with the weights derived from the PSM matching in Model IV.

The PSM matched model (Model IV) is an improvement from Model I, but nonetheless suf-
fers from possible bias arising from simultaneity. In order to account for this, Model V restricts
the pre-migration sample to healthy individuals (good reported physical health and CESD-10
score less than 13). This reduces the possibility that migration was undertaken for purpose of
accessing healthcare facilities. The PSM-DiD of this restricted sample is presented as Model V.

Lastly, a test of attrition using logit models (Fitzgerald, Gottschalk, & Moffitt 1998) also
shows that there is no relationship of subjective physical health, mental health and treatment
with the probability of not being interviewed in the subsequent NIDS waves (Supplementary
Table S5).

5. Results

The estimation results for the reported physical health and the depressive symptoms models are
presented in Tables 2 and 3 respectively. The migration effect, after controlling for various eco-
nomic, behavioural, environmental, and demographic factors, is indicated by the interaction
between the “Post” and “Treat” variables, the “Post* Treat” variable. Model I is a baseline DiD
estimation, Model II is the clustered standard errors estimation, Model III is the fixed effects
estimation accounting for unobserved individual heterogeneity, Model IV is the PSM-DiD esti-
mation and Model V is the restricted sample regressions for reported physical health and risk of
depression outcomes, after controlling for possible selection and endogeneity bias.

5.1. Subjective physical health

The fixed effects as well as the quasi-experimental results illustrate a negative effect of migra-
tion on reported health outcomes across all models (Table 2). The significance of the coefficient
of the post*treat variable increases in models that account for selection and endogeneity bias.
Clustered standard errors do not change the significance of coefficients between Models I and
II. The estimated reduction in probability of self-reported good health after migration is
between 5%-9% in the models (Table 2). Accounting for unobserved individual heterogeneity
through the fixed effects model (Model III), the sectional bias (Model 1V) and finally both
selection as well as endogeneity bias (Model V) yields significant negative effect of migration on
self-reported physical health. While model IV yields the highest impact with 9% reduction in
probability of self-reported good health after migration, adjusting the model to incorporate
endogeneity bias in Model V, brings down the impact of migration to 5% reduction in probabil-
ity of self-reported good health.

The negative association between physical health status and rural-urban migration may be
explained through various mechanisms. The persisting challenges in accessing quality health
care is often used to explain this negative relationship between health and rural-urban migra-
tion (Baron-Epel & Kaplan, 2009; Dias, Gama, & Martins, 2013; Dias, Gama, & Rocha, 2010),
however, this is controlled for using the Medical Aid variable and matching of the treatment
and counterfactual groups through PSM. Therefore, the mechanisms more appropriate in
explaining this negative relationship are; (a) The negative externalities stemming from habita-
tion challenges faced by the migrants (Gong, 2012; Smith, 2003), and (b) The adoption of poor
lifestyle choices or risky behaviours (Kristiansen et al., 2007).

Rapid urbanisation could result in poor living conditions for the treatment cohort. In this
sample, close to 10% of the migrating population is shown to move from living in a formal
dwelling space to an informal dwelling space after rural-urban migration. Put differently, 10%
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of the treatment group who were living in a formal dwelling space prior to migration now find
themselves in an informal dwelling space post migration. “Formal dwelling” is shown to be sig-
nificantly and positively related to good physical health outcomes. This presents empirical evi-
dence to support mechanism (a) outlined above. In addition, risky behavioural factors are seen
to have a significant impact on health outcomes. Alcohol consumption and smoking habits
have mostly adverse effects on reported physical health outcomes.

Unemployment is shown to have significant and negative impact on health across all models
in Table 2. There is empirical support for unemployment and lower earnings acting as a driving
force behind obesity (Ebrahim et al., 2010; Henry & Kollamparambil, 2017; Ljungvall &
Gerdtham, 2010); and lack of nutrition due to poorer eating habits.

Income is shown to be positive and significant in Model I1I. Health is also seen to decrease
with age. Female individuals are more susceptible to poor health outcomes, in the final
chosen model.

5.2. Risk of depression

The relationship between rural-urban migration and the risk of experiencing symptoms of
depression, as denoted by the post*treat variable, remains consistently positive and significant
throughout all models (Table 3). The estimated increase in the average depressive score after
migration is between 0.9 and 1.6 in models I-V (Table 3). While the base models (I -III) have a
marginal effect greater than one, after accounting for possible selection and endogeneity bias,
the effect of migration on depression risk is shown to decrease to 0.9 in model V; implying that
the alternative model specifications overstate the effects of migration on the manifestation of
depressive symptoms. Nevertheless, the results are statistically significant at 95% confidence
level, providing strong evidence of a psychological cost associated with rural-urban migration.

The results are in line with existing literature which suggests that the mental well-being of
migrants may suffer as a result on migration efforts (Chen, 2011; Lu, 2010; Mulcahy &
Kollamparambil, 2016; Zhang et al., 2015). Related studies presume that the decreased mental
health among migrants is due to a reduction in social support and family separation (Lu, 2010;
Mulcahy & Kollamparambil, 2016). Evidence of reduced social support is found in comparing
the average household size of the treatment group in the period prior and post migration efforts
(Table 1).

As a further robustness test, the depression risk variable is considered in binary form, taking
value 1 if the CESD-10 score is 10 or great, and zero otherwise. A non-linear DiD model based
on the binary mental health outcome is presented in Supplementary Table S6. The results are
consisent with the linear DiD model (Table 3).

5.3. Robustness checks

As additional checks, DiD estimations were undertaken including; a) circular migrants in the
sample and, b) without sample restriction to individuals between 18 and 65 years of age. The
inclusion of circular migrants yielded 44 new observations in the treatment group, whereas
removing age restrictions yielded 1518 total observations (control group and treatment group),
of which 6 observations belonged to the treatment group.

The subjective physical health and mental health estimations for these two samples as well as
their descriptive statistics are included in the supplementary file (Supplementary Tables
S7-S10). The results indicate that the increase in depression score amongst migrants is robust
to both the samples. The subjective physical health declined for the treatment group in both
estimations, however the coefficients are not significant in both. This could be indicative of the
salmon bias pattern, highlighted by Lu (2008) whereby the migrants return to their rural origins
when their health deteriorates, which often also closely correlate with old age. It is therefore
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not surprising that the statistically significant decline in physical health observed in the
restricted sample is not visible in the samples where older individuals and circular migrants
are included.

6. Limitations

The baseline DiD estimation does not employ sample weighting and as such the study cannot
claim to be representative of the South African population as a whole. Nevertheless, the find-
ings can be considered to be robust to the sample of study. Further, limitation is that this study
is not able to control for HIV status and adherence to anti-retroviral treatment due to a lack of
data availability. Given that HIV spread is accelerated by frequent migration between areas of
different HIV prevalence’s (Coffee et al., 2007), this is a limitation left to be addressed. It is also
important to acknowledge that endogeneity may still be introduced into the DiD estimator
through time variant unobservable variables, correlation between covariates, and/or omit-
ted variables.

The use of subjective measure may also be regarded as a limitation in the sense that various
external factors may influence results that are reported. These factors may subsequently lead to
an under or over-stating of an individual’s true health status (Ray, 1998). However, various
empirical studies suggest that over-all health outcomes may be accurately predicted by self-
reported health. In this way, subjective health reports are typically consistent with objective
mental and physical health reports (Biddle, Kennedy, & McDonald, 2007; Chiswick & Miller,
2008; Ider & Benyamini, 1997).

Lastly, the study acknowledges that endogeneity bias emanating from unobservable time
varying heterogeneity remains in the estimations and as such the causal interpretation of the
results presented is limited by it.

7. Discussion

This study finds that the rural-urban migrants, within the South African NIDS sample, experi-
ence a decline in reported physical and mental health outcomes. Various mechanisms can
explain the underlying reasons for this resultant deterioration in mental and physical
health outcomes.

The stress of adapting to a new environment may place a significant strain on the mental
wellbeing of those that engage in rural-urban migration. Likewise, the subsequent unhealthy liv-
ing environment, adoption of unhealthy eating or exercising habits is likely brought on despite
realising higher disposable incomes levels in urban areas (Kristiansen et al., 2007).

Evidence for higher prevalence’s in depression symptoms experienced by rural-urban
migrants in this study has been explained in literature by the experience of social isolation by
new migrants. This is potentially brought about by feelings of loneliness and separation from
family (Bhugra, 2003; Chen, 2011; Mulcahy & Kollamparambil, 2016; Qiu, et al., 2011; Zhang
et al., 2015). Evidence for possible isolation and separation stress can be inferred by the decline
the average household size for the treatment cohort observed in this study.

Rural-urban migrants are also found in literature to engage in risky sexual behaviour, and in
turn is associated with the spread of HIV and other sexually transmitted diseases (Coffee,
Lurie, & Garnette, 2007) that leads to adverse health outcomes. Rural-urban migration is also
associated with increases in obesity levels, which in-turn drive other health risk factor changes
(Ebrahim et al., 2010; Ljungvall & Gerdtham, 2010).

Given the analysis performed in this study, it is clear that rural-urban migration has non-neg-
ligible, and significantly adverse effects on both the mental and physical health outcomes for
the migrating population. While favourable economic outcomes will likely occur as a result of
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migration efforts (such as employment opportunities and increased income), it comes at a cost
of both physical and mental health.
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Appendix
Table Al. Variable description
Variable Description Type
Physical health: as an Subjective physical health: Dummy
independent variable 1= if individuals rate their health as; Excellent (1), Very good
(2); Good (3); or Fair (4)
0= if individuals rate their health; Poor (5)

Depression risk: as an Depression risk is based on the CESD-10 criteria, where Continuous

independent variable responses to 10 questions (with responses on a scale of 0-3)

are summed to produce a score ranging 0-30, with increasing
scores indicative of higher risk of depression.
Safety This variable determines if any of the following occurrences are Dummy

fairly common or very common in their surrounding
neighbourhood, indicating that their safety is potentially
compromised; (i) theft, (ii) domestic violence; (iii) gang
activity; (iv) general violence; (v) drug related activity.

1= Safety is potentially compromised

0= Safety is not potentially compromised

Medical aid Is the individual is covered by medical insurance? Dummy
1= Yes
0= No

Alcohol consumption 1= if the individual consumes alcohol; Dummy
0= otherwise

Ln(rhipc) Log transformation of real household income per capita Continuous

Formal dwelling 1= if currently living in a formal dwelling. Dummy
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Table Al. (Continued)

Variable Description Type
0= otherwise

Education 1= if completed 12 years of schooling Dummy
0= otherwise

Regular smoker 1= if Regular smoker. Dummy
0= otherwise

Mother education 0= No formal schooling Ordinal
1= Primary Schooling
2= High School
3= Undergraduate
4= Postgraduate

Religion 1= if very important or Important to the individual Dummy
0= Unimportant or Not important at all

Year Indicative of the year, namely, 2008, 2010, 2012, 2014, 2017. Ordinal

Age Current age of the respondent, in years Continuous

Female Gender of the respondent. Dummy
1= Female
0= Male

Married Marital status of the respondent. Dummy
1= Married or living with a partner
0= Widowed, Divorced or separated or Never married

Unemployed 1= Unemployed; or not economically active Dummy
0= Employed

African 1= Black African Dummy
0= otherwise

Treat Indicating treatment group assignment (treatment being those =~ Dummy

who engage in rural-urban migration as per the quasi-
experimental definition)

1= Treatment group
0= Control group

Post Indicating the period post intervention. Dummy
1= Period(s) post intervention
0= Period(s) prior to intervention

Diff in diff The interaction term between the “treat” and “post” Dummy

dummy variables
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