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Abstract

Objectives

Despite often having better health at arrival, and at young ages, there is evidence that immigrants
age at a faster pace than non-immigrants over the life course. One potential mediator in the
relationship between migration background and health deterioration is loneliness. This study
examines the direct impact of migration-related factors on mental and physical health trajectories,

as well as their indirect effects through loneliness in the German context.

Methods

Using data from the 2012-2020 German Socio-Economic Panel (SOEP), we apply a parallel
process latent growth curve model (PPM) with mediation analysis to examine the long-term impact
of migration background and age at migration on physical and mental health trajectories. We also

explore the mediating role of loneliness in this relationship. The analysis is stratified by gender.

Results

Loneliness fully mediates the relationship between migration background and mental health, as
immigrants are more likely to experience loneliness, which in turn leads to worse mental health.
Immigrants who moved to Germany after age 18 are more likely to experience loneliness, resulting
in poorer mental health. This mechanism is particularly pronounced among women.

Discussion

Loneliness contributes to mental health disparities between immigrants and non-immigrants.
Women who migrated after age 18 are particularly vulnerable. This study presents an innovative

approach to examining the mechanisms behind health disparities by migration background.



Interventions targeted at reducing loneliness may help to reduce health disparities between

immigrants and non-immigrants.

Keywords: Germany; loneliness; longitudinal analysis; mediation analysis; migrant health;

mental health



Introduction

Although immigrants tend to have better health upon arrival and at younger ages, their health
deteriorates more rapidly than that of non-immigrants, often resulting in similar or even worse
health outcomes in later life (Antecol & Bedard, 2006). This pattern is also observed in Germany,
particularly for mental health and self-rated health (Ferrara et al., 2024; Loi et al., 2024, 2025).
Previous studies primarily describe disparities in health and health trajectories between immigrants
and non-immigrants (Nesterko et al., 2019), but the mechanisms underlying these differences are
not yet fully explored. Therefore, this study investigates whether loneliness is one of the
mechanisms behind the rapid health deterioration of immigrants. Using a longitudinal panel survey
in Germany, we apply longitudinal mediation analysis to examine whether and how loneliness
drives the health decline disparities between immigrants and non-immigrants, and the role of age
at migration in this relationship. We focus on loneliness because the first challenge for immigrants
is rebuilding their social networks in the receiving country, where they face additional barriers
(Hurtado-de-Mendoza et al., 2014). These barriers could persist into older age, with loneliness
playing a significant role in immigrant health decline (Wu & Penning, 2015). We use the case of
Germany, where the current social landscape is markedly influenced by immigrants (Borkert &
Bosswick, 2012). Gaining insight into the mechanisms underlying this pattern is crucial not only
for researchers, but also for policymakers seeking to design interventions and policies to prevent

accelerated health decline among immigrants.

Immigrant health paradox
Immigrants often have better health than non-immigrants upon their arrival in the receiving
country, a phenomenon known as the healthy immigrant effect (Kennedy et al., 2015; Markides &

Rote, 2018). This effect is considered a paradox given immigrants’ lower socioeconomic position.



However, immigrants’ health deteriorates more rapidly over time than that of non-immigrants,
leading to a diminished health advantage or even worse health outcomes. However, immigrants
have lower mortality than non-immigrants (Wallace et al., 2022). As a result of these
interconnected mechanisms, immigrants are living longer, but in poorer health (Boen & Hummer,
2019; Wallace, 2024). This pattern, described by the unhealthy assimilation hypothesis, has been
observed in many countries, including in Germany (Antecol & Bedard, 2006; Jang et al., 2023;

Loi et al., 2025).

At least three hypotheses have been proposed to explain the healthy immigrant effect. First,
the selectivity hypothesis suggests that immigrants are positively selected in their country of
origin, meaning their pre-migration factors may contribute to better health upon arrival (Feliciano,
2020). Second, the cultural hypothesis asserts that immigrants have more favorable health
behaviors than non-immigrants, which positively impact their health (Fenelon, 2013; Riosmena et
al., 2017). Third, the better health of immigrants may be explained by the “salmon bias,” which
suggests that older immigrants with poor health tend to return to their country of origin, resulting
in an artificial overestimation of good health among immigrants who stay in the receiving country

(Palloni & Arias, 2004).

However, the unhealthy assimilation hypothesis has been challenged. Previous studies
attribute the health decline among immigrants to structural factors, neighborhood environment,
and cultural assimilation. Structural explanations include discrimination (Agudelo-Suérez et al.,
2011; Gee et al., 2009), limited health care access (Antecol & Bedard, 2006; Razum &
Bozorgmehr, 2016), greater vulnerability to adverse life events (Loi et al., 2024), and poor
economic and social conditions (Loi & Hale, 2019). The literature on neighborhood effects

suggests that immigrants are less able to relocate to more resourceful neighborhoods, resulting in



greater exposure to disadvantaged neighborhood environments (Lersch, 2013). Cultural
assimilation, including adaptation to the behaviors of the receiving country, leads to the erosion of
immigrants’ initial health advantage over time (Akresh, 2007). However, few studies explore the
role of loneliness in health disparities between immigrants and non-immigrants, despite evidence
showing that immigrants tend to experience higher loneliness levels than non-immigrants (Joshi

et al., 2024; Wu & Penning, 2015).

Migration-specific factors, including age at migration and length of stay in the receiving
country, have been found to modify immigrants’ health risks. Evidence from Europe suggests that
migrating at older ages and staying longer in the receiving country are associated with poorer
health outcomes (Honkaniemi et al., 2020; Lanari & Bussini, 2012; Lanari et al., 2018). These
findings can be interpreted using the life-course perspective, particularly the crucial period model
and the accumulation model (Ben-Shlomo et al., 2014). In terms of age at migration, the crucial
period model suggests that certain social and environmental exposures amplify health effects
during specific life stages (Honkaniemi et al., 2020). Therefore, migrating at particular ages may
reduce health risks. The accumulation model explains the impact of length of stay, positing that
prolonged exposure to a risky environment in the receiving country contributes to poorer health

outcomes later in life (Lanari & Bussini, 2012; Loi & Hale, 2019).

This study focuses on the unhealthy assimilation hypothesis, as understanding its
mechanisms can help prevent immigrants’ rapid health decline. However, the existing research on
the unhealthy assimilation hypothesis has three limitations. First, most existing studies focus on
determining whether the unhealthy assimilation hypothesis applies in specific contexts rather than
on exploring its underlying mechanisms, and there is little evidence on the factors contributing to

this hypothesis in Germany (Ferrara et al., 2024; Nesterko et al., 2019). Second, existing studies



seeking to explain the mechanisms behind the unhealthy assimilation hypothesis primarily focus
on structural factors or immigrants’ adaptation to unhealthy behaviors, while overlooking the
socio-psychological perspective (Akresh, 2007; Antecol & Bedard, 2006). Third, in terms of
methodology, previous studies primarily use cross-sectional designs (Loi & Hale, 2019) or a
descriptive approach (Loi et al., 2025), and even recent methodological developments cannot fully
identify the mechanisms behind the unhealthy assimilation hypothesis. For instance, fixed-effect

models are still unable to answer the “why” question underlying this hypothesis (Brunori, 2024).

Loneliness as a mediator

Loneliness, defined as an individual’s subjective feeling of a lack of satisfying human
relationships, has been recognized as a public health issue and is receiving increased attention
(Hawkley & Cacioppo, 2010). Loneliness has been linked to increased mortality; cardiovascular,
metabolic, and neurological disorders; mental health outcomes; and overall well-being across
multiple contexts (Hawkley, 2022; Park et al., 2020). Furthermore, evidence shows that
immigrants are more likely to experience loneliness than non-immigrants, especially at older ages

(Joshi et al., 2024; Wu & Penning, 2015; Zhao et al., 2023).

The loneliness experienced by immigrants can be understood using the stress process
model, which suggests that immigrants often lack the resources to cope with stressors during the
transition process. These stressors, such as cultural dislocation, acculturation, dwindling of social
networks, and social and economic difficulties, can lead to loneliness (Diwan et al., 2004;
Ponizovsky & Ritsner, 2004; Stewart et al., 2008; Treas & Mazumdar, 2002). Joshi and colleagues
(2024) summarized the multi-dimensional social and economic factors related to the loneliness of
immigrants. For example, immigrants may lack social support while struggling to establish their

social network in the receiving country, leading to increased loneliness (Hurtado-de-Mendoza et



al., 2014; Stewart et al.,, 2008). This study examines the relationship between migration

background, loneliness, and health.

Migration-related factors, such as age at migration, can influence loneliness levels. Some
studies indicate that migration in childhood can be stressful (Mossakowski, 2007), while others
show that migrating at older ages is a particular risk factor, as older immigrants are not socialized
in the receiving country and often face challenges in learning a new language and creating or
extending their network of friends. These difficulties hinder adaptation and inclusion, resulting in
higher loneliness rates (Treas, 2008; Treas & Batalova, 2009; Treas & Mazumdar, 2002). Length
of stay in the receiving country often serves as a proxy for immigrants’ social integration: the
longer their stay, the more likely immigrants are to adopt the norms and behaviors of the receiving
country. However, adaptation may also lead to increased isolation from the community of origin.
Thus, length of stay can have both positive and negative effects on loneliness (Ajrouch, 2008;
Singh & Siahpush, 2001). This study also explores how migration-related factors moderate the

loneliness levels associated with immigrants' health status.

Gender disparities

Previous literature documents gender differences in migrant health (Trappolini & Giudici, 2021;
Wandschneider et al., 2020). In Germany, women experience faster health decline than men (Loi
et al., 2025). Evidence also shows that women are more likely than men to acculturate to the
unhealthy behaviors of non-immigrants (Lopez-Gonzalez et al., 2005). Moreover, due to
differences in social networks, men and women may experience and value loneliness in distinct
ways, and the pathway from loneliness to health varies by gender (Boehlen et al., 2022). The social
relationship perspective suggests that although women tend to have larger and more active social

networks, they are more sensitive to the interpersonal context and are more likely to live alone due



to their longer life expectancy, which increases their risk of loneliness (Barreto et al., 2021; Stokes
& Levin, 1986). Immigrant women face increased barriers in rebuilding social networks in the
receiving country due to socio-psychological factors. As a result, immigrant women tend to
experience higher loneliness levels (Hurtado-de-Mendoza et al., 2014). Therefore, it is essential to

examine the mechanisms of the unhealthy assimilation hypothesis by gender.

The German context

Modern migration history in Germany can be divided into three stages. The first stage involved the return
of German prisoners of war and refugees of German descent from both Germany and the former German
Democratic Republic (GDR) after World War Il. The second stage involved the “Gastarbeiter” (guest
worker) program, which recruited large numbers of immigrant workers from Turkey, Italy, and other
European countries to support Germany’s economy starting in the 1950s (Borkert & Bosswick, 2012). More
recently, following German unification in 1990, immigration from Eastern Europe increased, and Germany

saw a significant influx of refugees from Syria in 2015 (Ayoub, 2023).

Aims and research questions

This study aims to address the following research question: Is loneliness a pathway to immigrants’
health decline? We examine whether loneliness contributes to health disparities between
immigrants and non-immigrants, and whether this pathway varies by gender. We use an innovative
and direct approach to examining the mechanisms behind the unhealthy assimilation hypothesis

through longitudinal analysis: the parallel process latent growth curve model.

Age at migration is an important determinant of immigrants’ health in the receiving country
— with earlier ages at migration typically indicating better inclusion via, for instance, greater
language proficiency, school attendance, and socialization in the receiving country. — We

investigate whether the impact of loneliness differs depending on the age at migration. Due to the



limited sample size for immigrants who have been in Germany for less than 10 years, and because
the effect of loneliness may be confounded by arrival cohort, birth cohort, and age at migration

(Ferrara et al., 2024; Zheng & Yu, 2022), we include the analysis of length of stay in the appendix.

First, we employ a parallel process latent growth curve model (PPM) with mediation
analysis to investigate whether loneliness mediates the relationship between migration background
and mental and physical health trajectories. The analysis is stratified by. Next, we apply the same
analytical approach to examine whether the mediating effect of loneliness on health trajectories

varies by age at migration and by gender. The two sets of hypotheses are listed below.

H1.1 Immigrants are more likely to experience loneliness than non-immigrants, which negatively

impacts their mental and physical health trajectories.

H1.2 This relationship is more pronounced among women, as they are more likely to experience

loneliness.

H2.1 Immigrants who migrate at older ages are more likely to experience loneliness than non-

immigrants, which negatively impacts their mental and physical health trajectories.

H2.2 This relationship is more pronounced among women, as they are more likely to experience

loneliness.

Methods

Data and sample

We use data from the German Socio-Economic Panel (G-SOEP), a yearly nationally representative
panel survey in Germany that started in 1984 (Goebel, 2023). The survey includes ~30,000
individuals in 15,000 households, covering information on family structure, occupation, education,
income, health, and well-being. We restrict the sample to 2012-2020, as loneliness was first

10



measured in 2013. To address the potential reverse effect, whereby individuals with poor health
are more likely to experience loneliness, we control for health status in 2012. Since mental and
physical health data are collected biennially, we include waves 2012, 2014, 2016, 2018, and 2020.
We select individuals who participated in at least three waves from 2014 to 2020, and restrict the
sample to individuals under age 80 to mitigate the “salmon bias,” whereby older immigrants with
poor health are more likely to return to their home country. This selective emigration statistically
results in statistically better health among immigrants (Turra & Elo, 2008). The final analytical
sample for migration background consists of 7,243 individuals, while the sample for age at
migration is 7,190 (53 cases are missing data on the year of immigration). See Appendix Table 1

for the detailed sample selection procedure.

We conduct two sensitivity tests to ensure the robustness of the findings. We first account
for the length of stay among immigrants, as it is a strong predictor of immigrant health (Loi &
Hale, 2019; Trappolini & Giudici, 2021). Then, recognizing that COVID-19 may lead to changes
in mental and physical health, which could be considered a period effect, we analyze the model by

excluding the 2020 wave to eliminate potential COVID-19 effects (Pierce et al., 2021).

Measures

Our outcomes are the physical (PCS) and the mental component summary (MCS). The two
outcomes are measured biennially since 2002 based on the SOEP-specific version of the 12-item
Short-Form Health survey (SF-12v2). The SF-12v2 is a frequently used measure of overall health
status, and is considered reliable. The PCS and MCS variables are computed through exploratory
factor analysis and z-transformed to a range of 0-100, with higher values corresponding to better
health (Andersen et al., 2007). We use the PCS and MCS scores from 2014, 2016, 2018, and 2020

to assess mental and physical health trajectories.
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The mediator in this study is loneliness. Loneliness is measured using the three-item short
version of the UCLA Loneliness Scale, which asks respondents how often they feel (1) a lack of
companionship, (2) left out, and (3) isolated from others (Hughes et al., 2004). Each item is rated
on a five-point scale, ranging from “never” to “very often.” We calculate the mean score of the
three items, resulting in a scale ranging from 1 to 5, with higher scores indicating greater
loneliness. This measure demonstrates good validity and reliability (Russell, 1996). Details on the

scale’s development and validation can be found in Hughes et al. (2004).

The main predictors are migration-related factors, including migration background and age
at migration. We define migration background using the place of birth criterion: an individual is
an immigrant if s/he was born outside of Germany, and is a non-immigrant if s/he was born in
Germany (0 = non-immigrant; 1 = immigrant). We calculate age at migration by subtracting the
birth year from the immigrant year (age at migration = immigrant year — birth year). We categorize
age at migration into three groups (1 = 0-5 years; 2 = 6-17 years; 3 = 18+ years) to capture the
varying impacts of migration at different life stages, as the timing of migration can have distinct
long-term effects on health (Gubernskaya, 2014; Honkaniemi et al., 2020). These cut-offs refer to
critical life-course periods for individuals: pre-school ages, school ages, and after school
completion ages. We also note that the length of stay in Germany is an important indicator.
However, among men, the sample size for immigrants with less than 10 years of residence is below
30, reducing statistical power. Therefore, we include the analyses of the length of stay in the

sensitivity analysis presented in the appendix (see Appendix Figures A2 and A3).

The socio-demographic covariates include age (18-80), gender (0 = women; 1 = men),
educational attainment (1 = less than high school; 2 = high school; 3 = more than high school),

household income quartiles (1 = lowest 25%; 2 = 25-50%; 3 = 50-75%; 4 = highest 25%),
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household size (1-10), marital status (0 = other; 1 = married), and employment status (0 =
unemployed; 1 = employed). To account for potential reverse effects from health to loneliness, we
include mental and physical health status in 2012 (baseline). Additionally, we create a binary
attrition variable to model health missingness over time (0 = participation in all four waves; 1 =

non-participation in all four waves).

Analytical strategy

Our statistical analysis consists of three main steps. First, we use descriptive and bivariate analyses
to explore the distribution of key variables and examine differences between immigrants and non-
immigrants by gender using y? tests and t-tests. This analysis is conducted using Stata 18. Then,
we use a parallel process model (PPM) with mediation analysis to examine the direct effect of
migration-related factors (migration background and age at migration) on mental and physical
health trajectories (initial health status [i.e., intercept] and longitudinal changes [i.e., slope]), as
well as its indirect effect through loneliness (see Figure 1). These analyses are then stratified by
gender to examine gender differences in this relationship. The advantages of PPM are as follows:
First, this approach separates measurement error by using latent variable processes. Second, it
allows for the inclusion of multiple outcomes in a single model, enabling the examination of their
relationships simultaneously. Third, it distinguishes between individual and within-individual
changes, providing a better understanding of the healthy immigrant effect and unhealthy
assimilation hypothesis. Finally, it can be flexibly applied within mediation analysis to directly

examine the mechanisms (Wickrama et al., 2016).

The PPM is conducted sequentially. We first estimate two unconditional latent growth
curve models (LGCMs) for mental and physical health to identify baseline health status and

longitudinal changes in health outcomes. We then combine these models into a parallel process
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model to analyze dual health trajectories. Third, the parallel process model is conditioned on
migration background, loneliness, and covariates to examine both the direct effects of migration
background on mental and physical health trajectories and its indirect effects through loneliness.
The analysis is then stratified by gender. Finally, we apply the same model to assess the impact of
age at migration on health trajectories and its indirect effects through loneliness, with results

stratified by gender.

We perform LCGM and PPM with mediation analysis using Mplus 8.11 and handle
missing values using full information maximum likelihood (FIML) to include more cases in the
analysis (Enders & Bandalos, 2001; Muthén & Muthén, 1998-2017; Wickrama et al., 2016). We
use the following metrics to assess model fit: model 2, the comparative fit index (CFI), the Tucker-
Lewis Index (TLI), the root mean square error of approximation (RMSEA), and the standardized
root mean square residual (SRMR). The recommended cut-offs for a proper model are CFl and
TLI above 0.9 and RMSEA and SRMR below 0.08 (Hu & Bentler, 1999). The mediation effect is
evaluated using the delta method, along with 1000 bootstrapped replications to get the

bootstrapped confidence intervals (Muthén & Muthén, 1998-2017).

Results

Descriptive statistics and bivariate analysis

Descriptive statistics of the full sample and bivariate analysis for migration background by gender
are presented in Table 1. Mental health levels for the full sample remained relatively stable over
time, while physical health showed a declining trend, with the mean score decreasing from 49.18
(SD =9.75) in 2012 to 47.15 (SD = 10.26) in 2020. The average loneliness score for the full sample
was 1.96 (SD = 0.72). Of the sample, 8.75% were immigrants, with 68.14% having migrated to

Germany after age 18. The average age of the full sample was 53.19 years (SD = 14.65). Over
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90% of participants had completed high school or higher education. The average household size

was 2.4 (SD = 1.14), and more than 64% were married and employed.

Bivariate analysis showed that non-immigrant women had better mental health than
immigrant women, with the gap increasing over time. Additionally, compared to immigrant
women, non-immigrant women reported lower loneliness levels, were older, had higher education
and household income levels, had smaller household sizes, and were less likely to be married. A
similar pattern was observed among men, with non-immigrant men having better mental health,
reporting higher loneliness levels, being older, having higher education and household income

levels, and smaller household sizes than immigrant men.

PPM with mediation analysis: Migration background, loneliness, and health trajectories

The results of the unconditional LGCM for dual health trajectories showed significant linear
change for both mental and physical health, with mental and physical health declining over time
(see Appendix Table Al). Figure 1 presents the conditional PPM results with mediation analysis
for the impact of migration background (reference = non-immigrant) on mental and physical health
trajectories and its indirect effects through loneliness. The model showed satisfactory model fits
(x2(df) = 1225.820 (74), p < 0.001; CFI = 0.967; TLI = 0.936; RSMEA = 0.047; SRMR = 0.018).
Results for the full sample showed that immigrants had higher loneliness levels (8 = 0.039, p <
0.01), which in turn led to lower mental health levels (# = —0.223, p < 0.001). Table 2 presents the
mediation test results, showing a significant pathway from migration background to loneliness,
and in turn to mental health (# = —0.009, p < 0.01). However, migration background was not
significantly associated with the rate of change in mental or physical health. Figure 2 presents the
findings for the subgroup analysis. It shows that this pattern was particularly significant among

women (Immigrants - loneliness: g = 0.056, p < 0.01; loneliness - mental health: p = —0.238, p <
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0.001; Immigrants — loneliness - mental health: p = —0.013, p < 0.01). Additionally, immigrant
women had worse physical health than non-immigrant women (f = —0.026, p < 0.05). Among
men, loneliness was significantly associated with mental health (f =—0.209, p <0.001), but there
was no significant link between immigrant status and loneliness, and no mediation pathway from
immigrant status to health through loneliness (see Appendix Table A2 for detailed coefficient

estimates).

PPM with mediation analysis: Age at migration, loneliness, and health trajectories

Figure 3 presents the conditional PPM results for the impact of age at migration (reference = non-
immigrant) on mental and physical health trajectories and its indirect effects through loneliness.
The model fits are acceptable (y?(df) = 1234.938 (78); CF1=0.967; TLI = 0.935; RSMEA = 0.045;
SRMR = 0.017). Results for the full sample showed that migrating to Germany after age 18 was
associated with higher loneliness levels (8 = 0.05, p < 0.001), and in turn with lower mental health
levels (8 = —0.221, p < 0.001). Table 2 shows a significant mediation pathway from migration
background to mental health through loneliness (# = —0.011, p < 0.001). Additionally, migrating
to Germany after age 18 was associated with worse physical health (8 = —0.025, p < 0.05), while
migrating at early ages (0-5) was associated with faster mental health decline (8 = —0.038, p <
0.05). The subgroup analysis indicates that the mediation pathway was particularly significant
among women. Specifically, for women, migrating after age 18 was associated with increased
loneliness (4 = 0.066, p < 0.001), and in turn with poorer mental health (5 = —0.234, p < 0.001),
resulting in an overall significant indirect effect (5 =—0.015, p <0.001; see Table 2 and Figure 4).
Immigrant women who migrated after age 18 had worse physical health than non-immigrant
women (8 =—0.033, p < 0.05). For men, we found no mediation pathway from immigrant status

to health through loneliness. Men who migrated at younger ages (0-5) experienced faster health

16



decline than non-immigrant men (8 = —0.068, p < 0.05) (see Appendix Table A3 for detailed

coefficient estimates).

Sensitivity test

To ensure the robustness of our results, we conducted two sensitivity tests. First, we accounted for
immigrants’ length of stay, categorizing them into two groups: those who had stayed for less than
10 years and those who had stayed for more than 10 years. However, the statistical power was
reduced due to the limited sample size of the former group (immigrant men who had stayed for
less than 10 years: 27). The results remained consistent, showing that both short- and long-term
immigrants were more likely to experience loneliness, which was associated with worse mental
health (see Appendix Figures A2 and A3). Mediation analysis confirmed a significant pathway
from both short and long lengths of stay to loneliness, and in turn to mental health. Second, we
reanalyzed the model to account for potential COVID-19 effects by excluding the 2020 wave.
Although the model resulted in an inadmissible solution (i.e., negative variances of growth
parameter), the findings remained consistent, showing that the mediation path from migration
background to mental health through loneliness persisted (see Appendix Table A2, Figures A4 and

A5).

Discussion

Building on existing research on the unhealthy assimilation hypothesis (Ferrara et al., 2024; Loi et
al., 2024, 2025), this study explores how loneliness contributes to the faster health decline of
immigrants compared to non-immigrants, and how the pathway varies by gender. Moreover, this
study makes use of an innovative approach to directly examine the mechanisms underlying the
rapid health deterioration of immigrants. The descriptive and bivariate analyses reveal that mental

health disparities between immigrants and non-immigrants have widened over time, suggesting

17



that immigrants experience faster mental health decline than non-immigrants in Germany. This
gap is particularly pronounced among women, indicating that immigrant women are aging with
poorer mental health than both men and non-immigrant women, in line with previous studies (Loi
etal., 2024, 2025). We find no evidence for the healthy immigrant effect, as our observation period
starts in 2012, with most immigrants in our sample (92.25%) having lived in Germany for over 10
years. A long stay in Germany diminishes their initial health advantage (Loi & Hale, 2019).
Additionally, immigrants experience higher loneliness levels than non-immigrants, with
immigrant women reporting higher loneliness levels than other groups, consistent with previous

studies (Ponizovsky & Ritsner, 2004; Wu & Penning, 2015).

The PPM with mediation analysis reveals that loneliness fully mediates the relationship
between migration status and mental health, but not physical health, thus partially supporting H1.1.
The findings are consistent with previous studies linking immigration to loneliness and loneliness
to health outcomes, while extending this research by showing a mediation path from migration
status to loneliness and health outcomes (Hawkley, 2022; Joshi et al., 2024; Wu & Penning, 2015).
Our results show that immigrants are more likely to experience loneliness, which in turn affects
their mental health. However, we do not find a mediation path between migration status and the
rate of mental health change. This could have statistical reasons, as we rigorously control for health
status in 2012, with early health status explaining later health changes. Since we focus on testing
the mechanisms to measure the health selection effect and provide solid findings in the mediation
analysis, we control for early health status in our analysis. For physical health, the same statistical
reasoning may apply, as mental health might affect physical health, explaining the link between

loneliness and physical health.
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The subgroup analysis by gender shows that the mediation path is significant only among
women, supporting H1.2. Specifically, the link between migration status and loneliness is
significant among immigrant women, but not among immigrant men. These findings align with
previous studies showing that immigrant women are more likely to experience loneliness, with
distinct mechanisms for health changes identified for both immigrant men and women (Loi et al.,
2024; Ponizovsky & Ritsner, 2004). One explanation for why immigrant women are more likely
to experience loneliness than immigrant men refers to the social network perspective, which posits
that immigrant women encounter additional barriers to establishing social networks in the
receiving country due to socioeconomic, environmental, and psychosocial factors (Hurtado-de-
Mendoza et al., 2014). Additionally, women tend to suffer more from a lack of social support (Shin
& Park, 2023). However, this explanation requires further examination in future research. Gender
differences may also arise from other dimensions of factors contributing to loneliness, ranging
from the micro (individual) to the macro (structural and cultural) level, such as differing social

network or support needs and ways of evaluating loneliness (Joshi et al., 2024).

The results of the PPM with mediation analysis for age at migration suggest that loneliness
mediates the relationship only for those who migrated to Germany after age 18. Individuals who
migrated after this age are more likely to experience loneliness, which leads to poor mental health.
Moreover, these individuals have worse physical health than non-immigrants. Thus, H2.1 is
partially supported. These findings align with previous studies suggesting that individuals who
migrate at older ages are particularly vulnerable, and highlight the importance of the socialization
process in the receiving country, as migrating later in life can hinder adaptation and inclusion, e.g.,
through language and cultural barriers, leading to higher loneliness levels (Treas & Batalova, 2009;

Treas & Mazumdar, 2002). The subgroup analysis by gender reveals a similar pattern for migration
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status, showing that the pathway is particularly significant among women. Loneliness specifically
mediates the relationship between migration after age 18 and mental health, with this group also
experiencing poor physical health. Thus, H2.2 is supported. The findings indicate that immigrant
women who migrated after age 18 are particularly vulnerable, as they are more likely to experience
loneliness, which undermines both their mental and their physical health. Regarding the length of
stay in Germany, the findings show that both short-term (less than 10 years) and long-term (more
than 10 years) immigrants are more likely to experience loneliness, which undermines their mental
health. Consistent with previous findings, this pathway is more pronounced among women (see

Appendix Figures A2 and A3).

This study also has limitations. First, the loneliness measure is collected every four years
starting in 2013. However, the PPM approach requires at least three waves of health data, meaning
that loneliness data for 2017 are not available to select as a mediator in this study (since only two
waves of health data are available after 2017). Therefore, we are unable to control for baseline
loneliness or changes in loneliness over time in this study. Second, as this study focuses on the
mechanisms behind immigrants’ rapid health decline, the current design is not suitable for
examining the healthy immigrant effect. We do not track or compare immigrants” health changes
since migration with those of non-immigrants, but instead focus on a specific window to examine
health decline differences. Additionally, the PPM of health trajectories provides population
averages. Future studies examining health trajectory heterogeneity should use the growth mixture
model (Wickrama et al., 2016). Third, the health outcomes are self-reported, which may introduce
recall bias. Future studies could examine disease diagnoses to avoid potential recall bias. Fourth,
this study only investigates the mechanisms in the German context. Although our findings are

generally consistent with previous literature, these mechanisms may vary across contexts and
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require further investigation. Fourth, even though we removed respondents over age 80, we cannot
fully control for the “salmon bias” effect (Palloni & Arias, 2004). The salmon bias hypothesis
suggests that immigrants may appear healthier than they are because those with serious health
problems are more likely to return to their country of origin, leaving a healthier population behind.
However, in our study, we find that older immigrants have worse health outcomes than non-
immigrants. This implies that if we could fully account for selective out-migration, the observed
health disparities would likely be even larger. Therefore, we are confident in the robustness and
conservative nature of our findings. Finally, although this study employs a longitudinal design,
which strengthens the causal argument, the observational design limits the ability to make causal

inferences.

Despite these limitations, this study makes theoretical, methodological, and empirical
contributions. Theoretically, this study introduces and examines a key mechanism (i.e., loneliness)
to explain immigrants’ rapid health decline from a socio-psychological perspective. It also
provides a reminder for future research to explore additional mechanisms from different

perspectives and test these mechanisms in other settings.

Methodologically, compared to conventional and recent methods that use random and fixed
regression models to examine the immigrant health paradox (Brunori, 2024; Ferrara et al., 2024),
the PPM approach with mediation analysis has several advantages. First, the PPM can handle
measurement errors with latent constructs (Muthen, 2004). Second, it allows for the inclusion of
multiple outcomes in a single model, enabling the measurement of correlations between outcomes,
as different dimensions of health are often correlated. Third, it can distinguish between individual
and within-individual differences, allowing for the estimation of the healthy immigrant effect

(between-individual differences) and the unhealthy assimilation hypothesis (within-individual
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changes) in a single model (Wickrama et al., 2016). Finally, it is flexible and can directly examine
the mechanisms for various research purposes, such as incorporating mediating factors to
investigate underlying processes, which can generate clearer and more direct results (Cheong et

al., 2003).

This study provides evidence that loneliness contributes to immigrants’ health decline,
reminding policymakers to address these issues from a socio-psychological perspective. The
results show that women who migrated to Germany after age 18 are particularly vulnerable.
Although practical methods to mitigate loneliness require further investigation, such as from a
social network perspective, our findings underscore the need for policymakers to prioritize this
group by designing targeted policies or interventions to reduce their social isolation, which can

negatively impact their mental health.

22



References

Agudelo-Suarez, A. A., Ronda-Pérez, E., Gil-Gonzélez, D., Vives-Cases, C., Garcia, A. M., Ruiz-Frutos,
C., Felt, E., & Benavides, F. G. (2011). The effect of perceived discrimination on the health of
immigrant workers in Spain. BMC Public Health, 11(1), 652. https://doi.org/10.1186/1471-2458-
11-652

Ajrouch, K. J. (2008). Social Isolation and Loneliness Among Arab American Elders: Cultural, Social,
and Personal Factors. Research in Human Development, 5(1), 44-59.
https://doi.org/10.1080/15427600701853798

Akresh, I. R. (2007). Dietary Assimilation and Health among Hispanic Immigrants to the United States.
Journal of Health and Social Behavior, 48(4), 404-417.
https://doi.org/10.1177/002214650704800405

Andersen, H. H., Muhlbacher, A., Nibling, M., Schupp, J., & Wagner, G. G. (2007). Computation of
standard values for physical and mental health scale scores using the SOEP version of SF-12v2.
Journal of Contextual Economics—Schmollers Jahrbuch(1), 171-182.

Antecol, H., & Bedard, K. (2006). Unhealthy assimilation: Why do immigrants converge to American
health status levels? Demography, 43(2), 337-360. https://doi.org/10.1353/dem.2006.0011

Ayoub, M. A. (2023). Understanding Germany’s response to the 2015 refugee crisis. Review of
Economics and Political Science, 8(6), 577-604.

Barreto, M., Victor, C., Hammond, C., Eccles, A., Richins, M. T., & Qualter, P. (2021). Loneliness
around the world: Age, gender, and cultural differences in loneliness. Personality and Individual
Differences, 169, 110066. https://doi.org/https://doi.org/10.1016/j.paid.2020.110066

Ben-Shlomo, Y., Mishra, G., & Kuh, D. (2014). Life Course Epidemiology. In W. Ahrens & |. Pigeot
(Eds.), Handbook of Epidemiology (pp. 1521-1549). Springer New York.
https://doi.org/10.1007/978-0-387-09834-0 56

Boehlen, F. H., Maatouk, 1., Friederich, H.-C., Schoettker, B., Brenner, H., & Wild, B. (2022). Loneliness
as a gender-specific predictor of physical and mental health-related quality of life in older adults.
Quality of Life Research, 31(7), 2023-2033. https://doi.org/10.1007/s11136-021-03055-1

Boen, C. E., & Hummer, R. A. (2019). Longer—but Harder—L.ives?: The Hispanic Health Paradox and
the Social Determinants of Racial, Ethnic, and Immigrant—Native Health Disparities from Midlife
through Late Life. Journal of Health and Social Behavior, 60(4), 434-452.
https://doi.org/10.1177/0022146519884538

Borkert, M., & Bosswick, W. (2012). The Case of Germany. In G. Zincone, R. Penninx, & M. Borkert
(Eds.), Migration Policymaking in Europe: The Dynamics of Actors and Contexts in Past and
Present (pp. 95-128). Amsterdam University Press. https://doi.org/DOI:
10.1017/9789048515165.004

Brunori, C. (2024). Unhealthy Assimilation or Compositional Differences? Disentangling Immigrants'
Mental Health Trajectories with Residence Duration. Population and Development Review, 50(3),
727-751. https://doi.org/https://doi.org/10.1111/padr.12642

Cheong, J., P.,, M. D., & and Khoo, S. T. (2003). Investigation of Mediational Processes Using Parallel
Process Latent Growth Curve Modeling. Structural Equation Modeling: A Multidisciplinary
Journal, 10(2), 238-262. https://doi.org/10.1207/S15328007SEM1002_5

Diwan, S., Jonnalagadda, S. S., & Balaswamy, S. (2004). Resources Predicting Positive and Negative
Affect During the Experience of Stress: A Study of Older Asian Indian Immigrants in the United
States. The Gerontologist, 44(5), 605-614. https://doi.org/10.1093/geront/44.5.605

Enders, C. K., & Bandalos, D. L. (2001). The relative performance of full information maximum
likelihood estimation for missing data in structural equation models. Structural Equation
Modeling, 8(3), 430-457. https://doi.org/10.1207/S15328007SEM0803 5

Feliciano, C. (2020). Immigrant Selectivity Effects on Health, Labor Market, and Educational Outcomes.
Annual Review of Sociology, 46(Volume 46, 2020), 315-334.
https://doi.org/https://doi.org/10.1146/annurev-soc-121919-054639

23


https://doi.org/10.1186/1471-2458-11-652
https://doi.org/10.1186/1471-2458-11-652
https://doi.org/10.1080/15427600701853798
https://doi.org/10.1177/002214650704800405
https://doi.org/10.1353/dem.2006.0011
https://doi.org/https:/doi.org/10.1016/j.paid.2020.110066
https://doi.org/10.1007/978-0-387-09834-0_56
https://doi.org/10.1007/s11136-021-03055-1
https://doi.org/10.1177/0022146519884538
https://doi.org/DOI
https://doi.org/https:/doi.org/10.1111/padr.12642
https://doi.org/10.1207/S15328007SEM1002_5
https://doi.org/10.1093/geront/44.5.605
https://doi.org/10.1207/S15328007SEM0803_5
https://doi.org/https:/doi.org/10.1146/annurev-soc-121919-054639

Fenelon, A. (2013). Revisiting the Hispanic mortality advantage in the United States: The role of
smoking. Social Science & Medicine, 82, 1-9.
https://doi.org/https://doi.org/10.1016/j.socscimed.2012.12.028

Ferrara, A., Grindel, C., & Brunori, C. (2024). A longitudinal perspective to migrant health: Unpacking
the immigrant health paradox in Germany. Social Science & Medicine, 351, 116976.
https://doi.org/https://doi.org/10.1016/j.socscimed.2024.116976

Gee, G. C,, Ro, A,, Shariff-Marco, S., & Chae, D. (2009). Racial Discrimination and Health Among
Asian Americans: Evidence, Assessment, and Directions for Future Research. Epidemiologic
Reviews, 31(1), 130-151. https://doi.org/10.1093/epirev/mxp009

Goebel, J. G., Markus M.; Schroder, Carsten; Zinn, Sabine; Bartels, Charlotte; Beckmannshagen, Matthis;
Franken, Andreas; Gerike, Martin; Griese, Florian; Halbmeier, Christoph; Kara, Selin; Krause,
Peter; Liebau, Elisabeth; Nebelin, Jana; Petrenz, Marvin; Satilmis, Sarah; Siegers, Rainer; Walter
Steinhauer, Hans; Suttmann, Felix; Wenzig, Knut; Zimmermann, Stefan. (2023). Socio-Economic
Panel, data from 1984-2021 (SOEP-Core, v38, Remote Edition)
https://doi.org/https://doi.org/10.5684/soep.core.v38r

Gubernskaya, Z. (2014). Age at Migration and Self-Rated Health Trajectories After Age 50:
Understanding the Older Immigrant Health Paradox. The Journals of Gerontology: Series B,
70(2), 279-290. https://doi.org/10.1093/geronb/gbu049

Hawkley, L. C. (2022). Loneliness and health. Nature Reviews Disease Primers, 8(1), 22.
https://doi.org/10.1038/s41572-022-00355-9

Hawkley, L. C., & Cacioppo, J. T. (2010). Loneliness Matters: A Theoretical and Empirical Review of
Consequences and Mechanisms. Annals of Behavioral Medicine, 40(2), 218-227.
https://doi.org/10.1007/s12160-010-9210-8

Honkaniemi, H., Juarez, S. P., Katikireddi, S. V., & Rostila, M. (2020). Psychological distress by age at
migration and duration of residence in Sweden. Social Science & Medicine, 250, 112869.
https://doi.org/https://doi.org/10.1016/j.socscimed.2020.112869

Hu, L.-t., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives. Structural Equation Modeling, 6(1), 1-55.
https://doi.org/10.1080/10705519909540118

Hughes, M. E., Waite, L. J., Hawkley, L. C., & Cacioppo, J. T. (2004). A Short Scale for Measuring
Loneliness in Large Surveys:Results From Two Population-Based Studies. Research on Aging,
26(6), 655-672. https://doi.org/10.1177/0164027504268574

Hurtado-de-Mendoza, A., Gonzales, F. A., Serrano, A., & Kaltman, S. (2014). Social Isolation and
Perceived Barriers to Establishing Social Networks Among Latina Immigrants. American Journal
of Community Psychology, 53(1), 73-82. https://doi.org/10.1007/s10464-013-9619-x

Jang, S. Y., Oksuzyan, A., Myrskyld, M., van Lenthe, F. J., & Loi, S. (2023). Healthy immigrants,
unhealthy ageing? Analysis of health decline among older migrants and natives across European
countries. SSM - Population Health, 23, 101478.
https://doi.org/https://doi.org/10.1016/j.ssmph.2023.101478

Joshi, M., Finney, N., & Hale, J. M. (2024). Loneliness and social isolation of ethnic minority/immigrant
older adults: a scoping review. Ageing and Society, 1-31.
https://doi.org/10.1017/S0144686X24000205

Kennedy, S., Kidd, M. P., McDonald, J. T., & Biddle, N. (2015). The Healthy Immigrant Effect: Patterns
and Evidence from Four Countries. Journal of International Migration and Integration, 16(2),
317-332. https://doi.org/10.1007/s12134-014-0340-x

Lanari, D., & Bussini, O. (2012). International migration and health inequalities in later life. Ageing and
Society, 32(6), 935-962. https://doi.org/10.1017/S0144686X11000730

Lanari, D., Bussini, O., & Minelli, L. (2018). The Effects of Immigrant Status and Age at Migration on
Changes in Older Europeans’ Health. International Migration Review, 52(4), 1218-1249.
https://doi.org/10.1177/0197918318766359

24


https://doi.org/https:/doi.org/10.1016/j.socscimed.2012.12.028
https://doi.org/https:/doi.org/10.1016/j.socscimed.2024.116976
https://doi.org/10.1093/epirev/mxp009
https://doi.org/https:/doi.org/10.5684/soep.core.v38r
https://doi.org/10.1093/geronb/gbu049
https://doi.org/10.1038/s41572-022-00355-9
https://doi.org/10.1007/s12160-010-9210-8
https://doi.org/https:/doi.org/10.1016/j.socscimed.2020.112869
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1177/0164027504268574
https://doi.org/10.1007/s10464-013-9619-x
https://doi.org/https:/doi.org/10.1016/j.ssmph.2023.101478
https://doi.org/10.1017/S0144686X24000205
https://doi.org/10.1007/s12134-014-0340-x
https://doi.org/10.1017/S0144686X11000730
https://doi.org/10.1177/0197918318766359

Lersch, P. M. (2013). Place Stratification or Spatial Assimilation? Neighbourhood Quality Changes after
Residential Mobility for Migrants in Germany. Urban Studies, 50(5), 1011-1029.
http://www.jstor.org/stable/26144263

Loi, S., & Hale, J. M. (2019). Migrant health convergence and the role of material deprivation.
Demographic Research, 40(32), 933-962. https://doi.org/10.4054/DemRes.2019.40.32

Loi, S, Li, P., & Myrskyld, M. (2024). At the Intersection of Adverse Life Course Pathways: The Effects
on Health by Migration Status. Demography, 61(3), 665-686. https://doi.org/10.1215/00703370-
11314758

Loi, S., Li, P., & Myrskylé, M. (2025). Unequal weathering: How immigrants’ health advantage vanishes
over the life-course. Journal of Migration and Health, 11, 100303.
https://doi.org/https://doi.org/10.1016/j.jmh.2025.100303

Lopez-Gonzalez, L., Aravena, V. C., & Hummer, R. A. (2005). Immigrant Acculturation, Gender and
Health Behavior: A Research Note. Social Forces, 84(1), 581-593.
https://doi.org/10.1353/s0f.2005.0112

Markides, K. S., & Rote, S. (2018). The Healthy Immigrant Effect and Aging in the United States and
Other Western Countries. The Gerontologist, 59(2), 205-214.
https://doi.org/10.1093/geront/gny136

Mossakowski, K. N. (2007). Are immigrants healthier? The case of depression among Filipino
Americans. Social Psychology Quarterly, 70(3), 290-304.
https://doi.org/10.1177/019027250707000307

Muthen, B. (2004). Latent Variable Analysis: Growth Mixture Modeling and Related Techniques for
Longitudinal Data. In D. Kaplan (Ed.), The SAGE Handbook of Quantitative Methodology for the
Social Sciences.

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus User’s Guide Eighth Edition.

Nesterko, Y., Turrion, C. M., Friedrich, M., & Glaesmer, H. (2019). Trajectories of health-related quality
of life in immigrants and non-immigrants in Germany: a population-based longitudinal study.
International Journal of Public Health, 64(1), 49-58. https://doi.org/10.1007/s00038-018-1113-7

Palloni, A., & Arias, E. (2004). Paradox lost: Explaining the hispanic adult mortality advantage.
Demography, 41(3), 385-415. https://doi.org/10.1353/dem.2004.0024

Park, C., Majeed, A., Gill, H., Tamura, J., Ho, R. C., Mansur, R. B., Nasri, F., Lee, Y., Rosenblat, J. D.,
Wong, E., & Mcintyre, R. S. (2020). The Effect of Loneliness on Distinct Health Outcomes: A
Comprehensive Review and Meta-Analysis. Psychiatry Research, 294, 113514.
https://doi.org/https://doi.org/10.1016/j.psychres.2020.113514

Pierce, M., McManus, S., Hope, H., Hotopf, M., Ford, T., Hatch, S. L., John, A., Kontopantelis, E.,
Webb, R. T., Wessely, S., & Abel, K. M. (2021). Mental health responses to the COVID-19
pandemic: a latent class trajectory analysis using longitudinal UK data. The Lancet Psychiatry,
8(7), 610-619. https://doi.org/10.1016/S2215-0366(21)00151-6

Ponizovsky, A. M., & Ritsner, M. S. (2004). Patterns of loneliness in an immigrant population.
Comprehensive Psychiatry, 45(5), 408-414.
https://doi.org/https://doi.org/10.1016/j.comppsych.2004.03.011

Razum, O., & Bozorgmehr, K. (2016). Restricted entitlements and access to health care for refugees and
immigrants: The example of Germany. Global Social Policy, 16(3), 321-324.
https://doi.org/10.1177/1468018116655267

Riosmena, F., Kuhn, R., & Jochem, W. C. (2017). Explaining the Immigrant Health Advantage: Self-
selection and Protection in Health-Related Factors Among Five Major National-Origin Immigrant
Groups in the United States. Demography, 54(1), 175-200. https://doi.org/10.1007/s13524-016-
0542-2

Russell, D. W. (1996). UCLA Loneliness Scale (Version 3): Reliability, Validity, and Factor Structure.
Journal of Personality Assessment, 66(1), 20-40. https://doi.org/10.1207/s15327752]pa6601 2

25


http://www.jstor.org/stable/26144263
https://doi.org/10.4054/DemRes.2019.40.32
https://doi.org/10.1215/00703370-11314758
https://doi.org/10.1215/00703370-11314758
https://doi.org/https:/doi.org/10.1016/j.jmh.2025.100303
https://doi.org/10.1353/sof.2005.0112
https://doi.org/10.1093/geront/gny136
https://doi.org/10.1177/019027250707000307
https://doi.org/10.1007/s00038-018-1113-7
https://doi.org/10.1353/dem.2004.0024
https://doi.org/https:/doi.org/10.1016/j.psychres.2020.113514
https://doi.org/10.1016/S2215-0366(21)00151-6
https://doi.org/https:/doi.org/10.1016/j.comppsych.2004.03.011
https://doi.org/10.1177/1468018116655267
https://doi.org/10.1007/s13524-016-0542-2
https://doi.org/10.1007/s13524-016-0542-2
https://doi.org/10.1207/s15327752jpa6601_2

Shin, H., & Park, C. (2023). Gender differences in social networks and physical and mental health: are
social relationships more health protective in women than in men? [Original Research]. Frontiers
in Psychology, 14. https://doi.org/10.3389/fpsyq.2023.1216032

Singh, G. K., & Siahpush, M. (2001). All-cause and cause-specific mortality of immigrants and native
born in the United States. American Journal of Public Health, 91(3), 392-399.
https://doi.org/10.2105/ajph.91.3.392

Stewart, M., Anderson, J., Beiser, M., Mwakarimba, E., Neufeld, A., Simich, L., & Spitzer, D. (2008).
Multicultural Meanings of Social Support among Immigrants and Refugees. International
Migration, 46(3), 123-159. https://doi.org/https://doi.org/10.1111/].1468-2435.2008.00464.x

Stokes, J. P., & Levin, I. (1986). Gender differences in predicting loneliness from social network
characteristics. Journal of Personality and Social Psychology, 51(5), 1069-1074.
https://doi.org/10.1037/0022-3514.51.5.1069

Trappolini, E., & Giudici, C. (2021). Gendering health differences between nonmigrants and migrants by
duration of stay in Italy. Demographic Research, 45(7), 221-258.
https://doi.org/10.4054/DemRes.2021.45.7

Treas, J. (2008). Transnational Older Adults and Their Families. Family Relations, 57(4), 468-478.
https://doi.org/https://doi.org/10.1111/j.1741-3729.2008.00515.x

Treas, J., & Batalova, J. (2009). Immigrants and Aging. In P. Uhlenberg (Ed.), International Handbook of
Population Aging (pp. 365-394). Springer Netherlands. https://doi.org/10.1007/978-1-4020-8356-
3 16

Treas, J., & Mazumdar, S. (2002). Older people in America's immigrant families: Dilemmas of
dependence, integration, and isolation. Journal of Aging Studies, 16(3), 243-258.
https://doi.org/https://doi.org/10.1016/S0890-4065(02)00048-8

Turra, C. M., & Elo, I. T. (2008). The Impact of Salmon Bias on the Hispanic Mortality Advantage: New
Evidence from Social Security Data. Population Research and Policy Review, 27(5), 515-530.
https://doi.org/10.1007/s11113-008-9087-4

Wallace, M. (2024). Living longer in poor health? A narrative review of the evidence among international
migrants.

Wallace, M., Thomas, M. J., Aburto, J. M., Jarring Pallesen, A. V., Mortensen, L. H., Syse, A., &
Drefahl, S. (2022). Immigration, mortality, and national life expectancy in the Nordic region,
1990-2019. SSM - Population Health, 19, 101177.
https://doi.org/https://doi.org/10.1016/j.ssmph.2022.101177

Wandschneider, L., Batram-Zantvoort, S., Razum, O., & Miani, C. (2020). Representation of gender in
migrant health studies — a systematic review of the social epidemiological literature. International
Journal for Equity in Health, 19(1), 181. https://doi.org/10.1186/s12939-020-01289-y

Wickrama, K. A. S,, Lee, T. K., O'Neal, C. W., & Lorenz, F. O. (2016). Higher-order growth curves and
mixture modeling with Mplus: A practical guide [doi:10.4324/9781315642741].
Routledge/Taylor & Francis Group. https://doi.org/10.4324/9781315642741

Wu, Z., & Penning, M. (2015). Immigration and loneliness in later life. Ageing and Society, 35(1), 64-95.
https://doi.org/10.1017/S0144686X13000470

Zhao, I. Y., Holroyd, E., Garrett, N., Wright-St Clair, V. A., & Neville, S. (2023). Chinese late-life
immigrants’ loneliness and social isolation in host countries: An integrative review. Journal of
Clinical Nursing, 32(9-10), 1615-1624. https://doi.org/https://doi.org/10.1111/jocn.16134

Zheng, H., & Yu, W.-h. (2022). Diminished Advantage or Persistent Protection? A New Approach to
Assess Immigrants' Mortality Advantages Over Time. Demography, 59(5), 1655-1681.
https://doi.org/10.1215/00703370-10175388

26


https://doi.org/10.3389/fpsyg.2023.1216032
https://doi.org/10.2105/ajph.91.3.392
https://doi.org/https:/doi.org/10.1111/j.1468-2435.2008.00464.x
https://doi.org/10.1037/0022-3514.51.5.1069
https://doi.org/10.4054/DemRes.2021.45.7
https://doi.org/https:/doi.org/10.1111/j.1741-3729.2008.00515.x
https://doi.org/10.1007/978-1-4020-8356-3_16
https://doi.org/10.1007/978-1-4020-8356-3_16
https://doi.org/https:/doi.org/10.1016/S0890-4065(02)00048-8
https://doi.org/10.1007/s11113-008-9087-4
https://doi.org/https:/doi.org/10.1016/j.ssmph.2022.101177
https://doi.org/10.1186/s12939-020-01289-y
https://doi.org/10.4324/9781315642741
https://doi.org/10.1017/S0144686X13000470
https://doi.org/https:/doi.org/10.1111/jocn.16134
https://doi.org/10.1215/00703370-10175388

Table 1. Sample characteristics and bivariate analysis (Total N = 7,243)

Full sample Women (N =3,927) Men (N = 3,316)
. Non- . Non-
Immigrants . . Immigrants N
immigrants immigrants
M (SD) /N M (SD) /N M (SD) /N ¥/ t-test M (SD) /N (%) M (SD) /N 12/ t-test
(%) (%) (%) (%)
Mental health (0-100)
2012 51.14 (9.71) 49.30 (9.36) 50.28 (10.15) t=1.79 51.42 (9.32) 52.33 (9.12) t=1.55
2014 51.99 (9.51) 49.81 (9.93) 51.16 (9.84) t=2.49% 52.49 (9.18) 53.18 (8.93) t=1.19
2016 52.68 (9.54) 50.12 (10.3) 51.90 (9.86) t=3.28*%* 53.18 (8.97) 53.84 (8.96) t=1.15
2018 51.83 (9.86) 49.44 (10.17) 51.24 (10.21) t=3.22%%* 51.41 (9.59) 52.83(9.31) t=2.33*
2020 51.21(9.93) 48.65 (10.45) 50.53 (10.07) t=3.36%%* 50.90 (10.17) 52.41 (9.53) t=241%*
Physical health (0-100)
2012 49.18 (9.75) 49.14 (9.41) 48.64 (10.19) t=-0.91 49.53 (9.26) 49.77 (9.27) t=0.40
2014 48.75 (9.96) 47.98 (10.15) 48.31 (10.30) t=0.57 48.86 (9.81) 49.34 (9.52) t=0.78
2016 47.86 (10.00) 47.66 (10.15) 47.32 (10.45) t=-0.59 48.26 (9.84) 48.48 (9.41) t=0.35
2018 47.13 (10.22) 46.76 (10.10) 46.62 (10.60) t=-0.24 48.13 (9.86) 47.69 (9.78) t=-0.69
2020 47.15 (10.26) 46.94 (10.20) 46.89 (10.51) t=-0.09 47.80 (10.08) 47.52 (10.00) t=1.10
Loneliness (1-5) 1.96 (0.72) 2.14 (0.78) 1.97 (0.73) t=—4.24%** 2.00 (0.82) 1.92 (0.67) t=-2.06%
Migration background
Immigrant 634 (8.75%) 372 (9.47%) - 262 (7.90%) -
Non-immigrant 6609 (91.25%) - 3555 (90.53%) - 3054 (92.10%)
Age at migration
18 and over 396 (68.16%) 234 (69.23%) - 162 (66.67%) -
6-17 119 (20.48%) 69 (20.41%) - 50 (20.58%) -
0-5 66 (11.36%) 35 (10.36%) - 31 (12.78%) -
Age (18-80) 53.19 (14.65) 49.34 (13.31) 52.94 (14.63) t=4.55%%%* 50.98 (14.56) 54.15 (14.72) t=3.34%%%*
Educational attainment
Less than high school 670 (9.25%) 90 (24.19%) 395 (11.11%) Y =62.18%%% 53 (20.23%) 132 (4.32%) y> =118.08***
High school 4422 (61.05%) 178 (47.85%) 2278 (64.08%) 142 (54.20%) 1824 (59.72%)
Above high school 2151 (29.70%) 104 (27.96%) 882 (24.81%) 67 (25.57%) 1098 (35.95%)
Household income quartiles
Lowest 25% 1740 (24.01%) 60 (16.13%) 943 (26.53%) yP =32.35%%% 51 (19.47%) 686 (22.46%) ¥ =10.32%
25%-50% 1846 (25.49%) 122 (32.80%) 916 (25.77%) 78 (29.77%) 730 (23.90%)
50%-75% 1839 (25.39%) 117 (31.45%) 835 (23.49%) 80 (30.53%) 807 (26.42%)
Highest 25% 1818 (25.10%) 73 (19.62%) 861 (24.22%) 53 (20.23%) 831 (27.21%)
Household size (1-10) 2.40 (1.14) 2.78 (1.34) 2.34(1.10) t=—T7.13%%* 2.77 (1.14) 2.40 (1.11) t=—5.13%%%
Marital status
Married 4650 (64.20%) 271 (72.85%) 2146 (60.37%) > =22.18%** 183 (69.85%) 2050 (67.13%) v =0.81
Others 2593 (35.80%) 101 (27.15%) 1409 (39.63%) 79 (30.15%) 1004 (32.87%)
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Full sample Women (N = 3,927) Men (N =3,316)

. Non- . Non-
Immigrants . . Immigrants . .
immigrants immigrants
M (SD) /N M (SD)/N M (SD) /N 12/ t-test M (SD) /N (%) M (SD)/N 12/ t-test
(%) (%) (%) (%)
Employment status
Employed 4666 (64.42%) 244 (65.59%) 2188 (61.55%) ¥ =2.34 177 (67.56%) 2057 (67.35%) ¥ =0

Unemployed 2577 (35.58%) 128 (34.41%) 1367 (38.45%) 85 (32.44%) 997 (32.65%)

Note: M = mean, SD = standard deviation, N = count, % = percentage; ***p < 0.001, **p < 0.01, *p < 0.05.
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Table 2. Standardized results for the mediation analysis in the parallel process latent growth curve model

Full sample Women Men

Model paths )/} SE /] SE /] SE

Migration background (N = 7,243)
Immigrant — Loneliness — Iy —0.009** 0.003 —0.013** 0.004 —-0.003 0.004
Immigrant — Loneliness — Sum 0.001 0.001 0.002 0.002 0 0.001
Immigrant — Loneliness — Ip 0 0 —0.001 0.001 0 0
Immigrant — Loneliness — Sp —0.001 0.001 —0.002 0.002 0 0.001

Age at migration (N =7,190)
Age at migration (older than 18) — Loneliness — Iu —0.011*** 0.003 —0.015%** 0.004 —0.005 0.004
Age at migration (older than 18) — Loneliness — Swm 0.001 0.001 0.002 0.002 0 0.001
Age at migration (older than 18) — Loneliness — Ip 0 0.001 —-0.001 0.001 0 0.001
Age at migration (older than 18) — Loneliness — Sp —0.002 0.001 —0.002 0.002 —0.001 0.002
Age at migration (6-17) — Loneliness — Iy 0 0.003 -0.002 0.004 0.001 0.003
Age at migration (6-17) — Loneliness — Sy 0 0 0 0.001 0 0.001
Age at migration (6-17) — Loneliness — Ip 0 0 0 0 0 0
Age at migration (6-17) — Loneliness — Sp 0 0 0 0.001 0 0.001
Age at migration (0-5) — Loneliness — Iy -0.001 0.002 -0.005 0.004 0.004 0.003
Age at migration (0-5) — Loneliness — Sy 0 0 0.001 0.001 0 0.001
Age at migration (0-5) — Loneliness — Ip 0 0 0 0.001 0 0
Age at migration (0-5) — Loneliness — Sp 0 0 -0.001 0.001 0.001 0.001

Note: Iy = Intercept of mental health; Sy = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; B = Standardized coefficient;
SE = Standard Error; x2(df) = chi square and degree of freedom; CFI = comparative fit index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of
approximation; SRMR = standardized root mean square residual; ***p < 0.001, **p < 0.01.
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Figure 1. Standardized results from the mediation analysis in the parallel process latent growth curve model (N = 7,243)

Note: Im = Intercept of mental health; Sm = Slope of mental health; I = Intercept of physical health; Sp = Slope of physical health. The dotted lines indicate non-

significant model paths. The solid lines indicate significant paths. Ref. = reference. Covariates: age, gender, educational attainment, household income, household
size, marital status, employment status, mental and physical health in 2012, and an attrition variable to account for data loss from 2014 to 2020.
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Figure 2. Standardized results from the mediation analysis in the parallel process latent growth curve model by gender

Men (N = 3,316)

Note: Im = Intercept of mental health; Sy = Slope of mental health; I = Intercept of physical health; Sp = Slope of physical health. The dotted lines indicate non-
significant model paths. The solid lines indicate significant paths. Ref. = reference. Covariates: age, educational attainment, household income, household size,
marital status, employment status, mental and physical health in 2012, and an attrition variable to account for data loss from 2014 to 2020.
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Figure 3. Standardized results from the mediation analysis in the parallel process latent growth curve model for the full sample (N = 7,190)

Note: Im = Intercept of mental health; Sm = Slope of mental health; Ir = Intercept of physical health; Sp = Slope of physical health. The solid lines indicate significant
paths. The dotted lines indicate non-significant model paths. Non-significant paths and observed variables in the parallel process model are omitted from this figure.
Ref. = reference. Covariates: age, educational attainment, household income, household size, marital status, employment status, mental and physical health in 2012,

and an attrition variable to account for data loss from 2014 to 2020.
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Figure 4. Standardized results from the mediation analysis in the parallel process latent growth curve model by gender

Note: Im = Intercept of mental health; Sm = Slope of mental health; I, = Intercept of physical health; Sp = Slope of physical health. The solid lines indicate significant
paths. The dotted lines indicate non-significant model paths. Non-significant paths and observed variables in the parallel process model are omitted from this figure.
Ref. = reference. Covariates: age, educational attainment, household income, household size, marital status, employment status, mental and physical health in 2012,
and an attrition variable to account for data loss from 2014 to 2020.
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Appendix

Sample from 2012
(n=21,398)

7.423 respondents were excluded for merging with other datasets
to obtain essential variables

A A

Y

h
Respondents with

all relevant
variables

(n=13.975) 6.384 excluded for:

- Excluding missing health information and selecting
| participants who attended at least three waves (n=5,994)
- Excluding missing loneliness information (n= 127)

{ - Excluding missing migration information (n = 191)
Respondents - Excluding missing covariate information (n = 75)
eligible for analysis
(n=7,591)

190 second-generation immigrant respondents were excluded
158 respondents aged over 80 were excluded

h A

53 cases with missing data on immigrant year were

v

excluded
. v . A 4
Migration Age at migration
background (n=7,190)
(n=7243) ’

Figure Al. Sample selection procedure
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Table Al. Unstandardized estimates for unconditional latent growth curve models for full samples and subsamples

Mean Variance
Estimate SE P Estimate SE p

Full sample

Im 52.353 0.106 0.000 51.606 1.519 0.000

Sm —-0.296 0.042 0.000 3.264 0.288 0.000

Ip 48.596 0.112 0.000 69.251 1.603 0.000

Sp -0.624 0.035 0.000 2.201 0.207 0.000
Women

Im 51.399 0.150 0.000 55.409 2.244 0.000

Sm —0.253 0.060 0.000 3.757 0.430 0.000

Ip 48.075 0.159 0.000 76.263 2.345 0.000

Sp -0.562 0.049 0.000 2.536 0.296 0.000
Men

Im 53.485 0.147 0.000 44911 1.959 0.000

Sm —0.348 0.058 0.000 2.698 0.375 0.000

Ip 49.218 0.157 0.000 60.089 2.132 0.000

Sp —0.697 0.050 0.000 1.783 0.287 0.000

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health.
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Table A2. Standardized results for mediation effects from the mediation analysis in the parallel process latent growth curve model for
migration background (Total N = 7,243)

Full sample Women Men
B SE Vi SE i SE

Immigrant — Iy —0.005 0.011 -0.014 0.015 0.009 0.017
Immigrant — Sy —0.04 0.022 —-0.028 0.029 —0.057 0.037
Immigrant — Ip —-0.018 0.009 —0.026%* 0.013 —-0.004 0.014
Immigrant — Sp 0.021 0.021 0.034 0.029 0.001 0.036
Immigrant — Loneliness 0.039%** 0.012 0.056%** 0.016 0.013 0.02
Loneliness — Im —0.223 %% 0.015 —0.238%** 0.019 —0.209%** 0.021
Loneliness — Sum 0.023 0.025 0.037 0.033 0.001 0.04
Loneliness — Ip —0.006 0.01 —0.02 0.014 0.014 0.014
Loneliness — Sp —0.036 0.024 —0.035 0.035 —0.033 0.04
Age — Iu 0.122%** 0.017 0.103*** 0.023 0.152%** 0.025
Age — Sm 0.048 0.032 0.058 0.042 0.027 0.048
Age — Ip —0.165%** 0.013 —0.159%** 0.018 —0.176%** 0.018
Age — Sp —0.157%** 0.031 —0.073 0.041 —0.275%** 0.049
Age — Loneliness —0.142%** 0.016 —0.165%** 0.019 —0.095%** 0.024
Men — Iy 0.058*** 0.012

Men — Sy —0.005 0.022

Men — Ip 0.012 0.009

Men — Sp —-0.031 0.022

Men — Loneliness 0.021 0.011

Education — Iy 0.015 0.012 0.025 0.016 0.001 0.02
Education — Sy —-0.034 0.024 —-0.031 0.031 —0.035 0.04
Education — Ip 0.066* 0.01 0.057*** 0.013 0.085%** 0.015
Education — Sp 0.045 0.024 0.042 0.029 0.069 0.037
Education — Loneliness —0.022 0.012 —0.008 0.016 —0.049** 0.017
Household income — Iu —0.023 0.017 —0.031 0.025 —0.013 0.025
Household income — Sy 0.083* 0.033 0.048 0.044 0.131* 0.053
Household income — Ip 0.036** 0.014 0.049** 0.019 0.021 0.02
Household income — Sp 0.033 0.033 0.055 0.044 0.005 0.052
Household income — Loneliness —0.066%** 0.016 —0.065%* 0.022 —0.073** 0.024
Household size — Im —0.025 0.016 —0.03 0.022 —0.021 0.021
Household size — Sm 0.004 0.027 0.026 0.038 —0.026 0.041
Household size — Ip 0.002 0.012 0.005 0.018 0 0.016
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Full sample Women Men

Vi SE Vi SE B SE
Household size — Sp —0.023 0.027 —0.042 0.038 0.008 0.042
Household size — Loneliness —0.024 0.014 —0.019 0.019 —0.028 0.021
Married — Iy 0.002 0.015 0.007 0.02 —0.005 0.022
Married — Sm -0.034 0.028 —0.041 0.035 -0.014 0.045
Married — Ip —0.006 0.011 —0.009 0.015 —0.004 0.017
Married — Sp 0.05 0.028 0.082%* 0.036 0.011 0.045
Married — Loneliness —0.049%** 0.013 —0.03 0.017 —0.082*** 0.021
Employed — Iu 0.021 0.016 0.013 0.022 0.032 0.027
Employed — Sm 0.031 0.033 0.045 0.041 0.004 0.053
Employed — Ip —0.007 0.013 —0.009 0.018 —0.002 0.02
Employed — Sp 0.017 0.032 0.04 0.042 —0.024 0.053
Employed — Loneliness —0.008 0.017 —0.014 0.022 0.01 0.026
Mental health in 2012 — In 0.584%** 0.015 0.572%** 0.02 0.607%** 0.02
Mental health in 2012 — Sy —(0.192%** 0.028 —(0.179%** 0.037 —0.207*** 0.045
Mental health in 2012 — Ip 0.116%%** 0.011 0.105*** 0.014 0.13*** 0.017
Mental health in 2012 — Sp —0.022 0.024 —0.02 0.032 —0.023 0.043
Mental health in 2012 — Loneliness —(0.347%** 0.012 —0.346%** 0.017 —(0.345%** 0.018
Physical health in 2012 — Iy 0.089*** 0.015 0.093*** 0.019 0.085*%** 0.022
Physical health in 2012 — Sy 0.047 0.026 0.036 0.034 0.066 0.044
Physical health in 2012 — Ip 0.72%** 0.01 0.71%%* 0.013 0.736%** 0.014
Physical health in 2012 — Sp —0.198*** 0.026 —(.185%** 0.036 —0.216%** 0.045
Physical health in 2012 — Loneliness —0.16]1*** 0.013 —0.165%** 0.017 —0.157*** 0.02
Attrition — Iy —0.016 0.012 —0.011 0.018 —0.022 0.017
Attrition — Sy -0.014 0.028 0.023 0.036 —0.069 0.042
Attrition — Ip -0.013 0.01 —0.005 0.013 —0.02 0.014
Attrition — Sp —0.037 0.027 —0.038 0.037 —0.037 0.044
Attrition — Loneliness —0.004 0.011 0.02 0.014 —0.034* 0.016

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; g =
Standardized coefficient; SE = Standard Error; ***p < 0.001, **p < 0.01, *p < 0.05.
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Table A3. Standardized results for mediation effects from the mediation analysis in the parallel process latent growth curve model for
age at migration (Total N = 7,190)

Full sample Women Men
p SE p SE p SE
Age at migration
18 and over — Iy —0.006 0.012 —0.011 0.015 0.001 0.018
18 and over — Sy —0.035 0.021 —0.047 0.027 —0.013 0.037
18 and over — Ip —0.025* 0.01 —0.033* 0.013 —0.012 0.016
18 and over — Sp —0.002 0.023 0.002 0.03 —0.006 0.037
18 and over — Loneliness 0.05%** 0.013 0.066*** 0.017 0.025 0.022
6-17 — Im —0.005 0.011 —0.018 0.016 0.011 0.014
6-17 — Sm 0.004 0.022 0.042 0.029 —0.055 0.033
6-17 - Ip 0.006 0.008 0.005 0.012 0.008 0.011
6-17 — Sp 0.028 0.019 0.052 0.027 —0.007 0.029
6-17 — Loneliness 0.002 0.012 0.007 0.017 —0.006 0.015
0-5 > 1Im 0.001 0.008 —0.006 0.01 0.012 0.014
0-5 — Sum —0.038* 0.018 —0.018 0.024 —0.068 0.028*
0-5—1Ip 0.007 0.008 0.013 0.009 0.002 0.014
0-5—Sp 0.024 0.017 0.012 0.018 0.037 0.029
0-5 — Loneliness 0.002 0.011 0.02 0.017 —0.018 0.014
Loneliness — Im —0.22]1%** 0.014 —0.234*** 0.02 —0.209%** 0.021
Loneliness — Sy 0.024 0.026 0.035 0.035 0.006 0.041
Loneliness — Ip —0.006 0.011 —0.02 0.015 0.013 0.015
Loneliness — Sp —0.033 0.026 —0.029 0.034 —0.034 0.04
Age — Iv 0.123*** 0.017 0.103*** 0.023 0.156*** 0.024
Age — Sum 0.043 0.032 0.059 0.039 0.01 0.047
Age — Ip —0.162%** 0.013 —0.155%** 0.018 —0.175%** 0.019
Age — Sp —0.156%** 0.031 —0.074 0.041 —0.27%** 0.047
Age — Loneliness —0.145%** 0.016 —0.168*** 0.019 —0.1%** 0.024
Men — Iy 0.058*** 0.012
Men — Sum —0.006 0.022
Men — Ip 0.011 0.009
Men — Sp —0.028 0.022
Men — Loneliness 0.02 0.011
Education — Iu 0.015 0.013 0.026 0.017 0.002 0.019
Education — Sy —0.034 0.024 —0.029 0.031 —0.038 0.039
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Full sample Women Men
B SE B SE B SE
Education — Ip 0.067*** 0.01 0.052*** 0.014 0.086*** 0.015
Education — Sp 0.041 0.023 0.038 0.032 0.065 0.038
Education — Loneliness —0.021 0.012 —0.009 0.016 —0.046** 0.017
Household income — Im —0.024 0.017 —0.031 0.024 —0.015 0.025
Household income — Sm 0.085** 0.032 0.047 0.045 0.142%* 0.05
Household income — Ip 0.036** 0.014 0.051%* 0.018 0.019 0.021
Household income — Sp 0.034 0.032 0.052 0.042 0.011 0.051
Household income — Loneliness —0.066*** 0.016 —0.063** 0.023 —0.075%* 0.024
Household size — Im —0.025 0.015 —0.028 0.021 —0.02 0.021
Household size — Sm 0.003 0.029 0.026 0.039 —0.029 0.04
Household size — Ip 0.002 0.012 0.004 0.017 0 0.017
Household size — Sp —0.022 0.029 —0.041 0.038 0.009 0.042
Household size — Loneliness —0.026 0.014 —0.022 0.019 —0.027 0.02
Married — Iy 0.001 0.015 0.006 0.02 —0.006 0.022
Married — Sm -0.03 0.028 —0.037 0.037 —0.008 0.044
Married — Ip —0.005 0.012 —0.008 0.015 —0.004 0.018
Married — Sp 0.05 0.028 0.081* 0.035 0.01 0.045
Married — Loneliness —0.048%** 0.014 —0.029 0.017 —0.082*** 0.022
Employed — Iy 0.022 0.017 0.012 0.023 0.038 0.027
Employed — Sm 0.024 0.033 0.043 0.041 —0.012 0.053
Employed — Ip —0.008 0.014 —0.011 0.018 0 0.02
Employed — Sp 0.011 0.032 0.035 0.042 —0.031 0.052
Employed — Loneliness —0.006 0.016 —0.013 0.022 0.013 0.025
Mental health in 2012 — Iy 0.584*** 0.014 0.572%** 0.02 0.607*** 0.02
Mental health in 2012 — Sy —(.19%** 0.028 —0.177%** 0.038 —0.207*** 0.043
Mental health in 2012 — Ip 0.115%** 0.011 0.103*** 0.015 0.13%** 0.017
Mental health in 2012 — Sp —0.022 0.024 —0.018 0.032 —0.025 0.043
Mental health in 2012 — Loneliness —(0.347%** 0.012 —0.346%** 0.016 —(0.345%** 0.019
Physical health in 2012 — Iy 0.088*** 0.014 0.091 *** 0.02 0.084%** 0.022
Physical health in 2012 — Sy 0.05 0.026 0.037 0.034 0.074 0.041
Physical health in 2012 — Ip 0.72%** 0.01 0.71%%* 0.014 0.735%** 0.015
Physical health in 2012 — Sp —0.197*** 0.027 —0.182%** 0.036 —0.218*** 0.047
Physical health in 2012 — Loneliness —0.161*** 0.013 —0.164*** 0.017 —0.159%** 0.02
Attrition — Iy —0.017 0.013 —0.013 0.017 —0.022 0.018
Attrition — Sy -0.013 0.028 0.026 0.037 —0.069 0.043
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Full sample Women Men

B SE B SE B SE

Attrition — Ip -0.012 0.01 —0.004 0.014 -0.02 0.014
Attrition — Sp —0.041 0.029 —0.043 0.036 —0.041 0.042
Attrition — Loneliness —0.004 0.011 0.021 0.014 —0.035* 0.016

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; p =
Standardized coefficient; SE = Standard Error; ***p < 0.001, **p < 0.01, *p < 0.05.
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Figure A2. Standardized results from the mediation analysis in the parallel process latent growth curve model (N = 7,190)

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; The
dotted lines indicate non-significant model paths; The solid lines indicate significant paths; Covariates: age, gender, educational
attainment, household income, household size, marital status, employment status, mental and physical health in 2012, and an attrition

variable to account for data loss from 2014 to 2020.
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Figure A3. Standardized results from the mediation analysis in the parallel process latent growth curve model by gender

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; The
dotted lines indicate non-significant model paths; The solid lines indicate significant paths; Covariates: age, educational attainment,
household income, household size, marital status, employment status, mental and physical health in 2012, and an attrition variable to
account for data loss from 2014 to 2020.
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Figure A4. Standardized results from the mediation analysis in the parallel process latent growth curve model (N = 7,190)

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; The
dotted lines indicate non-significant model paths; The solid lines indicate significant paths; Covariates: age, gender, educational
attainment, household income, household size, marital status, employment status, mental and physical health in 2012, and an attrition

variable to account for data loss from 2014 to 2020.
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Figure A5. Standardized results from the mediation analysis in the parallel process latent growth curve model by gender

Note. Im = Intercept of mental health; Sm = Slope of mental health; Ip = Intercept of physical health; Sp = Slope of physical health; The
dotted lines indicate non-significant model paths; The solid lines indicate significant paths; Covariates: age, educational attainment,
household income, household size, marital status, employment status, mental and physical health in 2012, and an attrition variable to

account for data loss from 2014 to 2020.
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