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Abstract

The weathering hypothesis implies that there is an interaction between age and race or ethnicity that
results in disadvantaged groups experiencing a more rapid decline in health than other groups. While the
weathering hypothesis has been tested based on racial or ethnic identity, less is known about weathering
by immigration status, and about weathering as viewed from an intersectional perspective. We contribute
to the literature on weathering by addressing three research questions: Are immigrants, and especially
immigrant women, ageing in poorer health? Does education protect immigrants from a faster health
decline with age? How do income and marital status affect the health trajectories of immigrants and
natives? We focus on Germany and estimate trajectories of declining health at the intersection of age, sex,
and nativity, and evaluate the role of education. We estimate the ages at immigrant-native crossover
across the health trajectories, and the corresponding health levels. We find that immigrants, and especially
immigrant women, age in poorer health than natives. Furthermore, we show that high education explains
the differential relationship between age, nativity, and health. We also find that employment and marital
status only partly account for the observed gaps, as differences persist even after these factors are

considered.
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Introduction

Immigration and population ageing are among the major forces shaping the size and the
composition of the European population. Over the last 30 years, the share of the immigrant population in
Europe has risen from around 7% to about 12% as of 2020 (Institute of Migration 2022). The growing and
stable presence of immigrant populations has led to an increased interest in the integration of immigrants,
including in immigrant health, among scholars and policymakers. There is extensive recognition that
research on immigrant health is essential to help reduce inequalities in health in general (Nielsen & Krasnik
2010; Wilkinson & Marmot 2003).

Despite having better health upon arrival, the health of immigrants declines more rapidly than the
health of natives as they age (Gubernskaya 2014; Loi et al 2022; Ronellenfitsch & Razum 2004). The initial,
paradoxical gap — known as the healthy immigrant effect (Abraido-Lanza et al 1999b) — is caused by the
health selectivity of individuals who successfully migrate to the receiving countries, and by immigrants’
better health behaviours (Abraido-Lanza et al 1999b; Lechner & Mielck 1998; Loi & Hale 2019; Palloni &
Arias 2004; Ronellenfitsch & Razum 2004). The health selection of immigrants is particularly strong upon
arrival, and in the years immediately thereafter. However, the health advantage of immigrants tends to
diminish relatively quickly with the length of stay — i.e., around 10 years after arrival, most health
differences between immigrants and natives have disappeared (Loi & Hale 2019) — and as immigrants age in
the receiving societies (Kristiansen et al 2016). It therefore appears that immigrants are at greater risk than
natives of ageing in poorer health.

Previous research has indicated that compared to natives, older immigrants have lower life
expectancy, decreased physical functioning, higher rates of depression, and poorer self-rated health
(Aichberger et al 2010; Lanari & Bussini 2012; Reus-Pons et al 2018). However, the majority of these studies
failed to take into account trajectories over age, or the differences in these trajectories by sex, socio-
economic status, and their interactions with age. While individual and population health risks arise from
multiple sources across the life course, most research designs still tend to focus on the effects on health
outcomes of single exposures, or on the additive role of different exposures. In order to understand the
mechanisms that explain why immigrants age in poorer health than natives, we need to use approaches
that consider the complexity of the social world. Unitary approaches are very limited, as they assume that
individual characteristics operate in an additive manner, and are layered on top of one another (Bauer
2014).

Adopting a structural intersectionality perspective, we address these limitations in the literature,
and seek to explain how structural factors, both separately and combined, produce and exacerbate
immigrant-native health inequalities with age. The concept of structural inequality recognises that health

disparities are linked to structural characteristics of inequality, such as sex, gender, race, class, and
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migration status, and to other sources of social disadvantage (Bauer 2014; Mandelbaum 2020). The
intersectional approach recognises and seeks to explain how individual factors intersect at the micro level
to reflect interlocking systems of oppression at the societal level (Atewologun & Mahalingam 2016; Bowleg

2012).

Theoretical background

Persistent exposure to socio-economic disadvantage has been linked to more rapid health decline,
and helps to explain ethnic and racial disparities on a range of health outcomes (Forde et al 2019). This
process is often referred to in the literature as weathering (Geronimus 1992, 1996). The process of
weathering means that “cumulative and stress-mediated wear and tear on cellular integrity leads to
accelerated aging and to the early onset of chronic diseases and excess mortality among marginalized
groups” (Jones et al 2019). As such, the process of “weathering” can be interpreted as a physical
consequence of social inequality (Geronimus 1996).

The weathering hypothesis was first introduced to study Black/White differences in the relationship
between maternal age and birth weight and other perinatal health outcomes (Geronimus 1992, 1996).
Research that examined levels of neonatal mortality and of low birth weight among first births found that
the age-specific distributions differ between Black and White women. In particular, it was shown that the
health of Black women begins to deteriorate earlier in adulthood as a physical consequence of cumulative
socio-economic disadvantages, whereas the health of White women starts to deteriorate at older ages
(Geronimus 1992; Wildsmith 2002). This differential pattern of deterioration between Black and White
women has an impact on the health of their new-borns. Although research on the weathering hypothesis
has primarily focused on racial and ethnic differences, this theoretical framework can also be used more
generally to help explain the adverse effects of cumulative disadvantage over the life course among any
minority group, including among immigrants (Wildsmith 2002).

The evidence of the weathering process provides us with a fundamental insight: namely, that age is
not only a biological developmental indicator, but it is also a reflection of the ways in which social
inequality, discrimination, or bias in exposures to psychosocial or environmental hazards can lead to health
differences between groups, including between immigrants and natives (Geronimus 1992; Wildsmith 2002).
While there is a large body of literature on differential ageing by race and ethnicity, relatively few studies
have examined patterns of weathering by nativity (Wildsmith 2002), especially in the European context.
There is, however, evidence in the literature on migration and health that age does not relate to health in
the same way among immigrants as it does among natives. Due to the healthy immigrant effect (Abraido-
Lanza et al 1999b; Markides & Coreil 1986; Moullan & Jusot 2014), immigrants have better health than

natives at younger ages. But with increasing age, the health of immigrants deteriorates faster than the
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health of natives, which results in immigrants having poorer health than natives at older ages (Gubernskaya
2014; Kristiansen et al 2016).

Inequalities in health status appear to be related to exclusion and inequalities in socio-economic
status (Kosteniuk & Dickinson 2003; Lahelma et al 2004; Mackenbach et al 2015; Marmot et al 2012).
Common indicators of socio-economic status are education and income. Education impacts health
indirectly by encouraging healthy behaviours, and directly by enabling access to medical care (Lahelma et al
2004; Leigh 1983; Mackenbach et al 2015). Moreover, having more education provides individuals with a
cultural supply that raises their awareness about their own health conditions and health prevention (Ross &
Chia-Ling Wu 1995). It is, however, known that the distribution of education between immigrants and
natives is unequal, and that the economic returns to education are lower for immigrants than for natives.
While previous studies have shown that among immigrants, education is related to health in the form of a
“flat gradient”, interpretations of this evidence have been mixed (Acevedo-Garcia et al 2007; Balistreri &
Van Hook 2009; Riosmena & Dennis 2012). Several potential mechanisms that may explain the flat social
gradient in health among immigrants have been proposed: factors related to conditions in the country of
origin, or "gradient importation"; factors related to emigration and return migration, or "SES-graded health
selection"; and acculturation and protection mechanisms in the receiving countries, or "SES-graded
acculturation" (Riosmena & Dennis 2012, p. 97). To extend our knowledge on these relationships, it is
essential that we study the role of education in the health trajectories of immigrants. In addition to
education, it is important to consider income, as income has a direct impact on individuals’ access to the
material resources they need for their biological survival, and influences their social involvement and

environment, which, in turn, shape the conditions that support good health (Marmot 2002).

Aims and research questions

The first aim of this paper is to describe how the health trajectories of immigrants and natives differ
with age. Our first research question is as follows: (RQ 1) Compared to natives, are immigrants ageing in
poorer self-perceived health, and with a higher probability of having a physical limitation? The second aim
is to test whether education plays a buffering role in the development of the immigrant-native health gap
with age. We ask the following question: (RQ 2) Does education play a role in mitigating the differential
health trajectories of immigrants and natives as they age? Is high education associated with a narrowing of
the immigrant-native health gap? The third aim is to consider two additional layers of socio-economic
disadvantage: income and marital status. We include income in our analysis in order to test whether the
immigrant health disadvantage by education persists or is reduced when immigrants and natives have
equal income levels. Testing this association also sheds light on the question of whether the unclear

association between health and education observed among immigrants (Acevedo-Garcia et al 2007,
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Balistreri & Van Hook 2009) can be explained by immigrants having lower economic returns to education.
We include in our analysis marital status, as marriage is a strong protective factor for health (Dupre et al
2009; Rendall et al 2011). However, the marriage patterns of immigrants are very different from those of
natives (Andersson et al 2015). We therefore ask the following question: (RQ 3) Does being married and
having a high socio-economic status protect immigrants from experiencing a more rapid health decline?
The fourth aim is to examine whether there are sex differences in the abovementioned mechanisms. Thus,
we ask the following question: (RQ 4) Is the hypothesised immigrant-native differential health decline
especially pronounced among women? Finally, as a sensitivity check, we test whether the relationship
between age and health depends not only on nativity (immigrant versus native), but also on the specific

country of birth (results not shown).

Methods

Data: In our analysis, we use data from a nationally representative longitudinal study of private households,
the German Socio-Economic Panel (G-SOEP). Specifically, we use waves 1994-2019 to study self-rated
health and waves 2002-2019 to study disability. We focus on the population aged 30-80 years. We exclude
from our sample individuals with the following characteristics: individuals who were under age 18 at
immigration, or first-generation immigrants, in order to avoid heterogeneity in health selectivity by
generation that could bias our results; individuals who migrated to Germany more than 10 years prior to
entering the study in order to avoid health selectivity of recently arrived immigrants due to the healthy
immigrant effect; individuals with missing information on the two outcomes, self-rated health and
disability, and on the covariates of interest, education, marital status, and income. The final sample used to
study self-rated health consisted of 57,401 individuals: 6259 immigrants (3026 men and 3233 women) and
51,142 natives (24,739 men and 26,403 women). The sample used for studying disability consisted of
41,934 individuals: 4468 immigrants (2070 men and 2398 women) and 37,466 natives (17,809 men and
19,657 women).

Outcome measures: It is crucial to consider the suitability of the health indicators used when comparing
groups or societies with different cultures and different disease distributions (Braveman et al 2010; Burgard
& Chen 2014). To limit problems of comparability, we include two indicators of morbidity that define
different dimensions of health: self-rated health and disability. Self-rated health is measured on a scale
from one to five (very good, good, fair, bad, very bad), and we recode it such that the highest value
indicates worse health. Disability is calculated using the following items of the ADL scale: having trouble
getting out of bed, having trouble shopping, having trouble doing housework (all collected every year since

1985), having trouble dressing (collected every year since 1991), and having trouble climbing stairs
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(collected every two years since 2002). The outcome variable takes the value of one if the individual has
one or more limitations in the abovementioned dimensions, and takes the value of zero if the individual has
no limitations. For both outcomes, we interpret the results in the same direction: i.e., the higher the value,

the worse the health outcome.

Main exposures and covariates: Our main exposure of interest is the interaction between age and nativity
(immigrant vs. native). Nativity is a binary variable that takes the value 0 for natives and the value 1 for
immigrants. Natives are individuals born in Germany. We define an immigrant as an individual who was
born outside of Germany, who crossed an international border for any reason, and who is a permanent
regular resident in Germany. In order to consider the heterogeneity in the immigrant population, we
include supplementary analyses that consider the main countries of birth of the immigrant population in
Germany. The age of the individuals included in our analysis ranges from 30 to 80. We model age using a
spline function, which relies less on pre-imposed functional specifications, and allows for more flexibility
(de Boor 1980). Education is defined using three categories: less than high school, high school degree, and
higher than high school. As we do not have information about the country where the degree was obtained
(Germany vs. other countries), we use this broad definition of education in order to limit issues of
comparability across different cultures. Still, it is important to point out that levels of education might have
slightly different qualitative meanings across different cultures, and that our strategy does not fully prevent

a certain amount of bias due to these differences?.

Method: We describe and explain how the health trajectories of immigrants and natives differ with age
using linear models for self-rated health, and linear probability models for disability. In order to account for
the bias due to loss to follow-up, and the related so-called “salmon bias”, we apply inverse probability
weighting (IPW) techniques. Individuals are weighted by the inverse of their probability of participating in
the study. This probability is related to each individual’s characteristics, such as age, education, marital
status, and income. The use of IPW implies that an individual with a high probability of response is given a
lower weight in the analysis (Metten et al 2022).

First, we test whether the relationship between health and age is different between immigrants

and natives, including an interaction term between age and nativity

EqQ.1:¥ = o+ T2, fage; + fonat+ Y0, fage; ¥ nat+ &

1 We discuss this issue further in the limitations section.



where ¥ is the health outcome, T2, §,;age; is the sum of the three age components modelled with a
spline function, f.nat is nativity (immigrant versus native), and = is the error term. We stratify model 1 (Eq.
1) by sex in order to explore sex differences in the immigrant-native health gap with age.

Second, we stratify model 1 (Eq. 1) by educational level and sex in order to test whether the
differential weathering process is buffered by education. We test the hypothesis that at higher levels of
education, differences in the health trajectories of immigrants and natives disappear.

Third, we include marital status marstat and income ine and an interaction term between marital
status and nativity, and between income and nativity (Eg. 2), to account for the differential relationship
between these two characteristics and health, depending on whether the individual is an immigrant or a

native.

Eq. 2:

V=oa+ YL, B age+ fonat+ YL, fage; ¥ nat+ Eymarstat+ feinc + Gomarstat ¥ nat+ f.inc ¥ nat+:z

Sensitivity checks

First, we run models without inverse probability weights in order to estimate the magnitude of the
bias correction. Second, we run models imputing the outcome missing values due to loss to follow-up.
More specifically, we assign the last observed value of self-rated health to individuals who are lost to
follow-up. We assign those values at ages 50 to 80, and up to three years after loss to follow-up. The loss to
follow-up bias, or “salmon bias”, can lead to an underestimation of poor health. The imputation allows us
to expand the observation window to older ages, given that poor health is biased by the loss to follow-up at
these ages. Imputing the missing values allows us to show what the health trajectory would look like had
these individuals not been lost to follow-up. This approach has one assumption: namely that the health
status does not change up to three years after the loss to follow-up. The loss to follow-up in our data is
associated with poor health, with individuals in poor health and immigrants more likely to be lost (results
not shown). Therefore, individuals who have poor health in the year when they are lost are likely to be in
poor health in the following years. This evidence, and limiting the imputation to ages 50+, when health is
more likely to start declining, makes us confident that the imputed models are not overestimating poor
health. Third, we include marital status and income in separate models to test which factor is most strongly

associated with the immigrant-native health gap, as indicated by the following equations:

EQ.3:¥ = o+ T, fiage; + fonat+ To, fyage; ¥ nat+ Symarstat X nat+ ¢

EQ.4:¥V = a+ XL, B ;ag0; + fonat+ YL, Bage; ¥ nat+ fjincome X nat+:z



Fourth, we include country of birth as a stratification factor to test whether the relationship
between age and health differs depending on the specific country of birth. Thus, we test model 1 (Eqg. 1)

stratified by the three largest immigrant groups: born in Turkey, Italy, Poland, or other countries.

Results

We estimate the same set of models for the two outcomes, self-rated health and disability. Table 1
describes the two samples. Immigrants have a younger age structure than natives and are more likely to be
married, which are protective factors for health. However, immigrants of both sexes are overrepresented in
the lowest educated and lowest income groups and are underrepresented in the highest education and
income groups, which are strong risk factors for poor health. Immigrant women with tertiary education
represent an exception, as their share in the high educated group is similar to that of native women. The
average values of self-rated health are similar for immigrants and natives and for both men and women,
while the proportion of individuals with disabilities is higher among immigrants than among natives of both

sexes.

The weathering process

We present and discuss the results from the models graphically (Figures 1-4. All models are
weighted using inverse probability weighting in order to account for the loss to follow-up, and the so-called
“salmon bias” (Abraido-Lanza et al 1999a). In Figure 1, we show the self-rated health trajectory by age,
nativity, and sex; and in Figure 2, we show the same trajectory for disability. Solid lines indicate natives, and
dotted lines indicate immigrants. For both outcomes, we observe similar health levels among immigrants
and natives at age 30, and a crossover occurring at ages below 40 across all subgroups (SRH: 36.1 for men
and 37.4 for women; disability: 33.8 for women). Disability among men represents an exception to this
pattern, as we do not observe crossover: i.e., compared to male natives, male immigrants do not have a
health advantage at younger ages (30 to 45), and have a higher probability of having a disability at ages
50+. After the crossover occurs, the health of immigrants declines faster than that of natives of both sexes
and for both health outcomes. However, we observe trend towards convergence among immigrant and
natives at the oldest ages. An exception to this general convergence trend is found for the probability of
having a disability among women, as we still observe significant differences in the probability of having a

disability between female immigrants and female natives at age 80.



Table 1. Descriptive statistics of the samples. Individuals aged 30-80, Germany, SOEP waves 1994-2019.

Outcome: self-rated health

Outcome: disability

Natives Immigrants Natives Immigrants

Men, N=24,739 Women, N=26,403 Men,N=3,026 Women,N=3,233 Men,N=17,809 Women, N=19,657 Men,N=2,079 Women, N=2,398
Mean age 47.4 (13.7) 46.7 (13.9) 48.5 (10.6) 46.4 (10.6) 49.4 (13.6) 48.7 (13.7) 50.7 (12) 48.3 (11.2)
Education
Primary 1,421 (6%) 3,530 (13%) 1,117 (37%) 1,333 (41%) 995 (6%) 2,365 (12%) 701 (34%) 911 (38%)
Secondary 15,447 (62%) 16,617 (63%) 1,309 (43%) 1,131 (35%) 11,072 (62%) 12,508 (64%) 929 (45%) 872 (36%)
Tertiary 7,871 (32%) 6,256 (24%) 600 (20%) 769 (24%) 5,742 (32%) 4,784 (24%) 449 (22%) 615 (26%)
Income
Low 6,676 (27%) 8,899 (34%) 1,081 (36%) 1,178 (36%) 5,172 (29%) 6,744 (34%) 799 (38%) 938 (39%)
Medium 8,168 (33%) 8,406 (32%) 1,167 (39%) 1,198 (37%) 6,162 (35%) 6,542 (33%) 854 (41%) 901 (38%)
High 9,895 (40%) 9,098 (35%) 778 (26%) 857 (27%) 6,475 (36%) 6,371 (32%) 426 (21%) 559 (23%)
Marital status
Unmarried 7,744 (31%) 9,670 (37%) 418 (14%) 715 (22%) 5,552 (31%) 7,188 (37%) 314 (15%) 579 (24%)
Married 16,995 (69%) 16,733 (63%) 2,608 (86%) 2,518 (78%) 12,257 (69%) 12,469 (63%) 1,765 (85%) 1,819 (76%)
Mean self-rated health 3.6 (0.9) 3.5(1.0) 3.4(1.1) 3.3(1.0) - - - -
Disability - - - -
Yes - - - - 6,221 (35%) 8,041 (41%) 842 (41%) 1,111 (46%)
Countries of birth
Italy 208 (7%) 146 (5%) 136 (7%) 95 (4%)
Others 2,130 (70%) 2,345 (73%) 1,477 (71%) 1,748 (73%)
Poland 260 (9%) 388 (12%) 205 (10%) 307 (13%)
Turkey 428 (14%) 354 (11%) 261 (13%) 248 (10%)

Foreing-born total

3,026 (11%)

3,233 (11%)

2,079 (11%)

2,398 (11%)




Figure 1. Self-rated health trajectories by age and nativity, stratified by sex. Individuals aged 30-80, Germany, SOEP

waves 1994-2019 (full estimates in Tables A1-A4). Models weighted with inverse probability weighting.
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Figure 2. Disability trajectories by age and nativity, stratified by sex. Individuals aged 30-80, Germany, SOEP waves
1994-2019 (full estimates in Tables A1-A4). Models weighted with inverse probability weighting.
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The role of education

In Figure 3, we show: 1) the differential self-rated health decline by education (panels A for men
and D for women); 2) the same patterns for individuals who are the most advantaged: i.e., who are married
and have a high income (panels B for men and E for women); and for individuals who are the most
disadvantaged: i.e., who are unmarried and have a low income (panels C for men and F for women).
Education is shown by means of different line colors: red for primary education and black for tertiary
education (for ease of comparison, we do not plot the results for secondary education, although its effect is
estimated in the models). Although the results come from stratified models, we plot them in the same
figure to facilitate the comparison. In Figure 4, we show the same figures for the outcome disability.

We first focus on self-rated health (Figure 3). As expected, when stratifying for education (panels A
and D), we observe differences in the overall levels of the self-rated health trajectories: i.e., we find that
across the whole age span, self-rated health is poorer among the lowest educated and is better among the
highest educated. Most importantly, we find that the immigrant-native health gaps differ between the two
education groups. Among the lowest educated (red lines), we observe wide gaps: in terms of self-rated
health, immigrants have an advantage at younger ages and a disadvantage at older ages. Among the
highest educated individuals (red lines), the self-rated health trajectories of immigrants and natives do not
differ (panel A and D), with the estimated values overlapping across the whole age span for both men and
women. This result indicates that, as hypothesised, education protects immigrants from experiencing
stronger weathering than natives.

For disability (Figure 4, panels A and D), we observe that, in line with the patterns found for self-
rated health, the lowest educated have a higher probability of having a disability while the highest
educated have a lower probability of having a disability across the whole age span. Focusing on the
immigrant-native disability gap, we see that like for self-rated health, the lowest educated immigrants have
an advantage at younger ages and a disadvantage at older ages. However, unlike for self-rated health, we
observe an immigrant disadvantage at higher levels of education. Immigrants have a higher probability of
having a disability until around age 60, when a converging trend starts for both sexes. It is worth noting that
at younger ages (30 to ~40, panels A and D), there are no significant differences in the probability of having

a disability between the lower and the higher educated immigrants of both sexes.

The role of income and marital status

When estimating the associations in specific marital status/income groups, we are interested in
comparing the immigrant-native differences in the self-rated health (Figure 3) and disability trajectories
(Figure 4) of the most advantaged socio-economic group (married individuals with high income, panels B

for men and panels E for women in both figures) and the most disadvantaged group (unmarried individuals
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with low income, panels C for men and panels F for women in both figures). We first focus on self-rated
health (Figure 3). Across the whole age span, we observe lower overall estimates (and thus better health)
among the most advantaged individuals (panels B and E) than among the most disadvantaged group (C and
F). Among the most advantaged individuals, the immigrant-native gap is wide at younger ages, with
immigrants having an advantage. However, the self-rated health trajectories of these individuals fully
converge after the crossover occurs (at age 70.3). We find no significant differences by education in the
self-rated health trajectories of immigrant men by education until age ~50. Starting at age ~50, education
seems to play a more important role until age ~70, when we observe a convergence among immigrants

with primary and tertiary education.

Figure 3. Self-rated health trajectories by age and nativity, stratified by sex and education. Individuals aged 30-80,
Germany, SOEP waves 1994-2019 (full estimates in Tables Al-A4). Models weighted with inverse probability
weighting.
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Among native men, differences by education persist, including in the most advantaged group.
Additionally, a more linear declining trend in self-rated health is observed among men, irrespective of their
nativity, education, marital status, and income; while a more curvilinear declining trend is observed among
women. This implies that self-rated health declines more quickly among men than among women. In the

case of disability, the shape of the trend is more similar among men and women.

Figure 4. Disability trajectories by age and nativity, stratified by sex and education. Individuals aged 30-80, Germany,
SOEP waves 1994-2019 (full estimates in Tables A1-A4). Models weighted with inverse probability weighting.

1.0 1.0 1.0

09{ & 09{ 09{ @
S
=08 058 0.8
207 0.7 0.7
Q06 0.6 0.6
o
Bos 05 05
s
(o]
204 0.4 04
3
803 03 03
Qo
002 0.2 0.2
I

0.1 0.1 0.1

0.0 0.0 0.0

30 40 50 60 70 80 30 40 50 60 70 80 30 40 50 60 70 80

o 9 o9 =2
N ®o® © o

robability of disability, Women
o o

0.4
0.31
0.2
o 0.1
0.0 :
30 40 50 60 70 80 30 40 50 60 70 80 30 40 50 60 70 80
Age
Nativity: =—— Native ==+ Immigrant ~Education: = Primary =— Tertiary

Notes: Panel A: men, total; panel B: married men with high income; panel C: unmarried men with low income; panel D: women,
total; panel E: married women with high income; panel F: unmarried women with low income

Sensitivity checks

First, we run models without inverse probability weights in order to estimate the magnitude of the
bias correction (results not shown).

Second, we run models imputing the outcome missing values due to loss to follow-up (self-rated
health: Figure Al; disability: Figure A2). We impute values only from ages 50 to ages 80 using the last
observed outcome value and up to three years after loss to follow-up. For both self-rated health and
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disability, results without weights slightly underestimate the health disadvantage of immigrants at older
ages, revealing narrower health gaps; however, the differences are qualitatively very similar. Results from
the imputed models are quantitatively and qualitatively unchanged compared to the weighted models
shown in the paper. Models without imputed values, which do not account for the loss to follow-up (or the
so-called “salmon bias”), underestimate the more rapid ageing of immigrants compared to the weighted
and imputed models. We interpret this result as indicating that if we were to observe the health of
individuals who out-migrated, the immigrant disadvantage at older ages would be even more striking than
the disadvantage that is currently observed.

Third, we stratify the models by country of birth (self-rated health: Figure A3; disability: Figure A4),
focusing on the largest immigrant groups: Turkey, Italy, Poland, or other countries. Due to sample size
problems, we can only show the overall health trajectories by age, but we include education as a control.
The overall pattern of a more rapid health deterioration by age is observed for all subgroups, with some
differences found in the size of the gap compared to natives. For both outcomes, the fastest health declines
and the largest differences compared to natives are observed for immigrants born in Turkey across all ages.
A very rapid health decline at younger ages that slows down in middle ages is observed for immigrants born
in Italy. It is worth noting that the particularly steep decline found for immigrants from Italy is also partly
due to the very good health of these immigrants at young ages. Men who immigrated from Italy show a
pattern of self-rated health selection at exit that results in a slower health decline at older ages, particularly
starting from around age 65 (statutory pension age). This finding is most likely attributable to a high
proportion of these men going back to their origin country upon retirement. Immigrants from Poland
display a pattern that is very similar to the average trend among immigrants, with a steeper health decline
being observed at older ages (70+), except in the case of disability among women, for whom a slower

health decline at older ages (70+) is found.

Discussion

In this paper, we tested the intersectional effects of age and sex on the weathering of immigrants
and natives, and investigated the protective role of education. Weathering is the process through which
cumulative and stress-mediated wear and tear on cellular integrity leads to accelerated ageing, the early
onset of chronic diseases, and excess mortality among marginalised groups, including immigrants (Jones et
al 2019). This process can be interpreted as a physical consequence of the social inequality experienced by
immigrants in the receiving context. Since age has been shown to be not only an indicator of biological
development, but also a reflection of the ways in which social inequality, discrimination, or bias in

exposures to psychosocial or environmental hazards may differentially affect the health of certain groups
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(Wildsmith 2002), we argue that this paper has shown how the physical consequences of social inequalities
in the form of health outcomes differ between natives and immigrants.

We found evidence for all of our hypotheses. First, we observed that immigrants are ageing in
poorer self-perceived health, and with a higher probability of having a physical limitation. We showed that
at younger ages, immigrants have better health than natives, irrespective of their sex and education.
However, we also found that the health of immigrants deteriorates at a faster pace, which results in a clear
and strong immigrant health disadvantage at older ages. Second, we found evidence that high education is
linked to narrower immigrant-native health gaps, while low education is linked to higher levels of poor
health, and, most importantly, to wider immigrant-native health gaps. Our results indicated that education
buffers the immigrant-native health differentials by age and sex: i.e., at higher levels of education (higher
than high school), the immigrant-native health gap is reduced at all ages; while at lower levels of education
(less than a high school diploma), the health gaps between immigrants and natives are more accentuated,
with immigrants being in better health at younger ages, and in much poorer health at older ages.

We also found that being married and having a high income is protective to some extent: i.e.,
among the most advantaged individuals, the immigrant-native health gaps are narrower, as are the
observed educational gaps. Finally, we found that there are sex differences in the immigrant-native
differential weathering process, with some differences depending on the outcome. Among women, the age
at crossover occurs earlier than it does among men for both outcomes. The health gap after the crossover
occurs is wider among women, although self-rated health converges among women at older ages, whereas
it continues to diverge among men. In the case of disability, the immigrant-native health gap after
crossover occurs is wider among women, with the trend towards convergence at older ages being less
strong.

This study is not without limitations. First, as was mentioned above, we used very broad education
categories, as we did not have access to information about the country where the degree was obtained. A
given educational level may have a different qualitative meaning across different cultures, and our
analytical strategy did not fully control for this bias. However, some considerations reassure us that our
results are robust. First, our results by education go in the expected direction, and are corroborated by
previous literature showing that inequalities are wider at lower levels of education. If our classification
approach suffered from misclassification bias, our results should have reflected unexpected patterns. Given
that we found striking differences by educational level, we are confident that this categorisation, although
crude, is efficient in explaining the observed health disparities with age between immigrants and natives.
Second, our analyses were further adjusted by income, which is a solid socio-economic status indicator and
a strong predictor of health. This further adjustment using an additional socio-economic status indicator

makes us confident about the robustness of our results.
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Second, we could not fully control for the out-migration bias; i.e., for the so—called “salmon bias”
(Abraido-Lanza et al 1999b), or healthy remigration (Wallace & Kulu 2014). In fact, information on the
health status of individuals who have left Germany to go back to their origin country, or who have
emigrated to a third country, is not available. There is conflicting evidence regarding how health influences
return migration that supports both selection for poor health (Abraido-Lanza et al 1999b; Riosmena et al
2013) and selection for good health (Sander 2008). Immigrants may return to their home country when
they are gravely ill; when they reach pension age; or alternatively, when they are healthy. However, the
sensitivity analyses previously discussed showed that in our data, poor health is linked to a higher
probability of out-migrating or loss to follow-up. It therefore appears that out-migration produces a bias
towards an underestimation of poor health. This means that our finding that immigrants are ageing more
rapidly than natives would have been even stronger if we had complete information on the health
conditions of individuals who out-migrated. If we were to observe the health of individuals who out-
migrated, then the immigrant disadvantage at older ages would be most likely more striking than the
disadvantage we observed.

Third, due to sample size issues, we could not fully explain the observed patterns of weathering by
country of birth. In particular, we were unable to run stratified models by education and by country of
birth. Thus, we could not test hypothesis 3 — i.e., that marital status and income also help to explain the
differences in healthy ageing trajectories across origins — by country of birth. However, we did test
hypothesis 1, which referred to the overall weathering process by country of birth, and we found similar
patterns across origins, albeit with some differences in the magnitude of the gap with natives. Moreover,
while the models that tested hypothesis 1 by country origin were not stratified by education, they included
education as a control.

Fourth, specific to the analyses on self-rated health, it is important to note that immigrants may
consider their non-migrant counterparts in their country of birth, who may have worse health on average,
as their health reference group, rather than native Germans, who may have better health on average.
However, we found very similar patterns for self-rated health and disability in the observed health gaps,
which makes us confident about the robustness of results.

Fifth, the health of ageing immigrants may deteriorate due to other risk factors that were not
measured in the data, and that we could not consider in our analyses. A further step towards
understanding why immigrants age in poorer health may involve taking discrimination pathways into
account, including discrimination in health care access. Despite these limitations, this paper provides a
novel contribution to the literature on how structural factors, both separately and combined, can produce

and exacerbate immigrant-native health inequalities with age.
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To conclude, the differential process of ageing in poorer health we observed is likely be
exacerbated as more immigrants enter ages at which they face a higher risk of developing health frailties. In
conclusion, if prominent receiving countries like Germany do not design and implement specific policies to
address social inequalities between immigrants and natives, the more rapid decline in health among
immigrants is likely to become a public health issue with consequences for the sustainability of the overall
health care system. As highlighted by our results, these policies should be particularly targeted at those
individuals with lower levels of education and the greatest economic disadvantages, as these conditions are

also linked to lower levels of integration.
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