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Abstract

Background

The cumulative (dis)advantage (CAD) perspective more and more is examined in a compar-
ative way, to highlight the role of context in generating inequality over the life course. This
study adds to this field of research by examining trajectories of activities of daily living (ADL)
in later life by educational level in a country comparison of England and Germany, empha-
sizing differing institutional conditions.

Method

Data used are the English Longitudinal Study of Ageing (ELSA; 11,352 individuals) and the
German subsample of the Survey of Health and Retirement in Europe (SHARE; 5,573 indi-
viduals). Using population averaged Poisson panel regression models, 12-year trajectories
of six birth cohorts are investigated, covering the age range of 50 to 90 years.

Results

Respondents in England have a higher level of limitations at age 50, and more limited
increases over age than in Germany. An educational gradient exists in both countries at age
50. Notably, the educational gradient increases for more recently born cohorts, but declines
with increasing age in England, while in Germany educational differences increase for more
recently born cohort only.

Discussion

The current study indicates that CAD processes between educational groups are context
sensitive. While England showed convergence of disparities with increasing age, in Ger-
many no differential development was found.
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and ELSA for free, download the data set, run our
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Introduction

“One and the same cause wears out our bodies and our clothes”, a worker says to his doctor in
a poem by German playwright Bertolt Brecht, aptly describing how social position, as a funda-
mental cause, affects physical health and its decline. Cumulative (dis)advantage (CAD), or the
idea derived from Merton’s Matthew effect that advantage leads to opportunity, while disad-
vantage leads to risk, has often been used to characterise how social inequalities affect health
development over time [1, 2]. While the three central tenets to investigating CAD identified by
Wilson, Shuey and Elder [3], namely 1) adopting a life course perspective, 2) distinguishing
age from cohort effects, and 3) tackling selective panel dropout, still hold, attention has shifted
to a new aspect of CAD. Previously, studies testing the CAD hypothesis focused exclusively on
one institutional context (e.g., [3-27]). However, a new wave of research [28-34] strengthens
the argument that a fourth central principle, namely how country context modifies the way in
which CAD processes unfold over time, is needed to further a deeper understanding of CAD
as a dynamic, contextualised process within social systems.

To do so, the current study contextualises the relation between educational level and devel-
opment of functional health limitations over the age of 50 to 90, by focusing on two European
countries: England and Germany. Combining two sets of longitudinal data, the English Longi-
tudinal Study of Ageing (ELSA) and the German Subsample of the Survey of Health and
Retirement in Europe (SHARE), we examine 12-year functional health trajectories for cohorts
born between 1917 and 1965. We intend to show how interpretations of CAD processes profit
from a comparative angle, since the extent to which CAD produces inequalities in later life
needs context to become meaningful.

Background: The country context of cumulative advantage and
disadvantage (CAD) in health

Country context

While context is key in much life course research, CAD processes in health up until recently
were often examined within one country, usually the US (e.g., [22-24, 26, 29], see Table 1).
This is mainly due to extensive data demands, in the form of large, high quality, longitudinal
panel data spanning decades, but also the advanced methodological nature of the CAD debate,
which often means restricting analysis to a well know example. As a high quality data infra-
structure on ageing has matured, and a consensus on how to investigate CAD has emerged,
exemplified by Wilson, Shuey and Elder’s three central tenets, the occurrence and strength of
this process has been tested in contexts other than the US: across the whole of Europe [25, 35],
in individual European countries such as Germany [19], Sweden [18] and Switzerland [5], as
well as comparing several European countries with contrasting positions in terms of their wel-
fare systems [32, 33]. These studies illustrate that the US context is exceptionally inductive to
CAD processes, combining high initial levels of health problems, with a large educational
health gap, both widening over time within cohorts, as well as widening up for younger
cohorts [33]. In contrast, European countries show a more mixed picture, with an educational
health gap that diverge over age, which is less pronounced in more egalitarian countries, and
which is not universally wider for younger cohorts [19, 33].

This study wants to expand the research on CAD processes in Europe, by tracing country
differences in two countries, England and Germany, but without relying on the often used
worlds of welfare narrative [45]. While countries like Sweden and the US might fit their wel-
fare regime ideal types well, clearly belonging to government oriented social democratic and
market-oriented liberal welfare states respectively [46], these typologies tend to oversimplify
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Table 1. Overview over studies on health (inequality) since 2007.

Author(s), Year Health dimension | Development | Cohort | Panel attrition | SES | Race | Sex | Early Life | Country
Health-development studies (selection)
Spence et al., 2011 [36] M X X X X X UsS
Haas & 04, 2018 [37] E, P X X X X X 13#
Lin, 2020 [38] F X X X X X US
Cohort-sensitive health-development studies
(selection)
Brault, Meuleman, & Bracke, 2012 [39] M X X X BEL
Bell, 2014 [40] M X X X | X | x UK
Haas, Oi, & Zhout, 2017 [41] F X X 14#
Brailean et al., 2018 [42] C X X X NL
Zaninotto et al., 2018 [43] C X X X X UK
Cross-sectional CAD studies (selection)
Schollgen, Huxhold, & Tesch-Romer, 2010 [4] F,P,S X X GER
Schaan, 2014 [15] M X X EU
Shrira & Litwin, 2014 [21] FEM X EU
Vanhoutte & Nazroo, 2015 [28] M X X X UK US
Longitudinal CAD studies (selection)
Mirowsky & Ross, 2008 [22] S X X X US
Haas & Rohlfsen, 2010 [23] F X X X X X UsS
Liang et al., 2010 [24] S X X X US
McDonough, Worth, & Sacker, 2010 [29] S X X UK US
Leopold & Engelhartdt, 2013 [25] F,P,S X X EU
Pais, 2014 [26] o. X X X X US
Jackson, 2015 [27] P,M X X X X UK
Cullati, 2015 [44] F,SSM X X X CH
McDonough et al., 2015 [30] S, M X X X X X UK US
Wu et al., 2020 [31] P X X X 8#
Cohort-sensitive CAD studies
Willson et al., 2007 [3] S X X X X X US
Yang, 2007 [6] M X X X X X X US
Shuey & Willson, 2008 [7] S X X X X X UsS
Yang & Lee, 2009 [8] P,E, S M X X X X X US
Chen, Yang, & Liu, 2010 [9] X X X X C
Yang & Lee, 2010 [10] P X X X X X UsS
Sacker, Worth, & McDonough, 2011 [32] X X X X DK
| GER
UK US
Warner & Brown, 2011 [11] F X X X X X US
Brown, O’Rand, & Adkins, 2012 [12] F, P X X X X X X UsS
Hu et al,, 2015 [35] F X X CEE'
Marshall et al., 2015 [13] P X X X X UK
Xu et al., 2015 [14] P,M,C X X X X UsS
Boen, 2016 [16] S X X X X X X US
Ferraro, Schafer, & Wilkinson, 2016 [17] P X X X X X US
Leopold, 2016 [18] S X X X X X SE
Leopold 2018 [33] P X X X X X X US UK
NLSE
Leopold & Leopold 2018 [19] S X X X X X GER
(Continued)
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Table 1. (Continued)

Author(s), Year Health dimension | Development | Cohort | Panel attrition | SES | Race | Sex | Early Life | Country
Leopold 2019 [20] S, P X X X X X | X GER
Lu, Pikhart, & Sacker, 2019 [34] o. X X X X X US UK
CJ

Note: P: Physical health; F: Functional health; S: Self-rated health; M: Mental health; C: Cognitive health; o.: Other
! CEE = Central and Eastern Europe
# indicates the number of countries.

https://doi.org/10.1371/journal.pone.0244371.t001

welfare policies, which change over time and are not uniformly expansive in all domains (see
e.g., [47]). The UK and Germany can be regarded as key examples on this point. While firmly
placed in the liberal welfare regime in terms of labour market policies, for health care, the UK
is placed alongside Scandinavian countries with high levels of decommodification [48], while
its rental market places it close to Germany in terms of housing policy [49]. An archetype of
the Bismarckian welfare state regime based on social insurance in the 1970ies, Germany has
profoundly changed its welfare policies in the last two decades in a sequential reform trajec-
tory, towards a hybrid, dual welfare system that embraces liberal aspects of welfare systems for
labour market “outsiders” in combination with social democratic provisions for the “insiders”
[50, 51]. Our choice to compare England and Germany therefore is not rooted in a choice of
contrasting cases in the framework of essentialist and reductive welfare typologies, but rather
from an analytical interest: How does the association of education and physical health limita-
tions, and its development over time, vary, depending on three crucial institutional aspects of
inequality: (1) how education is distributed, (2) how education is associated with health
inequalities and (3) the accessibility of health care systems.

First, one of the most important features of the twentieth century was the increase in both
the average level and duration of schooling in more recently born cohorts. Importantly, educa-
tional expansion happened in an idiosyncratic way in each country. Both in England and Ger-
many, access was widened to secondary education (after the Second World War) and to
higher education (in the late sixties) in a similar timeframe [52], but resulted in stark differ-
ences in completed levels of education for each cohort, as starting positions differed for both
countries: As Table 2 shows, in 1950, a higher proportion of the population had completed
upper secondary education in Germany compared to England 20 years later. However,
England always has had a slightly higher proportion of the population completing post-sec-
ondary education. For the cohorts under study, in England, the majority of the population had
lower levels of education than in Germany. The division of Germany from the Second World
War until 1989 led to slightly different paces of expansion within Germany. For the former
Eastern part of Germany, the expansion was slightly slower and higher education was slightly
less accessible [53].

Second, differences in educational levels are associated with health disparities in later life
[60], but the extent of these differences vary considerably by country [61]. While a plethora of
theoretical perspectives discusses the existence and extent of different health inequalities in
modern welfare states (for an overview see [62]), we focus on the role of education as a vector
for life chances in a given context. While education has some absolute influences on health
through the knowledge acquired, from a life course perspective most of its effects are relative
and context dependent. Education can be considered a positional good, which means it is
more valuable if less of it is around, at least when it comes to its effect on subjective well-being
[63] or on occupational access [64]. This paper wants to explore if education also functions as
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Table 2. Key macro-level indicators on education and health (care) in England and Germany.

Aspect Source
Educational attainment [54]
Education to [55]
health pathway
[56]
Health care [57]
[58]
[59]
[58]

https://doi.org/10.1371/journal.pone.0244371.t1002

Indicator England Germany
Upper Secondary (1950), in % of population 11 20
Upper Secondary (1960) 13 24
Upper Secondary (1970) 16 28
Post Secondary (1950) 7 6
Post Secondary (1960) 8 7
Post Secondary (1970) 10 9

Activity limitation, 50-64 (based on EU SILC), in % of age group

Low educated 36 51
Middle educated 25 41
High educated 17 28
Activity limitation, 65-79 (based on EU SILC), in % of age group

Low educated 43 61
Middle educated 34 57
High educated 28 53
Education-related health inequality, over age 50 (Gini-coefficient) .02 .01
Current healthcare expenditure relative to GDP (2017), in % 9.6 11.3
Health insurance coverage, in % 100 89.4
Number of physicians per 1,000 of a population (2017) 2,786 4,249
Life expectancy (2018), in years 81.4 81.3

a positional good in terms of later life health. Previous studies found that the association of
educational inequalities on functional health in later life is smaller in Germany than in
England, especially in older cohorts [56], even if the absolute level of functional health limita-
tions is higher in Germany [55]. This study wants to place these findings in a longitudinal con-
text, which will allow us to make an analytic distinction between age and cohort level
influences.

Third, differences in healthcare systems can explain differences in how consequential health
conditions are and how well they can be managed. England and Germany differ substantially
in the way healthcare is organised and delivered. While in England health care is state funded
and free at point of use, in Germany it is organised through a compulsory public health insur-
ance system, which is deducted from wages. Health care spending is higher in Germany,
which has more hospital beds, a higher proportion of doctors, and more generally more health
infrastructure than the UK. Nevertheless both provide universal access and comprehensive
coverage to their respective populations [65].

CAD in health in three key tenets

This paper highlights the comparative aspect of CAD. To do so, it also follows the three central
tenets of CAD outlined by Wilson, Shuey and Elder [3], which we summarize below.

a) Life course approaches. A life course approach emphasizes the age-graded patterns of
human development over the lifespan. Cumulative (dis)advantage theory (CAD) emphasizes
how differences are patterned systemically, by initial level of advantage. One common way of
classifying (dis)advantages over the life course is by using educational level as a marker of
social position. Education in this vein is often seen as a vector of life chances, providing access
to better paid employment, with fewer health risks, enabling more comfortable housing in
safer neighbourhoods. A lower level of education in this way is linked to more stressful living
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and working environments, as well as more risky health behaviours. Accordingly, research has
shown a link between less education and additional psychosocial risk factors for poor health,
such as the earlier onset of poverty, unemployment or separation, as well as having fewer
resources for coping with them [66].

As such, CAD is the central paradigm of studies from a life course perspective connecting
socio-economic position, either measured over different points of the life course [9, 10, 15, 21,
28, 37, 67] or seen as educational level [18, 19, 25, 33], and the cumulative burden of health
insults it entails. These health insults depend on the health dimension under consideration.
Previous research on CAD processes using a comparative perspective focussed on subjective
health [32] or physical health [33]. In the current study we focus on functional health, as it is
less affected by psychological re-adjustment processes than subjective health (i.e., how ill peo-
ple feel), and it is less related to differences in health care systems than physical health (i.e.,
which diagnosed illnesses people have) [68]. Nevertheless, functional health limitations are a
strong predictor of both individual outcomes such as subjective well-being and societal conse-
quences such as health and social service costs [70].

b) Separating age and cohort effects. A second feature of CAD is to emphasize that
effects of age and cohort should be disentangled [69-71]. As presented in Table 1, previous
research did not always follow this central tenet of the CAD paradigm: Both in epidemiological
research, with a strong focus on population averages, and in social science research, with a tra-
dition of group specific health levels, a mix of cross-sectional, longitudinal, and longitudinal
cohort-sensitive research designs was used. While longitudinal approaches tackle the individ-
ual process of ageing, cohort changes reflect historical developments in the circumstances
under which people grow up and grow old. Disentangling these two processes, as done by an
increasing number of longitudinal cohort-sensitive research projects, including the current
study, helps to disentangle the effect of both.

Health does not change in a constant rhythm but may alter its speed. Each health dimen-
sion follows a particular development over age. While subjective health for instance has been
shown to decline slightly over age, functional health development is high in early life stages
and decreases—with accelerated speed-in later ages [8, 12, 25]. Accordingly, non-linearity
should be taken into account. In order to investigate how CAD in health unfolds as people age,
it is important to account for cohort effects [72, 73]. Different birth cohorts experience varying
life conditions, so that levels of accumulated risk exposure differ between them. Earlier
cohorts, born before or during the Second World War, generally have grown up under worse
circumstances. Experiencing an economic crisis at the beginning of their working life for
example has been shown to exert a scarring influence on later life health [74]. Cohort effects in
this way capture the impact of historical conditions on a person’s life. It is widely assumed that
later-born cohorts are healthier than earlier-born cohorts, reflecting a multidimensional pro-
cess of improvement in medical care, reduction of environmental pollution, less physically
demanding work and better lifestyle habits [75]. Importantly, these cohort effects often differ
by social status groups. Willson and colleagues [3] showed that higher levels of education in
later-born cohorts lead to better self-rated health relative to earlier-born cohorts. For those
with lower levels of education, however, self-rated health depends on the life stage considered,
with better health earlier in life, but worse health later in life relative to earlier-born cohorts.
Importantly, failing to separate age from cohort effects implicitly assumes that rates of change
in health over age are the same across all cohorts [69, 73, 76]. In sum, there are strong reasons
to assume that birth cohorts affect how CAD processes unfold.

c) Selective panel dropout. When investigating health changes over age, addressing
potential attrition is crucial [3, 72]. Over time, drop out is potentially higher among those with
declining health, so that the slope of the average population trajectory might be
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underestimated, or positively biased [72]. Specifically, dropout is higher at lower levels of edu-
cation, as they have worse health already at the beginning of the observed period. This selective
participation of the lower educated may lead to an overestimation of the average health status
in this group. It has been shown that the decline in the health gradient at older ages (i.e., age as
aleveller of social differences) relies partly on this type of selective attrition [3, 73]. While selec-
tive participation might obscure a part of the picture, real mortality changes the scenery
entirely. Because the least healthy part of a disadvantaged population segment such as the
lower educated, die earlier, average health levels in this group increase [77]. Thus, tackling
panel attrition in studies of CAD is not only a matter of method but also a matter of substance.

The current study

We assume that the mean level of health at the age of 50 is on a similar level in England and in
Germany (H: Country). However, as education affects health stronger in England than in Ger-
many, we believe there will be greater health differences between educational groups at base-
line in England than in Germany (H: Country* Education). Based on CAD, or the idea that
differences at the beginning lead to larger (dis)advantages later in life, we expect the social gra-
dient to increase over age (including its acceleration) stronger in England than in Germany
(H: Country* Development*Education). In terms of education, we believe a more unequal dis-
tribution leads to starker health disparities. As such, we assume that education has smaller
effects for more recent cohorts, and more so in Germany than in England (H:
Country*Cohort* Education,).

Summing up, we compare functional health development in later life in Germany and
England, two countries with similar health care accessibility and historical patterns of educa-
tional expansion but a differing distribution of education. By comparing health developments
in England and Germany, we investigate if differences between educational groups and their
change over time depend on the social context. Accordingly, we put the CAD processes into
context. Table 3 sums up the hypotheses.

Methods
Data

Our analyses use the English Longitudinal Study of Ageing (ELSA; [78]) and the German sub-
sample of the Survey of Health, Ageing and Retirement in Europe (SHARE; [79]). ELSA is a
panel study of the community-residing English population age 50 and over (at baseline) and

Table 3. Summary of the hypotheses.

Label Hypothesis

Country Average limitations in ADL are the same in England and Germany.

Country* With increasing age, limitations in ADL increase at the same rate in England and Germany.
Development

Country* There is a greater difference in limitations in ADL between people with higher and lower education
Education in England than in Germany.

Country* The educational gradient in limitations in ADL increases with age in England to a greater extent
Development” | than in Germany.

Education

Country* The influence of education on limitations in ADL does not change differently by country over
Cohort* cohorts.

Education

https://doi.org/10.1371/journal.pone.0244371.t1003
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Table 4. Mean levels, standard deviations, and number of observations for ADL by wave, educational level, and country (means and standard deviations are
weighted cross-sectionally).

Wave
1 2 4 5 6

Interview year* 2004 2006 2010 2012 2014 Total

Lower educated

England Mean 0.52 0.52 0.53 0.50 0.47 0.51
SD 1.04 1.04 1.04 1.03 0.99 1.03
N 3,631 3,280 2,505 2,369 1,974 13,759

Germany Mean 0.29 0.42 0.51 0.44 0.40 0.39
SD 0.75 1.04 0.96 1.01 1.02 0.94
N 338 260 112 484 305 1,499

Middle educated

England Mean 0.31 0.27 0.29 0.28 0.26 0.28
SD 0.82 0.78 0.79 0.80 0.80 0.80
N 3,748 3,951 3,344 3,526 3,253 17,822

Germany Mean 0.19 0.18 0.24 0.21 0.20 0.20
SD 0.67 0.67 0.78 0.68 0.65 0.68
N 1,102 934 511 2,145 1,544 6,236

Higher educated

England Mean 0.20 0.15 0.17 0.19 0.14 0.17
SD 0.73 0.59 0.65 0.72 0.59 0.66
N 1,103 1,321 1,182 1,177 1,067 5,850

Germany Mean 0.08 0.11 0.13 0.09 0.10 0.10
SD 0.43 0.55 0.55 0.44 0.49 0.47
N 524 453 282 1,073 828 3,160

Overall

England Mean 0.39 0.36 0.37 0.35 0.32 0.36
SD 0.93 0.89 0.89 0.89 0.85 0.89
N 8,482 8,552 7,031 7,072 6,294 37,431

Germany Mean 0.18 0.21 0.24 0.21 0.19 0.20
SD 0.64 0.73 0.76 0.69 0.67 0.68
N 1,964 1,647 905 3,702 2,677 10,895

Total N 10,446 10,199 7,936 10,774 8,971 48,326

* Both data sets collect data around turn of the year, accordingly interview year indicates the year of beginning data collection.

https://doi.org/10.1371/journal.pone.0244371.t1004

their partners, conducted biannually since 2002. Ethical approval for all the ELSA waves was
granted from NHS Research Ethics Committees under the National Research and Ethics Ser-
vice (NRES). SHARE is a cross-national panel study conducted every two years since 2004.
Ethical approval for SHARE was granted during Waves 1 to 4 by the Ethics Committee of the
University of Mannheim and for the following waves by the Ethics Council of the Max Planck
Society. For the current study, no further ethical approval is required. We used the harmonized
version of the data, available through the Gateway to Global Ageing project. We restricted the
age range from 50 to 90 as there are limited respondents over 90 (ELSA: 0.8%; SHARE: 2.3%).
We only used waves common between both studies (2004 to 2014, excluding 2008, as the
health items were not part of SHARE that wave, see Table 4). As our focus is population com-
parisons, we only need randomly assigned respondents and hence excluded partner data from
both studies (ELSA: 19.8%; SHARE: 35.8%) but retain all available information for the main
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respondents, including proxy interviews (ELSA: 3.2%; SHARE: 2.8%). Refreshment samples
were included (ELSA: 14.1%, in w3, w6, w7; SHARE: 58.5%, in w2 and w4) to reduce selective
panel dropout. The refreshment sample of ELSA wave 4 was omitted as information on educa-
tion was not comparable. Educational information was complete in SHARE, but 7.9% was
missing in ELSA. Based on studies showing that partners tend to share similar levels of educa-
tion [80], if possible, we substituted missing information on education with the partner’s edu-
cation level (5.4%). This approach reduces systematic drop-out although it might lead to
minor misclassifications: For instance, women stronger profited from the educational expan-
sions which in turn means that in particular men of earlier-born cohorts might receive lower
levels of education in case of missing information [80]. For 2.5% of the sample, no partner
information was available thus we omitted these individuals from the analyses. We excluded
all participants with missing data on any of the study items (ELSA: 0.3%; SHARE: 0.2%). This
results in a sample of 11,352 individuals with 37,431 observations for England and 5,573 indi-
viduals with 10,895 observations for Germany (see Table 4). Note that the mean number of
observations differs between England (n; = 4.0, SD = 1.3) and Germany (n; = 2.5, SD = 1.3),
less because of major differences in retention rates but rather due to the relatively larger
refreshment samples included in the later waves of SHARE Germany [81, 82].

Dependent variable: Health-related limitations in activities of daily living

Our dependent variable is limitations in activities of daily living due to health reasons (ADL).
ADL represents the functional dimension of health (i.e., how health limits people activities)
which strongly impacts well-being. Respondents indicated whether they had any difficulty
(yes/no) doing five self-care tasks (difficulties with bathing or showering; dressing, including
shoes and socks; eating, cutting up food; getting in or out of bed; walking across a room)
which we summed up to a count variable ranging from 0 (no limitations) to 5 (limitations in
all tasks). While further limitations have been assessed in both studies, the item selection is in
line with other important panel studies, for instance, the US Health and Retirement Study
(HRS) and the Japanese Study on Aging and Retirement (JSTAR).

Independent variables

Based on the International Standard Classification of Education (ISCED), we distinguished
between people with a low level of education (reference category; up to lower secondary), mid-
dle level of education (higher secondary), and high level of education (tertiary and more).
Cohorts were categorized into 6 groups based on the year of birth. The number of cohorts is a
trade-off between sufficient case numbers within each cohort and the aim to allow for a
detailed analysis of differences between birth cohorts. Except for the first and the last cohort,
which capture 9 and 10 years respectively, cohorts cover an 8-year period (1914-22 = 0; 1923-
30 =1;1931-38 = 2; 1939-46 = 3; 1947-54 = 4; 1955-64 = 5). Age was recoded starting with
youngest age 50 and was divided by 20 for layout purposes. Since functional health limitations
differ by gender [8, 19], in all models we either statistically controlled for gender or estimated
models separately for men and women.

We additionally controlled for whether the participant was part of a refreshment sample
(ELSA: 19.8%; SHARE: 58.5%) and whether the data was from a proxy interview (ELSA: 3.5%;
SHARE: 2.4%). To control for structural differences still present in the two formerly divided
parts of Germany, we include a variable indicating the current residency (0 “Western part”, 1
“Eastern part”). All other control variables were mean-centred for each country. To check the
robustness of our findings, we tested whether controlling for patterns of study participation
affected the results. We coded study participation as either complete (reference category;
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ELSA: 56.2%; SHARE: 59.6%), selective (participation in at least two waves, but not complete;
ELSA: 43.6%; SHARE: 21.6%), or one-time only (ELSA: 1.0%; SHARE: 18.8%).

Analytical strategy

We used longitudinal Poisson population-averaged regression models for count data in
statal4 (xtgee, family(poisson)) to estimate how ADL changed as age increased [83]. These
models are very similar to linear growth curve models (with random intercepts and fixed
slopes), except that an increase of one unit in the dependent variable is not linearly associated
with an increasing independent variable but may vary over its range. Age and cohort effects
are disentangled by including interaction terms between age and cohort, to allow analysis of
the shape of 12-year trajectories of ADL by birth cohort. The 12-year age range is based on a

11 years of observation period of the applied data (2004-2014) plus one year due to our cate-
gorisation of age groups. As shown in S1 Table in S1 File, a person born in 1948 is 56 years old
at the first observation in 2004. He or she can be traced until age 66 in 2014. Due to the cluster-
ing of age in 2-years intervals, a person born one year later would be included in the same
health trajectory (age 57 to 67). Visually, the cohort-specific health trajectories are represented
through age vector plots (for an introduction to this approach, see [73, 76]; for empirical exam-
ples see e.g., [9, 13, 84]). The entire stata code necessary to replicate the analyses is publicly
available at OSF (see Data Availability).

In the first model, we separately assessed cohort-specific trajectories of ADL over age in
England and Germany (Models 1a and 1b). To examine the educational stratification of health,
as well as how health inequalities evolved with increasing age, in the second model we added edu-
cational level, and its interaction terms with age and cohort (Models 2a and 2b). To test whether
countries differ significantly, data from both countries were pooled and an interaction effect with
country was included for all parameters (Model 3). We used England as the reference category
which means that these effects represent how Germany differs in these parameters to those esti-
mated for England. For the opposite direction, a model using reverse coding comparing England
to Germany can be found in the Supplement (S2 Table in S1 File). To test for gender differences,
we estimated the country-comparison model for men and women separately (Model 4a and 4b).

As ignoring selective panel attrition can result in underestimating health inequalities with
age, we estimated two additional models to examine to what extent this is the case (Model 5a
and 5b). The first model excluded indicators for respondents’ participation patterns (complete,
selective, one-time) and being part of the refreshment sample to identify the extent of increas-
ing selection bias [8, 9]. Subsequently, we estimated the same model with full-information
maximum likelihood (FIML). FIML uses the covariance matrix to estimate each participant’s
ADL at any point, regardless of whether the respondent actually participated in the measure-
ment occasion or not. This procedure corrects for Missing At Random (MAR) type attrition,
in which missingness is predicted by the dependent and independent variables included in the
model [85]. To do so, the growth model was estimated as a structural equation model in
MPlus [86]. We discuss our findings in the light of robustness against panel attrition after pre-
senting the central models. While we assume that no model allows to completely identify and
control for selection and attrition bias, the robustness checks made do at least indicate the pos-
sible presence and direction of the bias.

Results
Separating age and cohort effects

As presented in Table 5, England and Germany show different patterns of development in the
number of ADL (see Table 3, Model 1a and b). We present incidence rate ratios (IRR) for
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Table 5. Model predicting incidence rate ratios (IRR) for limitations in activities of daily living due to health reasons.

Model 1a and 1b Model 2a and 2b Model 3
(pooled)
England Germany England Germany Ref.: England Difference of Germany
Level at age 50 0.20%** 0.07*** 0.35°** 0.15"** 0.30"** 0.60**
(0.01) (0.01) (0.03) (0.03) (0.02) (0.11)
Age/20 0.83* 2.77** 0.69%** 3.37%%* 0.72** 4.13%%*
(0.07) (0.64) (0.07) (1.02) (0.07) (1.18)
(Age/ZO)2 2.05%** 0.80 2.03°** 0.75* 2.08"** 0.35°**
(0.14) (0.11) (0.14) (0.11) (0.15) (0.05)
Cohort 1.22%%* 0.74"** 1.10 0.54"** 1.20%** 0.43***
(0.06) (0.07) (0.06) (0.07) (0.06) (0.05)
Cohort*Age/20 0.83*** 1.29*** 0.86"** 1.38*** 0.82** 1.82%**
(0.03) (0.08) (0.03) (0.12) (0.03) (0.16)
Middle education 0.53*** 0.54** 0.52%** 0.92
(ref: low) (0.05) (0.11) (0.05) (0.20)
High education 0.16"** 0.23*** 0.16"** 1.32
(0.03) (0.06) (0.03) (0.44)
Middle education® 1.25* 0.84 1.28" 0.72
Age/20 (0.13) (0.20) (0.14) (0.17)
High education* 1.63* 0.81 1.67* 0.50*
Age/20 (0.33) (0.25) (0.34) (0.17)
Middle education* 1.06 1.35% 1.06 1.29*
Cohort (0.05) (0.16) (0.05) (0.16)
High education* 1.37** 1.37 1.36** 1.04
Cohort (0.13) (0.23) (0.13) (0.20)
Middle education* 0.98 0.95 0.98 0.96
Age/20*Cohort (0.03) (0.07) (0.03) (0.08)
High education* 0.93 1.05 0.93 1.10
Age/20#Cohort (0.06) (0.11) (0.06) (0.13)
N of individuals 11352 5573 11352 5573 16925
N of observations 37431 10895 37431 10895 48326
Xz 4258.86 1985.16 4367.18 2000.58 6410.43
Degrees of freedom 9 10 17 18 31
* p<0.05
** p<0.01

*** p<0.001; Displayed are incidence ratio rates (IRR) with standard errors in parentheses. Cohort is coded from earlier-born to more recent-born cohorts. Models 1

+ 2 are estimated for each country independently. Model 3 uses pooled data of both countries and estimates differences in each parameter (for Germany to England) by
using an interaction of a country dummy with each parameter (e.g., ADL = f(level, country, age, age* country, age?, age** country, . ..)). All models are also controlled for
being part of the refreshment sample, interview was conducted by a proxy person, participation pattern, gender and east or west Germany (see S2 Table in S1 File).

https://doi.org/10.1371/journal.pone.0244371.t1005

Poisson models, which indicate a rate ratio in the dependent count variable if the independent
variable increases by one unit while the other variables are held constant. For example, an IRR
of 1 in one independent variable indicates no change in ADLs, while 0.95 points to a 5 percent
decline. In England, ADLs increase over age in a non-linear fashion (Age/20: IRRg = 0.83%;
(Age/ 20)% IRR = 2.05***). Each more recent-born cohort has on average a 22 percent higher
risk of having one additional ADL at a given age (coh: IRRg = 1.22***) while showing a slower
development over age (coh*age/20: IRRg = 0.83***). In Germany, ADLs increase linearly over
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Fig 1. Comparison of trajectories of limitations in activities of daily living due to health reasons with confidence
intervals for different birth cohorts in England and Germany. Vector-age-cohort plots of Models 1a and 1b based
on separate poisson growth curve models for England and Germany, separate lines represent the succession of six
cohorts.

https://doi.org/10.1371/journal.pone.0244371.g001

age with strong risk increases of 177 percent points every 20 years (Age/20: IRRG = 2.77**").
With each more recent-born cohort, in Germany, the risk of having an (additional) ADL
decreases by 26 percent (coh: IRR¢ = 0.74***) while the increase in ADL over age is faster for
more recent-born cohorts (coh*age/20: IRR; = 1.29"**). Fig 1 visualizes these two contrasting
patterns in ADL trajectories for both countries, with ADL trajectories being driven mainly by
cohort differences in England and by age in Germany. The figure also shows a lower mean
level of ADLs over the whole age range for Germany compared to England.

Educational inequality

Models 2a and 2b test whether higher levels of education lead to lower ADL and more advanta-
geous ADL trajectories than for people with lower levels of education. Fig 2 illustrates the
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Fig 2. Comparison of trajectories of limitations in activities of daily living due to health reasons by education and
country for three exemplary cohorts. Vector-age-cohort plot by educational level of Model 3 based on a pooled
poisson-growth curve model with interaction terms of country.

https://doi.org/10.1371/journal.pone.0244371.g002
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results of Models 2a and 2b —for reasons of visibility—only for three exemplary cohorts (1947-
54, 1931-38, 1914-22). In England, we found that, at the age of 50, the middle-educated only
have half the risk of the lower educated for an (additional) ADL (IRRg = 0.53***) and higher
educated have an even 84 percent lower risk (IRRg = 0.16"**). In Germany, educational pat-
terns are similar (middle education: IRRg = 0.54"**; high education IRRg = 0.23***). Interest-
ingly, because in England ADLs for middle-educated and higher-educated groups increased
faster than for the lower educated (middle*age: IRRg = 1.25***; high*age: IRRg = 1.63***) edu-
cational differences in ADL decline over age, while in Germany differences between educa-
tional groups do seem to increase over age, but are not statistically significant.

However, being born in a later cohort in Germany increases the educational health gap by
35 percent for middle educated (compared to lower educated, middle*coh: IRR; = 1.35*). For
the higher educated the interaction with cohort is similar in size and direction, but not statisti-
cally significant. In England, cohorts also interact with the level of limitations in ADL at a
given level of education: for later-born cohorts there is a higher risk for an additional ADL for
higher educated in comparison with lower educated (high*coh: IRRg = 1.37**). Finally, for
both countries, we found no indication that age moderated the cohort by education interaction
(i-e., that the improvements in health for higher educated people in more recent cohorts differ
depending on age), as indicated by the not statistically significant age by cohort by education
term.

Considering country contexts

In the next step, we tested whether functional health trajectories are associated differently with
education in England and Germany by pooling the data and including a country interaction
term for each parameter. Table 5, Model 3 shows the coefficients for England as the reference
in the first column and the difference with Germany, modelled through an interaction term, in
the second column. Unexpectedly, we found that people aged 50 have a 40 percent lower risk
of having an additional limitation in ADL in Germany than in England (H: Country; IRRpy=
0.60**). Contrary to our expectation (H: Country* Development), we found that, overall, the rel-
ative risk of having an additional limitation increased 4-times faster with age in Germany than
England (IRRp;g= 4.13"**) but with a much slower acceleration (; IRRp;z= 0.35"**). The
increase in risk of an additional limitations for a laterborn cohort is smaller in Germany than
in England (IRRp,= 0.43"""), but the relative risk increase by cohort over age was 82 percent
greater in Germany than in England (IRRp;;= 1.82""). This indicates that later-born cohorts
have a steeper increase in ADL over age in relative terms in Germany, but lower starting levels
than in England.

Model 3 equally tested whether there was evidence of different patterns of CAD in England
than in Germany. Although we expected to find larger health disparities between educational
groups in England than in Germany (H: Country* Education), as the coefficients for the differ-
ence of Germany in terms of educational level are not significant, this hypothesis was not sup-
ported. While we expected to find larger increases in the educational gradient with age in
England than in Germany (H: Country* Development* Education), Model 2 already revealed
that the opposite is the case: For England, a decline of the within cohort differences between
educational levels was found instead of an increase while in Germany no statistically signifi-
cant trend was detected. Comparing both countries in Model 3 reveals that in Germany, higher
educated tend to have smaller risk-increases over age (compared to the German lower edu-
cated) than the English higher educated (IRRp,s= 0.50%). Finally, there is an indication that
secondary education for later-born cohorts in Germany is associated with significantly higher
relative risk of an additional limitation than later-born cohorts in England (IRRp;= 1.29%).
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The educational gradient of ADL over age across cohorts does not differ significantly between
England and Germany (H: Country* Education* Cohort).

Robustness of the findings to gender differences and panel attrition

To evaluate the robustness of our findings, we estimated separate models by gender, a model
without any control variables, and a model using FIML. We present these in the Supplement
in full (see S2 Table in S1 File). Overall, the general pattern of results was stable, although we
could identify some specific trends. First, gender differences were minor, with overall patterns
being fairly similar for men and women. Second, robustness checks regarding panel attrition
suggested that the overall level of limitations seems to be slightly higher, while education-
based selection for level differences and their developments over age and cohort are fairly
unbiased. In sum, our results appeared to represent a conservative but robust picture of health
developments for different educational groups which might be even stronger in the entire pop-
ulation than in this sample.

Discussion

Cumulative disadvantage, or the idea that inequalities widen between social groups over age
[1, 2], has matured as a field of research into a rich and wide collection of findings, and an
established set of research strategies, summarised in the three central tenets of CAD research: a
life course approach, separating age from cohort effects and asserting the influence of selective
panel dropout. We argue that, in line with an emerging focus on comparative CAD research,
the institutional context of these processes plays an equally important role in determining if
and how CAD processes emerge. The current study wants to illustrate this overlooked fact,
without relying on essentialist and reductive welfare typologies, but by conducting a rigorous
and in-depth comparison of the educational gradient in levels of and changes in functional
health limitations as people progress from midlife to later life between England and Germany.
By an analysis of limitations in ADL of in total 48.326 observations from 16.925 respondents
from ELSA and the German part of SHARE in an accelerated panel design through a GEE
model that treats the outcome as a Poisson distribution, as well as conducting multiple robust-
ness checks, we can formulate an answer to our hypotheses posed earlier.

First, this study shows that the increase in limitations in activities in daily life over time is
driven by different analytical forces in both countries. While in England cohort differences
explain the majority of variation over time in ADL, in Germany it is more due to age evolution.
This underlines the importance of the basic tenets of CAD in a life course tradition: To study
development of health over age it is important to differentiate age and cohort effects. We illus-
trate that the mean-level ADL development over time is driven by a specific mixture of age
and cohort effects in each country. While in England more recent-born cohorts showed on
worse health at the age of 50 they also had fewer steep increases over age than earlier-born
cohorts. For this mean-level effect exactly the opposite is true in Germany: more recent-born
cohorts have better health for a given age, but steeper relative changes with increasing age.
While the distinction between age and cohort effects might seem analytical and academic, to
some extent it reflects the difference between onset of ill health due to biological and societal
reasons. From this perspective the cohort driven deterioration of functional health trajectories
in England is counter intuitive, but has been shown in similar studies looking at mental health,
wellbeing [84] and frailty [13].

Second, we found that in England educational differences in ADL decline over age, while in
Germany differences between educational groups do seem to increase over age, but are not sta-
tistically significant. So, we did not find a process of CAD in the strict sense of diverging health
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trajectories. On the contrary, we find processes of convergence over age, in particular for
England, in which lower educational levels develop “less disadvantageous” than the other
groups leading to more similar health levels in later life. A partial explanation of this fact could
lie in a higher risk of early mortality, leaving “healthy survivors” in the population [77]. In par-
ticular in the group of the lower educated, this might lead to increases in mean levels of health
and accordingly to smaller differences to the other educational classes. While this contradicts
most research on CAD [3, 13, 16, 87], it aligns with findings from Switzerland [5] and it tends
in the same direction of an earlier examination of England. The latter showed stable educa-
tional gaps for physical health but was limited to a smaller age and cohort range [33]. Earlier
research that found increasing educational gradients over age focussed on more subjective
markers of health such as self-rated health [18] or used a fixed effects approach which obscures
cohort and country differences [25]. The current study hence contributes to an understanding
that CAD is not a universal pattern in Western societies [5]. Rather it shows that using an ana-
lytical approach to compare CAD processes in two similar countries is useful: It questions the
generalizability of the CAD assumptions and helps to better understand differences in CAD
processes by referring to institutional particularities, such as the distribution of education and
its influence on health developments over age on one hand, and differing age cohort associa-
tions with health on the other hand.

More in general, two parallel processes reducing social differences seem to take place: first a
life cycle effect, with increasing ADLs over age (Education* Development), and second a cohort
effect, pointing out that in earlier-born cohorts educational differences are less pronounced
than in later-born cohorts (Education® Cohort). While in England both processes occur simul-
taneously and independently (no effect of Education® Development*Cohort), in Germany health
differences between educational classes increase mainly due to cohort succession.

These findings can be interpreted in the light of institutional differences between England
and Germany highlighted earlier, namely (1) accessibility of health care, (2) how education is
distributed, and (3) how education is associated with health inequalities. Regarding the first,
although England and Germany follow different traditions of health care organisation, the dif-
terences found should not be based on accessibility because both countries provide full access
free of charge. Second, in England, the cohorts under study have, on average, lower levels of
education than those in Germany. As lower education is associated with lower functional
health, this compositional effect might explain the higher mean level of ADLs in England at
the age of 50. A similar speed of educational expansion in both countries (see Table 2 and
[52]) might affect the succession of education-based life chances over cohort similarly, how-
ever, due to the different initial level between the two countries, in England in particular the
higher educated in later-born cohorts show stronger increases in functional limitations while
in Germany this effect can be found for both middle and higher educated. Third, previous
studies found that education related inequalities on functional health in later life are smaller in
Germany than in England, especially in earlier-born cohorts [39]. The current study points
out that CAD in England follows a function of age and cohort while CAD in Germany follow a
function of cohort only, leading to similar levels of functional health inequality in the intersec-
tion of higher ages and earlier-born cohorts for England and Germany.

Nevertheless, the current examination of trajectories and educational gradients in func-
tional health across the second half of life has specific socio-political implications. The func-
tional dimension of health is more strongly related to the need for care, rehabilitation and
medical assistance than, for instance, indicators of physical or emotional health [68]. Our find-
ings hence suggest that-in particular in England but also Germany-the lower educated need
to spend more financial resources for aid with daily life activities over major parts of the life
course in both countries. This is alarming as people with lower levels of education already have
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fewer economic resources but must invest more in order to maintain quality of life in the face
of higher functional limitations. Over the life cycle differences decline, resulting in a need for
support independently of education. Thus, health care systems in both England and Germany
should be aware for the early needs for support of lower social status groups. Tackling the edu-
cational gradients at age 50 suggest that welfare state investments earlier in life may reduce
cumulative costs and hence may lead to lower overall costs by reducing health expenditure in
later life.

Strengths, limitations and further research

The study shows several strengths. Strongly guided by the life course approach, the present
study examined educational inequalities in functional health by separating age from cohort
effects in two particular contexts. Specifically, we examined the extent to which functional lim-
itations in later life depended on a person’s level of education. Acknowledging differences
between health dimensions, we focussed on functional health. Recently, a growing amount of
research focussed on CAD processes in different country contexts. For our comparison, we
applied an analytical approach to identify potential drivers of CAD in health (care) institu-
tions. Our results show that both average health development as well as CAD processes unfold
in country-specific ways. We provided particular attention to selective panel attrition, which is
of utmost importance in research on health and ageing.

Some limitations have to be mentioned. Due to the main focus of the paper on the interac-
tion of health development, educational class, and country comparison, we acknowledged
cohort-effects only as a linear trend. However, cohort changes in health might be curvilinear
or cohort-specific in response to critical historical events. In a similar vein, period effects
addressing for instance economic changes are out of scope of the current paper. Secondly, we
combined two data sets with different case numbers to examine the overall development of
functional limitations. Instead of weakening the model by reducing the observations of
England to the number in Germany, we used all observations available. Our approach aims to
keep maximum accuracy of the estimates. However, smaller case numbers in the German data
set might lead to lower chances to find significant differences to England. It appears that Ger-
many tends to have better functional health levels and smaller educational differences at the
age of 50 when models are estimated separately, but since in the pooled dataset these differ-
ences tend to lack statistical significance, we assume that with upcoming data points in future
differences between data sets might become estimated more precisely and hence the context
effects might become even more apparent. Third, it is possible that the educational level in the
English context does not adequately mirror the function it has in Germany, as a vector for life
chances. It has been pointed out that occupational position in contrast to educational attain-
ment has more salience in the England [28, 88] as a framework for studying health inequality.
Due to different occupational coding in both surveys, this route could not be explored.

Based on our finding that Germany and England show different “rhythms of ageing” (in
terms development of limitations), with German individuals remaining on a lower level of lim-
itations for longer, and accelerating stronger in later life than the English, future research
should focus on potential reasons behind this. While we also show that these rhythms differ by
cohorts, institutional differences for particular cohorts might help to inform which effects lead
to the different cohort developments [89] and which institutional arrangements also affect the
intra-cohort inequalities. Better understanding in each country context might contribute to a
better understanding of CAD as within-cohort divergence. Furthermore, future work should
take into account that these processes might depend on the health domain and on the life
stage. For instance, previous studies [18, 27] have shown that CAD in health is not a particular
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later-life process but might appear already in earlier life phases. Since health is a complex,
multi-dimensional construct [68], researchers need to be very clear about which specific
dimension of health they analyse. Using a stronger systematic approach with accounting for
health dimension, cohort and context differences, previous ambivalent findings primarily
from the US [3, 10, 16] could become interpreted more clearly.

Conclusion

CAD in functional health is a process which can be better understood by comparing different
contexts. The current study indicates that CAD processes cannot be detected in England and
Germany after the age of 50, as differences between educational groups decline by age in
England and do not increase significantly in Germany. We found, however, increases in health
differences between educational groups for later-born cohorts in both countries, which can be
understood as increases in inequality between cohorts, due to educational expansion. If the
Brechtian worker lived in current times, his poetic statement on the role of social position for
health status, would benefit from referring to age, cohort and country, to be able to be assessed
in terms of its plausibility.

Supporting information

S1 File.
(DOCX)

Acknowledgments

This paper uses data from SHARE Waves 1, 2, 4, 5, and 6 (DOIs: 10.6103/SHARE.w1.611, 10.
6103/SHARE.w2.611, 10.6103/SHARE.w4.611, 10.6103/SHARE.w5.611, 10.6103/SHARE.w6.
611, see [79] for methodological details) and from ELSA Waves 1 to 7, see [78]). We thank
everybody who contributed to these projects. Finally, this analysis uses data and information
from the Harmonized ELSA (Version E as of April 2017) and SHARE (Version D.4 as of
March 2018) dataset and codebook developed by the Gateway to Global Aging Data. For more
information, please refer to www.g2aging.org. We thank the Gateway to Global Aging project
who reduced the data management tremendously.

Author Contributions

Conceptualization: Martin Wetzel, Bram Vanhoutte.
Data curation: Martin Wetzel.

Formal analysis: Martin Wetzel.

Investigation: Martin Wetzel, Bram Vanhoutte.
Writing - original draft: Martin Wetzel.

Writing - review & editing: Martin Wetzel, Bram Vanhoutte.

References
1. Dannefer D. Adult Development and Social Theory: A Paradigmatic Reappraisal. Am Sociol Rev. 1984.
49(1):100-16.

2. Dannefer D. Cumulative Advantage/Disadvantage and the Life Course: Cross-Fertilizing Age and
Social Science Theory. Journals Gerontol—Ser B Psychol Sci Soc Sci. 2003. 58(6):S327-37. https://
doi.org/10.1093/geronb/58.6.s327 PMID: 14614120

PLOS ONE | https://doi.org/10.1371/journal.pone.0244371 December 30, 2020 17/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244371.s001
https://doi.org/10.6103/SHARE.w1.611
https://doi.org/10.6103/SHARE.w2.611
https://doi.org/10.6103/SHARE.w2.611
https://doi.org/10.6103/SHARE.w4.611
https://doi.org/10.6103/SHARE.w5.611
https://doi.org/10.6103/SHARE.w6.611
https://doi.org/10.6103/SHARE.w6.611
http://www.g2aging.org/
https://doi.org/10.1093/geronb/58.6.s327
https://doi.org/10.1093/geronb/58.6.s327
http://www.ncbi.nlm.nih.gov/pubmed/14614120
https://doi.org/10.1371/journal.pone.0244371

PLOS ONE

Putting cumulative (dis)advantages in context

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,
23.

Willson AE, Shuey KM, Elder GH. Cumulative Advantage Processes as Mechanisms of Inequality in
Life Course Health. Am J Sociol. 2007. 112(6):1886-924.

Schdllgen I, Huxhold O, Tesch-Rémer C. Socioeconomic status and health in the second half of life:
Findings from the German Ageing Survey. Eur J Ageing. 2010. 7(1):17-28. https://doi.org/10.1007/
s$10433-010-0140-x PMID: 20208977

Cullati S. Socioeconomic inequalities in health trajectories in Switzerland: are trajectories diverging as
people age? Sociol Health llin. 2015. 37(5):745-64. https://doi.org/10.1111/1467-9566.12232 PMID:
25683678

Yang Y. Is old age depressing? Growth trajectories and cohort variations in late-life depression. J Health
Soc Behav. 2007. 48(1):16-32. https://doi.org/10.1177/002214650704800102 PMID: 17476921

Shuey KM, Willson AE. Cumulative Disadvantage and Black-White Disparities in Life-Course Health
Trajectories. Res Aging. 2008. 30(2):200-25.

Yang Y, Lee LC. Sex and Race Disparities in Health: Cohort Variations in Life Course Patterns. Soc
Forces. 2009. 87(4):2093-124.

Chen F, Yang Y, Liu G. Social Change and Socioeconomic Disparities in Health over the Life Course in
China: A Cohort Analysis. Am Sociol Rev. 2010. 75(1):126-50. https://doi.org/10.1177/
0003122409359165 PMID: 20379373

Yang Y, Lee LC. Dynamics and heterogeneity in the process of human frailty and aging: Evidence from
the U.S. older adult population. Journals Gerontol—Ser B Psychol Sci Soc Sci. 2010. 65(2):246-55.
https://doi.org/10.1093/geronb/gbp102 PMID: 20007299

Warner DF, Brown TH. Understanding how race/ethnicity and gender define age-trajectories of disabil-
ity: An intersectionality approach. Soc Sci Med. 2011. 72(8):1236-48. https://doi.org/10.1016/j.
socscimed.2011.02.034 PMID: 21470737

Brown TH, O’Rand AM, Adkins DE. Race-ethnicity and health trajectories: tests of three hypotheses
across multiple groups and health outcomes. J Health Soc Behav. 2012. 53(3):359-77. https://doi.org/
10.1177/0022146512455333 PMID: 22940814

Marshall A, Nazroo J, Tampubolon G, Vanhoutte B. Cohort differences in the levels and trajectories of
frailty among older people in England. J Epidemiol Community Health. 2015. 69(4):316—21. https://doi.
org/10.1136/jech-2014-204655 PMID: 25646207

Xu X, Liang J, Bennett JM, Botoseneanu A, Allore HG. Socioeconomic stratification and multidimen-
sional health trajectories: Evidence of convergence in later old age. Journals Gerontol—Ser B Psychol
Sci Soc Sci. 2015. 70(4):661-71. https://doi.org/10.1093/geronb/gbu095 PMID: 25161216

Schaan B. The interaction of family background and personal education on depressive symptoms in
later life. Soc Sci Med. 2014. 102:94-102. https://doi.org/10.1016/j.socscimed.2013.11.049 PMID:
24565146

Boen C. The role of socioeconomic factors in Black-White health inequities across the life course: Point-
in-time measures, long-term exposures, and differential health returns. Soc Sci Med. 2016. 170:63-76.
https://doi.org/10.1016/j.socscimed.2016.10.008 PMID: 27764654

Ferraro KF, Schafer MH, Wilkinson LR. Childhood disadvantage and health problems in middle and
later life: Early imprints on physical health? Am Sociol Rev. 2016. 81(1):107-33. https://doi.org/10.
1177/0003122415619617 PMID: 27445413

Leopold L. Cumulative Advantage in an Egalitarian Country? Socioeconomic Health Disparities over
the Life Course in Sweden. J Health Soc Behav. 2016. 57(2):257-73. https://doi.org/10.1177/
0022146516645926 PMID: 27284078

Leopold L, Leopold T. Education and Health across Lives and Cohorts: A Study of Cumulative (Dis)
advantage and lts Rising Importance in Germany. J Health Soc Behav. 2018. 59(1):94—112. https://doi.
org/10.1177/0022146517751206 PMID: 29337605

Leopold L. Health Measurement and Health Inequality Over the Life Course: A Comparison of Self-
rated Health, SF-12, and Grip Strength. Demography. 2019. 56(2):763-84. https://doi.org/10.1007/
$13524-019-00761-x PMID: 30838536

Shrira A, Litwin H. The effect of lifetime cumulative adversity and depressive symptoms on functional
status. Journals Gerontol—Ser B Psychol Sci Soc Sci. 2014. 69(6):953-65. https://doi.org/10.1093/
geronb/gbu056 PMID: 24898028

Mirowsky J, Ross CE. Education and Self-Rated Health. Res Aging. 2008. 30(1):93—122.

Haas S, Rohlfsen L. Life course determinants of racial and ethnic disparities in functional health trajecto-
ries. Soc Sci Med. 2010. 70(2):240-50. https://doi.org/10.1016/j.socscimed.2009.10.003 PMID:
19857917

PLOS ONE | https://doi.org/10.1371/journal.pone.0244371 December 30, 2020 18/21


https://doi.org/10.1007/s10433-010-0140-x
https://doi.org/10.1007/s10433-010-0140-x
http://www.ncbi.nlm.nih.gov/pubmed/20208977
https://doi.org/10.1111/1467-9566.12232
http://www.ncbi.nlm.nih.gov/pubmed/25683678
https://doi.org/10.1177/002214650704800102
http://www.ncbi.nlm.nih.gov/pubmed/17476921
https://doi.org/10.1177/0003122409359165
https://doi.org/10.1177/0003122409359165
http://www.ncbi.nlm.nih.gov/pubmed/20379373
https://doi.org/10.1093/geronb/gbp102
http://www.ncbi.nlm.nih.gov/pubmed/20007299
https://doi.org/10.1016/j.socscimed.2011.02.034
https://doi.org/10.1016/j.socscimed.2011.02.034
http://www.ncbi.nlm.nih.gov/pubmed/21470737
https://doi.org/10.1177/0022146512455333
https://doi.org/10.1177/0022146512455333
http://www.ncbi.nlm.nih.gov/pubmed/22940814
https://doi.org/10.1136/jech-2014-204655
https://doi.org/10.1136/jech-2014-204655
http://www.ncbi.nlm.nih.gov/pubmed/25646207
https://doi.org/10.1093/geronb/gbu095
http://www.ncbi.nlm.nih.gov/pubmed/25161216
https://doi.org/10.1016/j.socscimed.2013.11.049
http://www.ncbi.nlm.nih.gov/pubmed/24565146
https://doi.org/10.1016/j.socscimed.2016.10.008
http://www.ncbi.nlm.nih.gov/pubmed/27764654
https://doi.org/10.1177/0003122415619617
https://doi.org/10.1177/0003122415619617
http://www.ncbi.nlm.nih.gov/pubmed/27445413
https://doi.org/10.1177/0022146516645926
https://doi.org/10.1177/0022146516645926
http://www.ncbi.nlm.nih.gov/pubmed/27284078
https://doi.org/10.1177/0022146517751206
https://doi.org/10.1177/0022146517751206
http://www.ncbi.nlm.nih.gov/pubmed/29337605
https://doi.org/10.1007/s13524-019-00761-x
https://doi.org/10.1007/s13524-019-00761-x
http://www.ncbi.nlm.nih.gov/pubmed/30838536
https://doi.org/10.1093/geronb/gbu056
https://doi.org/10.1093/geronb/gbu056
http://www.ncbi.nlm.nih.gov/pubmed/24898028
https://doi.org/10.1016/j.socscimed.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19857917
https://doi.org/10.1371/journal.pone.0244371

PLOS ONE

Putting cumulative (dis)advantages in context

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Liang J, Quifiones AR, Bennett JM, Ye W, Xu X, Shaw BA, et al. Evolving self-rated health in middle
and old age: how does it differ across Black, Hispanic, and White Americans? J Aging Health. 2010. 22
(1):3—26. https://doi.org/10.1177/0898264309348877 PMID: 19952367

Leopold L, Engelhartdt H. Education and physical health trajectories in old age. Evidence from the Sur-
vey of Health, Ageing and Retirement in Europe (SHARE). Int J Public Health. 2013. 58(1):23-31.
https://doi.org/10.1007/s00038-012-0399-0 PMID: 22918517

Pais J. Cumulative Structural Disadvantage and Racial Health Disparities: The Pathways of Childhood
Socioeconomic Influence. Demography. 2014. 51(5):1729-53. https://doi.org/10.1007/s13524-014-
0330-9 PMID: 25212107

Jackson MI. Cumulative inequality in child health and academic achievement. J Heal Soc Behav. 2015.
56(2):262—-80.

Vanhoutte B, Nazroo J. Life Course Pathways to Later Life Wellbeing: A Comparative Study of the Role
of Socio-Economic Position in England and the U.S. J Popul Ageing. 2015. 9:157-77. https://doi.org/
10.1007/s12062-015-9127-x PMID: 27069518

Mcdonough P, Worts D, Sacker A. Socioeconomic inequalities in health dynamics: a comparison of Brit-
ain and the United States. Soc Sci Med. 2010. 70(2):251-60. https://doi.org/10.1016/j.socscimed.2009.
10.001 PMID: 19857919

McDonough P, Worts D, Booker C, McMunn A, Sacker A. Cumulative disadvantage, employment-mar-
riage, and health inequalities among American and British mothers. Adv Life Course Res. 2015. 25:49—
66.

Wu YT, Daskalopoulou C, Muniz Terrera G, Sanchez Niubo A, Rodriguez-Artalejo F, Ayuso-Mateos JL,
et al. Education and wealth inequalities in healthy ageing in eight harmonised cohorts in the ATHLOS
consortium: a population-based study. Lancet Public Heal. 2020. 5(7):e386-94. https://doi.org/10.1016/
S2468-2667(20)30077-3 PMID: 32619540

Sacker A, Worts D, McDonough P. Social influences on trajectories of self-rated health: evidence from
Britain, Germany, Denmark and the USA. J Epidemiol Community Health. 2011. 65(2):130-6. https:/
doi.org/10.1136/jech.2009.091199 PMID: 19996360

Leopold L. Education and Physical Health Trajectories in Later Life: A Comparative Study. Demogra-
phy. 2018. 55(3):901-27. https://doi.org/10.1007/s13524-018-0674-7 PMID: 29785526

Lu W, Pikhart H, Sacker A. Comparing socio-economic inequalities in healthy ageing in the United
States of America, England, China and Japan: Evidence from four longitudinal studies of ageing. Age-
ing Soc. 2019.:1-26. https://doi.org/10.1017/s0144686x19000813 PMID: 32863475

Hu'Y, Pikhart H, Pajak A, Kubinova R, Malyutina S, Besala A, et al. Education, material condition and
physical functioning trajectories in middle-aged and older adults in Central and Eastern Europe: a
cross-country comparison. J Epidemiol Community Health. 2016. 70(11):1128-35. https://doi.org/10.
1136/jech-2015-206548 PMID: 27194710

Spence NJ, Adkins DE, Dupre ME. Racial differences in depression trajectories among older women:
Socioeconomic, family, and health influences. J Health Soc Behav. 2011. 52(4):444-59. https://doi.org/
10.1177/0022146511410432 PMID: 22021654

Haas SA, Oi K. The developmental origins of health and disease in international perspective. Soc Sci
Med. 2018. 213(2):123-33. https://doi.org/10.1016/j.socscimed.2018.07.047 PMID: 30077958

Lin J. Inter-individual variability in trajectories of functional limitations by race/gender. Journals Gerontol
—Ser B Psychol Sci Soc Sci. 2020. 75(5):1082-92. https://doi.org/10.1093/geronb/gby156 PMID:
30605552

Brault MC, Meuleman B, Bracke P. Depressive symptoms in the Belgian population: Disentangling age
and cohort effects. Soc Psychiatry Psychiatr Epidemiol. 2012. 47(6):903—15. https://doi.org/10.1007/
s00127-011-0398-0 PMID: 21630081

Bell A. Life-course and cohort trajectories of mental health in the UK, 1991-2008—A multilevel age-
period-cohort analysis. Soc Sci Med. 2014. 120:21-30. https://doi.org/10.1016/j.socscimed.2014.09.
008 PMID: 25215933

Haas SA, Oi K, Zhou Z. The Life Course, Cohort Dynamics, and International Differences in Aging Tra-
jectories. Demography. 2017. 54(6):2043-71. https://doi.org/10.1007/s13524-017-0624-9 PMID:
29101683

Brailean A, Huisman M, Prince M, Prina AM, Deeg DJH, Comijs H. Cohort differences in cognitive aging
in the longitudinal aging study Amsterdam. Journals Gerontol—Ser B Psychol Sci Soc Sci. 2018. 73
(7):1214-23. https://doi.org/10.1093/geronb/gbw129 PMID: 27694370

Zaninotto P, Batty GD, Allerhand M, Deary IJ. Cognitive function trajectories and their determinants in
older people: 8 Years of follow-up in the English Longitudinal Study of Ageing. J Epidemiol Community
Health. 2018. 72(8):685-94. https://doi.org/10.1136/jech-2017-210116 PMID: 29691286

PLOS ONE | https://doi.org/10.1371/journal.pone.0244371 December 30, 2020 19/21


https://doi.org/10.1177/0898264309348877
http://www.ncbi.nlm.nih.gov/pubmed/19952367
https://doi.org/10.1007/s00038-012-0399-0
http://www.ncbi.nlm.nih.gov/pubmed/22918517
https://doi.org/10.1007/s13524-014-0330-9
https://doi.org/10.1007/s13524-014-0330-9
http://www.ncbi.nlm.nih.gov/pubmed/25212107
https://doi.org/10.1007/s12062-015-9127-x
https://doi.org/10.1007/s12062-015-9127-x
http://www.ncbi.nlm.nih.gov/pubmed/27069518
https://doi.org/10.1016/j.socscimed.2009.10.001
https://doi.org/10.1016/j.socscimed.2009.10.001
http://www.ncbi.nlm.nih.gov/pubmed/19857919
https://doi.org/10.1016/S2468-2667%2820%2930077-3
https://doi.org/10.1016/S2468-2667%2820%2930077-3
http://www.ncbi.nlm.nih.gov/pubmed/32619540
https://doi.org/10.1136/jech.2009.091199
https://doi.org/10.1136/jech.2009.091199
http://www.ncbi.nlm.nih.gov/pubmed/19996360
https://doi.org/10.1007/s13524-018-0674-7
http://www.ncbi.nlm.nih.gov/pubmed/29785526
https://doi.org/10.1017/s0144686x19000813
http://www.ncbi.nlm.nih.gov/pubmed/32863475
https://doi.org/10.1136/jech-2015-206548
https://doi.org/10.1136/jech-2015-206548
http://www.ncbi.nlm.nih.gov/pubmed/27194710
https://doi.org/10.1177/0022146511410432
https://doi.org/10.1177/0022146511410432
http://www.ncbi.nlm.nih.gov/pubmed/22021654
https://doi.org/10.1016/j.socscimed.2018.07.047
http://www.ncbi.nlm.nih.gov/pubmed/30077958
https://doi.org/10.1093/geronb/gby156
http://www.ncbi.nlm.nih.gov/pubmed/30605552
https://doi.org/10.1007/s00127-011-0398-0
https://doi.org/10.1007/s00127-011-0398-0
http://www.ncbi.nlm.nih.gov/pubmed/21630081
https://doi.org/10.1016/j.socscimed.2014.09.008
https://doi.org/10.1016/j.socscimed.2014.09.008
http://www.ncbi.nlm.nih.gov/pubmed/25215933
https://doi.org/10.1007/s13524-017-0624-9
http://www.ncbi.nlm.nih.gov/pubmed/29101683
https://doi.org/10.1093/geronb/gbw129
http://www.ncbi.nlm.nih.gov/pubmed/27694370
https://doi.org/10.1136/jech-2017-210116
http://www.ncbi.nlm.nih.gov/pubmed/29691286
https://doi.org/10.1371/journal.pone.0244371

PLOS ONE

Putting cumulative (dis)advantages in context

44,

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.
59.
60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Cullati S. Socioeconomic inequalities in health trajectories in Switzerland: Are trajectories diverging as
people age? Sociol Heal llin. 2015. 37(5):745-64. https://doi.org/10.1111/1467-9566.12232 PMID:
25683678

Bambra C, Netuveli G, Eikemo TA. Welfare state regime life courses: the development of western Euro-
pean welfare state regimes and age-related patterns of educational inequalities in self-reported health.
Int J Health Serv. 2010. 40(3):399—420. https://doi.org/10.2190/HS.40.3.b PMID: 20799668
Esping-Andersen G. The Three Worlds of Welfare Capitalism. Cambridge: Polity Press; 1990;

Bambra C. Going beyond The three worlds of welfare capitalism: regime theory and public health
research. J Epidemiol Community Heal. 2007. 61(12):1098-102. https://doi.org/10.1136/jech.2007.
064295 PMID: 18000134

Bambra C. Worlds of Welfare and the Health Care Discrepancy. Soc Policy Soc. 2005. 4(1):31-41.

Dewilde C. Do housing regimes matter? Assessing the concept of housing regimes through configura-
tions of housing outcomes. Int J Soc Welf. 2017. 26(4):384—404.

Palier B, Martin C. Sequential Transformation of Bismarckian Welfare Systems. Soc Policy Adm. 2007.
41(6):20 (535-554).

Palier B. The Long Conservative Corporatist Road to Welfare Reforms. In: Palier B, editor. A Long
Goodbye to Bismarck?. Amsterdam: Amsterdam University Press; 2010; p. 333—-87. PMID: 20456781
Broadberry S, O’Mahony M. Britain’s Twentieth-Century Productivity Performance in International Per-
spective. In: Crafts N, Gazekey |, Newell A, editors. Work and Pay in Twentieth-century Britain. New
York: Oxford Universiy Press; 2007; p. 301-29.

Blossfeld PN, Blossfeld GJ, Blossfeld HP. Educational expansion and inequalities in educational oppor-
tunity: Long-term changes for East and West Germany. Eur Sociol Rev. 2015. 31(2):144-60.

Wittgenstein Centre for Demography and Global Human Capital. No Title. Data Explorer Version 2.0.
2018;

Cambois E, Solé-Auré A, Brennum-Hansen H, Egidi V, Jagger C, Jeune B, et al. Educational differen-
tials in disability vary across and within welfare regimes: A comparison of 26 European countries in
2009. J Epidemiol Community Health. 2016. 70(4):331-8. https://doi.org/10.1136/jech-2015-205978
PMID: 26546286

Jurges H. Health inequalities by education, income and wealth: A comparison of 11 European countries
and the US. Appl Econ Lett. 2009. 17(1):87-91.

Eurostat. Healthcare expenditure statistics. Statistics Explained. 2020;

OECD.Stat. OECD Stat Database. OECD.Stat. 2020;

Bank TW. Physicians (per 1,000 people). Global Health Workforce Statistics. 2020;

Conti BG, Heckman J, Urzua S. The Education-Health Gradient. Am Econ Rev. 2010. 100(May):234-8.

Huisman M, Kunst AE, Mackenbach JP. Socioeconomic inequalities in morbidity among the elderly; a
European overview. Soc Sci Med. 2003. 57(5):861-73. https://doi.org/10.1016/s0277-9536(02)00454-
9 PMID: 12850111

Mackenbach JP. The persistence of health inequalities in modern welfare states: The explanation of a
paradox. Soc Sci Med. 2012. 75(4):761-9. https://doi.org/10.1016/j.socscimed.2012.02.031 PMID:
22475407

Salinas-Jiménez M del M, Artés J, Salinas-Jiménez J. Education as a Positional Good: A Life Satisfac-
tion Approach. Soc Indic Res. 2011. 103(3):409-26.

Salata A. Schooling as a positional good: the Brazilian metropolitan regions in recent decades. Br J
Sociol Educ. 2019. 40(3):410-29.

Beckfield J, Olafsdottir S, Sosnaud B. Healthcare Systems in Comparative Perspective: Classification,
Convergence, Institutions, Inequalities, and Five Missed Turns. Annu Rev Sociol. 2013.(39):127—46.

Elo IT. Social Class Differentials in Health and Mortality: Patterns and Explanations in Comparative Per-
spective. Annu Rev Sociol. 2009.

Van Deurzen |, Vanhoutte B. Trajectories of allostatic load in later life: the role of sex, birth cohorts and
risk accumulation. Res Aging.

Parker MG, Thorslund M. Health trends in the elderly population: getting better and getting worse. Ger-
ontologist. 2007. 47(2):150-8. https://doi.org/10.1093/geront/47.2.150 PMID: 17440120

Elder GH, Johnson MK, Crosnoe R. The Emergence and Development of Life Course Theory. In: Morti-
mer JT, Shanahan MJ, editors. Handbook of the Life CourseH. New York: Springer; 2004; p. 3-19.

Ryder NB. The cohort as a concept in the study of social change. Am Sociol Rev. 1965. 30(6):843—61.
PMID: 5846306

PLOS ONE | https://doi.org/10.1371/journal.pone.0244371 December 30, 2020 20/21


https://doi.org/10.1111/1467-9566.12232
http://www.ncbi.nlm.nih.gov/pubmed/25683678
https://doi.org/10.2190/HS.40.3.b
http://www.ncbi.nlm.nih.gov/pubmed/20799668
https://doi.org/10.1136/jech.2007.064295
https://doi.org/10.1136/jech.2007.064295
http://www.ncbi.nlm.nih.gov/pubmed/18000134
http://www.ncbi.nlm.nih.gov/pubmed/20456781
https://doi.org/10.1136/jech-2015-205978
http://www.ncbi.nlm.nih.gov/pubmed/26546286
https://doi.org/10.1016/s0277-9536%2802%2900454-9
https://doi.org/10.1016/s0277-9536%2802%2900454-9
http://www.ncbi.nlm.nih.gov/pubmed/12850111
https://doi.org/10.1016/j.socscimed.2012.02.031
http://www.ncbi.nlm.nih.gov/pubmed/22475407
https://doi.org/10.1093/geront/47.2.150
http://www.ncbi.nlm.nih.gov/pubmed/17440120
http://www.ncbi.nlm.nih.gov/pubmed/5846306
https://doi.org/10.1371/journal.pone.0244371

PLOS ONE

Putting cumulative (dis)advantages in context

71.
72.

73.
74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.
87.

88.

89.

Riley MW. On the significance of age in sociology. Am Sociol Rev. 1987. 52(1):1-14.

Lynch SM. Cohort and life-course patterns in the relationship between education and health: a hierarchi-
cal approach. Demography. 2003. 40(2):309-31. https://doi.org/10.1353/dem.2003.0016 PMID:
12846134

Mirowsky J, Kim J. Graphing Age Trajectories. Sociol Methods Res. 2007. 35(4):497-541.

Bell DNF, Blanchflower DG. Young people and the great recession. Oxford Rev Econ Policy. 2011. 27
(2):241-67.

Crimmins EM, Beltran-Sanchez H. Mortality and morbidity trends: Is there compression of morbidity?
Journals Gerontol—Ser B Psychol Sci Soc Sci. 2011. 66(1):75-86. https://doi.org/10.1093/geronb/
gbq088 PMID: 21135070

Yang Y. Aging, cohorts, and methods. In: Binstock RH, George LK, editors. Handbook of Aging and the
Social Sciences. 7th ed. London: Elsevier Inc.; 2011;

Ferraro KF, Shippee TP, Schafer MH. Cumulative inequality theory for research on aging and the life
course. In: Bengston VL, Gans D, Pulney NM, Silverstein M, editors. Handbook of Theories of Aging.
2nd ed. New York: Springer; 2009; p. 413-33.

Marmot M, Oldfield Z, Clemens S, Blake M, Phelps A, Nazroo J, et al. English Longitudinal Study of
Ageing: Wave 0-7, 1998—-2015. UK Data Service; 2017; (SN: 5050).

Borsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F, et al. Data Resource Profile:
The Survey of Health, Ageing and Retirement in Europe (SHARE). Int J Epidemiol. 2013. 42(4):992—
1001. https://doi.org/10.1093/ije/dyt088 PMID: 23778574

Kalmijn M. Status Homogamy in the United States. Am J Sociol. 1991. 97(2):496-523.

Cheshire H, Ofstedal MB, Scholes S, Schroeder M. A comparison of response rates in the English Lon-
gitudinal Study of Ageing and the Health and Retirement Study. Longit Life Course Stud. 2011. 2
(2):127—144. https://doi.org/10.14301/llcs.v2i2.118 PMID: 24432049

Bergmann M, Kneip T, De Luca G, Scherpenzeel A. Survey participation in the Survey of Health, Ageing
and Retirement in Europe (SHARE), Wave 1-7. Based on Release 7.0.0. SHARE Working Paper
Series 41-2019. Munich; 2019;

Zeger SL, Liang K-Y. Longitudinal Data Analysis for Discrete and Continuous Outcomes. Biometrics.
1986. 42(1):121. PMID: 3719049

Jivraj S, Nazroo J, Vanhoutte B, Chandola T. Aging and Subjective Well-Being in Later Life. Journals
Gerontol—Ser B Psychol Sci Soc Sci. 2014. 69(6):1-12. https://doi.org/10.1093/geronb/gbu006 PMID:
24569002

Graham JW. Missing Data Analysis: Making It Work in the Real World. Annu Rev Psychol. 2009.
60:549-76. https://doi.org/10.1146/annurev.psych.58.110405.085530 PMID: 18652544

Muthén L, Muthén B. MPlus—User’s guide sixth edition. MPlus. Los Angeles, CA; 2010;
Cheng S. A Life Course Trajectory Framework for Understanding the Intracohort Pattern of Wage
Inequality. Am J Sociol. 2014. 120(3):633-700.

Smith GD, Hart C, Hole D, MacKinnon P, Gillis C, Watt G, et al. Education and occupational social
class: which is the more important indicator of mortality risk? J Epidemiol Community Health. 1998. 52
(3):153-60. https://doi.org/10.1136/jech.52.3.153 PMID: 9616419

Drewelies J, Huxhold O, Gerstorf D. The role of historical change for adult development and aging:
Towards a theoretical framework about the how and the why. Psychol Aging. 2019. 34(8):1021-39.
https://doi.org/10.1037/pag0000423 PMID: 31804110

PLOS ONE | https://doi.org/10.1371/journal.pone.0244371 December 30, 2020 21/21


https://doi.org/10.1353/dem.2003.0016
http://www.ncbi.nlm.nih.gov/pubmed/12846134
https://doi.org/10.1093/geronb/gbq088
https://doi.org/10.1093/geronb/gbq088
http://www.ncbi.nlm.nih.gov/pubmed/21135070
https://doi.org/10.1093/ije/dyt088
http://www.ncbi.nlm.nih.gov/pubmed/23778574
https://doi.org/10.14301/llcs.v2i2.118
http://www.ncbi.nlm.nih.gov/pubmed/24432049
http://www.ncbi.nlm.nih.gov/pubmed/3719049
https://doi.org/10.1093/geronb/gbu006
http://www.ncbi.nlm.nih.gov/pubmed/24569002
https://doi.org/10.1146/annurev.psych.58.110405.085530
http://www.ncbi.nlm.nih.gov/pubmed/18652544
https://doi.org/10.1136/jech.52.3.153
http://www.ncbi.nlm.nih.gov/pubmed/9616419
https://doi.org/10.1037/pag0000423
http://www.ncbi.nlm.nih.gov/pubmed/31804110
https://doi.org/10.1371/journal.pone.0244371

