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Abstract

Objectives: This study aims to understand the association of life-course intergenerational social mobility with allostatic
load (AL) burden in midlife and older ages in Ireland.

Methods: The study involved biological data for 3,987 older adults participating in The Irish Longitudinal Study on
Ageing (TILDA). Intergenerational social mobility was characterized using the cross-classification of origin socioeconomic
position (SEP; i.e., father’s occupation) and destination SEP (i.e., own occupation). AL was operationalized using 12 bio-
markers tapping cardiovascular, metabolic, renal, and immune system dysregulation. Diagonal reference modeling (DRM)
and ordinary least square regression techniques were applied to explore the effect of social mobility on AL burden.
Results: A total of 55.5% experienced intergenerational mobility: 37.5% were upwardly mobile, 18.0% were downwardly
mobile. A social gradient in AL was observed among the socially non-mobile. Destination SEP (b = 0.74, 95% CI = 0.57,
0.92) predominated in influence over origin, although both life stages exerted significant influence on later-life AL. Social
mobility in either direction was not associated with AL burden. Mobility coefficients were substantially small across a large
variety of model specifications.

Discussion: Findings provide evidence for an accumulation model of social inequalities in which disparities in health are
diluted rather than increased by social mobility (i.e., gradient constraint), with the socially mobile having an AL score that
is intermediate between their origin class and destination class. This implies that the effects of origin SEP on health are not
immutable, but are instead responsive to changing socioeconomic circumstances across the life course.

Keywords: Diagonal reference modeling, Life course, Socioeconomic position

There exists a gradient in health across socioeconomic health comes about in large part because persons of less ad-
groups, such that the most disadvantaged experience the vantaged socioeconomic position (SEP) experience greater
highest risk of morbidity and mortality (Snyder-mackler stress exposure than their more advantaged SEP counter-

etal.,2020). It has been proposed that this social gradient in parts (Matthews & Gallo, 2011), with the long-term effects
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of such insults culminating in a multisystem physiological
burden known as allostatic load (AL; McEwen, 1998). AL
has been posited as a potential explanatory framework for
understanding the biological embedding of SEP over the
life course. Despite the consistent link between less ad-
vantaged SEP and high AL burden demonstrated to date
(Johnson et al., 2017), the relationship is complex, and how
the experience of socioeconomic dis/advantage moderates
trajectories of physiological dysregulation remains to be
determined.

Although life-course models are closely interrelated and
difficult to disentangle statistically (Hallgvist et al., 2004),
a life-course approach enables a more dynamic view of the
impact of SEP on physiological functioning, recognizing the
complex pathways between early-life and later-life health
(Ben-Shlomo & Kuh, 2002). For instance, does the timing
of socioeconomic disadvantage matter in the context of AL,
such that childhood exposure results in “permanent and ir-
reversible” scarring effects on biological systems as implied
by the critical period model (Ben-Shlomo & Kuh, 2002,
p. 286), or do the negative impacts of SEP disadvantage
compound over time, with each additional life stage spent
in less advantaged SEP adding to an ever growing health
disadvantage, as suggested by the accumulation model?
(Shuey & Willson, 2014). Perhaps the negative effects of
disadvantaged SEP are reversible and mitigated through
intergenerational or intragenerational changes, as sug-
gested by the social mobility model (Iveson & Deary, 2017,
Pudrovska & Anikputa, 2014). The classic “dissociation”
hypothesis stipulates that social mobility—irrespective of
upwards or downwards—is disruptive and detrimental to
the well-being of individuals, leading to reduced social in-
tegration, weakened social ties, and feelings of alienation
(Sorokin, 1927). These relational rifts may be experienced
as stressful, thus exerting negative health implications. The
“falling from grace” thesis argues that the experience of
downward mobility is a more distressing experience than
upward mobility, as failing to maintain the educational or
occupational attainment of their parents leads to feelings of
insecurity (Newman, 1999). On the other hand, the “rising
from rags” thesis suggests that the positive effects of up-
ward mobility may outweigh any negative consequences
(Gugushvili et al., 2019). “Acculturation” similarly sug-
gests that the influence of destination class on health will
be stronger than that of origin (Blau, 1956). These theories
have the potential to expand our understanding of how
SEP impacts on biological risk over the life course.

Research to date examining the relation of different
life-course models with AL has shown mixed findings, es-
pecially regarding whether origin SEP (i.e., SEP in early
life), is directly associated with later-life AL. For instance,
data from a Northern Swedish cohort (7 = 855; 51.8%
male) found that life-course socioeconomic disadvantage
was related to a greater burden of AL. This study also re-
vealed that origin SEP, measured using parental occupa-
tion at age 16, was a particularly sensitive period for the

embedding of socioeconomic disadvantage on AL at mid-
life (age 43) among women, but not men after controlling
for contemporanoues lifestyle behaviors and incorporating
medication use (Gustafsson et al., 2011). Data from the
Midlife in the United States (MIDUS; # = 1,008; 45.2%
male; age range: 35-85) supported an independent effect of
a composite origin SEP variable on later-life AL, adjusting
for destination SEP, although the magnitude of the associ-
ation was almost twice that for destination, holding age,
sex and race/ethnicity constant (Gruenewald et al., 2012).
In line with this, results from a longitudinal analysis of the
Multi-Ethnic Study of Atherosclerosis (MESA; n = 6135;
47.8% male; age range 45-84) reported that the associ-
ation of SEP and AL was primarily driven by destination
SEP, after adjusting sociodemographic confounders and
medication use (Merkin et al., 2014).

One factor that may play a role in the observed nuances
across studies relates to the choice of statistical model. To
date, investigations of the relative contribution of origin
and destination SEP on AL have been dominated by simple
linear models, estimated in a stepwise fashion. Typically,
a baseline model estimates the direct effect of origin
SEP on AL, and a second model controls for destination
SEP (Gruenewald et al., 2012; Gustafsson et al., 2011).
However, Green and Popham (2019) caution that it may be
problematic to compare the effects for multiple measures
of SEP on AL as independent effects, as the possible causal
effects of distal SEP measures may be biased with adjust-
ment for proximate SEP measures. The effect estimates
from these models are often presented simultaneously in
one table, giving the impression of equivalent interpreta-
tion, leading to the so-called “Table 2 fallacy” (Green &
Popham, 2019).

Eschewing the multiple adjustment method, Robertson
et al. (2014) utilized structural equation modeling (SEM) to
compare the fit of different life-course models linking SEP
with AL across three age cohorts (ages 35, 55, 75) using
data from the West of Scotland study. When allowing ef-
fect sizes to vary between life stages, it was the accumula-
tion model that provided the best fit to the data (Robertson
et al., 2014). In relation to the social mobility model, they
found that intergenerational upward mobility was associ-
ated with higher AL burden in early (n = 740), but not in
mid (7 = 817) or late adulthood (7 = 483; Robertson et al.,
2014), possibly due to survival bias. However, neither linear
models nor SEM techniques are able to isolate the relative
effects of origin and destination SEP on AL, as the influence
of social mobility cannot be estimated unless the effects of
past and current SEP can be separated from mobility itself
(Billingsley et al., 2018).

Diagonal reference models (DRMs; Sobel, 1981) were
developed to overcome the linear dependency between
origin and destination SEP. The notable feature of these
models is their attempt to examine the independent effect
of moving between SEP groups after accounting for being
in different SEP’s across the life course, with the guiding
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assumption that socially immobile individuals constitute
the core of a social position and therefore best reflect its
characteristics (Sorokin, 1959). Prag and Richards (2019)
employed this technique to explicitly examine the effects
of intergenerational social mobility on AL using data from
Understanding Society, the UK Household Longitudinal
Study (7 = 9851; mean age 52.6, 44.4% male). They re-
ported no significant associations of mobility with AL
burden, a result that suggests that mobility in and of itself
does not directly impact physiological dysregulation, and
the weighting led to a conclusion that neither origin nor
destination SEP predominate in their impact on AL (Prag
& Richards, 2019). A recent U.S. based study of young
adults aged 25-32 that also used DRM’s arrived at a sim-
ilar conclusion regarding the relative weight to be afforded
to origin and destination SEP (measured using a composite
of education and occupational attainment), but contrary to
the UK study, there was some evidence of a mobility effect
for the upwardly mobile (Gugushvili et al., 2021).

The Present Study

Aside from methodological differences, the association
of social mobility with AL may differ in varying social-
economic-historic environments. The Republic of Ireland
provides an interesting test case for the examination of
social mobility effects on physiological dysregulation as
it has a strong class-based structure (Whelan & Layte,
2004, 2006). The country has undergone radical economic
development in recent decades, resulting in high levels
of absolute social mobility as Ireland transitioned from
a predominantly agrarian to a post-industrial economy.
The 1950s saw a peak in emigration and virtual stagna-
tion of real national income, yet the decade that followed
saw rapid growth as economic policy incorporated a more
export-oriented strategy, attracting foreign investment and
leading to the “Celtic Tiger” era at the start of the 21st cen-
tury (Whelan & Layte, 2006). Opportunities for middle-
class and skilled-manual work increased concomitant with
diminishing agricultural trade, which impacted on the oc-
cupational structure of the country (O Grada & O’Rourke,
2022). Analyzing trends in social mobility, Whelan and
Layte (2002) noted that the proportion of smallholders in
Ireland, or individuals who owned small farms, decreased
from 20% to 10% between 1973 and 1987 (Whelan and
Layte, 2002). Although the economy underperformed rel-
ative to its European counterparts who were experiencing
the “Golden Age” up until the 1970s, Irish national income
grew more rapidly and more dramatically, catching up with
the performance of neighboring economies by the 1980s.
Gross National Income (GNI) growth averaged 1.1%
between 1938 and 1950, rising to 3.9% between 1960
and 1973.

Educational achievement continues to be a key mech-
anism in the transmission of intergenerational disadvan-
tage (C. T. Whelan & Layte, 2002). The educational system

in Ireland went through a general restructure around the
time that the current older generation of individuals were
navigating their own educational attainment, including
the introduction of free-secondary education. This notable
reform, alongside the demand for employees with higher
levels of education as the economy transformed to one
based on skills and educational attainment, increased edu-
cational participation (Callan & Harmon, 1999), assisting
individuals from less advantaged SEP background to be
socially mobile. From 1973 to 2000, the proportion of in-
dividuals with secondary school education who held non-
manual positions increased twofold, indicating a reduced
capacity of higher qualifications to guarantee more advan-
taged positions (C. T. Whelan & Layte, 2006). The high
levels of upward mobility within an aging cohort therefore
allows an in-depth investigation of the long run implica-
tions of transitioning out of origin dis/advantage for AL in
later life.

Method

Data Source

The Irish Longitudinal Study on Ageing (TILDA) is a
nationally representative prospective cohort study of
community-dwelling older persons aged 50 years or more
and their spouses living in the Republic of Ireland. The
sample was generated using a two-stage clustered sam-
pling process and the Irish Geodirectory as the sampling
frame, which comprises all addresses in the Republic
of Ireland. The primary sampling units were 640 geo-
graphic regions selected by random selection, stratified
on proportion of head of households in the professional
class, proportion of the population aged >65 and older,
and geographical location. The second stage involved
the selection of a random sample of 40 addresses from
within each primary sampling unit, resulting in an initial
sample of 25,600 addresses, which were assessed for eli-
gible participants aged >50 and older. A response rate of
62.0% was achieved at the household level, which was
defined as the proportion of sampled households, in-
cluding an eligible participant from whom an interview
was successfully obtained. The sampling fraction is ap-
proximately 1/150 of all community-dwelling adults aged
50 years and over resident in the Republic of Ireland.
Baseline data were collected between 2009 and 2011,
via computer-assisted personal interviews (CAPI), leave-
behind paper and pen self-completion questionnaires
(SCQ; response rate = 84.6%), and a health assessment
(response rate = 61.6 %) comprising the collection of blood
samples (7 = 5,655) and other physiological parameters.
Additional details of the study design are available else-
where (B. ]J. Whelan & Savva, 2013). Ethical approval for
this study was approved by the Faculty of Health Science
Research Ethics board in Trinity College Dublin, while in-
formed consent was obtained from all participants during
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data collection. TILDA data are publicly available from
the Irish Social Sciences Data Archive (ISSDA; https://
www.ucd.ie/issda/data/tilda/), whereas access to the re-
stricted researcher microdata file is available upon applica-
tion (https://tilda.tcd.ie/data/accessing-data/).

Measurements

Outcome variable—allostatic load

Consensus is lacking regarding the optimal biomarker
panel for use in the generation of AL indices, leading
to large heterogeneity in biomarkers employed to date
(Johnson et al., 2017). This study incorporates twelve bio-
markers selected from available data based upon their rep-
resentation of multiple physiological systems pertinent to
disease risk, and their known association with age-related
health outcomes in this cohort (McLoughlin et al., 2020).
This includes the cardiovascular system; systolic blood
pressure, diastolic blood pressure, resting heart rate, pulse
wave velocity, the metabolic system; waist-hip ratio, body
mass index, glycosylated hemoglobin, high-density lip-
oprotein, total cholesterol, the renal system; creatinine,
Cystatin-C and the immune system; C-reactive protein.
Log transformations were applied to C-reactive protein
and pulse wave velocity to account for right-skewed dis-
tributions, and high-density lipoprotein was reverse coded
such that higher values represented increased risk. Detailed
measurement techniques for each biomarker are available
elsewhere (McLoughlin et al., 2020). Each biomarker was
standardized to a mean of 0 and an SD of 1 and summed
to generate an overall AL score expressed in standard devi-
ation units. Finally, this overall AL score was standardized
to a mean of 0 and a SD of 1.

Exposure variable

Occupational class was drawn from retrospective data on
father’s occupation from childhood (age 14), and used to
estimate origin SEP. Current occupation, or highest paid
job if retired, was used to estimate contemporaneous or
destination SEP. Following the Irish Central Statistics Office
(CSO) social class coding schema and in line with previous
research on Irish data, occupations for both time points
were classified into five categories: professional/manage-
rial, non-manual, skilled manual/semiskilled, unskilled and
parent never worked. Participants who reported farming
as origin or destination occupation were asked to provide
acreage, and if they had any other paid work, and were
coded into the appropriate occupation categories based on
CSO criteria: farmers with 0-29 acres were assigned to the
semiskilled group, 30-49 acres were assigned to the skilled
manual group, 5-99 acres were assigned to the non-manual
group, 100+ acres were assigned to the professional/mana-
gerial group. Farmers with unknown acreage were coded as
missing. Due to small cell sizes, class was further collapsed
into three categories: (a) professional/managerial, (b) non-
manual/skilled manual, and (c) semiskilled/unskilled/never

worked. A series of dummy variables was generated to
capture mobility trajectories (i.e., upwardly mobile, down-
wardly mobile, one step up, two steps up, one step down,
two steps down).

Irish sociological research has a long tradition of using
occupation to measure SEP because Ireland has a strong
underlying social class structure (C. T. Whelan & Layte,
2004, 2006), which is correlated with other socioeco-
nomic indicators (i.e., income, education). Occupation is
often favored in social mobility research because it is an
individual-level measure of SEP. Occupation serves as a key
determinant of life chances and is also a measure that is
in some sense transferable. As such, parental social class
can be used to characterize the likely socioeconomic cir-
cumstances of children within the household growing up
(Galobardes et al., 2004). Although income has been used
in studies elsewhere (Gruenewald et al., 2012; Hickson
etal.,2012), it is a less useful indicator in older cohorts as it
may be affected by retirement status. Moreover, obtaining
reliable information on the income status of the parent’s
generation is problematic. Education has also been used
to characterize intergenerational mobility in many U.S.-
based studies (Allen et al., 2019; Kubzansky et al., 1999;
Seeman et al., 2008), but is arguably a less sensitive indi-
cator in the Irish context because Ireland experienced mas-
sive educational upgrading between the 1960s and 1970s
as a consequence of two educational reform acts, meaning
that later-born cohorts generally have more education than
earlier born cohorts. Nevertheless, we perform robustness
checks on our results using education as an alternative
measure of intergenerational social mobility.

Sample Exclusions

Of the baseline sample over the age of 50 (n = 8,175), 5,655
of these participants successfully provided blood sam-
ples and 4,477 participants had complete biological data
on the biomarkers needed to construct the AL index. Of
these, 490 were missing on life-course SEP variables; 319
were missing on origin SEP (including 174 farmers with
unknown acreage), while 171 were missing destination
SEP (including 15 farmers with unknown acreage), while
30 participants were missing SEP data on both life stages.
The final analytical sample comprised 3,987 respondents.
A flow chart detailing eligibility criteria and final analytical
sample is detailed in Supplementary Figure 1. Individuals
excluded from the analyses differed to the extent that they
tended to be older, with higher proportions within less ad-
vantaged SEP groups.

Analytical Strategy

Diagonal Reference Models

DRMs were estimated to test whether AL is affected by
social mobility besides origin and destination (Zang et al.,
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2022). DRMs model the outcome of interest (AL) as the
weighted sum of the estimated mean values in the socially
immobile origin group and the socially immobile destina-
tion group. We adjust in the models for age (years) and
sex (male, female) as patterns of intergenerational mobility
and AL burden may vary across these important demo-
graphic characteristics. We also control for a childhood
self-reported health indicator (excellent, very good, good,
fair, poor), as poor childhood health could set restraints
on social mobility and directly affect later-life AL burden
(Miller et al., 2011; Prag et al., 2022).

For ease of interpretation in the DRM analysis, age
was centered around the sample mean. The constant rep-
resents the average AL burden for male respondents of
average age, while the class coefficients represent the de-
viations from that constant. The weight parameters ex-
press the relative importance of origin and destination on
AL and are constrained to range between 0 and 1. A high
value of the destination weight value indicates that the
relative importance of one’s current SEP is greater than
origin SEP with respect to AL. To test for mobility ef-
fects in DRMs, we created a series of dummy variables
to represent (a) upward and downward mobility and (b)
the magnitude of mobility (i.e., number of positions by
which the respondent was mobile relative to origin class).
For the sake of uniformity in nomenclature with the ex-
tant social mobility literature, we make use of the term
“mobility effects” (Prag et al., 2022). Note that this term
is used to describe a statistical association rather than
imply the existence of any causal relationships. We com-
pared the fit of these nested models with the base model
using the Akaike and Bayesian Information Criteria (AIC
and BIC). The DRMs were implemented in Stata using
the “drm” module developed by Kaiser (2018).

Ordinary Least Square Models

To enable comparison with prior research, we also esti-
mated a series of ordinary least square models. In sepa-
rate models, we estimate first the independent associations
of origin SEP and destination SEP with AL burden while
adjusting for age, sex and childhood self-reported health.
We then include origin and destination SEP in the same
model to test for mediation (i.e. mutual adjustment). We fit
a two-way interaction term between origin and destination
SEP to determine whether the relationship with AL over the
life course is additive or multiplicative. We examined mo-
bility effects in ordinary least square (OLS) models using
the method typified by Luo & Waite (2005) by character-
izing the study population into five social mobility trajec-
tories: stable professional/managerial, stable non-manual/
skilled manual, stable semiskilled/unskilled, upwardly mo-
bile, downwardly mobile; and comparing the conditional
mean AL scores across groups (Luo & Waite, 2005). All
analyses were conducted in Stata (V.15; [StataCorp, 2017]).

Results

The mean and SD values for each of the 12 biomarkers
comprising the AL index are described in Supplementary
Table S2. Table 1 reports the characteristics of the sample
and the degree of intergenerational social mobility within
the TILDA cohort. The mean age of the sample (nz = 3987)
was 61.8 (SD = 8.3), and 53.5% were female. The majority
of the sample reported their childhood health to be excel-
lent (56.4%), very good (25.3%), or good (12.7%), with
<6% reporting fair or poor health. Table 1 also shows that
the experience of intergenerational social mobility was
common, with 37.5% of the sample upwardly mobile and
18.0% of the sample downwardly mobile, leaving 44.5%
non-mobile. In general, those who were mobile tended to
be mobile within =1 occupational position around their
destination, with smaller proportions mobile by +2 oc-
cupational positions, suggesting origin places some con-
straints on destination. Table 2 shows the conditional
means resulting from the cross-classification of origin and
destination. Cells on the diagonal describe performance for
individuals who were non-mobile across generations, cells
below the diagonal describe those who were upwardly mo-
bile, and cells above the diagonal describe those who were
downwardly mobile. Upward mobility is associated with
lower AL scores compared with class of origin, and down-
ward mobility is associated with higher AL scores com-
pared with class of origin.

Diagonal Reference Models

Table 3 reports the parameter estimates from the DRM
analysis estimating mobility effects on AL burden. The
baseline model reveals that the coefficients for AL burden
are smaller for people in the higher social classes, reflecting
the social gradient in health amongst the socially immobile.
The coefficients for the confounding variables reveal that
AL burden is lower for women than men, and is positively
associated with age. Poorer childhood health was associated
with greater AL burden, but these effects were not signifi-
cant. The subsequent models test for the effects of intergen-
erational mobility over and above the effects of origin and
destination, allowing mobility effects to be separated from
level effects. The weight parameters from Table 3 indicate
that the level of AL burden is closer to their non-mobile
counterparts in the destination group. No significant associ-
ations of mobility trajectories with AL are reported, which
is in line with the AIC and BIC values indicating that the
parsimonious base model fits the data best.

Sensitivity analyses

We undertook a series of sensitivity analyses to test the
robustness of the DRM findings, the rationale for which
is summarized in detail in Supplementary Table S1, and
briefly described here. We tested for interactions of the or-
igin weight with age, sex, and mobility status in the DRMs
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Table 1. Sample Characteristics According to Origin and Destination Social Class Position and Intergenerational Social
Class Mobility
Included (7 = 3,987) Excluded (2 = 4,186)
n %o n Y%

Age (mean, SD) 61.8 8.3 65.8 10.7
Fernale 2,134 53.5 2,296 54.9
Allostatic Load Index (mean, SD) 0.0 1.0 — —
Childhood health

Excellent 2,249 56.4 2194 52.4

Very good 1,009 25.3 1187 28.4

Good 497 12.5 531 12.7

Fair 172 4.3 195 4.66

Poor 60 1.50 77 1.84
Origin socioeconomic position

Professional/managerial 871 21.9 474 14.7

Non-manual/skilled manual 1,738 43.6 1,298 40.3

Semiskilled/unskilled/never worked 1,378 34.6 1,452 45.0
Destination socioeconomic position

Professional/managerial 1,378 34.6 818 21.8

Non-manual/skilled manual 1,785 44.8 1,509 40.1

Semiskilled/unskilled/never worked 824 20.7 1,434 38.1
Social mobility trajectories

Downwardly mobile 716 18.0 571 19.5
Non-mobile

Stable professional/managerial 478 12.0 197 6.7

Stable non-manual/skilled manual 881 22.1 545 18.7

Stable semiskilled/unskilled/never worked 417 10.5 654 22.4

Upwardly mobile 1,495 37.5 956 32.7
Degree of intergenerational social mobility

Upwardly mobile 1 position 84 2.1 65 2.2

Upwardly mobile 2 positions 632 15.9 506 17.3

Downwardly mobile 1 position 1,129 28.3 786 26.9

Downwardly mobile 2 positions 366 9.2 170 5.8

Note: SD = standard deviation.

(Supplementary Table S3), but none of the interaction
terms were statistically significant at conventional levels,
suggesting that origin plays a similar role for AL burden
across the life course, for the two sexes, and for those who
experience mobility in their lives. To examine whether par-
ticular physiological systems were driving the observed as-
sociations and to enable comparison with previous studies,
a series of separate DRM models was estimated across each
of the subsystems comprising the AL composite score (i.e.,
cardiovascular, immune, renal, metabolic). Destination
SEP exerted more influence than origin on later-life
dysregulation across all systems (Supplementary Table S4).

Parameter estimates from DRMs estimating intergener-
ational mobility effects on a clinically derived AL index are
reported in Supplementary Table S5. This alternate index
was generated by summing the number of high-risk bio-
markers using clinical-risk cut-points and standardizing
the overall index (Supplementary Table S2). This measure
incorporated medication usage in the AL score by manu-
ally scoring a biomarker as high risk if individual is taking
a doctor diagnosed medication as ascertained at time of

interview. Comparison of estimates with Table 3 revealed
little difference, although the weights for origin were larger
in magnitude when using this alternative AL index.

Educational attainment was introduced as an alterna-
tive measure of SEP to examine whether results were de-
pendent on the socioeconomic measure used in the analysis
(Bulczak et al., 2021). Results were ostensibly similar, al-
though the weights for destination were slightly larger in
magnitude when examining education over occupational in
Table 3 (Supplementary Table S6). Additionally, to assess
the robustness of the 3-level SEP measure, parallel analyses
were undertaken using a five-level measure (i.e., profes-
sional/managerial, non-manual, skilled manual/semiskilled,
unskilled, never worked; Supplementary Table S7). On this
occasion, a significant negative association was observed
for each step upward from origin, suggesting that results
may be sensitive to the manner in which social class groups
are aggregated.

To allow a more accurate comparison to results from
Understanding Society (Prig & Richards, 2019) and
to allay suspicion that the choice of biomarkers used to
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Table 2. Conditional Means for Allostatic Load Resulting From the Cross-classification of Origin and Destination Social Class

Position

Destination

Professional/managerial Non-manual/skilled manual Semiskilled/unskilled/never worked
Origin Conditional mean Conditional mean Conditional mean
Professional/Managerial -0.10 -0.01 (DM) 0.08 (DM)
Non-manual/skilled manual -0.11 (UM) 0.06 0.10 (DM)
Semiskilled/unskilled/never worked 0.03 (UM) 0.18 (UM) 0.23

Notes: Adjusting for age, sex and childhood self-reported health. DM = downwardly mobile; UM = upwardly mobile. Diagonal cells reference the socially non-

mobile.

generate the AL index were responsible for the different
pattern of results observed between studies, an alternate
measure of AL was constructed using a sum of standard-
ized biomarkers comparable to the Understanding Society
measure (systolic blood pressure, diastolic blood pressure,
resting heart rate, waist circumference, BMI, triglycer-
ides, total cholesterol, high-density lipoprotein, HbAlc,
C-reactive protein—missing fibrinogen). Destination SEP
continued to exert approximately three times the influ-
ence of origin SEP on later-life AL, and no significant as-
sociations of mobility trajectories with AL are reported
(Supplementary Table S8).

To examine whether results were biased due to un-
confounding, additional contemporaneous
sociodemographic and behavioral health variables poten-
tially associated with both social mobility and AL burden
were adjusted for in Supplementary Table S10. These in-
cluded the Berkman—Syme social network index (0-4,
higher values indicate higher social connectedness, derived
from marital status, sociability (number and frequency of
contacts with children, close relatives, and close friends);
church group membership and membership in other
community organizations; Berkman and Syme, 1979).
Behavioral health variables included smoking status (never
smoked, former smoker, current smoker), alcohol con-
sumption frequency, and physical activity (low, moderate,
high), measured using the international physical activity
questionnaire (IPAQ; Craig et al., 2003). The weights for
destination were larger in magnitude with the inclusion of
these contemporaneous variables, and there was no associ-
ation of social mobility with AL burden.

Finally, we test the robustness of our findings by taking a
conservative approach to the missing biomarker data. This
alternate index was generated by summing the number of
high-risk biomarkers based on the 75th percentile of risk
based on the sample distribution and standardizing the
overall index. Participants who attended the health assess-
ment but who were missing on <7/12 of the biomarkers
were manually coded as not at risk. Supplementary Table
S11 illustrates that destination SEP continued to predom-
inate over origin SEP in terms of AL burden, and no sig-
nificant associations of mobility trajectories with AL are
reported.

measured

Linear Models

The OLS models reveal a social gradient in AL burden ac-
cording to both origin (Table 4A) and destination (Table
4B) class. The mutually adjusted model (Table 4C) reveals
that destination mediates a substantial proportion of the
effect of origin on AL burden. We examined whether the
effects of origin and destination social class on AL burden
were additive or multiplicative by fitting a origin x desti-
nation interaction term, but none of the individual con-
trasts nor the overall interaction term were significant
[F(4,3972) = 0.61; p = .656]. This result suggests that the
linear combination of origin and destination social class is
sufficient to describe the effects of life-course social class
position on AL burden in later life. This is consistent with
what we observe when we examine the conditional mean
AL score for the upwardly and downwardly mobile com-
pared with those who remained intergenerationally stable
in their class position in OLS models. Figure 1 shows that
the upwardly mobile (M = -0.05) rank intermediate be-
tween the stable professional/managerial class (M = -0.17)
and the stable non-manual/skilled manual class (M = 0.01),
while the downwardly mobile (M = 0.06) rank interme-
diate between the stable non-manual/skilled manual class
(M = 0.01) and the stable semiskilled/unskilled class
(M = 0.24).

Discussion

This study sought to examine the association of intergener-
ational social mobility with AL burden at midlife and older
ages using a methodological technique—DRMs—that
has been underutilized in public health research despite
its obvious advantages relative to alternative approaches
such as mutual adjustment (Green & Popham, 2019), or
differentiating groups based on combinations of their or-
igin and destination social class positions (van der Waal
et al., 2017). In line with previous studies using this tech-
nique (Gugushvili et al., 2021; Priag & Richards, 2019),
we observed a pronounced social gradient in AL burden
among the socially immobile. The professional/managerial
group had the lowest burden of AL, while the unskilled/
never worked group had the highest burden of AL, with
the semiskilled/non-manual group intermediate between
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the two. We found significant weights of both origin and
destination SEP with AL burden, indicating independent
influences from both life stages on later-life physiological
dysregulation. However, the relative importance of desti-
nation SEP on AL burden predominated, as approximately
three times as much variance in AL burden was explained
by destination compared with origin class. Social mobility
was not associated with AL burden when accounting for
SEP at both time points. The model fit statistics confirmed
that the base model, that is, the one containing no mobility
effects, provided the best fit to the data. A finding which im-
plies that the linear combination of origin and destination
is sufficient to characterize the impact of differing intergen-
erational social class trajectories on later-life physiological
dysregulation. This interpretation is supported by the lack
of a significant interaction between origin and destination
in the OLS models.

The higher weights for destination compared with or-
igin class in the DRMs, the absence of mobility effects,
the stronger associations of destination compared with
origin in the OLS models, and the fact that the upwardly
and downwardly mobile have AL burden intermediate be-
tween their class of origin and class of destination in OLS
are all consistent with an accumulation model of social
inequalities in AL burden and the concept of “gradient
constraint” (Blane et al., 1999). Gradient constraint refers
to a process of assortment whereby social mobility mod-
erates rather than creates or amplifies, the size of the so-
cial class differential (Blane et al. 1999). The central idea
is that mobile individuals rank somewhere intermediate
between the class they left and the class they join as they
share characteristics in common with both. The fact that
the downwardly mobile have higher AL burden than the
upwardly mobile may simply reflect the greater number of
years spent at a more disadvantaged level relative to class
of origin, although they are still in better health than those
stable at less advantaged social class positions across the
span. Consistent with this interpretation, Supplementary
Table S9 shows that the health-related characteristics of

the upwardly mobile is comparable to those in the stable
managerial/professional groups, while the health profile of
the downwardly mobile is more akin to those stable at less
advantaged social class positions. These mobile individuals
appear to adopt characteristics of their destination group,
yet carry some of the legacy of origin, which serves to dilute
the destination effect.

Relation to Other Studies

Our results are consistent with the extant literature
documenting that individuals of less advantaged SEP ex-
perience higher AL burden (Johnson et al., 2017). Findings
from the UK Household Longitudinal Study, Understanding
Society (Prag & Richards, 2019) found approximately
equal influence from both origin and destination on later-
life AL burden. This equal influence is echoed by recent re-
sults from the National Longitudinal Study of Adolescent
Health (Add Health) of the United States (Gugushvili et al.,
2021), although a significant and positive mobility effect
was reported in this study for those who experienced up-
ward movement from origin. Our study however, found
that a higher weight was afforded to destination SEP. These
disparate findings between studies regarding whether or-
igin or destination holds more influence in determining
later-life AL provoke the obvious question as to why these
differences arise, as methodological disparities cannot be
held responsible for inconsistencies in results across studies
in this case, as all studies utilized DRM. Alternate explan-
ations will therefore be addressed in turn, including (a)
differences in biomarker composition between studies, (b)
differences in cohort characteristics, (c) differences in class
schema, and (d) varying patterns of social mobility.

Differences in biomarker composition

One of the longstanding criticisms of allostatic load as a
concept is that there is no standard definition of the measure
(Johnson et al., 2017; Juster et al., 2010) and investiga-
tors have tended to use the battery of biomarkers that are

Table 4. Independent and Mutually Adjusted Associations of Origin and Destination Social Class With Allostatic Load Burden

Panel A Panel B Panel C
b 95% CI B 95% CI b 95% CI
Origin class
Professional/managerial Ref — Ref
Non-manual/skilled manual 0.04 (-0.03,0.11) — -0.01 (-0.08,0.07)
Semiskilled/unskilled/never worked 0.15%#* (0.08,0.23) — 0.08% (0.01, 0.16)
Destination class
Professional/managerial — Ref
Non-manual/skilled manual — (0.10,0.23) 0.16%** (0.10, 0.22)
Semiskilled/unskilled/never worked — (0.22,0.38) 0.28%** (0.20, 0.36)

Notes: All models adjust for age, sex and childhood self-reported health. (A) The association of origin class with allostatic load. (B) The association of destination

class with allostatic load. (C) Mutually adjusted associations of origin and destination class with allostatic load.

*p <05, **p < .01, ***p < .001.
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Figure 1. Conditional means for allostatic load according to intergen-
erational social class trajectory, adjusting for age, sex, and childhood
health.

available to them in any given study to construct the index.
Could the differences that we have observed regarding the
relative weight to be afforded to origin as opposed to desti-
nation be due to the differing composition of the AL index
between studies? This seems unlikely given the substantial
overlap in the biomarkers used to define AL, with TILDA
sharing 9/12 biomarkers in common with Understanding
Society. Nevertheless, to address this possibility, we com-
pared results for allostatic load subsystems—cardiovas-
cular, metabolic, glucose—for which we substantially or
entirely overlapped, and found that destination continued
to predominate in terms of influence on later-life AL in the
present study (Supplementary Table S8). Nonetheless, the
lack of consensus remains a challenge with AL research,
and this must be addressed to facilitate direct comparisons
of results across studies and to advance the field.

Differences in sample composition

Another possibility is that the disparity in the relative
weights afforded to origin and destination across studies
arise due to differences in cohort characteristics. The
mean age of the TILDA sample is 61.8 years, whereas
Understanding Society and Add Health participants have a
considerably younger age profile with a mean of 52.6 and
29 years, respectively. Allostatic load is posited to repre-
sent a measure of cumulative physiological dysregulation,
so it may well be the case that the relative weights to be
attached to origin and destination shift in balance over the
life course as participants age (Steiber, 2019).

Differences in class schema

Of course, it is entirely tenable that differences in re-
sults may arise due to the use of different occupational
coding schemas. The present study uses the Irish Central
Statistic’s Office (CSO) occupational social class schema
which is comparable to the British Registrar General’s
Social Class (RGSC). This schema assumes a linear ranking

of occupations according to skill, whereas Prag and
Richard (2019) use the National Statistics-Socioeconomic
Classification (NS-SEC), which focuses more on the rela-
tional aspects of class, operationalizing a nonlinear social
class on the basis of employment relations and conditions
(Szreter, 1984). Despite these differences, it should be ac-
knowledged that both studies documented a pronounced
social gradient in AL among the socially immobile, so con-
trasts in the occupational coding are an unlikely explana-
tion for the differences in the relative weight to be afforded
origin as opposed to destination observed between studies.
Moreover, rates of mobility have been compared using
both classification schemes using English census data and
observed strong correspondence between the two measures
(Bartley & Plewis, 2007).

Different levels of social mobility

The final consideration is different levels of social mobility
across countries. We acknowledged previously that Ireland
experienced tremendous structural mobility over the last
50 years with over half of the cohort experiencing mobility
across generations. Given that the direction of mobility was
predominantly in the upward direction, it is entirely plau-
sible that the extent of structural mobility dwarves relative
mobility, making it more difficult to isolate pure mobility
effects on physiological dysregulation. Indeed, it has been
alleged that the upgrading of Ireland’s class structure in
the latter half of the 20th century masked a persistent and
deepening problem of blocked relative mobility (Kirtby,
2002). The same accusation could be leveled against using
intergenerational educational transitions as our measure
of mobility as Ireland introduced two educational reform
acts during this period, with the 1967 Act introducing free-
secondary level schooling for all children, and the 1972
act introducing an additional year of schooling (Callan &
Harmon, 1999). This means that later-born cohorts have
more education than earlier born cohorts due to a struc-
tural policy change, not necessarily mobility effects per se.
An alternative possibility is that the stronger origin effects
observed in Understanding Society reflect an older and
more ingrained class system. It may also represent a cohort
or period effect, as Bartley and Plewis (2007) acknowledge
that the relative importance of father’s social class on a
person’s destination has become more pronounced in the
UK over recent decades. Future research should endeavor
to compare results with more diverse populations, to pro-
vide insight into the potential impact of varying social mo-
bility patterns.

Strengths and Limitations

The study has several strengths, including the use of ob-
jective biological data from an Irish sample of midlife and
older adults, who grew up in an era of great social and eco-
nomic change that enabled a large proportion of the popu-
lation to climb the social ladder. We have already touted the
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advantage of DRMs over alternative approaches such as
mutual adjustment or comparing different mobility groups
as they allow one to isolate pure mobility effects and allow
one to parameterize the relative importance of origin and
destination class regarding their impact on health.

The primary limitation of the current study is that
the analyses are cross-sectional, and causal relationships
cannot be assessed. Indeed, any causal effect of intergen-
erational social mobility would be difficult to establish,
as there is no counterfactual understanding of mobility
effects (Wei & Xie, 2022). When comparing individuals
with the same origin and destination SEP, mobility can
only go in one direction, a world in which it would go
into a different direction is not conceivable. While we can
assess the impact of origin and destination SEP on AL, it
is outside the remit of DRMs to assess more than two gen-
erations (Zang et al., 2022), and as such may not be sen-
sitive to detecting subtle changes in the influence of origin
and destination on physiological dysregulation at varying
stages of the life course. It is of course possible that this
study has underestimated levels of mobility, wherein indi-
viduals have been classed as socially immobile by virtue of
ending up in the same class as their origin yet were mobile
between these two very broad life stages. Misclassification
of class categories could also be an issue as origin class
was based on a retrospective report of father’s occupation.
On a similar note, there has been considerable debate
about the extent to which a woman’s own occupation is
captured as a result of traditional parental responsibilities
(Bartley & Plewis, 2007).

Conclusion

Tracing the imprint of disadvantage offers a powerful tool
to comprehend histories of vulnerability, and thus to in-
form policy on health inequalities (Prior et al., 2018). These
results imply that moving up or down the social ladder
does not directly influence AL burden, although individuals
tend to adopt similar AL burden to those in the socioeco-
nomic position of their destination. This does not refute
the possible lasting impact of origin SEP on later-life health
but offers promise that interventions channeling individ-
uals out of early-life disadvantage to more advantageous
socioeconomic circumstances may lead to a lessening of AL
burden within a population.

Supplementary Material

Supplementary data are available at The Journals of
Gerontology, Series B: Psychological Sciences and Social
Sciences online.
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