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Abstract 

Rationale - Socioeconomic disparities have been documented in major non-communicable 

diseases and in their risk factors, such as obesity, hypertension, diabetes, smoking, physical 

inactivity, unhealthful diet and heavy drinking. However, a key research question has remained 

unanswered: is there a separate biological embodiment of socio-economic conditions 

underlying health disparities, additional and independent of those risk factors? As lifelong 

socioeconomic circumstances cannot be randomised, one way forward is the examination of 

different biological layers of evidence, including molecular changes.  

Method - In this methodological paper we report the association of socio-economic 

disadvantage with (a) long-term health outcomes, before and after taking risk factors into 

account; (b) biological intermediaries that increase susceptibility to disease, such as childhood 

obesity; (c) intermediate circulating biomarkers and omic measurements (transcriptomics, 

DNA methylation, inflammatory proteins, allostatic load); and (d) immunity. In our Lifepath 

consortium, these analyses have been performed in several cohort studies, countries and 

contexts, and at different stages of the life course in up to 1.7 million subjects. The main goal 

is to test the assumption that each layer (death, functional outcomes, DNA, RNA, proteins, 

infections) is characterized by different types of bias and confounding, and that consistency 

across layers reinforces causality assessment. 

Results - The findings show consistent associations of social disparities with unfavourable 

health outcomes spanning inflammatory biomarkers, DNA or RNA-based markers, infection, 

indicators of physical functioning and mortality. Although each of these associations has a 

different set of confounders, a dose-response relationship is nevertheless consistently observed, 

thus showing the power of our multi-layered approach.  

Conclusions - This new evidence supports biological embodiment of social disadvantage, in 

addition to the impact of known (mainly behavioural) risk factors for disease. 

Key words: socio-economic disparities, health, aging, embodiment, biomarkers, omics, 

triangulation 

Abbreviations: RF=risk factor, WHIP=Work and Health Histories Italian Panel, NCD=non-

communicable diseases, RNA=ribonucleic acid, DNA=deoxyribonucleic acid, COLAUS= 

Cohorte Lausannoise, AA=age acceleration;  
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1. Introduction 

The multi-layered social environment within which humans exist and live ultimately affects 

cells, organs, and biological systems (Blane et al, 2013). This concept, known as embodiment, 

was initially developed by Nancy Krieger at the beginning of the century (Krieger, 2005). 

Establishing a causal connection between social and biological environments is difficult and 

adds to the existing complexities of causal reasoning in the biological domain alone (Lawlor et 

al, 2016; Vineis et al, 2017; Munafo & Davey Smith, 2018). 

Here, we apply a biologically multi-layered approach to a specific research question, that has 

been extensively debated: “is there a separate effect of socio-economic conditions on health 

that is independent of known behavioural risk factors for disease?”. Do disadvantaged socio-

economic conditions have a direct effect on health and disease not entirely explained by 

exposure to known risk factors (Marmot, 2004)? For simplicity, here we refer to the main risk 

factors for non-communicable diseases (NCD), also known as 25x25 risk factors according to 

the WHO and United Nations strategy (obesity, hypertension, smoking, diabetes, physical 

inactivity, alcohol intake) (United Nations, 2011). In our previous research we have already 

suggested that these risk factors explain only a fraction of mortality gradients by socio-

economic position (Stringhini et al, 2017). A first aim of this paper is to strengthen our previous 

observations by referring to several underlying biological layers, beyond a hard outcome like 

mortality. 

A second aim is to reinforce our understanding of causal relationships between social exposures 

and health through intermediate biological mechanisms.  

Observational biomedical research struggles to identify the genuine causal relationships among 

correlations. This distinction is even more critical for research conducted at the interface 

between social and biological determinants of health and disease. One proposal to strengthen 

causal inference in biomedicine is through “triangulation” (Lawlor et al, 2016; Munafo & 

Davey Smith, 2018). This is “the strategic use of multiple approaches to address one question. 

Each approach has its own unrelated assumptions, strengths and weaknesses. Results that agree 

across different methodologies are less likely to be artefacts” (Lawlor et al, 2016). Ideally, 

results from more than two approaches - which have different and unrelated key sources of 

potential biases — are compared (Munafo & Davey Smith, 2018). An additional feature is the 

mixing of qualitative and quantitative types of evidence that bring breadth and depth to the 
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same research question. Triangulation in research is by no means a new concept, being a staple 

approach in qualitative research to ascertain the convergence of results and examine rival 

explanations (Patton, 1999). 

In this paper we apply a biologically multi-layered approach to address the consistency of 

findings across measures of socio-economic conditions and health from populations to 

molecules, under the assumption that each layer (death, functional outcomes, DNA, RNA, 

proteins, infections) is characterized by different types of bias and confounding. The paper is 

based on a large consortium of cohorts, Lifepath, that has brought together data on socio-

economic position and health from up to 1.7 million individuals, including extensive data on 

biomarkers. To show that socio-economic position has an impact at different layers of biology 

(before reaching the mortality end-point) we use here published results from Lifpeath, that have 

not been considered as a whole before (under the assumption that the whole is greater than the 

sum of the parts). To achieve this we have analysed four sets of evidence: (a) the effect of 

socioeconomic disadvantage  measured using different indicators on long-term outcomes, 

before and after adjustment for  behaviourally-related risk factors (b) the effect of socio-

economic disadvantage on intermediate biological markers that increase susceptibility to 

disease, such as childhood obesity; (c) the effect of socioeconomic disadvantage on 

intermediate blood biomarkers known to be associated with health or ageing and at different 

omic scales (transcriptomics, DNA methylation, inflammatory proteins, allostatic load); and 

(d) the impact of socioeconomic disadvantage on risk of infection.  

 

2. Method 

2.1. Populations 

The Lifepath consortium includes information and biological samples from 8 longitudinal 

population-based cohorts with extensive phenotyping and repeat biological samples, 9 large 

longitudinal population-based cohorts with biological samples, and a very large cohort without 

biological samples (WHIP). Cohorts from the following countries are represented: France, 

Italy, Portugal, Ireland, UK, Finland, Switzerland and Australia. These cohorts are only a small 

proportion of all cohorts available in Europe, but we have chosen them for the combination of 

good measures of socio-economic position, risk factors for NCD and existing biomarkers. The 

majority of cohorts include “hard” outcomes (diabetes, cancer, cardiovascular disease - CVD, 

total mortality), and the extensively phenotyped cohorts also include several measurements of 
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the functional components of healthy ageing, including frailty, impaired vision, cognitive 

function, renal and brain function, osteoporosis, sleep disturbances and mental health. All age 

groups are represented with two birth cohorts, one cohort of adolescents and several cohorts 

encompassing young adults (age 18 and above). Furthermore, there is a strong representation 

of elderly subjects in 7 cohorts. 

For the analyses on mortality we have complemented the Lifepath cohorts with publicly 

available data from 38 additional cohort studies from the Inter-University Consortium for 

Political and Social Research and the UK Data Service (Stringhini et al, 2017).  

2.2.Socio-economic variables 

Our mortality analyses were based on participants whose occupational position was assessed 

at baseline between 1965 and 2009, depending on the study. All studies included baseline data 

for socioeconomic position and a mortality follow-up of a minimum of 3 years. We assessed 

the quality of included studies using the Cochrane Risk of Bias Tool for cohort studies 

(Stringhini et al, 2017). Our measure of socioeconomic condition is a social class measure 

based on an individual’s last known occupational title at study enrolment, coded into the 

European Socio-economic Classification (ESEC). This variable was predefined and 

harmonised across the study cohorts before statistical analyses were performed. Occupational 

position was aggregated into three categories: higher professionals and managers, higher 

clerical, services, and sales workers [ESEC class 1, 2, and 3]; small employers and self-

employed, farmers, lower supervisors, and technicians [ESEC class 4, 5, and 6]; and lower 

clerical, services and sales workers, skilled workers, and semi-skilled and unskilled workers 

[ESEC class 7, 8, and 9]. The use of the last job may entail some degree of misclassification, 

particularly for people who were not employed in the formal economy at baseline, but then 

held a position at some point in their lifecourse. Also, we did not make an effort to classify 

people on the basis of the occupational title of their spouse. 

Occupation was used to categorize individuals by social class also for walking speed and all 

blood-based biomarkers, while in other analyses we used indicators of socio-economic position 

based on education (education for PRC, Berger et al, 2019; and maternal education for children 

obesity and height, Table 1). 
 

2.3. Confounding  
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As we discuss later, adjustment for confounders is not necessarily the best analytical strategy, 

since SEP is an overarching determinant whose effect on health is likely to me mediated at 

least in part by risk factors such as smoking or BMI. Proper mediation analysis has been 

performed elsewhere (Laine et al,2020). Here we aimed to apply an extreme assumption, i.e. 

to observe the degree of attenuation of the association between SEP and different outcomes 

after adjustment for several risk factors assumed to be confounders. We used behavioural risk 

factors for non-communicable diseases to address confounding. Briefly, the 2013–20 World 

Health Organization (WHO) Global Action Plan for the Prevention and Control of Non-

Communicable Diseases (NCDs) targets seven major risk factors, comprising the harmful use 

of alcohol, insufficient physical activity, current tobacco use, raised blood pressure, intake of 

salt or sodium, diabetes, and obesity (referred to as the 25 × 25 risk factors), with the overall 

aim of reducing premature mortality from noncommunicable diseases by 25% by 2025 (United 

Nations, 2011; Pearce et al, 2014). For details about categories used for these risk factors we 

refer to previous papers (Stringhini et al, 2017; Stringhini et al, 2018). Whenever available, we 

used the same set of potential confounders in all the analyses shown in Table 1. 

2.4. Outcomes 

Participants’ data were linked to national mortality registries that provided information about 

vital status with the exception of the COLAUS study in which vital status was ascertained 

through active follow-up. Mean follow-up for mortality ranged between 3.2 years in the 

National Health Interview Survey 2009, and 27.0 years in men and 29.5 years in women of the 

Alameda County Study 1965, with a mean across cohorts of 13.3 years [SD 6.4 years]. We 

refer to previous papers for the measurement of walking speed (Stringhini et al, 2018), obesity 

in children (McCrory et al, 2017), transcriptomics (Castagne et al, 2016), allostatic load 

(Barboza Solis et al, 2016), methylation (Fiorito et al, 2017) and EBV infection (Gares et al, 

2017).  

2.5. Statistical analyses  

To address the question of the independent role of socio-economic conditions on health 

outcomes after adjustment for behavioural risk factors for NCDs, we have analysed four sets 

of evidence from the Lifepath consortium: (a) the effect of disadvantaged socio-economic 

conditions on long-term outcomes, before and after adjustment for risk factors; (b) the effect 

of disadvantaged socio-economic conditions on intermediate biological markers that increase 

susceptibility to disease, such as childhood obesity; (c) the effect of disadvantaged socio-

economic conditions on intermediate blood biomarkers known to be associated with health or 

ageing and at different omic scales (transcriptomics, DNA methylation, inflammatory proteins, 
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allostatic load); and (d) the impact of disadvantaged socio-economic conditions on risk of 

infection.  

We present a composite set of results together, which have each been previously published 

separately.  

For papers based on multiple cohorts (Stringhini et al, 2018; Stringhini et al, 2017), analyses 

were first performed separately in each study, and estimates were subsequently combined in a 

meta-analysis. In study-specific analyses, we considered the maximum number of participants 

without missing values for each exposure. To estimate the association between risk factors and 

mortality, hazard ratios (HR) and years of life lost (YLL) were generated using flexible 

parametric survival models on the cumulative hazards scale (details in Stringhini et al, 2017). 

The mutually adjusted models included age, sex, race or ethnicity, marital status, 

socioeconomic status, and all risk factors as independent variables with total mortality and 

deaths from cardiovascular disease, cancer, and other causes as outcomes. To enable balanced 

comparisons between socioeconomic status and risk factors as predictors of cause-specific 

mortality, these analyses were restricted to a subgroup of participants with complete data for 

socioeconomic status and the  NCD risk factors. 

To examine whether the association between socioeconomic status and mortality is attributable 

to the higher prevalence of the risk factors among disadvantaged socioeconomic position 

individuals, we repeated the analyses in a subgroup of participants without any risk factors. 

Analyses were also repeated specifically focusing on premature mortality (<70 years) and by 

restricting the population to cohorts in which height and weight as well as blood pressure were 

measured objectively using standard procedures. 

The same procedures were used for other outcomes and particularly for walking speed 

(Stringhini et al, 2018). In the latter, we computed Years of Functioning Lost (YFL)  as the 

difference between the chronological age of the unexposed group equivalent to the walking speed at 

age 60 (or 85) of the exposed group and age 60 (or 85).  

Specific methods used to analyse data on obesity in children (McCrory et al, 2017), 

transcriptomics (Castagne et al, 2016), allostatic load (Barboza Solis et al, 2016), methylation  

(Fiorito et al, 2017) and EBV infection  (Gares et al, 2017) are reported in the original papers.  

The present paper is methodological and addresses the specific issue of consistency of findings 

across biological layers (characterized by different confounders and bias), with the general aim 

of testing whether SEP is associated to health indicators and biological markers after 
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adjustment by confounders. More details on methods and specific results are given in the 

original papers. 

 

3. Results 

3.1. Main findings 

Results reported in Table 1 show considerable consistency across all findings in our consortium 

of up to 1.7 million people. Disadvantaged socio-economic conditions were associated with: 

increased mortality (in 48 cohorts in 3 continents) (Stringhini et al, 2017), increased functional 

impairment (decrease of walking speed, in 37 cohorts) (Stringhini et al, 2018), increased 

obesity in children in three cohorts, lower height in five cohorts, increased risk of Epstein Barr 

Virus (EBV) infection, and consistent changes in a number of intermediate markers 

(transcriptomics, inflammatory markers, allostatic load and DNA methylation-based age 

acceleration). 

3.2. Robustness of findings 

In each of the analyses we addressed the role of potential confounders. We looked for associations 

between risk factors and outcomes, which vary by outcome. By definition all “25x25” risk factors are 

associated with mortality, while determinants of impaired walking speed are partially different, 

involving musculoskeletal impairment that is not strongly associated with the NCD risk factors 

(Stringhini et al, 2018). Alcohol was associated with mortality but not with walking speed. Child height 

is associated with parental height, nutritional status and infectious diseases in infancy (McCrory et al, 

2017). None of the NCD risk factors were associated with transcriptomics, inflammation markers or 

allostatic load in our data.  

We also performed a specific search for potential confounders in the case of DNA-based age 

acceleration, since the latter was associated with SEP and with some NCD risk factors (Fiorito et al, 

2018). We evaluated the change in the magnitude of the SEP-age acceleration (AA) association due 

to the inclusion of NCD risk factors in the models, by comparing the estimated effects (βs) of the 

basic regression model (adjusted for age and sex) with those of the models including different NCD 

risk factors (smoking status, BMI, alcohol intake, Mediterranean Diet Score, and physical activity). 

In the fully adjusted model, the effect size attenuation for the linear trend was 12% (95% CI: −0.02, 

0.26; p = 0.09). The most substantial contribution to the reduction of the effect size for the SEP-AA 

association was due to smoking, which attenuated the estimate for linear trend by 6% (95% CI: −11, 

22). Effect size reductions due to the inclusion of other NCD risk factors were small and non-

significant. 
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Finally, we examined the SEP-AA associations after exclusion of individuals exposed to at least one 

NCD risk factor (i.e. non-obese, non-smokers, physically active, non-drinkers and with a healthy 

diet). Notably, the association of SEP with AA was still significant in this NCD risk factor free 

subsample (test for linear trend β = 0.62; 95% CI: 0.06, 1.18; p = 0.03; N = 1,549). 

We also performed extensive sensitivity analyses – in addition to those described above for 

DNA methylation -, confirming the association of socio-economic conditions with health 

outcomes in different subsets of the overall sample and using different socio-economic 

indicators. These are reported in the original papers (Stringhini et al, 2017; Stringhini et al, 

2018; McCrory et al, 2017; Castagne et al, 2016; Barboza Solis et al, 2016; Fiorito et al, 2017; 

Gares et al, 2017). 

3.3. Dose-response 

The observations above are reinforced by the findings presented in Figure 1, where we 

considered three levels of socio-economic conditions as defined in Methods. The Figure shows 

that for all indicators there was a dose-response relationship, hardly compatible with an 

explanation based on confounding from individual level variables.  

  

4. Discussion 

The main finding of this methodological paper is that socioeconomic disadvantage measured 

using different indicators, is a determinant of poor health through biological embodiment 

beyond classic behavioural risk factors for non-communicable diseases. We have found 

consistent results across several biological layers of evidence (deaths, functional outcomes, 

DNA, RNA, proteins, infection) , in a variety of population contexts, varying cohorts/periods, 

and using different socioeconomic and health measures. This is what Whewell has named 

“consilience of induction” (Munafo and Davey-Smith, 2018), 

The biologically multi-layered approach we used here involves the ability of the different types 

of evidence to address different types of bias associated with each layer taken separately. The 

main criticism to the theory of socio-economic related poor ageing is confounding and residual 

confounding, the argument being that adjustment for confounders (including the factors we 

have included here, 25x25 NCD risk factors is imperfect because of measurement error. We 

believe our approach addresses at least in part these criticisms, since the outcomes we have 

considered have different sets of confounders and have been studied in different cohorts and 
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contexts. The main determinants of mortality are the 25x25 risk factors, though some are 

missing in the UN-WHO definition (United Nations, 2011; Pearce et al, 2014). Determinants 

of impaired walking speed are partially different, involving musculoskeletal impairment that is 

not strongly associated with the behavioural  risk factors and with mortality itself (Stringhini 

et al, 2018). In our analysis, alcohol was associated with mortality but not with walking speed. 

Obesity is an important cause of premature death and disease, starting in childhood, with recent 

research suggesting it represents a type of low-grade chronic inflammation (McCrory et al, 

2017). Again, its determinants are different from those that lead to other outcomes, and obesity 

is in fact a strong mediator between childhood socio-economic conditions and poor health in 

adulthood.  Finally, we investigated a set of biological markers that may lie on the causal chain 

from socio-economic disadvantage to poor health. Confounders that we identified were BMI 

and smoking for methylation markers, but none of the behavioural risk factors for 

transcriptomics, inflammation markers or allostatic load. The latter markers suggest a central 

role for inflammation in the pathways leading from disadvantaged socio-economic conditions 

to poor health. In addition, we performed extensive sensitivity analyses confirming the 

association of socio-economic conditions with health outcomes in different subsets of the 

overall sample and using different socio-economic indicators.  

In brief, the indicators we studied in association with disadvantaged socio-economic conditions 

had different sets of confounders. Figure 1 shows that for all indicators for which information 

was available there was a dose-response relationship, hardly compatible with an explanation 

based on confounding. Also, other types of bias might have affected the results of the studies 

(such as selection or reporting bias), but they could not equally affect this heterogeneous set of 

investigations, conducted with different designs and methods in different populations. 

One limitation of some analyses is that they were cross-sectional (except those on mortality 

and child height and weight). However, in the consortium we also provided longitudinal 

evidence on the impact of socio-economic position in early life on diabetes in later life 

(Kivimaki et al, 2018). We examined 2048 individuals whose risk factor profile was assessed 

in childhood and in adulthood, and had a clinical examination at follow-up at age 33-48 years. 

High neighbourhood socioeconomic disadvantage was characterised by decreased 

homoeostasis model assessment insulin sensitivity, and increased fasting glucose and insulin 

concentration from early adulthood (27 years; all p<0·03). Individuals consistently exposed to 

high neighbourhood socioeconomic disadvantage were more likely to be obese (odds ratio 

[OR] 1·44, 95% CI 1·01-2·06), hypertensive (1·83, 1·14-2·93), have a fatty liver (1·73, 1·11-
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2·71), and diabetes (3·71, 1·77-7·75), compared with those who were consistently exposed to 

low neighbourhood socioeconomic disadvantage (Kivimaki et al, 2018). 

Finally, longitudinal evidence was also provided in the Consortium for the relationship between 

socio-economic disadvantage, allostatic load and mortality (Castagne et al, 2018). We used 

data from the 1958 British birth cohort including mortality in 8,113 adults after 11 years of 

follow-up. We analysed 14 biomarkers assayed in blood from a biosample collected at 44 years 

of age, that overall constituted a measure of allostatic load. Higher allostatic load at 44 years 

old was a significant predictor of mortality 11 years later [HR = 3.56 (2.3 to 5.53)]. We found 

that this relationship was related to early-life socio-economic position, adverse childhood 

experiences and young adulthood health status [HR = 2.57 (1.59 to 4.15)].  

4.1. Study limitations  

There are limitations in the current analysis. First, we did not consider here contextual (area-

based) variables that are associated with socio-economic condition,  whether pertaining to air 

pollution, residential segregation, income inequality, urban vs rural, etc (Beckfield, 2018).  

Second, , socio-economic position is overarching, i.e. it is not on the same level as other 

determinants, including environmental and behavioural risk factors. The latter are supposed to 

be intermediate between socio-economic conditions and outcomes. This causal problem is at 

the heart of the social-to-biological interface, and cannot be reduced to statistical adjustment 

(often implying over-adjustment)(Krieger, 2008). Disadvantaged socio-economic conditions 

simultaneously affect biological systems, exposure to risk factors from conception, and 

influence social mobility. Health outcomes in adulthood are influenced by exposures to risk 

factors across the lifecourse. The resources conferred by advantaged socio-economic 

environments may lead to the development of social and psychosocial strategies to buffer the 

physiological and psychological challenges over everyday life. 

We did not include genetic data in our study. In fact, most epidemiological observational 

studies lack genetic data, which means that any confounding or bias from genetics is part of 

the unmeasured confounding problem. By triangulating, and therefore using a variety of social 

measures (including parental education, social class, own education, area deprivation), 

combined with different health outcomes in different populations (cohorts, context, time), and 

observing the consistency of the findings across studies, we can tease out the common effect 

observed. This helps us to understand the extent of unmeasured confounding, which includes 

any genetic component. Selection bias and confounding are less likely if studies are replicated 
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from different countries or continents like in our case (e.g. Europe and Australia): in these 

countries the genetic background is not too dissimilar, but social and educational contexts are 

completely different, and educational attainment has considerably improved in the last decades, 

which goes against the idea that it is genetically driven.  

5. Conclusions 

In conclusion, evidence from the Lifepath consortium represents an example of triangulation, 

where different biological layers of evidence (from mortality to molecular markers) converge 

to suggest that disadvantaged socio-economic conditions are a determinant of poor health 

originating from biological embodiment beyond behavioural risk factors for non-

communicable diseases. 

What could be the effect of SEP beyond classic NCD risk factors (mainly behavioural) is a 

matter of speculation. A certain, probably small, proportion is likely to be related to 

occupational exposures, another proportion can be attributable to “wear-and-tear” and 

psychosocial stress (Marmot, 2004), as suggested by our findings on the allostatic load. 
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Table 1. Associations between socio-economic condition and different health and biological outcomes. 

The reference category is always the less disadvantaged (for definition see text). Minimally adjusted 

estimates are adjusted by age and sex in most comparisons (race when relevant), and by age, age2, height 

and year of birth in papers 9 and 10. Fully-adjusted estimates are adjusted by 25x25 risk factors for non-

communicable diseases (obesity, hypertension, smoking, diabetes, physical inactivity, alcohol intake), 

where appropriate. For studies in children models were adjusted for mother’s age, parity, smoked during 

pregnancy, alcohol during pregnancy and marital status. All estimates are reported with their 95% 

confidence intervals. 

Outcome Cohorts – exposure – units Male Female 

        

Relationship between disadvantaged  socio-economic conditions & 

long-term outcomes     

Total mortality 

(Stringhini et al, 2017) 

(countries: UK, 
France, Switzerland, 
Portugal, Italy, USA, 
Australia) 

48 cohorts - most disadvantaged vs most 

advantaged social position (occupation) – 

Hazard Ratio (HR) and 95%CI in brackets  

Minimally 

adjusted 

HR=1.42 

(1.38 ; 1.45) 

Fully-adjusted 

HR=1.29 

(1.23 ; 1.36) 

Minimally 

adjusted 

HR=1.34 (1.28 ; 

1.39) 

Fully adjusted 

HR=1.20 (1.13 ; 

1.28)  

Walking speed 

(meters/second) 

(Stringhini et al, 2018) 

(countries UK, France, 
USA, Mexico, China, 
Ghana, India, Russia, 
South Africa, Costa 
Rica, Taiwan, Ireland, 
Austria, Belgium, 
Denmark, Germany, 
Greece, Israel, Italy, 
the Netherlands, 
Portugal, Spain, 
Sweden, and 
Switzerland) 

37 cohorts - most disadvantaged vs most 

advantaged SEP (occupation) - Years of 

Function Lost (YFL) by age 60  (95%CI) 

estimated from a mixed model with 

walking speed as a continuous variable 

Minimally 

adjusted YFL 

6.6 (5.0-9.4).  

Fully adjusted 

YFL 4.8 (3.7 ; 

6.5) 

Minimally 

adjusted YFL 

4.6 (3.6 ; 6.2)  

Fully adjusted 

YFL 3.3 (2.5 ; 

4.4)  

Relationship between disadvantaged socio-economic conditions & intermediate risk factors for later 

health outcomes 

  

Increase in Body Mass 

Index (2019) 

G21 (Portugal) cohort aged 7 - most 

disadvantaged vs most advantaged - 

Increase in Kg/m2 (95%CI) 

BMI 

increase=0.42 

(0.24; 0.60) 

BMI 

increase=0.71 

(0.50 ; 0.91) 
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GUI (Ireland) cohort aged 13 - most 

disadvantaged vs most advantaged - 

Increase in Kg/m2 (95%CI) 

BMI 

increase=0.90 

(0.60 ; 1.19) 

BMI 

increase=1.31 

(1.00 ; 1.62) 

  

MCS (UK) aged 14 - most disadvantaged 

vs most advantaged- Increase in Kg/m2 

(95%CI) 

BMI 

increase=0.75 

(0.52 ; 0.97) 

BMI 

increase=0.76 

(0.53 ; 1.00) 

Decrease in height 

(McCrory et al, 2017) 

G21 (Portugal) cohort aged 7 - most 

disadvantaged vs most advantaged - 

decrease in cm (95%CI) 

Decrease in 

cm=0.49 (0.04 

; 0.94) 

Decrease in cm= 

0.05 (-0.50 ; 

0.39) 

  

GUI (Ireland) cohort aged 13 - most 

disadvantaged vs most advantaged - 

decrease in cm (95%CI) 

Decrease in 

cm=1.64 (0.83 

; 2.46)  

Decrease in 

cm=1.58 (1.01 ; 

2.14) 

  

MCS (UK) aged 11 - most disadvantaged 

vs most advantaged- decrease in cm 

(95%CI) 

Decrease in 

cm=1.38 (1.04 

; 1.72) 

 Decrease in 

cm=0.94 (0.57 ; 

1.31) 

  

Epiteen (Portugal) aged 13 - most 

disadvantaged vs most advantaged - 

decrease in cm (95%CI) 

Decrease in 

cm=1.95 (0.48 

; 3.42)  

Decrease in 

cm=2.46 (1.47 ; 

3.44) 

  

Young Finns (Finland) aged 12 - most 

disadvantaged vs most advantaged - 

decrease in cm (95%CI) 

Decrease in 

cm=0.63 (0.27 

; 1.53)* 

Decrease in 

cm=1.62 (0.86 ; 

2.38) 

Relationship between socio-economic conditions & blood biomarkers 

Increase in allostatic 

load score (Barboza 

Solis et al, 2016) 

NCDS (UK) social class IV & V semi-

unskilled vs I & II professional/managerial 

– regression coefficient from multivariable 

regression β (95%CI)  per unit increase in 

allostatic load score 

β = 0.32 (0.09 

; 0.54) 

β = 0.30 (0.06 ; 

0.53) 

  

NCDS (UK) social class III skilled manual 

vs I & II professional/managerial - 

regression coefficient from multivariable 

regression β (95%CI)  per unit increase in 

allostatic load score 

β = 0.27 (0.09 

; 0.45) 

β = 0.29 (0.09 ; 

0.49) 

  

NCDS (UK) social class III skilled non-

manual vs I & II professional/managerial - 

regression coefficient from multivariable 

β = 0.05 (-0.19 

; 0.29) 

β = 0.12 (-0.14 ; 

0.39)  
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regression β (95%CI) per unit increase in 

allostatic load score  

Increase in C reactive 

protein (Berger et al, 

2019) 

 (countries: Italy, 

Switzerland, UK) 

Across 6 cohorts - Low vs high education 

level - regression coefficient from 

multivariable regression β (95%CI) per 

unit increase in CRP  

Minimally 

adjusted: β = 

0.28 (0.18; 

0.37). Fully 

adjusted: β = 

0.13 (0.05; 

0.21) 

Minimally 

adjusted: β = 

0.33 (0.21; 0.45) 

Fully adjusted: β 

= 0.14 (0.04; 

0.25) 

 

Across 6 cohorts - Medium vs high 

education level - regression coefficient 

from multivariable regression β (95%CI) 

per unit increase in CRP 

Minimally 

adjusted: β = 

0.15 (0.08; 

0.21) Fully 

adjusted: 

β = 0.08 (0.03; 

0.14) 

Minimally 

adjusted: β = 

0.15 (0.02; 0.27) 

Fully adjusted: β 

= 0.07 (-0.04; 

0.18)  

    Males & Females combined 

Risk of Infection with 

Epstein Barr Virus 

(Gares et al, 2017) 

MCS (UK) aged 3 -most disadvantaged 

social class vs most advantaged 

(occupation) –  

Odds Ratio (OR) and 95%CI in brackets 

Fully adjusted model includes household 
socio-economic position, area 
environment home environment 
(overcrowding, temperature in the baby 
room), housing tenure 

 

 

Minimally adjusted OR=1.24 

(1.02 ; 1.50) 

Fully adjusted OR=1.15. (0.94 ; 

1.41) 

Epigenetic age 

acceleration (DNA 

methylation) (Fiorito et 

al, 2017) 

(countries: Italy, 

Ireland, Australia) 

3 cohorts - intermediate social class vs 

advantaged (occupation): increase in 

number of years (biological age 

acceleration)  

Minimally adjusted Years 

increase=0.75 (0.17 ; 1.39)  

Fully adjusted Years increase= 

0.78 (0.19–1.37) 

  

3 cohorts - disadvantaged social class vs 

advantaged (occupation): increase in 

number of years  

Minimally adjusted Years 

increase=0.99 (0.39 ; 1.59) 

Fully adjusted  Years 

increase=0.93 (0.32-1.54)  

Inflammatory 

transcriptome (RNA) 

EPIC-Italy - disadvantaged father's 

occupation vs advantaged - regression β =0.35 (0.04 ; 0.66) 
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score (Castagne et al, 

2016) 

(countries Italy and 

Canada) 

coefficient from multivariable regression β 

(95%CI) per unit increase in 

transcriptomic score  

  

GSE15180 dataset - disadvantaged father's 

occupation vs advantaged - regression 

coefficient from multivariable regression β 

(95%CI) per unit increase in 

transcriptomic score β =0.60 (0.11 ; 1.09) 

  
  

* up to 2.35 at 21 years       
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Figure 1 - legend 

Dose-response relationship between three levels of socio-economic conditions (as defined in 

the text) and outcome variables: A. mortality; B. walking speed; C. height in children; D. blood 

levels of C-reactive protein. Outcome variables and cohorts of origin are described in Table 1. 


